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ABSTRACT 

Ultraf i l tration ( UF )  i s  a concentrati on and s eparation 

proce s s  whi ch oper ates at the molecular l eve l . It has been 

succes s fu l l y  app l i ed to certain soft chees e  varieties with 

the primary advantage of increa s ed yields . When app l i ed to 

Cheddar , whi ch is a hard variety , problems are encount ered . 

The se are lack of f l avour and texture devel opment , lack of 

economic a l ly viable yield increa s e  and practical problems in 

handling o f  UF curd . 

An i nvesti gati on was undertaken to study the applica

tion of UF technol ogy to  the manufacture o f  Cheddar chee s e . 

The empha s i s  was on the biochemi cal and biophys ical  probl ems 

in UF Cheddar and the pos s ible yield advantages in making 

the product . 

Results  sugges t  that UF per se does not contribute to 

problems in  the qual i ty of UF Cheddar . No ma j or probl ems 

were encountered in the cheesemaking proces s  or in f inal 

cheese quality when chees e  was made from 2 : 1  UF retentate 

us ing conventional method a�d equipment . There were , how

ever , no yield advantages . When 3 : 1  and 5 : 1 retentates were 

used , s ome modification in the method of manufacture , 

parti cularly in  the cutting time and cutting device , wa s 

neces sary . 

retentate 

retentate 

cheeses . 

The qual ity of cheese obtained from 

was f ound to be inferior while  that from 

3 : 1 

5 :  1 

was comparable with respect to the control 

The bi ochemi cal and bi ophysical probl ems a s soci ated 

with the quality o f  UF Cheddar could be overcome to a l arge 

extent by ad justing the amount of starter and rennet added 

on the ba s i s  of quantity of milk prior to UF . Th i s  y i elds 

Cheddar of norma l one-day pH but with res idual rennet con

centration much higher than that in the conventional 

product . The higher leve l is probably required to overcome 

the ' dilution ' ef fect of the extra whey proteins present in 

the UF product . Thi s  ' di lution ' effect may be partly due to 



( i i )  

the d i f f iculty of rennet d i f fusion in  UF Cheddar and partly 

a result o f  a decreas e  in concentration of f lavour compounds 

due to the pres ence of extra whey protein s . The results  

show that substanti al savings in  rennet are  not pos s i b l e  in  

cheesemak i ng from 5 : 1  UF retentate . The results  a l s o  

sugge s t  that it i s  pos s ible  t o  make U F  Cheddar with a 

required res idual rennet concentration by regulating the 

amount of rennet added to the retentate and draining the 

whey at a predetermined pH . 

The y i e ld advantage in  cheesemaking from 5 : 1  retentate 

( i f UF Cheddar is made to normal MNFS of 5 3 . 5 % )  was l imited 

to 4% largely becaus e  only one third o f  the whey protei n s  of 

UF mi lk wa s retained in the cheese . Theoretical analys i s  of 

mas s  balance data indicated that thi s  yield advantage could 

be improved to about 6 %  by reducing ' f ines ' losses  and to 

about 8%  by decreasing fat losses  a s  compared with the 

conventional proce s s . 

Given the current state o f  UF chee s emaking technol ogy , 

i t  i s  pos s ible that reductions in  losses  in  conventiona l 

cheese-making p lants may prove to be a more prof itable 

method o f  increas ing yields o f  Cheddar cheese than the use 

of UF che e s emaking methods . 
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CHAPTER 1 

I NTRODUCTION 

The introduction of  ultra f i ltration ( UF )  in the cheese  

industry has  s ignalled an  era  of  innovation . The appli ca

t ion of  thi s  new membrane technology has several potenti a l  

advantages , the mos t  important being increa s e s  in y i e ld 

through the incorporation of  whey proteins . In c onven t i onal 

cheesemaking1these whey proteins , whi ch consti tute about 2 0 %  

of the total mi lk protein , are lost i n  the whey . The extent 

of  the yield advantage depends largely on the amount of 

moisture expe lled dur ing cheesemaking from the UF retentate . 

Th is  in turn depends on the type of chee s e  ( so f t  or hard ) 

and the degree of concentration of mi lk . 

The maximum degree of  volumetri c  concentration by UF 

commercially feas ible at pres ent is about 5 : 1  and the 

resulting retentate contains about 3 8 - 4 0 %  solids  ( Suther land 

and Jame son , 1 9 8 1 ; Van Leeuwen et al,  1 9 8 4 ) .  Thi s s o lids 

level falls in the range of  total solids for mos t  s o f t  

chees e  var ieties ( Jame s on , 1 9 8 3 ; Glover , 1 9 8 5 ) . It should 

there fore be pos s ib le to convert the retentate to certain 

soft varieties of che e s e  with little or no lo s s  o f  moi s tur e . 

Maximum yield increases  are attained through the incorpora

tion of most of the water soluble solids -non-fat components , 

chiefly the whey proteins . For making hard varieties  like 

Cheddar ( 6 4 - 6 6 %  solid s ) f rom the 5 : 1  retentate , s ome los s  of 

moisture is unavoidable and therefore yield advantages are 

les s  attractive . 

However , s ince Cheddar i s  the most popular o f  a ll 

chees e  varieties ,  there has been worldwide interest in the 

appli cation of UF to Cheddar cheesemaking . 

has been concentrated on two main area s : 

Res earch work 

( i )  Part ial UF ( approximately 2 : 1 )  of  milk on the f arm , 

( S lack et al,  1 9 8 3 ;  Kos i kowski , 1 9 8 5 ) transportation of  the 

retentate to the cheese  factory and subsequent convers io n  to 

Cheddar cheese us ing conventional method and equipment 

( Fergus son , 1 9 8 5 ) . In thi s  cas e  there i s  no y i e ld 

advantage . However , there are savings in ch i lling , storage 
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and transport costs  of the mi lk and an increase in through

put of the cheese factory . Thi s  appli cation i s  les s  

attractive for  most dairy companies i n  New Zealand because 

o f  shorter d i s tances involved in mi lk transportation . 

( i i )  Concentration of  milk to the maximum degree o f  UF 

commercially attainable at present ( approximate ly 5 : 1 ) and 

converting the retentate to Cheddar cheese with s li ght 

modi f i c ations in the manufacturing method and equi pment 

( Sutherland and Jameson , 1 9 8 1 �  Van Leeuwen et al,  1 9 8 4 �  

Green , 1 9 8 5 ) .  S ome problems reported in thi s area appear to 

be a s s oc iated with lack of f lavour and texture development 

( Green et al, 1 9 8 1 a� Hickey et a l ,  1 9 8 3a ) , lack of viable 

yield increa s e  ( Green et al,  1 9 8 1 a )  and engineering problems 

in handling o f  UF curd ( Sutherland and Jame son , 1 9 8 1 ; Van 

Leeuwen et a l ,  1 9 8 4 ) . Some of  thes e  problems may b e  inter

related . 

A study o f  literature indicates that no systematic 

investi gations have been carri ed out to study the problems 

in the quali ty of UF Cheddar or to a s s e s s  potential yield 

advantages i n  making 

identify the origin 

problems a s s o ci ated 

the product . There 

of  the biochemi cal 

with the qua li ty o f  

i s  

and 

UF 

a need to 

bioph y s i ca l  

Chedda r  and 

scient i f ically investigate the e f f ect of various factor s . 

Such information i s  likely to a s s i s t  in better understand ing 

of the problems and in mea sures to overcome them . Further , 

there i s  a need to estimate potential yield advantag e s  in 

making UF Cheddar since the magni tude of  the yield increase 

wi ll largely determine the viab i li ty of  the proces s .  

I f  the problems a s sociated with the quality o f  UF 

Cheddar are insurmountable . and/or the potential yield 

advantages are commercially not signi f i cant , li ttle purpose 

wi ll be served by attempting to overcome the engineering 

problems . 

It i s  hoped that thi s investigation will generate some 

bas i c  data towards an understanding of the fundamental 

problems in making Cheddar chee s e  from UF mi lk . 
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CHAPTER 2 

A REVIEW OF ASPECTS OF CHEESEMAKING U S I NG MILK CONCENTRATED 

BY ULTRAF I LTRATI ON 

2 . 1 Scope of the Review 

Many investigators have s tudied the manufacture o f  

chee s e  from milk concentrated b y  ultraf i ltration ( UF ) . Thi s 

has led to commercial UF proces s e s  for making certain s o f t  

cheese varietie s . Such cheeses  a r e  commonly known a s  UF 

chees e s . However , problems still remain with the manu

f acture of most hard UF cheese  type s . 

UF cheesemaking has been reviewed in detail by a number 

of authors ( Glover et al ,  1 9 7 8 ;  Maubois , 1 9 7 8 ; Mocquot , 

1 9 7 9 ; Jame son , 1 9 8 3 ; Glover ,  1 9 8 5 ) . The pres ent review i s  

confined t o  aspects of  the sub j ect which are of  mos t  

immediate relevance t o  the current research pro j ec t  

namely , the manufacture of  Cheddar cheese from UF mi lk . The 

review cons i s t s  of the following s ections : -

( 1 )  Principles of  UF 

( 2 )  Effect of UF on components of mi lk 

( 3 )  Advantages of us ing UF mi lk for chees emaking 

( 4 )  Manufacture of dif ferent chee s e  varieties from UF mi lk 

( 5 )  Problems in UF Cheddar manufacture . 

2 . 2  Principles of UF 

UF is a concentration and selective s eparation proces s 

that operates at the molecular level .  The principle under

lying the process  i s  that the liquid to be treated i s  fed 

under pre s sure across the surface of  a semi -permeable 

membrane . As a consequence , water and low molar mas s  

solute s  pas s  through the membrane to form the permeate . The 

remaining components of the feed are theref ore concentrated . 

These form the retentate . 
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The driving force for UF is  

across the membrane. Th i s  force 

the pres sure gradient 

must be s igni f i cantly 

greater than the di f f erence in osmot ic pres sure between the 

concentrate and permeate streams . Since the small molecule s  

largely respons ible f o r  osmot ic pres s ure pa s s  through the 

membrane , the pre s sures required to dr ive the concentration 

proce s s  are relatively low ( about 5 0 0  kpa ) . The extent to 

wh ich low molar ma s s  solute s are separated from the reten

tate depends on the membrane character i stics. Although in 

commercial practice , membranes are characteri s ed in terms of 

the approximate molar ma s s e s  of components they wi ll retain , 

it i s  the other factor s such as the molecular s i z e , the 

s hape and to a les s e r  extent the elect r�· 1 charge of the 

solute that determi ne the abi lity of molecules to permeate 

through the membranes . 

The membranes used by the dairy industry for UF of  mi lk 

genera lly have a molar ma s s  cut off  range of  about 1 8 , 0 0 0  -

2 0 , 0 0 0  daltons . Thus when UF i s  appli ed to whole mi lk , low 

mo lar ma s s  components such as water , lactose and soluble 

minerals compr i s e  the permeate while the larger components 

li ke fat , casein , whey prote ins and colloidal minerals are 

concentrated to form the retentate . If the f lux of  low 

molar ma s s  solutes in mi lk across the membrane i s  completely 

unhindered , the molarity of  these components should be the 

same in the permeate and retentate fractions. However , in 

pra ctice it is  found that there is  a slight selective reten

t ion of some components .  Thi s  is de f ined by the retention 

coe f f i ci ent ( R ) : 

R = 

where Cf = concentrat i on of the molecule in the feed 

C = concentration of the mo lecule in the permeate . p 

The concentrations need to be expressed in terms of water 

pha se and not as absolute concentrations . For lactos e , 

retention coe f f i c ients of 2 - 1 0 % have been found i .e .  for 
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every 1 0 0 uni t s  of  lactose carri ed into the permeate per 

unit water , 2 1 0  extra units  of  lac to s e  are retained in 

the retentate . The value of  R generally increa ses  gradually 

during the concentration proce s s . An extens ion o f  UF, known 

as diafiltration ( DF )  i s  s ometime s employed to r emove 

further water soluble component s from the retentate or f eed . 

Water i s  added to the retentate either at the end of  UF or 

continuous ly as UF proceeds . When thi s  water f lows thr ough 

the UF membrane it carries  some o f  the water s o luble 

components with it . In thi s  way the concentration of  water 

soluble components of the retentate can be regulated . DF i s  

a n  important means of  controlling the lactose content o f  the 

retentate used for UF cheesemaking . 

2 . 3  Ef fects o f  UF on the Components of Milk 

The phys i c o-chemical e f fects of  UF on mi lk whi ch are  of  

prime concern to cheesemaking are the changes occurring in 

the f at globule s  and in the whey proteins . Other changes 

such as los s  o f  a s corbic acid and other water s o luble 

vitamins in the permeate have been reported ( Green et  a l ,  

1 9 8 4 ) but are o f  les ser importance in the present context . 

2 . 3 . 1 Fat globul e s : During UF, 

stricted pathways in the valves of  

mi lk f lows through 

the UF plant . 

re-

Thi s  

causes disruption o f  fat globule membranes and a reduction 

in globule s i z es ( Green et al ,  1 9 8 4 ) . The e f fect amount s  to 

a ' partia l '  homogen i z ation . The signi f i cance of thi s  e f fect 

to chees emaking is  discu s s ed later in the the s i s  ( see 

Chapter 4 ) . 

2 . 3 . 2  Whey proteins : When proteins are sub j e cted to h i gh 

s hear force s , protein denaturation may occur . Thi s  i s  known 

as shear denaturation ( Thomas et al,  1 9 7 9 ) .  It is  pos s i ble 

that shear denaturation of whey proteins 

in UF equipment . Thi s  would be mos t  

residence time s at 5 0  - 5 5 °C are used to 

tate concentrations . 

in mi lk may o ccur 

likely when long 

obtain high reten-
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The incorporati on of  a i r  into the feed or concentrate 

stream of  the UP equipment ( due to a leak in the s u c tion 

line ) may give rise to a ' bubbling ' ef fect which can lea d  to 

denaturation of whey proteins at the liquid-air inte r f a c e . 

Such denaturation may take place relatively easily s i n c e  the 

denaturat ion of  �-lactoglobulin by s imple ' shaking ' has  

been reported ( Reese and Robbins , 1 9 8 1 ) .  Denaturation may 

a ls o  occur due to heati ng . UP of mi lk is generally c a r r i ed 

out at 5 0  - 5 5°C but i f  s li ghtly higher temperature s  ( >6 3°C )  

with long res idence t ime s are employed during UP, 

denaturation appears  pos s ible ( Kreula et al,  1 9 7 4 ) .  

s ome 

The s igni f icance of the s e  changes to the chees emaking 

properties of mi lk and chees e  quali ty are discussed lat e r  in  

the thes i s  ( Section 2 . 6 . 1 . 3 of  thi s  chapter ) .  The microbio

logical e f fects of UP on retentate quality and its s i gn i f i 

cance t o  cheesemaking a r e  d i s cu s s ed later ( Section 2 . 6 . 1 . 4 

of  thi s  chapter ) .  

2 . 4  Advantages of u s i ng UP Mi l k  in Cheesemaking 

Potential benef i t s  of UP chees emaking are summari s ed a s  

fo llows : 

2 . 4 . 1  Yield increase :  As far a s  New Zealand i s  concerned , 

the main advantage in making cheese from UP mi lk i s  the 

yield increase . Th i s  incre a s e  results from the retenti on of 

extra whey proteins and minerals and also better recover y  of 

fat . In addition , the whey proteins bring in extra moi sture 

( Green et al,  1 9 8 1 a ) . The extent of the yield incre a s e , 

however ,  depends largely on the quantity of  whey proteins 

inc orporated . Yield increas e s  f or cheese varieties reported 

in the literature are somet ime s  not comparable becaus e  the 

bas i s  for yield calculation are often dif ferent or somet imes 

not reported . One point whi ch is  clear from the literature 

is that for soft and s emi - s o f t  cheese varietie s  ( 4 0 - 4 5 %  

solids ) higher yield increa s e s  have been atta ined by u s e  of  

UP retentate of about 4 0 %  s o lids  and with little or no los s  
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o f  whey . For example , yield increase of up to 3 0 %  have been 

reported for Feta cheese ( Hansen , 1 9 7 7 ) . For s emi -hard 

var ieties ( 4 5 - 5 6 %  solids ) like Blue cheese , the yield 

increases  have been limi ted to  5 . 5  - 1 3 . 5 % ( Jepsen , 1 9 7 7 ;  

Mahaut and Mauboi s ,  1 9 7 8 )  because only s ome o f  the whey 

proteins could be retained . For hard chees e  varieties ( 6 0 -

6 6 %  sol ids ) like Cheddar made from retentate of about 4 0 %  

solids  ( 5 : 1 concentration ) yield increases of 8 - 1 0 % have 

been reported ( Jame s on , 1 9 8 4 ) although theoretical cal cula

tions earlier ( Suther land and Jameson , 1 9 8 1 ) had  predic t ed a 

maximum of 1 4 % .  

2 . 4 . 2  Savings in  r ennet : In conventional cheesemaking 

the bulk of the rennet added to cheesemi l k  is lost in the 

whey . When chees e  is made from UF retentate , the amount of 

whey generated ( per kg of cheese ) i s  considerably reduced 

and higher proportions of added rennet are retained in the 

chees e . Depending on the type of chees e  and the amount of 

whey lost , rennet s avings up to 70  - 8 0 %  are pos s ible  

( Glover , 1 9 8 5 ) . For Cheddar from 5 : 1 retentate savings  may 

be l ower - 4 0  to 6 0 % . However , these savings have t o  be 

considered in con j unction with residual rennet concentra t i on 

in cheese and its e f f ect on proteo ly s i s . ( Th i s  i s  discus sed 

i n  Chapter s 7 and 8 . ) 

2 . 4 . 3  More useful byproduct s : Both the permeate and the 

whey obtained dur ing UF chee s emaking are claimed to form the 

bas i s  of more useful byproducts than does conventional whey 

( Muller , 1 9 8 4 ) .  The permeate obtained during UF poses f ewer 

pol lut ion problems than conventional whey ( Gl over , 1 9 8 5 ) and 

can be put to a variety of uses ( Cotton, 1 9 8 0 ) . 

2 . 4 . 4  Continuou s  operation : The development of 

speciali sed equipment for coagulation , syneres i s  and cooking 

o f  UF curd for Cheddar obtained from 5 : 1 retentate may 

enable the whol e  chee s emaking process to be made contin uou s 

( Jame son , 1 9 8 4 ) . Additiona l benefits may i nc lude automatic 

control of the proce s s  and better control of impor tant 

parameters such as pH and moi s ture content . 
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In conventional Cheddar manu-

f acture t ime is needed to remove moi s ture from the curd . I n  

the manuf acture of Cheddar from U F  retentate , the bul k  o f  

the moi s ture i s  removed during U F  itsel f . Therefore , the 

overall  manufacturing time can be reduced by up to one hour 

( James on , 1 9 8 4 ) provided UF and cheesemaking proceed s imul 

taneously . 

2 . 4 . 6  Increased throughput : UF of mi l k  to 1 . 7 : 1  concen

tration ( about 1 6 % solids ) permits use o f  conventional 

methods and equipment and results  in increas ed throughput o f  

most equipment in the chee se factory ( Fergusson , 1 9 8 5 ) . 

Thi s  advantage might be important to a cheese factory 

cons i dering expans ion in capac ity but having l imitations o f  

space . High permeation rates dur ing U F  t o  a low concentra

tion permit the capital costs  to  be  kept to  a minimum . For 

chees e  f actor ies  in New Zealand , thi s  advantage may not be 

of great interes t .  

2 . 4 . 7  El imination o f  was hing step : For some cheese 

var ieties l ike Havarti ,  the washing step in traditional 

method may be repl aced by a dia f i l tration step ( after UF ) in 

chees emaking from UF milk . In general ,  thi s might help 

reduce fat losses and also  fac i l i tate the production by 

removing the washing step . 

2 . 4 . 8  Enclosed system : A continuous UF Cheddar system i s  

fully enclosed between the mi lk pasteuri z er and the point at 

which the coagulum i s  cut . Thi s i s  likely to reduce the 

danger s  of contamination and bacteriophage ( Jameson , 1 9 8 4 ) . 

2 . 5  Manufacture o f  Di f f erent Cheese Var ieties from UF 

Concentrated Mi lk 

The succes s  of the appl ication of UF to cheesemaking 

depends on : 

( 1 )  Type of chees e  ( soft or hard ) 

( 2 )  Whether any proteolys i s  takes place before the 

chees e  is consumed ( Lelievre , per sona l  communication ) .  
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UF has been succes s fu l l y  applied to soft and s emi soft  

varieties  l ike Cottage , Herve and Quarg . All these 

varieties are generally  consumed fresh with little or  no 

proteo lys i s . A few semi -hard and hard cheeses can be made 

us ing UF . However , thes e  do not undergo proteol y s i s . For 

e xample ,  in UF Feta c hee s e , the high salt-in-mo i s ture 

retards proteolys i s . The production of a 'cheesebase' whi ch 

has  a c ompos ition s imi lar  to that of Cheddar has been 

reported ( Ernstrom et a l , 1 9 80 ) . I t  does not undergo 

proteoly s i s  because evaporation destroys all the e n z ymes 

respon s ible for proteolys i s . The product l acks the body and 

f l avour characteri stics of norma l Cheddar but is suitable 

f or use  in proces sed chee s e . However , i f  used in h i gh 

proporti ons in the proces sed cheese mi x, the presence  o f  

whey proteins may caus e  s ome problems . It is  pos s ibl e to 

make UF Moz zare l l a  cheese  which  appear s  very similar to the 

conventional product . However ,  probl ems are encountered 

with its melting and stretching properties ( Covacevich and 

Kosikowski , 1 9 7 8 ) . 

Hard varieties of che e s e  which undergo a long per iod of 

maturation and proteolys i s  before consumption appear to be 

the mos t  di f f icult to make us ing UF ( Green et a l , 1 9 8 1 a ;  

Suther land and Jameson , 1 9 81 ; Green , 1 9 85 ) . 

2 . 6  Problems in the Appl i cation of UF to Cheddar Chees ernaking 

The manufacture o f  Cheddar cheese from milk con c en

trated by UF presents various probl ems . For conveni ence 

thes e  problems have been broadly c l a s s i fi ed into three 

groups : 

( A )  Probl ems as sociated with qua l ity of UF Cheddar 

( B )  Engineering probl ems 

( C )  Economi c problems . 

The above mentioned probl ems are next d i s cu s s ed i n  

detail . It must be emphas i z ed that most of the s e  probl ems 

and the factor s which a f fect them , although d i s cu s s ed 

separately , are interrel ated . 
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2 . 6 . 1 Probl ems a s s oc i ated with the qual ity of UF Chedd a r  

Thi s group of problems concerns the f l avour , body and 

te xture of UF chee s e . Literature reports sugges t  that UF 

Cheddar has an atypical  f l avour ( Green et a l , 19 81a ) , mealy  

and s l i ghtly c rumbly texture and 'dry' and 'curdy' body 

( Gl over , 19 85 ) . The causes  of the se defects is not known 

a l though a number of inter -related factors have been 

s ugges te d  to have an e f f ect . 

be l ow : 

These f actor s are di scussed  

2 . 6 . 1 . 1  Starter growth in and buffering capacity o f  r eten

tate and the i r  e f fect on the res idual mine ra l s  in  the cheese 

The growth of lactic acid bacteria in UF retentates has 

been studied by several workers ( Naras imhan and Ern s trom , 

19 7 7 ; Tayfour et a l , 19 81; Hickey et a l , 19 83a ; Mistry and 

Kosikowski , 19 83 , 19 85 a , b ,  19 86a ) .  In genera l ,  starter 

bacteria have been shown to grow wel l  in UF retentates .  In 

UF cheesemaking , however , higher demands are placed on the 

starter organi sms to produce more lactic acid in order to 

counteract the high buf fering capacity in the retentate and 

in the curd.  

The pr inciple buf fering component s  in mi lk and reten

tate are protei n  and phosphate ; there is also a sma l l  

buf f er ing ef fect due t o  pres ence of organic acids ( Morr et 

a l , 19 7 3 ) .  In traditional Cheddar cheese manufacture , the 

acid development by the starter organi sms , the buf f er ing 

e f fects and the rate and e xtent of syner e s i s  are coordinated 

so that the des i re d  pH is obtained dur ing , and at the end 

o f , cheesemaking . In UF chee semaking it is neces s ary to 

c ompen sate for the increas e d  buf f ering capac ity in UF reten

tate ( Brule et a l , 19 7 4 ; Sutherland and Jame son , 19 81; 

Green et al , 19 81a ; Mi stry and Kosikowski , 19 85 b ) and for 

the change in the pattern of synere s i s , to prevent a h igh 

one-day pH in the cheese ( Green et al , 19 81a ; Suther l and 

and Jame son , 19 81 ) .  

One pos sible method of lowering the one-day pH of UF 

Cheddar i s  by decreas ing the mi lk pH prior to UF ( Suther l and 
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and Jameson , 1 9 81 ) . This a l s o  a f fects the mineral content 

of UF cheese , as di s cus s ed later . 

It i s  also  pos s ible  to lower one-day pH of UF Cheddar 

by enhanced starter activity . Such enhancement can pos s ibly 

be ach ieved by : 

( a )  Priming i . e .  a l l owing the starter to grow in the reten

tate for a period bef or e  rennet addition ( Van Leeuwen et  a l , 

1 9 84 ) . 

( b )  Increasing the s i z e  of the inocu lum ( Mi s try and Kos i 

kowski , 1 9 86b ) . The buf fering capac ity of the retentate 

also influences the mineral content of UF chee s e . Thi s  may 

be important sinc e , according to Lawrence et a l  ( 1 9 83 ) , the 

mineral content of cheese influences the ba s i c  structure of 

the product and hence its rheological properties ( Suther land 

and Jameson , 1 9 81  ) .  

For traditional Cheddar , values of cal cium content ( 1 80 

- 2 2 0  mM/Kg ) calcium to solids -not-fat-not-salt  ( Ca/SNFNS ) 

ratio ( 2 . 4  - 2 . 5 )  and calcium to phosphorus ( Ca/P ) ratio 

( 1 . 4 1  - 1 . 6 3 ) are typ i c al ( Sutherl and and Jame s on , 1 9 81 ) .  

For UF Cheddar , higher calcium and Ca/SNFNS values have 

been found and UF of mi lk at pH 6 . 3 5 - 6 . 4 5 has been 

recommended ( Sutherl and and Jameson , 1 9 81 ) to a l l ow more 

calcium to be  lost i n  the permeate . Simi la r ly , problems due 

to higher Ca/P values for UF Cheddar have been corrected by 

decreasing the mi l k  pH to 6 . 2  - 6 . 4 5 prior to UF ( Sutherland 

and Jameson , 1 9 81 ) .  Priming of retentate and higher level 

of starter addit ion are two other pos s ible means of manipu

l ating Ca/P and Ca/SNFNS rat ios . 

The mechan i sm by whi ch calc ium affects cheese texture 

is not properly under s tood . The Ca/SNFNS ratio is con

s i dered to play an important role in cheese texture 

( Lawrence et a l , 1 9 83 ; Creamer et al , 1 9 85 ) . There are 

confl icting reports on the s i gnificance of Ca/SNF ratio in 

cheese proteoly s i s . Fox ( 1 9 7 0 ) and O ' Kee fe et a l  ( 1 9 7 5 ) 

suggest that l ower Ca/SNF ratios a l l ow the proteolytic 
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enzyme s  e a s i er acces s  to the casein fraction s . Thi s  v i ew i s  

not supported by Lawrence e t  a l  ( 1 9 83 ) .  

According to Lawrence et a l  ( 1 9 84 ) ,  a ma j or d i f f i c u l ty 

in UF che e s e  manuf acture l i e s  in attaining the r ight balance  

between f actor s such as starter activity , 

rate and extent of the acid development . 

syneres i s  and the 

Thi s balance i s  

nec e s sary to achieve the correct Ca/SNF ratio , the correct 

pH and hence the required bas i c  structure in the chee s e . 

Without the correct bas i c  structure a fter manu facture , i t  i s  

suggested that the chees e  wi l l  not mature to give a product 

of sat i s f actory texture and f l avour ( Lawrence et a l , 1 9 84 ) . 

2 . 6 . 1 . 2 Res i dual l actose and l a ctate i n  che e s e  

The res i dual lactose content o f  the curd control s ,  t o  a 

great e xtent , the change in pH o f  the chees e  in the f i r s t  

few days o f  ripening ( Dolby e t  a l , 1 9 3 7 ) .  I n  addition , h i gh 

lactose c ontents can lead to c a l ci um l actate precipitat i on 

( Pearce et  a l , 1 9 7 3 ) .  Thi s  defect i s  known to occur i n  

conventionally  made chees e  ( Farrer and Hol lenberg , 1 9 6 0 )  

where lactate l evels  during the f i r st f ew days of maturati on 

are about 1 . 0 %  ( Cz ul ak , 1 9 6 9 ) .  

UF r etentate general ly has 5 %  lactose in the aqueous 

phase and c a l culations suggest  that thi s  may yield 1 . 8% 

lactic acid  in the fina l  chees e  ( Mi s try and Kos ikowsk i , 

1 9 85b ) . Such chees e  would probably be exc e s s ive l y  sour and 

would be e xpected to show calc i um l actate precipita t i on 

( Suther l and and Jameson , 1 9 81 ) .  

A reduction in l actos e  content of UF Cheddar is  the r e 

fore des irable and thi s  can b e  achieved by ( a )  diaf i ltrat i on 

of retentate ( Sutherland and Jame s on , 1 9 81 ) or ( b )  was h i ng 

the cut curd after rennet coagul ation of the retentate 

( Sutherland and Jameson , 1 9 80 ) . The latter option resu l t s  

i n  f lushing out o f  whey proteins and a decrease i n  yield . 
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The whey proteins in the chees e  may be pre s ent e i ther 

i n  their native form or in a denatured form . Literatur e  

reports sugges t  that i n  thei r  denatured form , whey prote ins  

may c ause defects in f l avour and texture ( Wing f i e l d  et  a l , 

19 7 9 ; Banks and Muir ,  19 85 ; Brown and Ernstrom , 19 82 ) . 

I n formation on the spec i f i c  effect of undenatured whey 

proteins on Cheddar qual ity is lacking . For some cheese  

varietie s , whey proteins in their native form have been 

reported to have bene f i c i a l  e f fects on texture and f l avour . 

One report on UF Gouda che e s e  suggests that the inclus ion of 

whey proteins results in sof ter and smoother cons i s tency as 

compared to 2 0 %  FDM Gouda ( Boer and Nooy 19 80 a , b ) . Most 

res earch workers have reported that the whey prote ins in the 

curd and cheese are res i s tant to proteolysis  ( Jost  et  a l , 

19 7 6 ;  O'Keef e  et al , 19 7 8 ; Koning et a l , 19 81) and act  a s  

inert f i l lers i n  semi-hard ( Edam and Gouda ) cheese ( Koning 

et a l , 19 81) . However , i t  has been suggested that the non

starter l actic acid bacter i a  ( NSLAB ) may be able to hydro

lyse  the whey proteins ( El -Soda et al , 19 82 ; Hickey and 

Broome , 19 84 ) in UF chee s e , but thi s needs to be con f irmed . 

Thi s degradation , i f  con f irmed , could have a direct e f f ect 

on UF Cheddar f l avour . Some indirect e f f ects are pos s i b l e  

s uch a s : 

( i )  A dilution ef fect i . e .  lowering the effective concen

tration of flavour compounds ( Koning et al , 19 81) . 

( i i )  Phys ical interference by making casein l e s s  acces s ible  

to enzyme action . 

( i i i ) Inhibition of plasmin ( alkal ine milk protea s e ) by 

� -l actoglobulin . 

According to Creamer ( 19 7 1 ,  19 7 4 ) ,  plasmin plays onl y  a 

l imited role in normal Cheddar proteolys i s  by degrading � 

casein . In UF Cheddar , however , it may play an important 

role s ince it is expected to be present in hi gher amount due 

to the concentration dur ing UF . On the other hand , p l a smin 

activity is  inh ibited by � -lactoglobulin ( Snoeren et  a l , 

19 80 ) ,  which i s  present in higher proportion in UF Cheddar 

as compared with control Cheddar ( Koning et a l , 19 81 ) . In 

UF Cheddar theref ore , it i s  pos s ible that the s e  two f a ctors 
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may , to a l arge e xtent , cancel each other . 

2 . 6 . 1 . 4 Mi crobio logy o f  the retentate and UF chees e  

In normal chee s emaking , most of the mi cro-or gani sms in 

milk are entrapped and concentrated in the curd when i t  i s  

cut . Literature reports on the microbiology of UF cheese

making are lacking but it i s  probable that thi s  concentra

tion occurs in two stages - f irstly , during UF and secondly , 

when the UF curd i s  cut . It is  pos s ibly f or this  reason 

that the total count of UF Cheddar is  found to be s imi lar  to 

that of norma l Cheddar ( Hi ckey et a l , 1 9 8 3b } . Amongs t  the 

cheese micro f lora , the starter organi sms play a ma j or role 

in s econdary proteolys i s  during cheese r ipening ( Fryer , 

1 9 6 9 ;  Vis s er , 1 9 7 7 a,b;Rank et al , 1 9 8 5 } . However , i t  i s  

pos s i ble that the growth o f  thermophiles  during UF ( Hu f fman 
and Powe l l , personal c ommunication) may have an influence on 
the f l avour of UF Cheddar . 

2 . 6 . 1 . 5 Problems in f l avour and texture devel opment 

Cheddar chees e  f l avour i s  complex and the speci f i c  

contri bution o f  various compounds to f l avour has not yet 

been establi shed . Mos t  research workers cons ider that amino 

acids provide the important background f l avour upon which 

characteri stic  f lavour is superimposed ( As ton and Dul l ey , 

1 9 8 2 } . However , other workers cons ider a water soluble  

fraction containing salts , amino acids  and peptides as the 

main contributor to intens i ty of flavour in Cheddar chees e  

( McGugan e t  a l , 1 9 7 9 } . 

Literature r eports on f l avour of UF Cheddar are f ew .  

Some worker s  have reported a lack of f l avour development i n  

U F  Cheddar ( Green et a l  1 9 8 1 a; Hickey et a l , 1 9 8 3b }  and 

attributed this to a lack of rennet activity in chees e  

( Green et al , 1 9 8 1 a }  presumably because of a l ower rate o f  

rennet addition t o  U F  retentate . 

Problems in the texture of UF Cheddar are pos s ibly 

related to the proteo ly s i s  which , in turn , may be a f f e cted 

by several factors such as the presence o f  whey proteins ( as 
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discus s ed earl ier ) and rennet activity . Another factor 

pos s ibly a f f ecting proteolys i s  is the concentrati on of 

protei na s e  and/or peptidase inhibi tor s in mi l k  ( Mclean and 

Ellis , 1 9 7 5 ) by UF and consequent s lowing of the releas e  of 

free amino acids ( Hickey et a l , 1 9 83b ) . 

Overa l l , i t  does seem likely that the rate of proteo

lys i s  ( and therefore f l avour and texture development ) in UF 

Cheddar is s l i ghtly retarded and the introduction o f  

measures t o  increas e  thi s  rate may be neces s ary ( Covac ev i ch 

and Kos ikowski , 19 7 8 ) . Increasing the amount o f  rennet 

( Green et  a l , 1 9 81 a ) , addition of a sma l l  amount of neutra s e  

( Green , 19 85 ) a n d  addi tion of sma l l  amounts of proteinases 

to the curd at sal ting ( Green et  a l , 19 81 a )  are some o f  the 

mea sures suggested . 

2 . 6 . 2  Engineering Problems : Thes e  probl ems concern the 

viscos ity of UF retentate and cutting , handl ing and cooking 

of UF curd . 

2 . 6 . 2 . 1 Vi scos i ty of UF retentate : When the protein 

content o f  UF retentate exceeds 10 - 1 2 % ,  there is a 

dramatic increa s e  i n  its viscos ity ( Mauboi s  and Mocquot , 

1 9 7 4 ) . For e xampl e ,  there i s  a 1 0 -fold increas e  in 

visco s ity ( from 1. 2 cP to 12 cP ) at  5 0°C when the protein 

concentration increa ses  from 3 %  to 18% . At 15°C thi s  

increase i s  from 2 cP t o  2 0 0  cP . Such l arge increases  i n  

visco s i ty impos e  a n  upper l imit of concentration by U F  a s  

just under 2 0 %  protein ( Glover , 1 9 85 ) .  

I t  i s  obvious from the se viscosity values that pumping 

and mi xing thi s  viscous retentate wi l l  be di f f i cult . 

Correct pump selection i s  neces sary . 

2 . 6 . 2 . 2  Cutting UF curd : S ince the UF retentate sets much 

fa ster than mi lk on rennet addition ( Van Leeuwen et  a l , 

1 9 84 ) it has a coar ser protein network and dif fers in basic  

structure in  compari son to  normal curd ( Green et a l , 1 9 81 b ) .  

Phys ico-chemi cal properties o f  UF curd such as f i rmne s s , 
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susceptibil ity to damage , refus ion of curd particles  and 

rate and volume of whey rele a s ed also  dif fer from tho s e  of 

norma l curd ( Van Leeuwen et a l , 1 9 84 ) . 

Conventiona l cheese knives are therefore unsuitab l e  for 

cutting UF curd ; special cutting devices are needed ( Suther

l and and Jameson , 1 9 81 ) .  One such device has been desc r i bed 

by Van Leeuwen et a l  ( 1 9 84 ) .  It  consists  of a s ta i n l e s s  

steel box with two ad j acent open faces with mono f i l ament 

nyl on wires at 1 0  mm di stance s . 

The duration o f  time between rennet add it i on and 

cutting a f fects chees e  yield and chees e  qua l ity . For normal 

Cheddar , the cutting time i s  general ly 2 . 2  - 3 . 5  time s the 

rennet clotting time ( RCT ) . Thi s  period i s  considered too 

long for UF retentate and could af fect the cutting and 

subsequent syneres i s . There i s  a suggestion that cutt ing 

time for UF retentate should be 1 . 2 - 2 . 2  times RCT ( Van 

Leeuwen et a l , 1 9 84 ) . 

2 .6 . 2 .3 Handl ing and cooking UF curd 

The internal s tructure of UF curd is fragi l e . In  

addition , the ' cushioning' e f f ect of whey during curd 

handling is sma l l  because of the much lower rate and volume 

of whey release as compared with that in convent ional 

cheesemaking . Thus , there i s  need for gentl e  handling o f  UF 

curd e specially  in the initial  stages after cutting . Also , 

a s  a result of the sma l l  amount of whey relea s ed ( per  kg  of 

curd ) ther e  i s  a need for suitable modi f i cation o f  heat 

tran s f e r  mechani sms to attai n  the s ca lding temperature at  

the des ired rate without upsetting curd structure . A device 

des i gned for cooking UF curd has been descr ibed ( Van Leeuwen 

et a l , 1 9 84 ) . It con s i s t s  of a stainl e s s  steel cyl inder 

f itted with four vanes , and rotated at 3 rpm . The curd 

parti c l e s  in the rotating cyl inder are slowly heated by 

applyi ng heat from outs ide the drum . 
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The use of conventional methods and equipment to make 

UF Cheddar results in high fat and ca sein fine l o s s e s  ( Green 

et a l , 1 9 81 a )  but s l i ght mod i f ic at ions in cutting , c ooking 

and handl ing of UF curd can help bring the s e  l o s s e s  to 

norma l leve l s  ( Suther l and and Jame son , 1 9 81 ; Green , 1 9 85 ) . 

The s igni f i cance o f  thes e  l o s s e s  to chee s e  yield  are  

d i s cus sed later ( Chapter 9 ) . 

2 . 6 . 3  Economic Prob l ems 

The success  of the appl i cation of UF to Cheddar che e s e 

making depends o n  the economi c viabi l ity of the proces s .  

Th i s  would be largely governed by the magni tude o f  the y i e l d  

increa s e . The yield increa s e  needs to be suff iciently high 

to j u stify  the high capital cos t s  required for the purchase  

o f  UF  equipment and special  chees e  manufacturing plant . I n  

addition , there should b e  n o  s i gni f i cant l o s s  of qua l i ty of 

product . Ca lculations based on a variety o f  a s s umpt ions 

sugges t  that a yield increase of 8% may be economic a l ly 

viable under certain conditions ( Jameson , 1 9 84 ) .  

In addition to the problems mentioned above , the 

seasonal variation in milk compos it ion may pose probl ems in 

obtaining retentate of required composition during  the 

dairying season . Th i s  may cause diff iculty in obtaining UF 

Cheddar of uni form qua l ity and composition . 
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CHAPTER 3 

SCOPE AND OBJECTIVES OF THE PRESENT I NVESTIGATI ON 

The s cope of the present investigation wa s primari l y  to 

study the factor s inf l uencing the problems in the qua l i ty of 

UF Cheddar and to a s s e s s  potential yield advantag e s  i n  

Cheddar chees emaking from U F  milk . The f o l l owing were the 

broad ob j ective s : 

( i )  to inve stigate some of the problems a s s ociated with the 

qual i ty of UF Cheddar , 

( ii )  to study spec i f i c  f actor s whi ch may contribute to the s e  

problems , 

( i i i ) to investigate pos s ible solutions to s ome o f  these 

probl ems , 

( iv )  to a s s e s s  potential  yield advantages in Cheddar 

cheesemaking from UF milk and theoret i ca l ly inve s t igate 

means of further improving the s e  yield advantages .  
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CHAPTER 4 

EFFECT OF ULTRAFI LTRATION PER SE ON THE QUALITY AND ----

YI ELD OF CHEDDAR CHEESE 

4 . 1 Introduction : 

The problems a ssociated with UF Cheddar cheese manu

f acture and qua l i ty were discussed earl ier ( Chapter 2 ) . The 

origin of thes e  probl ems is not known . One factor may be 

the proc e s s  of UF itsel f . The changes occurring in certain 

milk components dur ing UF , particularly those in the whey 

proteins and the fat , may be important to chee semaking . The 

pos sible s i gni f i c ance of the change s  in the whey protei n  on 

chees e  qua l i ty were discus s ed earlier ( Chapter 2 ) . The 

' parti al ' homogeni z ation of fat during UF ( Green et a l , 

1 9 84 ) may af fect the elasti city and moi sture holding proper

ties of the curd and the texture and f l avour of the f inal  

cheese ( Peter s , 1 9 5 6 ) .  Therefore , the ef fect of UF  per  s e  

on the qual ity and yield o f  Cheddar cheese was investigated 

in the present experiment . 

4 . 2  Exper imental Plan 

Pasteuri zed and standardi zed mi l k  was divided into two 

lots . One l ot was kept as control . The other lot was 

sub j ected to 5 : 1  UF and all  the permeate was collected . On 

completion of UF the permeate and retentate were mi xed to 

form a ' milk equivalent ' .  Cheddar was then made from the 

' milk  equivalent ' and control us ing conventional methods . 

4 . 3  Exper imental 

The cheeses  from ( a )  control mi lk ( b )  mi lk equiva l ent 

were made s imul taneous ly on the same day in 3 5 0  �vats in 

the New Zealand Dairy Research Institute ( NZDRI ) pi l ot 

plant . Five tr i a l s  were done over two seasons at dif ferent 

time s of the season . 
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Mi l k  supply : Bulk whole mi lk was obta ined from the 

N Z DRI supply del ivered from the Manawatu Cooperative Dairy 

Company each morning . The milk ( 80 0  kg ) wa s then 

pas teuri zed at 7 2°C/ 1 5  seconds ( Alfa  Laval unit with a 

capacity of 2 , 6 0 0  kg/hour ) and standardi zed to a casein : fat 

ratio of about 0 . 6 8 us ing pasteuri zed skim mi l k . The 
0 resultant milk wa s cooled to 7 C ,  trans ferred to r e f r i -

gerated vats equipped with st irrer s and stored overn i ght a t  

2 - 4°C before use . 

4 . 3 . 2  Ultra f i l tration : The UF unit used was an Al fa-Laval 

UFS-4 having 4 cartr idges containing PM-3 0 membranes with 

cut off range of 3 0 , 0 0 0  dal tons ( Figure 4 . 1 ) .  It e s s entia l ly 

con s i s ts of a balance tank with a f eed pump , reci r culation 

l oop , recirculation pump and the membrane cartridges .  The 

membrane area per cartridge is  1 . 4m2 and the 4 cartridges 

are connected in para l lel . The UF unit was condi tioned a s  

p e r  manu f acturer ' s  ins tructions b y  ci rculating a mi xture o f  

caustic soda ( 0 . 5 % w/v ) and sodium hypoch lorite ( 0 . 1 %  v/v ) 

in soft water ( 5 0 °C )  for 3 0  minutes .  The UF unit was then 

rinsed with water . About 4 0 0  kg of mi lk wa s heated to 5 0  + 

1 °C in a plate heat e xchanger ( u s ing hot water at about 

7 0°C ) . The mi l k  wa s then accurately weighed in cans and 

tipped into the balance tank of the pre-conditioned UF unit . 

* UF wa s started and inlet and out l et pres sures were 

ad j usted to 2 . 4  bar and 1 . 0 bar re spectively . The permeate 

outlet port was opened and the permeate col lected in cans 

placed on a we ighing balance so that the quantity of 

permeate could be closely moni tored . ( Initi a l  permeat i on 

rates were 4 . 5 - 4 . 8 1/min or 4 8 . 2 - 5 1. 4 l/m2 /hr ) . UF wa s 

cont inued until  a 5 : 1  concentration was attained i . e .  3 2 0  kg 

permeate obta ined from 4 0 0  kg milk . Thi s  normally  required 

9 0  - 1 1 0 minutes . At this stage UF was stopped by closing 

the permeate port . The inlet and outlet pre s sures were 

decreased to 1. 8 bar and 0 . 6  bar re spectively . 

4 . 3 . 3  Preparation of mi lk equiva lent : The permeate removed 

dur ing UF was added back to the retentate in the balance 
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Figure 4 . 1  Ultraf i ltration unit used for UF of mi lk for a l l  

exper iments .  

Make : Al f a  Laval 

Type : UFS - 4  

Membranes : Four cartridges o f  PM- 3 0  membranes with molar 

mas s  cut-of f range of 3 0 , 0 0 0  daltons . 

Membrane area : 1 . 4 m2 per cartridge ; Total 5 . 6m2 . 
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tank . The permeate and retentate were then thoroughly mi xed 

by us ing a plunger . The resultant f luid was then further 

mixed by recirculation for 5 - 1 0  minutes in the UF unit 

with no permeate remova l .  

4 . 3 . 4  Pasteuri zation : The contro l  mi l k  and the mi l k  e qui

valent were repasteuri z ed under the conditions des c ribed 

previous l y . The outlet temperature of the mi l k  from the 

pasteurizer was a d j u s ted to 3 2°C and 3 5 0  kg o f  each of the 

milks was placed in the two cheese vats . For mas s  balance 

trials thi s  mi lk was accurately weighed . Every care was 

taken to prevent dilut ion of milk during repasteur i z ation . 

The pasteur i z er wa s thoroughl y  f lushed with water in between 

the pasteur i zation of the two lots of mi lk . 

4 . 3 . 5  Cheesemaking : The bas i c  method used was that of 

Pearce and Gilles  ( 1 9 7 9 ) . The following i s  an account of 

the main steps in the procedure : 

The mi lks in the two vats were tempered to 3 2°C .  

Starter ( Streptococcu s cremor i s : DRI strains  5 84 and 1 3 4 in 

ratio 1 : 2 )  was added at 2 %  w/w of the mi lk . Five minute s 

l ater , calf  rennet ( from N Z  Coop . rennet company , Eltham , 

with approximate strength of 6 2  Ru/ml ) was added a t  1 6  

ml/ 1 0 0  l itres of mi lk . The coagulated milks  were cut about 

4 0  minutes after rennet addition us ing 9 mm chees e  kni ve s . 

The resultant curds and whey were sub j ected to gentle 

mechanical agitation and the temperature ra i sed slowly to 

3 8°C at a rate of approximately 0 . 2° C/minute . The tempera

ture was then maintained at  3 8°C and the whey was drained 

a fter about 2 hours and 4 0  minutes from rennet addit i on . 

Fol l owing dry stirring , the curd was allowed to kni t  and 

cheddaring continued for a further 2 hour s . The curd was 

mi l led at 0 . 5 5 - 0 . 6 0 %  ti tratable acidity ( TA )  and sa l ted at 

0 . 6 1  - 0 . 6 8% TA us ing 2 5  g salt per kg of the curd . The time 

f rom rennet addition to salting was typically  5 hour s . 

About 2 0  - 2 5  minute s after sal ting the curds were hooped 

( 1 8 - 2 0  kg curd/hoop ) ,  pressed for 5 minutes in a l arge 

hor i zontal pneumatic pre s s , dre s s ed and pre s s ed overnight at 
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4 0  p . s . i .  at ambient temperatures . 

The next morning the che e s e  was removed from the pres s ,  

s ampled and packed by wrapping in paraform waxcoated f ilm . 

The chees e s  were pl aced in cardboard cartons and hel d  at  

1 3°C for  about 30  days and then at 7°C for the next 6 - 9 

months . 

4 . 4  Analytical Methods 

Thi s section is discus s ed in 3 part s : 

4 . 4 . 1 Chemi cal  methods . 

4 . 4 . 2  Methods for organoleptic a s s e s sments of chees e : 

( i )  Sensory grading method 

( i i ) S ensory panel method 

4 . 4 . 3  Methods for a s s e s s ing proteolys i s  in chee s e  dur ing 

matura tion . 

4 . 4 . 1  Chemical methods 

The mi lks  and wheys were analysed for total s o l i d s , 

f at , total nitrogen ( TN ) , non-casein nitrogen ( NCN ) , non

protein nitrogen ( NPN ) and calcium .  During cheesemaking the 

TA and pH of milk/whey were mea sured . 

The 1 -day chees e s  wer e  analysed for moi s ture , fat , TN , 

calcium ,  salt  and pH . Standard methods a s  detailed i n  the 

N Z  Dairy Divi s i on Manual ( NZ DDM ) were followed ( Table 4 . 1 . A 

and 4 . 1 . B ) . 
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4 . 4 . 1. 1  Milk and Whey 

Table 4 .  1.A Chemical rrethods for analysis of milk and whey 

Particulars 

1. Total 

solids 

2 .  Fat 

3 .  Nitrogen 

( a )  Total 

nitrogen 

(TN)  

Method 

NZDDM 

1. 12 . a  

NZDDM 

1. 4 . 1a 

Rose-

Gottlieb 

NZDDM 

1. 11. 1a 

Kjeldhal 

( b )  Non-casein NZDDM 

nitrogen 1. 11. 4a 

(NCN) Kjeldahl 

( c )Non-protein NZDDM 

nitrogen 1. 11. 5a 

(NPN) Kjeldahl 

Reference Principle of method and deviations 

( if any ) 

FIL - IDF Drying in oven for 5 hours at 103°C 

21-1962 

IDF 1A-196 9  Fat is extracted fran an arrrroniacal 

alcoholic solution of the sample 

with diethyl ether and petroleum 

ether , the sol vents evaporated and 

the residue weighed. 

FIL - IDF 

20-1962 

FIL - IDF 

29-1964 

A weighed sample is catalytically 

digested with sulphuric acid , 

converting the organic nitrogen 

into armoniacal nitrogen. The 

armonia is released by the 

addition of sodium hydroxide , 

distilled and absorbed in boric 

acid and then titrated . 

Casein is precipitated with acetic 

acid-acetate buffer and filtered 

off . The nitrogen content of the 

filtrate is determined . 

Proteins in sample precipitated 

with trichloroacetic acid and 

filtered off . NPN in the filtrate 

is determined by the Kjeldahl 

rrethod . 



4 .  calcium NZDDM 

1 . 2 . 1 a  

Canplexo

ID2tric 

ID2thod 

5 .  Titratable NZDDM 

acidity 

(TA)  

6 .  pH 

1 . 1 . 1 a 

( 1 9 7 7 ) 

BS 1 74 1 : 

1 963  

2 5  

A sodium hydroxide/EDTA solution of 

the sample is back titrated with a 

standard calcium solution using 

Patton and Reed ' s  indicator . * 

The sarrple is diluted with an equal 

volurre of water and titrated with 

Part 2 ,  1 9 .  standard alkali to a phenol

phthalein end point . 

Direct reading using a pH m2ter 

(PHM 80 Portable pH m2ter , Radio

ID2ter , Copenhagen ) . 

* At pH gre a t er t han 1 3  1 · anY. 
.. 

Mg pres ent has rro effec 
c a l c ium det erminat ion ( Pearce , 1 9 7 7 ) . --·-...l 
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4 . 4 . 1 . 2 Cheese 

Table 4 .  1 .B Chemical methods for analysis of cheese 

Particulars 

1 .  fuisture 

2 .  Fat 

3 .  Salt 

4 .  Calcium 

5 .  pH 

6 .  TN 

Method 

NZDDM 

4 . 4 . 3 . 0  

Gravimetric 

NZDDM 

4 . 1 . 1a 

solvent 

extraction 

NZDDM 

4 .  7 .  1a  

Volhard 

NZDI»1 

4 . 4 . 8. 1  

NZDI»1 

4 . 5 . 1 a 

NZDDM 

1 . 1 1 . 1 9 

Semi-micro 

Kjeldahl 

Reference Principle of the rrethod and 

deviations ( if any ) 

FIL - IDF 

5A- 1 969 

BS 770- 1 976 

FIL - IDF 

1 7A- 1 972 

Pear ce 

( 1 9 7 7 ) 

FIL - IDF 

20- 1 962 

Drying in oven at 1 05°C for 1 6  

hours . 

Fat is extracted from an HCl 

digest of the sample with diethyl 

ether and petroleum ether , the 

solvents evaporated and the residue 

weighed . 

Organic matter in the sample is 

destroyed using nitric acid and 

potassium permanganate . The 

liberated salt is determined by 

silver nitrate/ammonium thiocyanate 

titration . 

Grated cheese is dissolved in HCl 

and diluted with water . NaOH is 

added and titrated against EDTA. 

Direct reading utilizing the EMF 

between a glass electrode and a 

reference electrode using a pH 

rreter . 

Same as for milk . 

1 - 1 • 5 g sample was taken for 

analysis . 
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4 . 4 . 2  Methods f or organol eptic a s s e s sment of cheese 

4 . 4 . 2 . 1 Sensory grading of chees e  

The chees e s  were graded at 3 5  days , 3 months a n d  6 

months o f  age by an o f f i c i a l  grader of the N Z  Dairy  

Divi s i on . Flavour was s cored on 0 - 1 0  scale whi l e  texture 

was scored on 0 - 5 scale . 

in det a i l  in Append i x  IA . 

method are l i sted bel ow : 

The grading method i s  des c ribed 

Sal ient points of the grading 

0 1 .  All  chees e s  were graded at 1 0 - 1 3  C . 

2 .  The cheeses  were plugged 1 5  - 3 0  minutes prior t o  

examination . 

3 .  Plugs were v i sual l y  e xamined for colour and 

appearance . 

4 .  Flavour was a s s e s s ed by sni f f ing and tasting . 

5 .  Body and texture were a s s e s sed by rubbing a portion 

o f  the sampl e  between the thumb and foref inger . 

6 .  Grade s cores and comments o f  the grader were noted . 

7 .  Sample presentation wa s random and the origin o f  the 

cheese  samples  was not revealed to the grader . 

4 . 4 . 2 . 2  Test method for s ensory panel 

The cheese ( 3  repli cate s ) at 3 and 6 months of age were 

a l so a s s e ss ed for var ious f l avour and texture attri butes by 

a trained panel of j udges at the NZDRI s ensory eva luation 

l aboratory . Pane l i s t s  were s elected from the sta f f  memb e r s  

o f  N Z DRI following the method outl i ned b y  Zook and Wes sman 

( 1 9 7 7 ) .  Deta i l s  of the training and final selection o f  

pane l i sts  are described i n  Appendi x  IB . 

The cheeses were sampled on the day of the evaluation 

and stored in the refrigerator ( 4 °C )  unt i l  approximatel y  

half  a n  hour before the panel sess i on . The s amples wer e  

then brought t o  ambi ent temperature ( 2 2°C )  and cut into 

rectangles  ( 1 . 5 cm x 1 . 5 cm x 5 cm ) to s erve to the 

panel i st s . Evaluations took place in the NZDRI sensory 

panel room , in air-conditi0ned booths and under standard 

white incandes cent l i ghting . The number o f  panel i sts taking 



part in each s e s s ion was 8 - 1 0 .  
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Sample presentation was 

randomi sed . 

s e s s ion . 

2 - 3 cheese samples  were evaluated at each 

The cheeses were evaluated for textural characteri st i c s  

of firmne s s , rubberine s s , crumbl ines s , smoothnes s , sticki

nes s  and ' bittine s s '  and  f or f l avour characteri st i c s  o f  

a c id/sour , fruity/fermented , sulphide , sharpnes s  and bitter-

ness . Evaluations wer e  done on a 0 - 1 0  scale  where 0 = 
absent and 1 0  = inten s e . The que stionnaire used and de f i n i 

t ions o f  sensory terms a r e  shown in Appendi x 1 C  and 1 D .  The 

data were s tat i s ti ca l l y  analysed on the computer and ' F '  

ratios { for testing s igni f i cance ) were cal culated . 

4 . 4 . 3  Method of a s s e s s ing proteolysis  i n  che e s e  during 

maturati on 

A wide range of methods i s  avai l able to determine the 

e xtent of proteolys i s  in cheese . The urea gel electro

phores i s  method of Richards on and Pearce { 1 9 81 )  was chosen 

becaus e  i t  provided information on the decrease in the 

intens ity of ex s l and e -casein . · The gel s  were photographed 

to allow den s itometry to be done , if needed . Sal ient points 

o f  the method are l i s ted below : 

1 .  Grated cheese  s amples  were dis solved in urea buf f er 

and centrifuged . The f atty l ayer was removed . 

2 .  Polyacrylamide urea gel s were set with s l ots  for 8 

s amples . 

3 .  5 0 � 1  of samp l e s  { or 1 mg of chee s e ) was appl ied to 

6 of the slots whi l e  standard casein was applied to 2 s lots . 

4 .  Electrophores i s  was run for 3 - 4 hour s . 

5 .  The gel wa s r emoved , label led , stained with amido 

black for one hour , and destained by us ing 3 %  acetic a c i d  

s olution . 

6 .  The destained gels  were photographed . 
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4 . 5  Re sults and D i scuss ion 

For the sake of convenience , 

in four sections as f o l l ows : 

* 
the results are discus sed 

5 . 1  Milk compos i ti on and cheesemaking 

5 . 2  Cheese compos i tion 

5 . 3  Ma s s  balance and cheese yield 

5 .  4 Cheese qua l ity ( grading , sensory panel and proteo

lysis ) . 

4 . 5 . 1 Mi lk compos i t i on and cheesemaking 

Tabl e  4 . 2  Mi lk compo s i tion 

Particulars Control mi lk 

Total solid·s % 1 2 . 4 6 + 0 . 3 7 

Fat % 4 .  0 1 + 0 . 2 6 

TN % 0 . 5 6 8  + 0 . 0 2 1  

NCN % 0 .  1 3 7 + 0 . 0 0 7  

NPN % 0 . 0 3 3  + 0 . 0 0 1  

Calc ium mM/kg 3 2 . 1 + 0 . 6 2 -

As expected , the compositions 

equivalent were s imi lar ( Table 4 . 2 ) . 

Milk equivalent 

1 2 . 3 9 + 0 . 3 9 

3 . 9 5 + 0 . 2 5 

0 . 5 6 0  + 0 . 0 2 0  

0 .  1 3  4 + 0 . 0 0 5  -

0 . 0 3 3  + 0 . 0 0 1  

3 1 . 5  + 0 . 7 6 -

o f  mi lk and mi l k  

During cheesemaking 

the gel s obtained on rennet addition were a l so s imi l ar a s  

j udged b y  vi sual inspection . In addition , n o  dif ferences 

were observed in cheddar ing patterns of the two curds . 

The titratabl e  acidity of the wheys at dif ferent stages 

o f  chee semaking a l so followed a s imi l a r  pattern ( Fi gure 

4 . 2 ) .  In apparent contrast , it has been reported tha t  mi l k  

equivalent i s  a better growth medium f or starter micro

organi sms ( Hi ckey et a l , 1 9 83 a ) . However ,  the diafil trat ion 

s tep used by Hickey et a l  ( 1 9 83a ) could pos s ibly have ei ther 

removed inhibitory substance s  from ,  or released growth 

s timulating factor s into , the mi l k . It is a l s o  pos s ible  

that growth enhanc ement of Streptococcus cremori s  i s  strain 

dependent . 
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6. 80 
pH C H A N G E S  D U R I NG CHEESEMA K I NG 

--->.;;:. .. �--CHEDDARI NG � �SALTI NG-7 
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I 
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5. 20 

60 1 21Zl 1 80 240 301Zl 

T i me (m i nutes) 

Figure 4 . 2  Compari son of pH changes dur ing chees emak i ng f rom 

control milk ( x · -- x )  and mil k  equival ent (� -- t::.. ) • I n i tial  

determination was done on  the milk and subsequent ones on 

the whey . 
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4 . 5 . 2  Chee s e  compos i t i on 

The average c ompos itions of the chees e s  from the two 

treatments wer e  s imi lar  ( Table 4 . 3 ) . 

Stati stical analy s i s  of the compos it i onal  data s howed 

that the treatment source of variation was not s igni f i cant 

for any of the compos itional attribute s . Thi s was expected 

s ince the mi l k  c ompos it i ons were s imi lar  and they had 

behaved in a s imi l ar f a s hion during chees emaking . In 

addition , there were no s i gnifi c ant d i f f erences in the whey 

compos itions ( Table 4 . 4 ) . 

Table 4 . 3  Chee se composition 

Treatment Control Cheddar 

FDM % 5 1  • 3 6  + 1 .  86 -

MNFS % 5 3 . 7 6 + 0 .  1 6  -

S/M % 4 . 5 4 + 0 . 2 7 -

1 -day pH 5 . 1 0  + 0 . 0 2 -

TN % 4 .  1 8  + 0 . 0 9 -

Ca mM/kg 1 9 8 + 4 . 0  -

Ca/SNFNS 2 . 7 0 + 0 . 0 2 -

Mi lk equival ent 

Cheddar 

5 1  . 80 + 1 .  84 -

5 3 . 5 6 + 0 . 9 6 -

4 . 5 9 + 0 . 2 6 -

5 .  1 1  + 0 . 0 4 -

4 .  1 8  + 0 .  1 8  -

1 9 7 + 8 . 2 -

2 . 6 9 + 0 . 0 7 -

Tabl e  4 . 4  Whey compos ition 

Particulars Control whey Mil k  equival ent whey 

Total solids % 6 . 6 3 + 0 .  1 7  6 . 6 0 + 0 .  1 4  - -

Fat % 0 . 4 3 + 0 . 0 6 0 . 4 7 + 0 . 0 6 - -

TN % 0 . 1 7 0 + 0 . 0 0 3  0 . 1 6 4 + 0 . 0 0 8  - -

NCN % 0 . 1 5 6 + 0 . 0 0 2  0 . 1 5 2 + 0 . 0 0 6  - -

NPN % 0 . 0 4 8  + 0 . 0 0 1  0 . 0 4 7  + 0 . 0 0 3  - -

Calcium mM/kg 1 1 . 0 + 0 . 2  1 1 . 0  + 0 .  1 - -
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4 . 5 . 3  Ma s s  balance and chees e  yield 

For two of the tria l s , a ma s s  bal ance was carried out . 

Retention of total solids , fat , S N F , TN , casein nitrogen 

( CN )  and whey protein nitrogen ( WPN ) in the cheeses wer e  

calcul ated a s  a percentage o f  the i r  content i n  mi l k . A 

standard method was fol l owed for c a l culations ( Table 4 . 5 )  a s  

reported b y  Lel i evre e t  al ( 1 9 8 3  ) .  

Tabl e  4 . 5  S ampl e  mas s  balance cal culation f o r  tota l  s o l i d s  

Control Mi l k  equivalent 

kg x % Total kg kg x % Tot a l  kg 

Milk + starter 3 0 6  x 1 2 . 1 0  3 7 . 0 2 6  3 0 6  X 1 2 . 1 5  3 7 . 1 7 9  

Whey 

Cheese 

% retention 

in chee s e  

% accounted 

for in chee s e  

and whey 

2 8 2 . 5  X 6 . 4 4 1 8 . 1 9 3 

2 7 . 6 3 4  X 6 4 . 5  1 7 . 8 2 4  

4 8 . 1 4 

9 7 . 3  

2 7 9 . 0  X 6 . 4 7 1 8 . 0 5 1  

2 7 . 9 0 9  X 6 3 . 8  1 7 . 8 0 6  

4 7 . 8 9 

9 6 . 4  

The retention o f  CN and WPN was calcula ted on the bas i s  

o f  l o s s e s  occurring during manuf acture ( Table 4 . 6 ) .  Thi s  

was done i n  view o f  the problems experienced in accurate 

determination of NCN in cheese by standard methods . 
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Tabl e  4 . 6  Sample mas s  balance calculations f or casein n i tr ogen 

Control Milk equival en t  

K g  X % Total kg kg x % Tot a l  kg 

Mi l k  + s tarter 3 0 6  x 0 . 3 8 2  1 . 1 6 8 9  

Whey 

Chee s e  ( by 

d i f f er ence : 

( mi l k+starter 

- whey ) 

% retent i on 

in chees e  

2 8 2 . 5  X 0 . 0 1 4  0 . 0 4 0 0  

1 . 1 6 8 9 - 0 . 0 4 0 0  1 . 1 2 8 9  

9 6 . 5 8 

3 0 6  X 0 . 3 8 5  1 . 1 7 8 1  

2 7 9  X 0 . 0 1 4  0 . 0 3 9 1  

1 . 1 7 8 1 - 0 . 0 3 9 1 1 . 1 3 9 0  

9 6 . 7 0 

Brief l y , casein retention was calculated a s  follows : 

% casein retention 
( Mi l k  TN-Mil k  NCN ) - ( Whey TN-Whey NCN ) x 1 0 0 

Mi l k  TN - Mil k  NCN 

However , thi s  formula  does not take into account the mac ro-

peptide c leaved f rom the k-casein since thi s  macropeptide 

would be  a part of the NCN fraction of the whey . Hence t hi s  

approach mea sures the total casein losses  excluding thos e  

due t o  the macropeptide . 

The average percentage retention of various mi l k  con

stituents in cheese was s imi lar  for the two treatments 

( Table 4 . 7 ) .  



3 4  

Table  4 . 7  Ma s s  balance 

Percentage recovery in chee s e : 

Treatment Control Mi l k  equivalent 

Total solids 5 0 . 0 1  + 1 .  8 7  5 0 . 5 3 + 2 . 6 4 -

Fat 8 8 . 3 6 + 1 .  1 5  8 7 . 5 2 + 0 . 2 2 - -

SNF 3 4 . 1 3  + 1 .  8 9  3 4 . 2 2 + 2 . 2 7 - -

TN 7 0 . 8 8 + 1 .  0 3  7 1  . 2 2  + 0 . 7 2 - -

CN 9 7 . 1 3  + 0 . 5 5 9 7 . 1 8  + 0 . 4 8 - -

WPN 6 . 7 3  + 0 . 8 2 6 . 7 5 + 1 .  7 1  -

The retention o f  f at in chees e  was not s igni f i cantly 

affected by the partial homogeni zation of f at that i s  

reported to occur dur ing UF . Thi s  result on fat retention 

i s  in agreement with that of Green ( 1 9 8 5 } . The retention o f  

the remaining mi l k  constituents studied for the two treat

ments were a l so s imi lar . Clear l y , the changes whi ch may be 

occurring in the non -fat mi lk components during UF do not 

s i gni f i cantly inf luence their retention in the chees e . 

The yield o f  che e s e  from the two treatments was s imilar  

( Table 4 . 8 } . Thi s  wa s to  be  expected s ince phy s i co-chemic a l  

changes in mi lk components during U F  ( Green et a l , 1 9 8 4 ) 

were unlikely to a f fect chee s e  yield signi f i c antly . 

Tabl e  4 . 8  Yield o f  chees e  

Yield Control Cheddar 

Kg chees e/ 1 0 0 kg mi lk 1 0 . 2 4 + 0 . 6 4 -

Kg cheese ( ad j usted to 1 0 . 2 3 + 0 . 7 3 -

3 6 . 0 % moi s ture ) per 

1 0 0 kg mi lk 

Milk equiva l ent 

Chedda r  

1 0 • 1 1 + 0 . 7 7 -

1 0 . 2 0 + 0 . 9 0 -
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Stage of cheese maturation 
Trial 35 days 3 rronths 6 rronths 

No.  Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 6 )  Normal ( 3 )  Normal ( 7 )  Sl . pasty ( 3 ) Normal ( 7 )  Sl .rreal y ( 3 ) 
Lacks plasticity 
Sl . floury 

� I Milk Normal ( 6 )  Normal ( 3 )  Normal ( 7 )  Better ( 4 )  Normal ( 6 )  More plastic ( 4 )  
equivalent Texture Better than 

control 

�I Control Normal ( 6 )  Normal ( 3 )  Normal ( 7 )  Normal ( 3 )  Normal ( 7 )  Tender ( 3 )  
Ul (!) 

Sl .weak � 

� 2 {) Ul 
Milk Normal ( 6 )  Normal ( 3 )  Normal ( 7 )  Normal ( 3 )  Normal ( 7 )  Gcx:xl ( 3 )  � � equivalent plasticity 

� 
0"1 Control Normal ( 7 )  Normal ( 3 )  Normal ( 7 )  Normal ( 3 )  Sl . sour ( 7 )  Sl . tender ( 3 )  .8 . 

cheesy � 
(!) 3 � r-i Milk Normal ( 7 )  Normal ( 3 )  Normal ( 7 )  Sl .lumpy ( 3 )  Sl .bland ( 6 )  Tender ( 3 )  

4-1 

� (!) 
equivalent Sl . sour 

)4 
Ul .jJ 

Control Normal ( 6 )  Floury ( 2 )  Sl . sour ( 6 )  Floury ( 3 )  Sl . sour ( 7 )  Powdery ( 3 )  
(!) � {) 

Sl . fennented Pasty lil 
4 � 

Milk Sl .bitter ( 6 )  Normal ( 3 )  Sl .bitter ( 6 )  Tender ( 3 )  Sl .unchar- ( 6 )  Sl .rrealy ( 3 )  � 
equivalent Sl .rrealy acteristic 

·r-1 
Ul 

Control Normal ( 5 )  Mealy ( 3 )  Normal ( 7 )  Pasty ( 3 )  Normal ( 7 )  Pasty ( 3 )  � 
Sl .sulphide ·r-1 

5 
li< 

Milk Sl .oxidized ( 5 )  Sl .rrealy ( 3 )  Sl .metallic ( 6 )  Pasty ( 3 )  Sl .bitter ( 7 )  Mealy ( 3 )  � I  equivalent Sl .oily Tender Sl .astringent Pasty 
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4 . 5 . 4  Cheese  qual ity 

4 . 5 . 4 . 1 Grading 

There were no gross  d i f f erences in the f lavour and 

texture of cheeses  for the two treatments ( Table 4 . 9 ) . Some 

minor difference s , espe c i a l l y  in f l avour , wer e  noti ced but 

these were not s ignif icant . Thes e  were probably associated 

with f at damage and microbiological changes that occur 

during the pumping and holdi ng stages of UF ( Huf fman and 

Powel l ,  

changes 

personal communication ) .  The effects  due to thes e  

were likely to per s i st even though both milks wer e  

pa steur i z ed prior t o  che e s emaking . 

The grade s cores were stati stica l ly analysed ( Tabl e  

4 . 1 0 ) . 

Table 4 . 1 0  Stat i s tical  analysi s  o f  grade s cores 

Grade characteri s t i c  

Flavour 

Texture 

ns : not signi f i cant 

' F '  ratio for treatment 

s ource of variation 

1 2 . 7 9 *  

2 . 5 1 ns 

* :  signifi cant at 5 %  l evel of signifi cance 

The small  e f fects o f  UF on f l avour were l ikely to be 

of l e s s  signi fi cance in commercial  production because o f  the 

much l ower residence time of milk in a commercial  s ca l e  

continuous UF system . 
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4 . 5 . 4 . 2  Sensory panel 

Results of the sensory panel ( Tabl e  4 . 1 1 )  indi cated 

that there were no signi f i c ant di f f erences in any of the 

f l avour and texture attribute s . Results  also  showed that 

rubberine s s  decrea s ed a s  the cheeses matured . 

Table 4 . 1 1 :  Chees e  sensory panel 

( a )  mean texture s core s *  

Treatment 

Attr ibute Control Milk equivalent 

Firmness  5 . 6  5 . 9  

Rubberiness 2 . 7  3 . 1 

Crumbl ine s s  3 . 0  2 . 8  

Smoothne s s  4 . 2  4 . 1 

Stickine s s  3 . 6  3 . 6  

Residual mouthfeel 2 . 7  2 . 9  

( b )  mean f l avour scores *  

Acid/sour 4 .  1 4 .  1 

Fruity/fermented 2 . 6  2 . 4  

Sulphide 0 . 5  0 . 8  

Sharpnes s  1 . 0 1 . 0 

Bitterne s s  0 . 5  0 . 5  

' F '  value 

1 5 . 0 3 n s  

3 . 9 3  n s  

0 .  1 3 n s  

1 . 0 1 n s  

0 . 0 4 n s  

1 .  4 2  n s  

0 . 0 0 n s  

1 .  8 8  n s  

0 . 6 9 n s  

0 .  1 1  n s  

0 . 2 5 n s  

*Mean s cores from three repl i cates averaged over three and 

s i x  month analys i s . 

These results from the sensory panel confirm , to s ome 

extent , the f i ndings from the grading data that UF per se 

has no e f fect on the textural attributes of the chees e . The 

data on flavour showed that the dairy divis ion grader pi cked 

up s ome minor d i f f erences while  the taste panel found no 

s i gni f i cant d i f f erences . It must be pointed out that 

qua l i ty asses sment as j udged by the grader is d i f ferent from 

the quality attr ibutes judged by the panel . Therefore , the 
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Figure 4 . 3  Polyacrylamide gel e lectrophore s i s  of cheese 

made from mi lk  and mi lk equivalent . The age of the cheese  

i s  about 4 months .  
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results of the grading cannot be directly compared with 

both results  

a f f ec t  the 

those from the s ens ory pane l . Nevertheles s , 

suggested that UF per se did not s igni f icantly 

organolept i c  qual i ty of the cheese . 

4 . 5 . 4 . 3  Proteo l y si s  

The breakdown of a s 1  and �-caseins were s imi lar for the 

two treatment s at the same stage of cheese maturation 

( Figure 4 . 3 ) . Thi s  el ectrophor e s i s  data supported the 

grading and sen sory panel data and suggested that proteo

lysis  in  the cheeses  from the two treatments fol lowed a 

s imilar pattern . 

4 . 6  Conclusi on 

The results of the present study suggest that UF i t s e l f  

doe s not alter the suitabil ity o f  mi l k  for conventional 

Cheddar manufacture . The e f f ect of UF per se on Cheddar 

compos ition , yield , f l avour and texture was not s igni f i cant . 

However , the findings of the present investigation may 

not apply to Cheddar manu facture from UF retentate s ince 

the bulk of the whey proteins were lost in the whey . 

Indeed , the pr imary ob j ective of UF chee semaking i s  to 

increase yields by incorporation of whey protein s . I n  UF 

Cheddar , the whey proteins may be pre s ent in undenatured or 

in denatured form . Undenatured whey proteins are reported 

to act as inert f i l lers  in hard cheeses  ( O ' Keefe et  a l , 

1 9 7 8 ; Koning et al , 1 9 8 1 ) .  On the other hand , i f  the whey 

proteins have been modi fied duri ng UF treatment either by 

the action of shear or by denaturation at the air-water 

interface , they are likely to give r i s e  to f l avour prob l ems 

in the cheeses  ( Bachmann et al , 1 9 7 6 ; Brown and Ernstrom ,  

1 9 7 7 ; Bucheim and Jelen , 1 9 7 8 ) . S imi l arly , partial homo

gen i z ation of f at dur ing UF may make the UF curd more sus

ceptible to fat leakage , compounding the probl ems in  fat 

los ses  ( Green et  al , 1 9 8 1 a ) . Hence the mode of action o f  UF 

equipment may pos s ibly have an e f fect on UF Cheddar qua l ity 

and yield . There i s  a suggestion that UF plant for cheese 
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manufa cture must be desi gned for minimum homogeni z at ion 

( Jame s on , 1 9 8 4 ) . 

The results of the pres ent investigation indi cate that 

further work is needed to study the contribution of f a ctors 

other than UF per se to the probl ems as sociated with the 

qual ity of UF Cheddar . 



CHAPTER 5 

EFFECT OF USE OF 2 : 1  ULTRAFILTERED MILK 

ON THE QUALITY AND YIELD OF CHEDDAR CHEESE 

5 . 1 Introduction . 
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It  was shown earl i er ( Chapter 4 )  that UF per se does 

not appear to contribute to the probl ems a s sociated with UF 

Cheddar manu facture and qua l ity . The s e  problems are mos t  

obvious when U F  retentate of high C F  ( 4 : 1 t o  5 : 1 ) i s  used 

for cheesemaking ( Green et al , 1 9 8 1 a ;  Sutherland and 

Jameson , 1 9 8 1 ; Green , 1 9 8 5 ; Glover , 1 9 8 5 ) . Some of the 

problems are s ti l l  apparent when cheese  is made from 

retentate of low CF ( - 2 : 1 )  despite the fact that c onven

tional methods and equipment are used ( Chapman et al , 1 9 7 4 ; 

Green et a l , 1 9 8 1 a )  to make the product . A l ack of f l avour 

in 2 : 1  UF Cheddar ( Chapman et a l , 1 9 7 4 ; N ichol s ,  per s onal  

communi cation ) in con j unction with a decl ine in breakdown o f  

both a 1 and � -casein have been reported ( Green et  a l , s --
1 9 8 1 a ) . The reasons f or this lack o f  breakdown are not 

fully under stood . Lower res idual rennet in the cheese  has  

been sugge sted a s  the main cause ( Green et al , 1 9 8 1 a ) . 

Another factor may be that in the 2 : 1 UF Cheddar-mak i ng 

carried out previously the level of starter was a l s o , in 

e f fect , reduced . Thi s may have been respons ible for the 

high 1 -day pH o f  the chee se made by Green et al ( 1 9 8 1 a ) . 

The present chapter des cribes cheesemaking trials  in whic h  

the l evel s  of rennet and starter added were ba s ed o n  the 

volume of mi lk prior to UF , i . e .  the same to both the 2 : 1  

retentate and the contro l . 

5 . 2  Experimenta l .  

S ix trials  wer e  done during the 1 9 8 4 - 8 5  season . 

5 . 2 . 1  Mi lk Suppl y .  Same as de s cribed in Chapter 4 .  

2 0 0  1 milk was needed for each of the trial s . 

About 



5 . 2 . 2  Ultra f il tration . 
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Same a s  described in Chapter 4 

except that 1 2 0 kg milk wa s sub j ected to 2 : 1  UF . 

5 . 2 . 3  Chees emak ing . As described in Chapter 4 except f or 

the dif ferences mentioned below . 

( 1 )  Sma l l  vats ( maximum capacity 8 0  litres ) were u s ed . 

( 2 )  5 0  kg control milk and 2 5  kg 2 : 1 UF retentate wer e  

used f or chees emaking . 

( 3 )  Starter was added at 2 %  w/w on the bas i s  o f  the 

mi lk quantity before UF . 

( 4 )  Rennet : ca sein ratio wa s kept the same for both 

treatments , i . e .  8 ml rennet was added to each o f  the two 

vats containing 5 0  kg control milk and 2 5  kg 2 : 1  retentate . 

( 5 )  The curd f ormed f rom 2 : 1 retentate was cut 2 5 - 3 0  

minute s  a fter rennet addition and l e ft undisturbed for the 

next 1 0- 1 5  minute s . Thi s  was done because the UF curd was 

too f i rm to cut at a time simi lar  to control i . e .  40  minut e s  

after rennet addition . Thi s  obs ervation i s  in accordance 

with thos e  o f  other workers ( Cu l ioli  and Sherman , 1 9 7 8 ; 

Garnot and Corre , 1 9 8 0 ) who reported that UF curd is  f i rmer 

and les s elastic as compared with conventional curd . 

( 6 )  The curd s  and wheys were stirred manual l y  us i ng a 

l adle . 

( 7 )  The 2 : 1 UF curd was not dry sti rred after whey 

drainage . Thi s  was done s ince prel iminary tri a l s  had s hown 

that with similar dry stirr ing of control and 2 : 1  UF curd , 

the 2 : 1 UF Cheddar had l ower MNFS . 

( 8 )  Sma l l  hoops ( about 5 kg cheese ) were used . 

( 9 )  For pre s s ing , a vertical pneumatic pre s s  was used . 

( 1 0 )  The cheeses were packed in polythene bag s  and 
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ripened at 1 3 °C for about 6 - 9  month s . 

5 . 3  Analytica l  Methods . 

The mi lks and wheys were analysed for total s o l id s , 

f at , TN , NCN , NPN and calcium .  The cheeses were anal y s ed 

for mois ture , f at , TN , pH , salt  and calcium . The chee s es 

were graded for qual ity attributes and also  put through a 

s ensory panel ( at 6 months of age only ) . Methods for a l l  the 

above analyses have been described previously  ( Chapter 4 ) . 

5 . 4  Results and Discuss i on . 

For convenience , average results are presented , s i n c e  

the se show the main trends and avoid unneces sary detai l . 

The results are discussed in 5 s ections : -

5 . 4 . 1  Mi lk and retentate composition 

5 . 4 . 2  Cheese manufacture 

5 . 4 . 3  Cheese composi tion 

5 . 4 . 4  Mas s  ba lance and cheese yield 

5 . 4 . 5  Cheese qua l ity ( grading and sensory panel ) .  

5 . 4 . 1  Mi lk and retentate composition . 

As expected , the UF o f  mi l k  resulted 

increa se in the fat , the casein and the 

percentage in the retentate ( Table 5 . 1 ) .  

in two - f o l d  

whey protein 

However , the 

increase in percentage of TN and NCN in the retentate was 

not in proportion to the CF probably because o f  los s o f  s ome 

l ow mol ar mas s  components in the permeate ( Green et a l , 

1 9 84 ) . 
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p H  C HANGES DUR I NG C H E E S E MA K I NG 

� SETT ING TO RUNN ING --�:) · <E-- CHEODAR ING � E- SALTI NG. 

6 0  1 20 1 80 240 300 

T i me (m i nutes) 

Figure 5 . 1 Compar i s on of pH changes during cheesemaking from 

c ontrol mi l k  ( x - x )  and 2 :  1 UF retentate ( .t:.. - .t:.. ) .  Initial 

determination was done on the mi l k/retentate and subsequent 

ones on the whey . 
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5 . 4 . 2  Chees e  manuf acture . 

The 2 : 1 retentate pres ented no ma j or problems during 

cheesemaking . The UF curd before cutting , appeared to be 

s l ightly f irmer than the control curd on sub j ective examina

tion . The pH changes fol lowed a s imi lar pattern ( Figure 

5 . 1 )  in both vats . Since the tota l buf fering ( the c ompo

nents of mi lk primarily responsible  for buf fering i . e .  the 

protein and phosphate would be present in s imi l ar amount s  in 

5 0  kg control mi lk and 2 5  kg 2 : 1 retentate ) and the total 

kg starter added was simi lar in the two vats , it appear s 

from thes e  pH changes that there were no gros s d i f f erences 

in the acid production between the two vats . Other wor ke r s  

have reported a stimulation in growth of starter organi sms 

in UF retentates ( Hickey et a l , 1 9 8 3a ) . As discu s s ed 

earl ier , it i s  pos sible that the diafil tration step used by 

thes e  workers either removed inhibitory substances from , or 

released stimulating substances into the retentate . 

Alternatively , the stimulation in growth of starter 

organi sms in retentate could be strain dependent . 

Tabl e  5 . 1 Mi lk and retentate composition 

Particulars Control mi lk 2 :  1 UF retentate 

Total solids  % 1 2 . 6 8 + 0 . 2 5 1 9 . 2 6 + 0 . 5 8 - -

Fat % 3 . 8 1  + 0 .  1 5 7 . 5 5 + 0 . 3 6 -

TN % 0 . 5 4 8  + 0 . 0 0 7  1 . 0 6 0  + 0 . 0 3 2  - -

NCN % 0 .  1 3 8 + 0 . 0 0 2  0 . 2 4 4  + 0 . 0 0 7  - -

NPN % 0 . 0 3 0  + 0 . 0 0 1  0 . 0 2 9  + 0 . 0 0 1  -

Calcium mM/kg 3 '1 . 4 + 0 . 7  4 5 .  6 + 0 . 9  - -



4 6  

Tabl e  5 . 2  Cheese  c ompo s ition 

Particulars Contro l  Cheddar 2 :  1 UF Cheddar 

FDM % 5 3 . 6 2 + 1 .  1 4  5 3 . 1 4 + 1 .  1 4  -

MNFS % 5 3 . 4 9 + 0 . 9 6 5 2 . 9 5 + 1 .  0 4  - -

S/M % 4 . 8 5 + 0 . 0 9 4 . 7 8 + 0 . 0 9 - -

1 -day pH 5 . 0 8 + 0 . 0 2 5 .  1 0 + 0 . 0 2 -

TN % 4 . 0 0 + 0 .  1 5  4 . 0 4 + 0 .  1 3  - -

Cal cium mM/kg 1 8 2 + 3 . 5  1 8 5 + 3 . 5  - -

Ca/SNFNS 2 . 5 7  + 0 . 1 1  2 . 5 5 + 0 .  1 1  - -

5 . 4 . 3  Cheese Composition 

The cheeses  from the two treatments had s imi lar composi

tions ( Table 5 . 2 ) . The lower average MNFS of UF Cheddar 

ref lected the tendency of 2 : 1 UF curd to retain l e s s  

moi sture as compared with the control curd . Thi s  was 

despite attempts to bring MNFS of the cheeses  closer to each 

other by sub j ecting the control curd to extra dry sti r ring 

a fter whey drainage . 

In view of the high 1 -day pH o f  2 : 1  UF Cheddar reported 

by Green et al ( 1 9 8 1 a ) , it appears that the higher level of 

starter addition empl oyed in  the present investigation 

helped decrease 1 -day pH of 2 : 1 UF Cheddar to normal level s .  

5 . 4 . 4  Mas s  balance and chees e  yield 

The retention of var ious mi lk constituents in the cheese 

was s imi lar for the two treatments ( Table 5 . 3 ) . The fat 

recovery in 2 : 1 UF Cheddar was only s l ightly lower than the 

control suggesting that the abi l ity of casein to entrap fat 

( Green et al , 1 9 8 1 a )  in 2 : 1 retentate was not signi f i c antly 

impaired . The s e  results are in agreement with tho s e  of 

Chapman et al ( 1 9 7 4 ) and Green et al ( 1 9 8 1 a ) . The WPN 

recovery in 2 : 1  UF Cheddar was only s l ightly higher than the 

control indicating that the amount of moi s ture lost during 

2 : 1  UF cheesemaking was large enough to ensure los s of most 

of the whey proteins into the whey . 
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The yield o f  cheese  from the two treatments was s imi lar 

( Table 5 . 4 ) .  Thi s  wa s expected s ince mas s  bal ance results  

had shown that the recovery o f  various mi lk constituent s  was 

al ike for the two treatments and MNFS o f  chees e s  were c l o s e . 

Table 5 . 3  Mas s  balance 

Percentage recovery in chees e  

Treatment Control 2 :  1 UF 

Tota l  solids 5 1  • 0 9  + 1 .  1 6  6 6 . 8 5 + 0 . 6 6 - -

* 5 1 . 1 9 + 1 .  1 4  -

Fat 9 0 . 4 0 + 1 .  0 6  8 9 . 2 6 + 1 . 1 4 - -

TN 7 3 . 0 4 + 1 .  7 3  7 5 . 7 0 + 0 . 4 6 - -

CN 9 6 . 7 3 + 1 .  1 1  9 7 . 0 0 + 0 . 9 6 - -

WPN 5 . 5 3 + 1 .  0 9  7 . 9 6 + 1 .  5 2  - -

SNF 3 4 . 1 2  + 0 . 7 6 5 2 . 2 4 + 0 . 5 6 - -

* 3 4 . 5 9 + 0 . 6 2 -

* Calculated on the bas i s  of the content in control mil k  f or 

compar ison purposes . 

Table 5 . 4  Yield o f  chee s e  

Yield Control 2 :  1 UF 

Kg cheese per 1 0 0 kg mi l k  1 0 . 0 2 + 0 . 3 2 9 . 9 8 + 0 . 3 4 - -

Kg chees e  ( ad justed to 

3 6 . 0 % moi sture ) per 1 0 0 kg 1 0 . 3 6 + 0 . 2 9 1 0 . 4 4 + 0 . 5 8  - -

mi lk 
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Stage of cheese maturation 
35 days 3 rronths 6 rronths 

Trial 
No .  Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Sl .tender ( 2 )  
(j) l  Sl . sour Sl .rnealy Sl . sour Sl .pasty Sl . sharp Sl .rnealy 
Ul 

�I 2 : 1  UF Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Sl .tender ( 2 )  
Sl . sour Sl .rnealy Sl .pasty 

�I  Control Normal ( 6 )  Sl .rnealy ( 2 )  Normal ( 6 )  Sl . loose ( 3 ) Sl .arornatic ( 5 )  Sl .rnealy ( 3 )  
Sl . sour Sl . loose Sl . tender Sl . sweet Sl .pasty 

s:: 2 
·ri 2 : 1  UF Normal ( 6 )  Sl . lurnpy ( 2 )  Sl .bland ( 6 )  Sl . finn ( 3 )  Sl .bitter ( 5 )  Sl . lurnpy ( 3 )  'Cl 
ro Sl .rnealy Smooth Sl . arornatic Sl . loose H 
(.!) 

L{) Control Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Sl . tender ( 2 )  Normal ( 6 )  Sl .tender ( 2 )  
. Sl . sour Sl . loose Sl . sour Sl . sharp Sl .rnealy L{) 

3 (j) 2 : 1  UF Normal ( 6 )  Sl .tender ( 3 )  Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  Smooth ( 2 )  ....... 
..Q Sl .bland Smooth Sl . sharp Sl .pasty ro 
8 

Note : Figures in brackets refer to grade s cores 
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Stage of cheese rna.turation 
35 days 3 :rronths 6 :rronths 

Trial 
No.  Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Nonnal ( 6 )  Sl .tender ( 3 )  Nonnal ( 6 )  Sl .rrealy ( 2 )  Nonnal ( 6 )  Sl .tender ( 2 )  

Q) � 4 
Sl .rrealy Sl . sharp Sl .pasty 

U) 

Q) ro 2 : 1 UF Nonnal ( 6 )  Sl . lumpy ( 2 )  Sl .bland ( 6 )  Sl . lumpy ( 3 ) Nonnal ( 6 )  Sl .rreal y ( 2 ) Q) � 
..c: Sl .rrealy Sl .rrealy Sl . sharp (.) U) 

:::l 
4-l 0 Control Nonnal ( 6 )  Sl .rrealy ( 2 )  Nonnal ( 6 )  Sl .tender ( 2 )  Nonnal ( 6 )  Sl .tender ( 2 )  0 ·r-1 

!> Sl .tender Sl .rrealy 
Q) 5 s:: l-1 

·r-1 � 2 : 1 UF Sl . bland ( 6 ) Sl .rrealy ( 2 )  Sl .bland ( 6 )  Sl .tender ( 2 )  Sl .bland ( 6 )  Sl .tender ( 2 )  'd 
ro s Sl .pasty Sl .pasty 
l-1 0 
(.!) l-1 

4-1 Control Sl .bitter ( 5 )  Sl . tender ( 2 )  Nonnal ( 5 )  Sl . tender ( 2 )  Nonnal ( 5 )  Sl .tender ( 2 )  l(') 
• 'd  Sl . loose Sl .bitter Sl . loose Sl .bitter Sl . loose 

l(') Q) 
6 :::l 

Q) s:: 2 : 1  UF Nonnal ( 6 )  Sl . finn ( 2 )  Nonnal ( 5 )  Sl . finn ( 2 )  Sl . sour ( 5 )  Sl .rreal y ( 2 ) ,...; ·r-1 
..0 +J Sl . sour Sl .rrealy Sl . sour Sl .rrealy 
ro s:: 
E-t 0 

(.) ...... 

Note : Figures in brackets refer to grade scores 
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5 . 4 . 5  Cheese qua l ity 

5 . 4 . 5 . 1 Sensory evaluation 

The results o f  the cheese grading suggested that the 

chee s e s  from the two treatments had s imi lar f l avours and 

textures to each other throughout the maturation ( Table 

5 . 5 ) . This f i nding was con f i rmed by the results o f  the 

s ensory panel . The UF Cheddar was s i gni f i cantly smoother and 

more crumbly ( p< O . O S )  than the control Cheddar ( Table 5 . 6A ) . 

D i f f erences in  other texture attributes were not 

stati stically s i gn i f i cant . In  terms of f l avour , the taste 

panel found the control and UF Cheddars to be s imi lar ( Table 

5 .  6 B )  • 

The se results c on f i rm the suggestion o f  Green et  al 

( 1 9 8 1 a )  that increa sed res idual rennet concentration i n  UF 

cheese may 

related to 

be helpful in overcoming s ome of the probl ems 

l ack o f  f l avour development . The e f fect of 

res idual rennet concentration has been further investigated 

as reported l ater ( Ch apter 7 and 8 ) . 

Attribute 

Firmness  

Rubberine s s  

Crumbl ine s s  

Smoothne s s  

Stickine s s  

Residual 

mouthfeel 

Note : NA -

Tab l e  5 .  6 Cheese  sensory panel 

A .  Mean texture s cores 

TRIAL 1 TRIAL 2 

Control 2 : 1 UF ' F ' va lue Control 2 : 1 UF ' F ' va l ue 

5 . 2  5 . 3  0 .  1 8  ns NA NA NA 

1 . 9 1 . 4 1 .  3 9  ns NA NA NA 

5 .  1 4 . 4  5 . 3 3 * NA NA NA 

3 . 2  3 . 8  8 . 0 0 * NA NA NA 

4 . 0  4 . 0  0 . 0 0 ns NA NA NA 

4 . 3  4 . 3  0 . 0 0 ns NA NA NA 

not ava i l abl e ; ns - not s igni f i cant ; 
* - s i gni f i cant at 5 %  leve l of s igni fi cance . 



Attribute 

Acid/sour 

Fruity/ 

fermented 

Sulphide 

Sharpn e s s  

Bitterne s s  

Table 5 .  6 Chee s e  sensory panel 

B .  Mean f l avour s cores 

TRIAL 1 TRIAL 2 

Control 2 : 1 UF ' F ' value Control 2 : 1 UF ' F ' Va lue 

5 .  1 4 . 3  7 . 8 4 * 5 . 6  5 . 2  0 . 4 4 n s  

2 . 9  2 . 9  0 . 0 0 ns 3 . 0  2 .  1 1 .  1 0  n s  

1 . 2 1 . 0 0 .  1 1  n s  4 . 6  7 . 8  5 . 0 3  n s  

0 . 9  0 . 2  4 . 0 0 ns 1 . 8 2 . 0  0 .  1 6  n s  

0 . 6  0 . 3  2 . 2 9 ns 0 . 5  1 . 5 3 . 5 0 n s  

5 1  

Note : ns - not s i gni f i cant ; * - s igni f i cant at 5 %  level o f  

s i gni f i cance . 

5 . 5  Imp lications 

Although there appear to be no yield advantages ,  the 

results  of the present investigation have other 

implications . For example , a chees e  factory con s ider ing 

expans ion in  capacity but having l imitations of space may 

f ind it advantageous to insta l l  a UF plant and make c h e e s e  

from 2 : 1 U F  retentate using conventional method and equip

ment . The capital cost of the UF plant could be kept to a 

minimum due to high f lux rates during UF ( Fergus son , 1 9 8 5 ) .  

In  recent years there has been s ome interest shown in  

on-farm UF of chees emi l k  ( Kos ikowski , 1 9 8 5 ) . I f  mi lk can be 

concentrated by UF to 2 : 1 level on the f arm , savings in 

chi l l i ng , storage and transport costs are pos s ib l e . 

However ,  detai l ed e conomic studies may need to be carr i ed 

out . In  New Zealand , for example , shorter distances  

involved in  mi l k  trans portation may make this  a ppl i ca t i on 

l e s s  attractive . Further research i s  needed to study the 

economic s  of the whol e  operation . 



5 2  

CHAPTER 6 

EFFECT OF WHEY PROTEINS ON THE QUALITY OF CHEDDAR CHEESE 

6 . 1  Introduction 

It  was shown ear l ier that UF per s e  does not appear to 

contribute to the problems a s s oc iated with UF Cheddar 

qual i ty ( Chapter 4 ) . It was also shown that some of these 

problems reported to occur to a degree in 2 : 1 UF Cheddar 

could be overcome by alteration in the level of starter and 

rennet addition ( Chapter 5 ) . The Cheddar cheese obtained in 

the l atter inve s tigation from 2 : 1 r etentate had a low whey 

protein content . Cheddar chees e  made from more concentrated 

mi lks ( about 5 : 1 UF ) would be expected to have higher l evel s 

of whey protein s . Therefore one fac tor whi ch cou ld pos s i b l y  

contr ibute t o  the qual i ty probl ems r eported in  5 : 1  UF 

Cheddar is the presence of extra whey proteins - about 1 /3 

of that pre sent in milk ( see Chapter 7 ) . It i s  important to 

understand the e f fect of whey proteins on the quality of UF 

Cheddar . Thi s  ba s i c  information is needed f irst , becaus e  i f  

i t  i s  found that the whey proteins adversely inf luen c e  UF 

Cheddar qual ity , l i ttle purpose wi l l  be served by s o lving 

the engineer ing problems discussed earlier ( Chapter 2 )  in  

the first instance . 

The ideal experimental system to study the role o f  the 

whey proteins would be Cheddar made by conventiona l methods , 

and therefore in all  ways a normal product , but containing 

whey proteins in the amounts pre sent in UF cheese . Thi s  is  

impossible to achieve in practice . Therefore d i f ferent 

exper imental designs are neces sary . In the present 

investigation three approaches were cons idered to study the 

problem : 

( i )  The addition of whey prote in powder to the milk . 

( i i )  The addition of whey prote in powder to part i a l l y  

ultra f i l tered mi lk . 

( i i i ) The addit ion of whey protein concentrate to cheese 

s lurries . 
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The se approaches were by no means ideal and involved 

compromi ses . In  the f i r s t  and second avenues of attacking 

the problem , various assumpti on s  were involved . Firstly , i t  

was assumed that the loss  of whey proteins dur ing Cheddar 

cheese manuf acture is in proportion to the moi sture l os s . 

Therefore , the addition of extra whey proteins to the milk 

wil l  result in  chee s e , made by conventional method and 

equipment , with a higher whey protein  content . Second l y , it 

was a ssumed , at least in the f i r s t  instance , that the 

alteration in the casein : whey protein ratio wi l l  not s igni

f i cantly inf luence the cheesemaking properties of the mi l k . 

The third approach involved addition of 

concentrate ( WPC ) to the Cheddar cheese 

whey protein 

s lurries . The 

s lurry system was used as a ' model ' to study the e f fect o f  

whey prote ins o n  chees e  r ipening s ince it permitted 

incorporation o f  whey proteins into the s lurry with ease . 

Bas ically , the slurry technique i s  a means of accelerated 

r i pening such that the biochemical  reactions in  normal 

cheese ripening are speeded up . Hence the biochemical path

ways are reported to remain the same ( Samples , 1 9 8 5 ) but the 

reactions proceed at a fa ster rate . In thi s  approach it was 

assumed that the role of whey proteins in the s lurry sys tem 

is simi lar to their role in Cheddar cheese . 

Each of thes e  approaches i s  d i s cussed in thi s  chapte r . 

6 . 2  Section 1 :  Additi on o f  whey protein powder 

to che e s e  mi l k  

6 . 2 . 1 I ntroduction 

During normal Cheddar cheesemaking it is  estimated that 

about 5% of the whey proteins in mi lk are retained in the 

cheese ( Lelievre et a l , 1 9 8 3 ) . As suming that thi s  estimate 

is appl icable to mi lk supplemented with whey protein , it i s  

pos sible t o  obtain chees e  with extra whey proteins by the 

addition of whey proteins to mi l k . Calculations s uggest 
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that in order t o  obtain Cheddar cheese with whey protein 

l eve l s  s imilar to that in 5 : 1 UF Cheddar , there i s  a need to 

add about 4% w/v whey protein ( or about 5% whey protein 

powder
*

with 8 0 %  whey protein ) to mi lk ( s ee Appendix I I  E for 

cal cul ations ) .  However , a prel iminary trial showed that 

such l arge amount s of whey protein powder prevented the 

coagulation of mi l k  when rennet was added . Subs equently , 

some l aboratory scale exper iments were done to determin e  the 

maximum pos s ible addition of whey protein powder to milk . 

The results of these exper iment s suggested that the opt imum 

l evel of addit ion from the standpoint of obta ining gel  o f  

s u f f ic ient strength was about 1 %  ( Table 6 . 1 ) .  Other 

Table 6 .  1 Effect of whey Erote in Eowder on the strength ( by 

vi sual examination ) o f  the gel obtained by addition o f  

rennet t o  mi lk 

Whey Protein Visual examina-

Quantity of powder added Rennet CaC1 2 tion of the gel 

S . No mi lk ( ml )  % g ml mg a fter incubation 

( 3 2 °C/4 0  min ) 

2 0 0  0 . 0 3 2  Normal 

2 2 0 0  2 0 . 0 3 2  Norma l 

3 2 0 0  2 4 0 . 0 3 2  Sl ightly s o f t  

4 2 0 0  4 8 0 . 0 3 2  Sl ightly s o f t  

5 2 0 0  6 1 2  0 . 0 3 2  Soft 

6 2 0 0  8 1 6  0 . 0 3 2  Very soft 

7 2 0 0  9 1 8 0 . 0 3 2  Very soft 

8 2 0 0  1 0 2 0  0 . 0 3 2  Very soft 

9 2 0 0  0 . 0 3 2  4 0  Norma l 

1 0 2 0 0  1 2 0 . 0 3 2  4 0  Norma l 

1 1 2 0 0  2 4 0 . 0 3 2  4 0  Slightly s o f t  

1 2  2 0 0  4 8 0 . 0 3 2  4 0  Sl ight ly s o f t  

1 3 2 0 0  6 1 2 0 . 0 3 2  4 0  Soft 

1 4 2 0 0  8 1 6  0 . 0 3 2  4 0  Very soft 

1 5 2 0 0  9 1 8  0 . 0 3 2  4 0  Very soft 

1 6  2 0 0  1 0 2 0  0 . 0 3 2 4 0  Very soft 
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techniques such a s  rais ing the s etting temperature to 3 4 °C ,  

increa s i ng s etting time to 6 0  minutes ,  adding various l ev e l s  

of calcium chloride ( 0 . 0 2 - 1 . 0 %  w/v ) d i d  not help  i n  

improving g e l  strength sign i f i cantly . Thi s  approach was 

therefore abandoned . However ,  chees e s  were made from mi l k  

supplemented with whey protei n  powder ( 0 . 8  - 0 . 9 % w/v ) . 

Thi s  corresponded to a whey protein level in  mi lk equiv a l ent 

to that in  2 : 1 retentate . The qua l ity o f  these chees e s  was 

compared with thos e  obtained from whey protein supplemented 

2 : 1 retentate as d i s cus s ed in Section 6 . 3 . 5 . 5 .  

6 . 3  Section 2 :  Add ition of whey protein powder to 

parti a l ly ultra f i l tered mil k  

6 . 3 . 1 Introduction 

The addition of large quantities  of whey protein powder 

to mi lk leads to problems in chees emaking as a result of a 

loss  o f  gel strength ( Section 1 o f  thi s  chapter ) .  One o f  

the mean s  o f  improving g e l  strength i s  b y  partial UF o f  

mi lk . An additional advantage o f  partial  U F  of mi l k  i s  that 

the amount o f  moi s ture lost ( per kil ogram of chee s e ) i s  

lower . Hence high whey protein retentions woul d  be 

expected . The addition of whey protei n  powder to par t i a l l y  

ul tra f i l tered mi l k  offers a mean s  o f  studying the effect o f  

whey proteins o n  Cheddar qual i ty . 

6 . 3 . 2  Experimental P l an 

2 : 1 UF was chosen as the level of partial UF s ince 

results of a previous experiment ( Chapter 5 )  suggested that 

Cheddar of sati s fa ctory qual i ty can be made from 2 : 1 UF 

retentate us ing conventi onal method a nd equipment . Whey 

protein powder was blended into 2 : 1 retentate such that the 

total whey protein content of the retentate was equiva l ent 

to that in 4 : 1 to 5 : 1  UF retentate . Using conventional 

methods ,  Cheddar cheese was made s imultaneously from ( i )  

contro l  mi lk and ( i i )  whey protei n  supplemented 2 : 1 
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retentate ( WPSR ) . The qual ity o f  cheese from the two treat

ments was compared . 

6 . 3 . 3  Experimental 

Thre e  trials wer e  done during 1 9 8 4 - 5  season . 

6 . 3 . 3 . 1 Mi l k  supply : As des c ri bed in  Chapter 4 .  About 2 0 0  

1 milk was needed for each of the trial s . 

6 . 3 . 3 . 2  Ultrafiltrat i on : As described in Chapter 4 e x cept 

that 1 2 0 kg milk was concentrated by UF to 2 : 1  leve l . 

6 . 3 . 3 . 3  Whey protein b lending : 2 5  kg of 2 : 1 retentate was 

placed in  a small  reconstitution vat . As per calcul a t i on s , 

0 . 4 4 kg whey protein powder ( Al acen 3 4 3  suppl i ed b y  New 

Zealand Dairy Board ; s ee Appendix I I  D for composition o f  

whey protein powder ) was wei ghed and blended into the 

retentate . Thi s  raised the whey protein l evel in  the 2 : 1  

retentate equivalent to that i n  4 : 1  or 5 : 1  retentate . The 

bulk o f  the whey proteins in the whey protein powder were i n  

undenatured form ( Harper , pers onal communi cation ) .  

6 . 3 . 3 . 4  Cheesemaking : As described previous ly ( Chapte r  5 ) .  

Both the control and WPSR curd s  were sub j ected to s imi l ar 

dry stirring operation s . 

6 . 3 . 4  Ana lytical methods 

The mi lk s ,  retentate s  and wheys were analysed for total 

solids , fat , TN , NCN , NPN and calcium .  The chees e s  were 

analysed for moi s ture , fat , TN , pH , salt and cal cium . The 

cheeses  were graded during the maturation period . Methods 

for all the above analyses  have been described prev i ou s l y  

( Chapter 4 )  . 
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6 . 3 . 5 Results and d is cu s sion 

In  thi s  investigation , apart from the control and WPSR 

treatment s ,  chees e  was a l s o  made from 2 : 1  retentate 

( considered a s  second control ) .  Results  of thi s  part of the 

experiment were included with those of a more extens ive 

invest igation reported earl ier ( Chapter 5 ) . 

The results presented in  thi s  chapter include those  

from the control and WPSR treatments only . The resul t s  on 

the qual i ty of cheese from 2 : 1  retentate and whey protein 

supplemented milk ( from s ection 6 . 2  of thi s  chapter ) have 

been included to provide a basi s  f or compari son . For 

convenience average results are pre sented because thes e  s how 

the main trends and avoid unnece s s ary deta i l . The s e  are 

d i s cus sed in f ive section s : 

6 . 3 . 5 . 1 Milk composition 

6 . 3 . 5 . 2  Cheese manuf acture 

6 . 3 . 5 . 3  Cheese compos ition 

6 . 3 . 5 . 4  Mas s  balance and chees e  yield 

6 . 4 . 5 . 5  Cheese qua l ity 

6 . 3 . 5 . 1 Mi lk compos ition : The f at and casein content of 

WPSR was twice that of the control whi l e  the whey protein 

content was approximately four times that of the control 

( Table 6 . 2 ) . 

6 . 3 . 5 . 2  Chees e  manufacture : There were no ma j or probl ems 

encountered in  cheesemaking from WPSR . The WPSR curd was 

s l i ghtly s ofter and more frag i l e  in compari son to the 

control curd according to sub j ective asses sment . The pH 

change s during cheesemaking followed a lmost identi c a l  

patterns ( Figure 6 . 1 ) .  
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pH CHANGES D U R I N G CHEESEMAK I N G 
----------, 6. 80 

SETT! NG TO RUNN ING -:;> �-- CHEDDAR ING � +- SALTING-7 
6. 60 

6. 40 

6. 20 

:r:: .

6 .  00 l 
o.._ 

5 . 8 0  

5. 60 

5. 40 

5. 20 

60 1 20 1 80 240 300 

T i me ( m i nutes) 

Figure 6 . 1  Compari s on of pH changes during cheesemaking 

from control ( X --- X )  and whey protein supplemented 2 : 1 

retentate (A -- A ) • Initial determination was done on the 

milk/retentate and subsequent ones on the whey . 
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Table 6 . 2  Mi lk and whey protein supplemented retentate 

c ompos i tion 

Particulars 

Total solids % 

Fat % 

TN % 

NCN % 

NPN % 

Cal cium mM/kg 

Whey protein 

Control mi lk supplemented 

retentate 

1 2 . 4 5 + 0 . 0 4 1 9 . 9 0 + 0 .  1 1  - -

3 . 6 8 + 0 . 0 5 7 . 2 3 + 0 .  1 2  - -

0 . 5 4 8  + 0 . 0 1 0  1 . 2 5 0  + 0 . 0 3 0  - -

0 . 1 3 6 + 0 . 0 0 1  0 . 4 5 4  + 0 . 0 1 9  - -

0 . 0 3 0  + 0 . 0 0 1  0 . 0 3 0  + 0 . 0 0 1  - -

3 1 . 9  + 0 . 6  4 6 . 9  + 0 . 7  - -

6 . 3 . 5 . 3  Chees e  compos i tion : The cheeses from the two 

treatments had s imi lar  compos i tions ( Table 6 . 3 ) . The l ower 

FDM in WPSR Cheddar could be due to s l ight l y  h igher fat  

losses  in the whey and/or to  the  marginal ly h igher whey 

protein content of the chee s e . 

Table 6 . 3  Chees e  composition 

Particulars Control Cheddar WPSR Cheddar 

FDM % 5 2 . 7 7 + 0 . 4 3 5 1  . 3 3  + 0 . 3 1 - -

MNFS % 5 3 . 8 9 + 0 . 7 1 5 3 . 8 6 + 0 . 9 4 - -

S/M % 4 . 8 6 + 0 .  1 2  4 . 9 2 + 0 .  1 1  - -

1 -day pH 5 . 0 6 + 0 . 0 1 5 . 0 2 + 0 . 0 1  - -

TN % 4 . 1 2  + 0 . 0 1 4 . 2 0 + 0 . 0 5 - -

Calcium mM/kg 1 8 2 + 3 . 3  1 8 6 + 4 . 2 - -

Ca/SNFNS 2 . 5 4 + 0 . 0 6 2 . 5 5 + 0 . 0 5 - -

6 . 2 . 5 . 4  Mas s  bal ance and cheese  yield : The results of the 

ma s s  bal ance suggested that the recovery of total sol ids , 

SNF and TN in WPSR Cheddar was l ower than that in the control 

( Table 6 . 4 ) . Thi s  was pos s ibly due to loss  of the bulk o f  

the whey proteins i n  the liquid whey . Thi s  observation was 
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Table 6 . 4  Mas s  balance 

Percentage recovery in cheese 

Particulars Control cheddar WPSR Cheddar 

Total solids 5 0 . 1 6  + 0 . 2 0 6 1  . 8 2  + 0 . 2 0 - -

* 4 9 . 9 7 + 0 . 2 0 -

Fat 8 9 . 6 1  + 0 . 5 4 8 6 . 9 7 + 0 . 5 8  - -

SNF 3 3 . 6 2 + 0 . 2 0 4 7 . 3 8 + 0 . 3 1  - -

* 3 4 . 5 1  + 0 .  1 9  -

TN 7 2 . 4 6 + 0 . 4 8  6 4 . 6 2 + 0 . 9 1 - -

CN 9 6 .  1 + 0 . 2  9 6 . 0  + 0 .  1 - -

WPN 5 . 8 6 + 1 .  1 9  1 4 . 8 6 + 1 . 5 6  - -

* Calcu lated on the bas i s  o f  content in original 

mi lk for comparison purposes 

backed by the whey compos i tions ( Table 6 . 5 ) .  It i s  pos s ible 

that the presence of extra whey proteins inf luenced the 

abi l ity of the casein network to bind f at ( Green et a l , 

1 9 8 1 b )  thereby a f f ecting fat recovery . The percentage 

recovery of WPN in  WPSR Cheddar was only s l ightly h igher 

than the control suggesting that the quantity o f  moi s ture 

Table 6 . 5  Whey compo s i tion 

Particulars Control whey WPSR whey 

Total solids % 6 . 5 8 + 0 . 0 2 9 . 4 8 + 0 .  1 0 - -

Fat % 0 . 3 1 + 0 . 0 2 0 . 8 2 + 0 . 0 6 - -

TN % 0 .  1 7 1  + 0 . 0 0 1  0 . 5 1 8  + 0 . 0 1 9  - -
NCN % 0 . 1 5 3 + 0 . 0 0 0  0 . 4 7 9  + 0 . 0 1 7  - -

NPN % 0 . 0 4 5  + 0 . 0 0 1  0 . 0 5 9  + 0 . 0 0 2  - -

lost was sti l l  l arge enough to ensure l o s s  of most o f  the 

whey 

milk 

too 

6 .  6 ) • 

proteins .  The dif ferences in  the recovery of various 

constituent s between the two treatments were pos s ibly 

small  to influence cheese yield s igni f i cantly ( Table 
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Stage of cheese rraturation 
Trial 35 days 3 oonths 6 oonths 
No .  Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Norrral ( 6 )  Sl .mealy { 3 )  Norrral ( 6 )  Sl . loose ( 3 ) Norrral ( 6 )  Sl . mealy ( 3 ) 
Sl . loose Sl .tender Sl .aranatic 

ilil 
WPSR Sl . sour ( 5 )  Sl .mealy ( 2 )  Sl . sour ( 5 )  Sl . lumpy ( 2 )  Sour ( 5 )  Mealy ( 2 )  

Sl .bland Sl .crumbly Sl .unclean Sl .pasty Sl .bitter pasty 
Q) 

13 1 2 : 1  UF Norrral ( 6 )  Sl .tender ( 3 )  Norrral ( 6 )  Sl .mealy ( 2 )  Norrral ( 6 )  Sl .tender ( 3 )  
Sl . sour 4-l 

0 

WPSM Sl . sour ( 5 )  Sl .mealy ( 2 )  Sl . sour ( 5 )  Weak ( 2 )  Sour ( 4 )  Pasty ( 2 )  
-� 1 Sl .bitter Sl . floury Sl .bitter Pasty Unclean Floury 
ro 

�I Control Norrral ( 6 )  Sl .tender ( 3 ) Norrral ( 6 )  Sl .mealy ( 2 )  Norrral ( 6 )  Sl .tender ( 2 )  
Sl .mealy Sl .pasty Sl . fruity Sl .pasty 

r-- WPSR Sl .bitter ( 5 )  Sl . curdy ( 2 ) Sl . sour ( 5 )  Sl .mealy ( 2 )  Sour ( 5 )  Weak ( 2 )  . 
� Sl . sour Sl . floury Sl .bitter Sl . lumpy Sl .bitter Pasty 
Q) 2 

r-1 2 : 1  UF Norrral ( 6 )  Sl . tender ( 3 )  Norrral ( 6 )  Sl .rrealy ( 2 )  Norrral ( 6 )  Sl . tender ( 3 ) ..Q 
10 Sl .bland Sl . sour E-i 

WPSM Sl . sour ( 5 )  Sl .mealy ( 2 )  Sl . sour ( 5 )  Sl . pasty ( 2 ) Sour ( 5 )  Weak ( 2 )  
Sl .bitter Sl . floury Sl .bitter Weak Sl .bitter Sl .pasty 

Note : Figures in brackets refer to grade scores 

WPSM is whey protein supplenex:ted milk 
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Stage of cheese maturation 
Trial 35 days 3 IIDnths 

No .  Treatment Flavour Texture Flavour 

Control Normal ( 6 )  Sl .tender ( 2 )  Normal ( 6 )  
Sl .bland Sl .rrealy Sl . sour 

WPSR Sl . sour ( 5 )  Sl . lurnpy ( 2 )  Sl . sour ( 5 )  
Sl . loose Sl .bitter 

3 
2 : 1 UF Normal ( 6 )  Sl . tender ( 3 )  Normal ( 6 )  

Sl . sour Sl . sour 

WPSM Sl . sour ( 5 )  Mealy ( 2 )  Sour ( 5 )  
Sl . bitter Sl . floury Sl .bitter 

Note : Figure in brackets refer to grade scores 

WPSM is whey protein supplemented milk 

Texture 

Sl .tender ( 3 )  
Sl .rrealy 

Weak ( 2 )  
Pasty 

Sl . tender ( 3 )  

Weak { 2 )  
Pasty 

6 rronths 
Flavour Texture 

Normal ( 5 )  Sl .tender ( 3 )  
Sl . fruity 

Sl . sour ( 5 )  Weak ( 2 )  
Sl .unclean Pasty 

Normal ( 5 )  Sl . tender ( 3 )  
Sl . fruity 

Sl . sour { 5 )  Weak { 2 )  
Sl .unclean Sl . pasty 
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Table 6 . 6  Yield o f  cheese 

Yield Control Cheddar WPSR Cheddar 

kg chees e  per 1 0 0 kg mi lk 9 . 7 6 + 0 . 1 2  9 . 8 4 + 0 . 1 7  � 

kg cheese ( ad justed to 

3 6 . 0 % moi s ture ) 9 . 8 8 + 0 . 0 7 9 . 7 2 + 0 . 1 0  � � 

per 1 0 0 kg mi lk 

6 . 3 . 5 . 5  Chees e  

maturation , the 

qual ity : During the cours e  of the chees e  

control  Cheddar had a better texture and 

f l avour than that of  WPSR Cheddar ( Tabl e  6 . 7 ) . The l ower 

f l avour s core in WPSR Cheddar was pos s ibly due to a ' sour ' 

f l avour defect . Stati stical analys i s  of  grade s cores 

con f i rmed that WPSR Cheddar had s igni f i cantly lower ( p  < 

0 . 0 5 )  grade scores for f l avour and texture a s  compared with 

the control Cheddar . In contra s t , the 2 : 1 Cheddar had 

f lavour and texture identical  to that of  the control . 

However , the defects observed in the WPSR were also  evident 

in cheese made f rom whey protein supplemented milk ( Table 

6 . 7 ) . The s e  results suggested that the addition of  even 

sma l l  amounts of  whey protein in dried form to the mi lk or 

retentate l eads to f lavour and texture problems in the 

cheese . Thi s  i s  con s i stent with reports of  other research 

worker s ( Wingfield et al , 1 9 7 9 ) . 

Theref ore , the results  of  the present inve stigation 

were inconclusive s ince the source o f  the added whey protei n  

was having a n  e f f ect o n  the qua l i ty of  the cheese . The 

addition of  whey protein in whey prote in concentrate ( WPC ) 

form to the retentate was cons idered but given up owing to 

practical di f f iculties . One ma jor di f f iculty was that the 

UF pl ant was used for concentrati on of  mi lk and due to time 

constraints could not be used for preparation of WPC a s  

wel l . 
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6 . 3 . 6  Conclus ion 

The results of the pre s ent inves tigation suggest that 

when 2 : 1  UF retentate suppl emented with whey protein in 

dried form is used for Cheddar chees emaking , there is s ome 

l o s s  of qua l i ty in the resultant cheese . The same e f f e c t  i s  

observed when cheese i s  made from mi l k  supplemented with 

whey protein in  dried form . On the ba s i s  of thes e  results , 

it i s  not pos s ible to comment whether s imi lar probl ems wi l l  

ari se when the source o f  the whey protein incorporated into 

the cheese is the milk itsel f .  Further work is  needed to 

study the probl em . One pos s ible way of further 

investigating the problem is to add whey protein to 2 : 1 

retentate in WPC form . 

6 . 4  Section 3 :  Addition of whey protein concentrate 

to chee s e  s lurries 

6 . 4 . 1 Introduction 

Research on the study of the e f fect o f  whey protei n s  on 

Cheddar cheese qual ity is d i f f icult owing to probl ems 

a s s ociated with the incorporation of undenatured whey 

proteins into the chees e  us ing c onventional methods and 

equipment ( Section 1 and 2 of this chapter ) .  A technique 

devi s ed for accelerated chees e  ripening ( Kristof fersen et 

a l , 1 9 6 7 ) by making slurr i e s  from cheese curd provides a 

means o f  studying the inf luence o f  whey proteins on Cheddar 

cheese qua l i ty . If it is found that the presence of whey 

proteins inf luences the biochemical reactions in the 

s lurries , a s imi lar  e f fect may be expected in the chee s e . 

One ma j or advantage of us ing the s lurry system for such an 

investigation is the ease with which  the whey proteins can 

be in corporated into the s lurri e s . An additional advantage 

is that the e f f ect of denatured and undenatured whey 

proteins incorporated at various leve l s  can be studied . One 

disadvantage is that the s lurry method provides no informa

tion on the e f fect of whey proteins  on the texture of the 

chees e . 
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6 . 4 . 2  Experimental plan 

Bas ical l y  the s l urry technique involves blending two 

parts of one-day old , s a lted and pres sed Cheddar curd with 

one part of 5 . 2 % NaCl solut i on . The resultant homogeneous 

s lurry is stored at about 3 0°C unt i l  the f lavour bec ome s 

s imilar to that o f  mi l d  Cheddar cheese . 

The experimental plan was to substitute part or whole 

o f  the water norma l ly added to the s lurrie s , with WPC having 

whey proteins in denatured or undenatured form . Three 

l eve l s  of substitution were chosen - 1 /4 ,  1 /2 and f u l l  

such that the whey protein l evel i n  the slurry corresponded 

to whey protein recovery in UF Cheddar of approximately 2 0 , 

4 0  and 8 0 %  respectively . Therefore , in a l l  there wer e  s even 

treatments - one control and three each ( at the three l eve l s  

of substitution ) of denatured and undenatured whey prote ins . 

6 . 4 . 3  Experimental 

Three tri a l s  were done during 1 9 8 5 - 8 6  season . For 

making s lurrie s , the method of Huf fman and Kri s to f f e r s en 

( 1 9 8 4 ) which i s  based on that of Kri stof fer sen et a l  ( 1 9 6 7 ) 

was used . The important steps are br iefly  described bel ow .  

6 . 4 . 3 . 1 Preparation of Cheddar cheese : Cheddar chees e  was 

made in the pilot plant o f  the N . Z . D . R . I .  a s  des cr ibed 

previously ( Chapter 4 ) . After overni ght pre s s i ng , about 

hal f  of one block of 2 0  kg wa s cut , wrapped in pre ste r il i z ed 

aluminium sheets and trans ferred to the nearby Food 

Microbiology Laboratory at Mas sey Univers ity . 

6 . 4 . 3 . 2  Pretreatment o f  WPC : About 1 0 - 1 2  kg of WPC from 

lactic acid casein whey with 1 3 - 1 4 % solids ( about 6 0 - 7 0 %  

tota l protein on dry matter ( DM bas i s ) was obtained f rom the 

pi l ot plant of N . Z . D . R . I .  It was subj e cted to the fol l owing 

pretreatments : 

6 . 4 . 3 . 2 . 1 Diafi ltration : The WPC was dia f i l tered against 

mi lk salt solution ( Jenness  and Koops , 1 9 6 2 ) in a DDS Lab- 2 0  
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module to yield WPC with a solids content of 1 2- 1 3 % and 

protein content o f  8 5 - 9 0 %  ( DM bas i s ) .  

6 . 4 . 3 . 2 . 2  Centri f ugation : I t  was important that the total 

bacterial  count of WPC be brought to a minimum ( preferably 

nil ) so that the contribut ion of thes e  organi sms to the 

biochemi cal reactions in slurries be insign i f i cant . Heat 

ster i l i z ation of WPC was ruled out because it would lead to 

heat denaturation o f  the whey proteins . Chemical  

steri l i z ation wa s l ikely to  inhibit growth o f  microorgani sms 

in slurries to whi ch WPC wa s added . Use of mi l l ipore f i l ter 

to remove bacteria from a dilute solution of WPC and then 

freeze concentration of WPC under a s epti c  condition s  was 

attempted but 

d i f f i culti e s . 

abandoned on account of pra c t i c a l  

The only pra ctical solution appeared to b e  

application o f  centrifugal force t o  centrifuge out the 

bacteria . The WPC wa s therefore centr i fuged at 1 6 , 0 0 0  x g 

( Sorvall  S S - 3  Automatic centri fuge with GSA rotor ) i n  

ster i l e  polysulphone bottles  ( 2 5 0  ml capac ity ) for 2 0  min . 

The top 1 2 0 - 1 3 0 ml from each bott l e  was a septically drawn 

out and used for addition to s lurr i e s . On an average the 

total count ( standard methods agar , ' Gibco ' ,  Gibco 

Laboratories , Wi s cons in , USA , 3 0 °C/3 - 5  days ) o f  th i s  portion 

wa s 3 0- 4 0  c fu/ml compared with an initial count ( pr ior to 

centri fugation ) of WPC of 3 , 0 0 0  - 6 , 0 0 0  c fu/ml . 

6 . 4 . 3 . 3 S lurry calculation s : The f i r s t  step in s lurry 

calculations wa s to determine moi sture and salt content o f  

the cheese and total sol ids and TN i n  the WPC . S amp l e  

slurry calculat i ons are shown in Appendix I I  A .  The target 

was to obtain slurries for all treatments with 4 0 . 0 % s o l i d s  

and 4 . 2 % salt-in-moi s ture . For each treatment , the quantity 

of ingredients to be added wa s tabulated ( Table 6 . 8 ) . 

6 . 4 . 3 . 4  Heat denaturation : For treatment s X ,  Y and Z ,  

( Table 6 . 8 )  cal culated amounts of dia f i l tered and cent r i 

fuged WPC were placed i n  three cl ean ' Agee ' g l a s s  j ar s  ( 1  1 
capacity ) .  Whey proteins were denatured by heating i n  an 

autoc l ave to 9 5 °C for 30  minutes ( Tumerman and Webb , 1 9 6 5 ) .  
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Table 6 . 8  Ingredients for making slurries 

Treat:Irents 

Control Undenatured WPC Denatured WPC 

S . No .  Ingredient A* B* C* D* X* Y* Z*  

Cheddar cheese 600 600 600 600 600 600 600 

1 day old ( g )  

2 Water ( g )  372 302 . 3  232 . 5  93 . 0  302 . 3  232 . 5  9 3 . 0  

3 Undenatured 93 . 0  1 86 . 0  372 . 0  

WPC ( g )  

4 Denatured 93 . 0  1 86 . 0  372 . 0  

WPC ( g )  

5 Salt ( g )  1 3 . 9  1 4 . 6  1 5 . 2  1 6 . 4  1 4 . 6  1 5 . 2  1 6 . 4  

Corresponding 

6 whey protein % 20 40 80 20 40 80 

retention in 

cheese 

* see experimental plan 

6 . 4 . 3 . 5  S lurry making : S lurr ies  f or the seven treatments 

were made us ing the ingredients l i sted in Table  6 . 8  by 

fol lowing the method of Kri s to f fersen et a l  ( 1 9 6 7 ) . 

6 . 4 . 3 . 6  Incubati on : The slurries i n  sealed gla s s  j ar s  were 

incubated at 3 0 °C in a water bath f or 6 - 9  days . During each 

of those 

a s epti c 

incubated . 

days , the s lurries  were thoroughly mixed under 

conditions f or 1 - 2 minutes , sampled and re

The day the s lurries  wer e  made wa s con s idered as  

day 0 .  Incubation continued for 6 - 9  days . 
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6 . 4 . 4  Analys i s  of s lurries 

6 . 4 . 4 . 1 Chemical : The s lurries  were analysed for total 

solid s , fat and salt at day 0 .  TN was determined on day 0 ,  

day 3 and day 6 .  The pH was measured on each day . For a l l  

these analyses ,  the methods out l ined for cheese  were used a s  

described in Chapter 4 .  Soluble nitrogen ( SN )  was 

determined at day 0 ,  day 3 and day 6 by a method based on 

that of Vakaleris  and Pri c e  ( 1 9 5 9 ) . Sal ient points of the 

method are given below : 

( i )  A sodium c itrate extract of the s lurry was obtained . 

( i i )  Di lute hydrochloric  acid was added , pH ad justed to 

4 . 4  + 0 . 0 5 and the mixture f i ltered . 

( i i i ) The n itrogen c ontent of the filtrate ( termed a s  

s oluble nitrogen ) was determined b y  s emimicro-K j e ldahl 

method . SN was expressed a s  a percentage of TN . 

6 . 4 . 4 . 2  Taste panel : A panel of 6 - 8  judge s was trained to 

a s s e s s  the intens ity of various flavour attr ibute s in 

s lurries on a 0 - 8  hedoni c  scale with 0 = abs ent and 8 = very 

pronounced . The training method used was as de s cribed for 

cheese taste panel ( Chapter 4 ) . The f l avour attributes 

a s ses s ed were acid/sour , bitter , diacetyl , f ruity , l ipolytic 

rancidity , salty and unclean . In addition , the judges were 

a l so asked to give an overal l  s core to the s lurries bas ed on 

the resembl ance of s lurry f lavour to typical  Cheddar 

f l avour . The score sheet i s  shown in Appendix I I  B .  Taste 

panel was done at day 0 '  day 3 and day 6 .  Sample pre s enta-

tion was random and the origin of samples was not reve a l ed 

to the panel i sts . 
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6 . 4 . 5 Re sults and d i s cus s ion 

Average results are d i s cu s s ed since thes e  show the 

main trends . These results are discussed in three sections : 

6 . 4 . 5 . 1 Chemi cal  composition o f  s lurries 

6 . 4 . 5 . 2  Proteolysis  in s lurries 

6 . 4 . 5 . 3  Taste panel measurements on s lurries 

6 . 4 . 5 . 1  Chemical compos i t i on of s lurries : The total  

s o l ids , FDM and S/M o f  s lurr i e s  for the seven treatments 

were simi l ar ( Table 6 . 9 ) . As expec ted , there was a gradual 

decline in  FDM values with increase in proportion o f  whey 

protein s . The conditions f or biochemi cal activities i n  

various s l urries  appeared t o  b e  s imi lar  as far a s  values for 

total solids , S/M and pH were concerned . 

Tab l e  6 . 9  Chemical compo s ition of s l urries 

Control 

Particulars A* 

Treatments 

Undenatured WPC Denatured WPC 

B* C *  D *  X *  Y *  Z *  

Total 3 9 . 7 3 4 0 . 2 0 4 0 . 6 3 4 0 . 2 7 4 0 . 6 0 4 0 . 5 7 4 0 . 4 3 

solids +0 . 6 6 +0 . 8 2 + 0 . 6 2 + 0 . 9 4 + 1 . 0 7  +0 . 8 3 + 0 . 0 9 

FDM 5 2 . 1 9  5 1  . 8 3  5 1  . 4 3 5 0 . 2 5 5 1  . 5 8  5 1  . 0 3  5 0 . 3 7 

+0 . 5 4 +0 . 7 8 + 0 . 3 2 + 0 . 0 1  +0 . 5 0 +0 . 4 9 + 0 . 2 0 

S/M 4 . 2 1  4 . 2 4 4 .  1 6 4 .  1 6  4 .  1 8  4 . 2 3 4 . 2 2 

+0 . 0 1  +0 . 0 3 +0 . 0 3 + 0 . 0 6 +0 . 0 1  +0 . 0 2 + 0 . 0 3 

pH ( day 0 )  5 . 0 2 5 . 0 1  5 . 0 0 5 . 0 2 5 . 0 1  5 . 0 2 5 . 0 2 

+0 . 0 2 +0 . 0 2 + 0 . 0 3 + 0 . 0 2 +0 . 0 2 +0 . 0 2 2  + 0 . 0 1  

* s ee exper imenta l  plan 
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6 . 4 . 5 . 2  Proteolys i s  i n  s lurr i e s : The slurri e s  with added 

undenatured whey proteins  ( treatment B ,  C and D )  had 

progress ive ly higher SN values compared with the c ontrol 

( treatment A)  even at day 0 ( Table 6 . 1 0 ) . Thi s  was probably 

becaus e  the whey proteins  were a l s o  extracted a l on g  with 

other SN during analy s i s . The slurries with added denatured 

whey proteins ( treatment X ,  Y and Z )  had SN s imi l ar to the 

contro l  at day 0 suggesting that , a s  expected , the denatured 

whey proteins did not appear in  the s odium c i trate

hydrochlor ic acid extract . 

As ripening progre s s ed , the rate of increa s e  of SN in  

s lurries with added undenatured whey proteins  was  s imi lar  to 

that in the contro l . Since the whey proteins l argely 

appeared to be included in the SN fraction at day 0 ,  it was 

not pos s ible to determine f rom the SN values at day 3 and 

day 6 whether or not the undenatured whey were 

undergoing proteolys i s . Literature reports  

proteins 

suggest that 

undenatured whey proteins  resist  proteo lys i s  by rennet and 

starter en zymes ( Jost et a l , 1 9 7 6 ; O ' Keefe et a l , 1 9 7 8 ; 

Koning et a l , 1 9 8 1 ) .  The results o f  the pre s ent investiga

tion , therefore , indicate that in  a s lurry sy stem , the 

presence of undenatured whey proteins doe s not s igni f i cantly 

inf luence the rate o f  release o f  SN f rom the casein 

f ractions . 

The rate o f  release of SN in  slurries with denatured 

whey proteins was higher than that in the contro l . There 

are two pos sible  explanation s . Firstly , the presence o f  

denatured whey protein accel erated the release  o f  S N  f rom 

the casein fraction s . There is  no  evidence in the l itera-

ture to support thi s  pos s ibi l i ty . 

denatured � - lactoglobu l in i s  

I n  fact , the presence of 

said to inhibit p lasmin 

( Snoeren et al , 1 9 8 0 ) which according to Creamer ( 1 9 7 1 , 

1 9 7 4 ) is  respons ible for p -cas ein proteoly s i s . Therefore , 

the presence of denatured 

to s l ightly retard the 

Secondly , the extra SN may 

the whey proteins . Thi s  

whey protein might b e  expected 

release of SN from the casein . 

have come from the proteolys i s  of 

i s  more likely s ince it ha s been 



7 1  

suggested that heat denaturation of the whey proteins causes 

a lteration in  thei r  secondary and tertiary structure 

( Tumerman and Webb , 1 9 6 5 ) . It is pos s ible that thi s  may 

lead to uncoil ing of the protein , making sites  which were 

otherwi s e  hidden , available for enzyme action . There f ore , 

it appears that denatured whey proteins may undergo 

proteolysis  in a s lurry and pos s ibly cheese  sys tem . 

Table 6 . 1 0  Soluble nitrogen as a percentage of 

total nitrogen in s lurries dur i ng: r i.eening: 

Undenatured Denatured 

Control whey protein whey protein 

Day A* B* C*  D*  X* Y* Z *  

0 8 . 8 7 1 3 . 3 9 1 7 . 7 6 2 5 . 0 0 8 . 7 7 8 . 6 3 7 . 9 4 

+0 . 9 9 +0 . 8 6 + 1 .  2 5  +0 . 6 5 + 1 .  0 4  + 0 . 9 8 +0 . 9 4 

3 1 8 .  1 1  2 2 . 8 8 2 6 . 5 4 3 3 .  1 2  1 9 . 7 5 2 0 . 1 8  2 1  . 1 0 

+0 . 7 4 + 0 . 6 5 + 0 . 6 8 +0 . 2 2 +0 . 9 3 +0 . 7 2 +0 . 4 2 

6 3 0 . 9 7 3 6 . 3 8 3 8 . 3 8 4 2 . 8 8 3 3 . 8 5 3 6 . 6 0 4 2 . 2 5 

+ 0 . 5 1  +0 . 7 2 +0 . 4 3 +0 . 3 5 + 1 . 6 7 + 0 . 7 4 +0 . 3 1 

* s ee experimental  plan 

While  care must be exerci sed in extrapol at ing these 

results to a UF Cheddar system , the following points may be 

mentioned : 

( i )  Denatured whey proteins may undergo proteoly s i s  in  UF 

Cheddar according to slurry experiments .  

( i i )  Whey 

signi f i cantly 

prote ins ( denatured and undenatured ) may not 

inf luence proteoly s i s  of most casein 

fractions . However , the proportion of both plasmin and a l s o  

p-lactoglobulin in U F  cheese may b e  higher than in  norma l 

Cheddar .  As di s cus s ed ear l ier ( Chapter 2 ) ,  . the net e f f ect 

on p -casein proteolysis  may d epend on the relative propor-
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tions of each and on other factors such a s  pH , 8/M and MNF S . 

( i i i ) Undenatured whey protein in UF Cheddar may ' di lute ' 

the substrate making the casein fractions l e s s  acces s ible to 

enzyme action . 

( iv )  Undenatured whey proteins may have a ' di lution ' 

e f f ect on the f lavour compounds formed in  the cheese ( Koning 

et  al , 1 9 8 1 ) and therefore may decreas e  the intens ity o f  the 

f l avour . 

The results o f  the pre sent investigation suggest that 

the whey proteins may not directly contr ibute to the l a ck of 

breakdown reported in  UF Cheddar . 

6 . 4 . 5 . 3  Taste pane l : There were no s igni f icant d i f ferences 

between treatment s  i n  the average s cores for var ious f l avour 

attributes ( Table 6 . 1 1 ) .  Initial ly the s lurries  with added 

WPC ( both denatured and undenatured ) had s l i ghtly h igher 

s cores 

because 

for 

of 

acid and bitter f l avour attr i bute s , 

some c ontri bution to s lurry f lavour 

pos s ibly 

by WPC 

itsel f . However , a s  proteol y s i s  proceeded , dif ferences in 

s cores between treatments became random and sma l ler pos s ibly 

due to the development of other f l avours ( Kr i s tof fersen et 

a l , 1 9 6 7 ) . There were no s i gn i f i cant off  f lavour s found in 

any of the s lurr i e s . Whi l e  it is pos s ible that the 

paneli s t s  were unabl e  to pick up some off  f l avours in the 

s lurries due to the di f f iculties in the sensory evaluation 

o f  the s lurries , it i s  l i kely  that the hydrolys i s  o f  

denatured whey proteins  d i d  not give rise  t o  of f f l avours .  

Stati stical ana l y s i s  of the taste panel data indicated 

that for all f l avour attributes , except diacety l , var ious 

treatments did not s igni f i cantly inf luence the s cores . The 

average s cores f or a l l  f l avour attr ibute s are shown in  

Appendix I I  C .  



Table 6 . 1 1  Average taste panel s cores o f  s lurries 

Fl avour 

Attribute 

Treatment 

Days Control Undenatured WPC 

Ac id 

Bitter 

Salty 

Overal l  

Score 

A* 

0 2 . 9 4 

3 2 . 9 4 

6 3 . 0 6 

0 0 . 6 7 

3 1 . 2 2  

6 1 • 5 6  

0 4 .  6 1  

3 3 . 7 8 

6 4 . 0 0 

0 2 . 8 9 

3 3 . 3 3 

6 4 . 0 0 

* See exper imental plan 

6 . 4 . 6  Conclus ion 

B* C *  D *  

3 . 0 6 3 . 3 9 3 . 5 0 

3 . 3 9 3 . 2 8 3 . 4 4 

3 . 1 7  3 . 3 9 3 . 3 3 

1 . 3 3  1 . 0 0  0 . 6 1  

1 . 4 4 1 . 6 1  1 . 4 4  

1 .  7 2  1 . 3 9  1 . 5 0  

4 . 0 6 3 . 9 4 3 . 8 9 

3 . 8 3 3 . 9 4 3 . 6 7 

4 . 0 0 3 . 8 3 3 . 7 8 

3 . 1 7  3 . 0 6 3 . 1 1  

2 . 8 9 3 . 2 2 3 . 2 2 

3 . 9 4 4 . 0 6 4 . 1 7  

Denatured WPC 

X* Y* Z *  

3 . 6 1  3 . 2 2 3 . 1 7  

3 . 0 6 3 . 2 8 3 . 1 7  

3 . 0 0 2 . 9 4 3 . 7 8 

0 . 9 4 0 . 7 2 0 . 9 4 

1 . 6 7  1 . 4 4  1 . 2 8  

1 . 3 9 1 . 2 8 1 . 6 1  

4 . 1 1  3 . 7 2 4 . 0 6 

4 . 0 0 3 . 7 8 3 . 8 3 

4 . 0 0 3 . 8 3 3 . 9 4 

3 . 6 7 3 . 1 7  3 . 2 2 

3 . 0 0 3 . 5 0 3 . 6 1 

4 . 2 2 4 . 5 6 4 . 4 4 
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The results o f  the pre sent study suggest that i n  a 

slurry sys tem denatured whey proteins undergo proteo l y s i s  

while  undenatured whey proteins remain i ntact . However , 

pr oteo lysis  of denatured whey proteins doe s not give r i s e  to 

s ign i f icant of f f l avour s in slurr i e s . It i s  pos sible that 

s imilar biochemi c a l  reactions may take place in  UF Cheddar . 

Although the products of proteolys i s  of denatured whey 

proteins do not appear to yield o f f - f lavour s , they may sti l l  
* *  

inf luence the f l avour of Cheddar chee s e . For th is  rea son 

there may be a need to minimi se denaturation of whey 

proteins during UF cheesemaking . Further work is needed to 

determine the e f fects of denatured and undenatured whey 

proteins on UF Cheddar chee se f l avour and texture . 
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6 . 5  Overall conclus i on to Chapter 6 

The results o f  the pres ent investigation s how that 

s tudy on the e f f ect o f  whey proteins on Cheddar cheese  

qua l i ty i s  diff icult because o f  the  l arge number of f actors  

i nvolved . I t  appears that i n  sma l l  proportions , the e f f ec t  

o f  whey proteins o n  U F  Cheddar cheese qual ity may b e  

neg l igible . In l arger proportion s , the e f f ect on c h e e s e  

f l avour may depend on the phy s i ca l  state ( denatured or  

undenatured ) of the whey proteins ( Jameson , 1 9 8 3 ) . In  

addition there may be an  indirect e f f ect due to ' di lution ' 

of the f l avour compounds ( Koning et al , 1 9 8 1 ) ,  and o f  the 

s ubstrate . It appear s that the e f fect on the texture of UF 

Cheddar chees e  may not be of ma j or concern ( Boer and Nooy , 

1 9 8 0 a , b )  a s  long a s  the proportion of whey proteins does 

not exceed a certai n  l imit . 

determine the l imit . 

Further research i s  needed to 



CHAPTER 7 

EFFECT OF DEGREE OF ULTRAFILTRATION ON THE QUALITY 

OF CHEDDAR CHEESE 

7 . 1 Introduction 

7 5  

It wa s shown ear l i er ( Chapter 5 )  that Cheddar che e s e  o f  

sat i s factory qual ity can be made from 2 : 1  UF retentate . 

However , at l ow CF ( 2 : 1 )  there appear to be no yield  

advantages . Indeed , the pr imary ob j e ctive o f  UF 

cheesemaking is to increase yield by incorporating s ome o f  

the whey prote ins into the cheese . In order to increase 

recovery of whey proteins , UF  retentate of high CF  ( 5 : 1 )  

needs to be used for cheesemaking . Thus conventional 

methods and equipment can no longer be used and mod i f i ed 

cheesemaking methods are neces sary . Al so , at high CF , the 

probl ems as soc iated with the qua l i ty of UF Cheddar become 

more severe with l i terature reports sugge sting high one-day 

pH and s lower breakdown of casein components ( Green e t  a l , 

1 9 8 1 a ) , and atypical f lavour and texture ( Glover , 1 9 8 5 ) . 

Decrea sed res idual rennet concentration in  UF Chedda r  

been suggested a s  one of the ma in causes ( Green et  

1 9 8 1 a ) . It is  not known to what extent the extra 

h a s  

a l , 

whey 

proteins contribute to the se probl ems . The work done in our 

l aboratory demon strated the di f f i culties in obtaining th i s  

inf ormat ion . The se diffi culties are primarily thos e  

concerning the incorporation o f  undenatured whey prote ins i n  

high proportions into the chee se us ing conventional chee se

making methods . However , results did suggest that in sma l l  

proportions the whey proteins have a negligible e f fect on 

( e h p e ) . I n  

wh'e pro e in' t (i:"1ian 
�x ens ive pro t e o l ys is  was obs erved t han in control  s lurr ie s . 

t is pos s ible  t hat hydro lys i s  o f  denat ured whey prot e in 
ay have an e f f e c t  on t he qua l i t y  o f  t he chees e .  

I n  an e ar l ier i nve s t i gat ion  ( Chapter 5 )  it  was s hown 
s ome of t he prob l ems in t he qua l ity of 2 : 1  U F  C heddar 

b e  o:ver. c orne dd.i. t ion o.f 
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res idual rennet concentration and rennet retention in 5 : 1  UF 

Cheddar i s  lacking . However , if the s ituation is examined 

logically two important points emerge . Firstly , a greater 

proportion of the added rennet is expected to be retained in 

5 : 1  UF curd because o f  sma l l er quantities o f  moi sture lost . 

Secondly , the presence of extra whey proteins  in the UF 

cheese might d i l ute the substrate and thereby raise  the 

de s ired residual rennet concentration . In  the present 

investigation , therefore , both rennet and starter were added 

on the bas i s  of milk quantity prior to UF . 

The ob j ective of the pre sent investigation wa s to study 

the ef fect of degree of UF on the qual ity of Cheddar chee s e . 

7 . 2  Experimental  Plan  

Pasteurized and standardi z ed mi l k  was divided into two 

lots . One lot was retained a s  control . From the other l ot , 

3 : 1  and 5 : 1  retentate s were obtained by UF . Cheddar cheese 

was made s imultaneou s l y  from the control ,  3 : 1  and 5 : 1  

retentates . There were s l i ght mod i f i cations in  the method 

of chees e  manuf a cture from the retentates ( di s cussed in 

section 7 . 3 . 3 . 1 of this chapter ) .  The qua l ity of Cheddars 

from the three treatments wa s compared . The choice of 5 : 1 

a s  the highes t  degree o f  UF was obvious s ince 5 : 1 i s  the 

maximum degree of UF commercially attainable at pre s ent . 

S ince three vat s were ava i lable to make cheeses , an inter

mediate concentration factor , 3 : 1 ,  was also  included in the 

experimental plan . 

7 . 3  Experimental 

Nine tr ial s were done spread over the 1 9 8 4 - 8 5  and 1 9 8 5 -

8 6  seasons . 

7 . 3 . 1 Mi lk Supply :  Same as described in  Chapter 4 .  

3 5 0  kg mi lk was needed for each trial . 

About 
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7 . 3 . 2  Ultraf i ltration : Same a s  des c r ibed in Chapter 4 except 

that : 

( i )  2 5 0 - 3 0 0  kg mi lk was placed i n  the UF plant . 

( i i )  It was sub jected to 3 : 1 UF and about 2 0  kg retentate 

removed .  

( i i i ) UF was continued to the 5 : 1  l evel . 

7 . 3 . 3  Cheesemaking : For the control the ba s i c  method was 

the same a s  mentioned in  Chapter 5 .  Modi fi cations in the 

method used for the control were neces sary for the reten

tates ( Table 7 . 1 ) .  The main features of the cheesemaking 

methods used are summar i sed in  the following section . 

Tabl e  7 . 1 Summary of chees emaking conditions 

Particulars Vat 1 Vat 2 Vat 3 

(Control ) 

Degree of UF 1 : 1 3 :  1 5 :  1 

Quantity of milk/retentate (kg )  50 . 00 1 6 . 70 1 0 . 00 

Quantity of starter (kg )  1 . 00 1 . 00 1 . 00 

Quantity of rennet (ml ) 8 . 00 8 . 00 8 . 00 

Setting temperature (°C )  32 . 0  32 . 0  32 . 0  

Ratio 

Time of cutting :Rennet clotting time 2 . 5-3 . 5  1 . 8-2 . 5  1 . 2-2 . 2  

Cooking 0 temperature ( C )  38 . 0  38 . 0  38 . 0  

Time set to run (minutes ) 1 60 1 60 1 60 

Milling pH 5 . 30-5 . 35 5 . 30-5 . 35 5 . 30-5 . 35 

Salting pH 5 . 20-5 . 25 5 . 20-5 . 25 5 . 20-5 . 25 



7 . 3 . 3 . 1  The mod i f ication o f  the bas i c  cheesemaking 

procedure needed for manuf acture o f  cheese f r om UF 

retentates 
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The procedure used f or cheesemaki ng f rom UF retentate 

i s  br iefly discussed bel ow . 

7 . 3 . 3 . 1 . 1  Level o f  starter addition : For UF Cheddar , the 

l evel of starter addition u s ed by most res earch workers ha s 

generally been about 2 %  ( w/v ) of the retentate ( Chapma n  et 

a l , 1 9 7 4 ; Green et a l , 1 9 8 1 a ,  b ;  Green , 1 9 8 5 ) although 

f r o z en starter concentrate ( equival ent to 4 %  ( w/v ) non

concentrated starter ) has a l s o  been used ( Sutherland and 

Jame s on , 1 9 8 1 ) .  In the pre s ent investigation , s tarter was 

added at 2 %  ( w/w ) ba s ed on the mi lk quantity pr ior to UF . 

Thi s  was con s idered as one o f  the methods to counteract the 

e ffect of high buf f ering capacity in retentates a s  

d i s cus s s ed previous ly ( Chapter 2 ) . 

7 . 3 . 3 . 1 . 2 Level of r ennet addition and time o f  cutting : As 

di s cus sed ear l ie r  ( Chapter 2 ) ,  5 : 1  UF retentate i s  too f i rm 

to cut 4 0  minutes after rennet addition i f  the rennet : ca sein 

ratio i s  kept at normal l evel ( Culioli and Sherman , 1 9 7 8 ; 

Garnot and Corr e , 1 9 8 0 ) . To overcome this  di f f i culty , it 

has  been suggested ( Green et a l , 1 9 8 1 a )  that two approa ches 

may be helpful : 

( i )  Decreas ing setting temperature to 2 7 - 2 9 °C so that 

s etting is delayed . Rennet : casein ratio i s  kept the s ame as 

that in  the control . 

( i i )  Retaining the norma l s etting temperature ( 3 2 °C )  but 

d ecrea sing the rennet : ca sein ratio to obtain a gel s imilar 

to that from the contro l  40  minutes a fter rennet addition . 

The f irst approach appears to have two d i sadvantage s -

one i s  related to the problems as sociated with increa sed 

viscosity of the retentate and the other i s  concerned with 

the pos s ible alteration of the microflora of the curd and 

the cheese . I t  i s  not surpr i s ing that thi s  approach has not 

been cons idered f avourably by most research worker s .  
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I n  the s econd approach , s ome workers have decreas ed 

rennet amounts i n  proportion to CF whi l e  other s  have a ltered 

rennet amount s to obtain rennet c l otting t ime ( RCT ) s imi lar 

to normal milk . One d i s advantage of thi s  approach is 

pos sible reduced res idua l rennet concentration in the cheese 

( Green et al , 1 9 8 1 a ) . 

For the pre s ent i nvestigation , a third approach was 

tried and prel iminary experiments indi cated that it worked 

satis f actor i l y . The setting temperature and rennet : ca sein 

ratio were kept the same as the control but the cutting t ime 

was decreased to 1 . 2 - 2 . 2  times RCT . The 3 : 1 retentate was 

set in 1 0 - 1 5  minutes and cut at 1 8 - 2 5  minutes after r ennet 

addition . The 5 : 1 retentate was set in  6 - 1 0  minutes and cut 

in  1 0 - 2 0  minute s .  

The advantage with th i s  approach was that normal s etting 

temperatures cou l d  be used and probl ems related to cutting a 

' f irmer ' UF curd were minimi sed . Furthermore ,  the res idual 

rennet concentra tion o f  UF chees e  would not be l ower but 

might be higher than that of the control . 

7 . 3 . 3 . 1 . 3 Device for cutting : Prel iminary trials  con f i rmed 

that normal chee s e  knives are unsuitable for cutting 3 : 1  and 

5 : 1  curds . The vertical cutting could be performed us ing a 

norma l kitchen kni f e . However ,  the hor i z ontal cutting was 

dif f i cult to accompl ish con s idering the frag i l e  nature of 

the curd ( Van Leeuwen et a l , 1 9 8 4 ) . A s impl e  device wa s 

designed for the hor i zontal cutting ( Figure 7 . 1 ) .  

It e s s entia l ly con s i s t s  o f  two thin aluminium plates 

connected with aluminium wire ( di ameter 0 . 6  mm ) . The l ength 

of the wi re could be ad j usted by wrapping it around the 

plates . The depth of the 5 : 1  retentate in the vat was 2 0 - 3 0  

mm .  For the cutting , one plate was held i n  each hand with 

the wire stretched hor i z onta l l y j u s t  over the curd . It was 

l owered into the curd till  the plates touched the bottom of 

the vat . With the help of the aluminium plates , the wire 

wa s pul l ed a long the length o f  the vat to achieve one 



275 mm 

l mm 

A lu m i n i um 
P lates 

A lumi n i u m  
W i r e 

O .S mm 

l mm 

8 0  

275 mm 

Figure 7 . 1  Schemati c diagram o f  wire grid used f or 
hor i zonta l cutting o f  curd obtained from 3 : 1 and 5 : 1  UF 
retentates .  
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hor i z ontal cut . For 3 : 1  curd , thi s  operation was per f ormed 

twice at depths of approximately 1 0  and 2 0  mm . The curds 

were then cut vertically at approximately 1 0  mm s pa cings 

us ing the ordinary kitchen kni fe . 

7 . 3 . 3 . 1 . 4 Curd handl ing after cutting : The s igni fi cance of 

proper handl ing of UF curd a fter cutting on losses o f  fat 

and fines wa s d i s cus sed earl i e r  ( Chapter 2 ) .  The 3 : 1  and 

5 : 1  curds were left  undi sturbed f or 2 0 - 3 5  minute s . After 

thi s period , the curd particles  were gentl y  s egregated f rom 

each other by hand to promote syneres i s . 

7 . 3 . 3 . 1 . 5 Cooking : The curds and wheys were gently hand 

sti rred , and temperature rai s ed s l owly to 3 8 °C in 3 0 - 3 5  

minutes ( at about 0 . 2 �/min ) by circulating warm water i n  the 

doubl e j a cket . Slow hand stirring continued till  the s tage 

o f  whey drainage at approximately 1 6 0 minutes after rennet 

addition . Cooking of the 3 : 1 curd was easier than that of 

the 5 : 1 curd because of l arger amount s of whey . 

7 . 3 . 3 . 1 . 6 Cheddaring : The Cheddaring proces s  for both UF 

curds wa s s imi lar  to the control . The Cheddaring pro c e s s  

was monitored by following the p H  ( Green et al , 1 9 8 1 a ) , 

although the titratable acidity was a l s o  determined . The 

curds from a l l  three vats were mi l l ed and salted at a pH o f  

5 . 3 0 - 5 . 3 5 and 5 . 2 0 - 5 . 2 5 respectively . 

7 . 4  Analytical methods 

7 . 4 . 1  Chemical anal ys i s  of mi lk s , retentates and wheys 

The mi lks , retenta tes and wheys were analysed for total 

solids , fat , TN , NCN , NPN and cal cium . The method s 

descr ibed previously  ( Chapter 4 )  were used . However for 

retentates the quantity of s ampl e  taken was suitably 

decreased for the first f ive te sts  mentioned above . For the 

test on calcium content retenta tes were suitably diluted 

with distilled water prior to testing . 
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7 . 4 . 2  Chemical analysi s  o f  chees e s  

The cheeses were analysed for moi s ture , fat , TN , s a l t , 

calcium and pH by methods des cr ibed previously ( Chapter 4 ) . 

7 . 4 . 3  Residual rennet concentrat i on in cheese 

The residual rennet concentration in  cheese was 

mea sured by the k-casein method of Holmes et a l , ( 1 9 7 7 ) .  

Sal ient points o f  the method are given below : 

( i )  k-casein was prepared by the method of Z ittle and 

Custer ( 1 9 6 2 ) using fresh skim mi l k . 

( i i )  An extract of cheese samp l e  was obtained using citrate 

bu f fer ( pH 5 . 9 )  suppl emented with 0 . 3 % polyethylene g lycol 

to prevent loss of enz yme activi ty ( Friedenthal and Vi s ser , 

1 9 8 5 ) . 

( i i i ) k-casein Agarose gel was prepared and dispensed i nto 

sma l l  tubes ( 1 0 mm diameter , 4 cm long ) . 

( iv )  1 0 0 . � 1  of various rennet di lutions ( for s tandard 

curve ) were appl i ed to the top o f  the k-casein Agarose gel 

( in dupl i cate ) .  

( v )  1 0 0 � 1  of each o f  the cheese sample extracts were 

app l i ed to k-casein Agarose gel ( in duplicate ) .  

( vi )  Al l tubes were capped and i ncubated at 3 7°C for 1 8 - 2 0  

hours . 

( vi i ) The depth of the ha zy ' c l oud ' for standard rennet 

di luti ons ( Figure 7 . 2 )  and chee s e  samples ( Figure 7 . 4 )  was 

mea sured using a pai r  of Vernier calipers . Thi s  depth i s  

directly correlated with the rennet concentration . 

( vi i i ) The data for rennet d i l utions were plotted on s emi

l ogarithmic graph paper and residual rennet concentration i n  

cheese s ampl e s  was estimated f rom the standard curve ( Fi gure 

7 .  3 ) . 

7 . 4 . 4  Cheese grading : The chees e s  were graded a s  des c r i bed 

previous ly ( Chapter 4 ) .  The only exception was that the 

grading was done by a panel of 3 - 4  expert judges .  Thi s  was 

done s ince the cheese grader from the Mini stry of 

Agriculture and Fisheries was not availabl e .  The comments 

of the judges were summari sed and th e s cores for f l avour and 

texture averaged to the neare s t  whole number . 



8 3  

D i f fusion distance 

Figure 7 . 2  Dif fus ion tubes ( for standard curve ) f i l l ed with 

k-casein/agarose gel showing the d i f fus ion of rennet . Ca l f  

rennet was diluted with citrate buf fer t o  give a range o f  

rennet concentrations ( 0 . 3 ,  0 . 0 7 5 , 0 . 0 1 9 ,  0 . 0 0 4 8 , 0 . 0 0 1 2 ,  

0 . 0 0 0 3  and 0 . 0 0 0 0 7 5  RU/ml ) .  1 0 0 � 1  of thes e  dilutions was 

appl ied to the gel . The last tube on the r ight is the 

bl ank . The dif fus ion di stance ( white band of precipitated 

k-casein ) was mea sured us ing a pair of vernier cal iper s . 

For the standard curve , average values were plotted on semi

logarithmic paper with dif fus ion distance ( mm ) on the x-axis  

and rennet concentration ( RU/ml ) on  the y-axi s . 
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. 1 00 
Std. Curve For Est i mot i n  Res i du a l Rennet I n  Cheese 
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D i f fus i o n D i stance/mm 

Figure 7 . 3  Standard curve for estimating res idual rennet 

concentration in cheese samples . 
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Dif fus ion distance 

Figure 7 . 4  Dif fus ion tubes f i l l ed with k-casein/agarose gel 

showing the dif fus ion of rennet from the control . 3 : 1  UF and 

5 : 1 UF chees e  extracts . 1 0 0 � 1 of citrate buf fer extracts 

of chee se samples  were applied . The dif fusion di stance f rom 

the extract-gel interface to the bottom of the ' cl oud ' was 

mea sured . Note that a part of the precipitated k-casein 

' cl oud ' near the extract-gel inter face has solubi l i z ed ,  

pos s ibly because o f  further proteolysis  o f  para-k-ca sein . 

The dif fusion distance was then used to estimate the 

residual rennet concentrat ion in the chees e  s amples us ing 

the standard curve ( see Figure 7 . 3 ) . 



8 6  

7 . 4 . 5  Cheese �ry pane l : The panel descr ibed previ ous l y  

( Chapter 4 )  wa s used . Two additional terms , mealiness  and 

grittine s s  were included in the questionnaire for texture 

( Appendi x  I I I  A ) . Thi s was neces sary to cover the def ects  

encountered in UF  Cheddar s i n  the  present i nvestigation . 

Definitions f or the s e  terms are shown in Appendix I I I  B .  

7 . 4 . 6  Proteolys i s  in chee s e : The following methods were 

used to study proteolys i s  in the cheese : 

7 . 4 . 6 . 1 Polyacryl amide gel electrophores i s : Thi s wa s 

selected a s  one of the methods to study proteolys i s  s ince 

the breakdown o f  speci f i c  c a sein f ractions was of interest  

in the present investigation . The method has been des c r i bed 

previously  ( Chapter 4 ) . 

7 . 4 . 6 . 2  Polyacrylamide thi ck s l ab gel el ectrophores i s : 

Thi s was done to study the breakdown of undenatured whey 

prote ins . The method does not work for denatured whey 

proteins . The approach i s  based on that o f  Darling and 

Butcher ( 1 9 7 6 ) but uses  a s l ab instead of cyl inders o f  

polyacrylamide g e l  and includes a stacking gel t o  fac i l i tate 

the r emoval o f  the s lot former and to improve resolut i on . 

Sal i ent points of the method are given below : 

( i )  A water extract of the cheese sample was obtained by 

d i s solving i t  i n  deion i s ed water and sub j ecting i t  to 

centri fugation ( 7 7 0 0  x g )  f or 1 0  minutes in a S S 3 4 rotor o f  

a Sorva l l  centr i fuge ( E . I .  d u  Pont d e  Nemour s  and Co . I nc . , 

Wilmington , Delaware , U . S . A . ) .  The fatty l ayer was removed . 

( i i )  

was 

The apparatus for vert ical  th i ck s lab 

a s s embl ed . I t  was the s ame as 

e lectrophore s i s  

that used for 

polyacrylamide gel electrophores i s  ( Chapter 4 )  de scribed by 

Richardson and Pearce ( 1 9 8 1 ) .  

( i i i ) Separating gel , stacking gel and electrode chamber 

buf fer were prepared ( see Appendix I I I  D ) . 



( iv )  Three separate gel s  were required to be poured . 
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( a )  1 5  ml of separating gel a s  a plug with the appara

tus held 3 0° f rom the hor i z ontal . 

( b )  Approximately 6 0  ml of separating gel with 

apparatus held vertically  and f i l l ed up to 1 - 2 cm 

the top . 

the 

from 

( c )  5 0  ml 

hor i zonta l l y . 

inserted . 

o f  stacking gel with the 

S l ot former ( 8  s lots ) 

apparatus held 

was car eful ly 

Each of the pours wa s a l l owed to set ( approximately 2 0 - 3 0  

minutes ) before the next one was poured . 

( V )  Slot former wa s caref u l l y  removed and 5 0  Il l of the 

sampl e  ( 6 s lots ) and standard whey protein solutions ( 2 

s l ots ) were appl ied to the gel s . 

( vi )  Power supply ( 6 0 mA and 2 0 0  volts/gel ) and cool i ng 

water were connected . 

( vi i ) The vol tage wa s appl i ed and e lectrophores i s  occurred 

f or approximately 5 hour s . 

( vi i i ) The gel s were removed , l abel l ed , stained ( amido 

b l ack ) and de sta ined ( 3 % acetic acid ) a s  described 

previously ( Chapter 4 )  for polyacrylamide urea gel s . 

( ix )  The gels were photographed . 

7 . 4 . 6 . 3  Acid-soluble protein s , peptides and amino acids 

The method described by Creamer et al ( 1 9 8 5 ) was used . 

Sal ient points of the method are as fol lows : 

( i )  Cheese extract wa s obtained a s  for polyacrylamide gel 

e l ectrophore s i s . 

( i i )  1 . 0 0 ml of the extract was mixed with 1 0  ml a cetic 

acid buf fer ( 1 % v/v ) and centrifuged ( 1 2 0 0 0  x g ) . 
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( i i i ) 1 0 0 �1 of the clear supernatant was diluted in  1 0 . 0  ml 

water . 

( iv )  2 . 0 0 ml o f  thi s  mixture ( in tripl i cate ) was mixed with 

2 . 0 0 ml borate buf f er and 1 . 5 0  ml f luore s camine . 

( v )  Fluores cence o f  resultant mixture was immedi ately 

mea sured us ing a Hitachi-Perkin Elmer MPFZA f luores c ence 

s pectrophotometer . 

( vi )  The f l uores cence of s amples  was compared with those 

from the standar d  ( solutions containing glycine in place of 

d i s solved cheese ) .  

( vi i ) Re sults were expressed in terms o f  mol e s  of free amino 

groups ( i . e .  a s  glyc ine ) per kg of chee s e . 

7 . 5  Results and d i s cuss ion 

For conven i ence average results are presented s ince 

the se show the ma in trends and avoid unnece s sary detail .  

The results are d i s cus sed in s ix s ections : 

7 . 5 . 1 Milk and retentate compos ition 

7 . 5 . 2  Cheese manufacture 

7 . 5 . 3  Chees e  compos ition 

7 . 5 . 4  Res idual rennet concentration 

7 . 5 . 5  Chees e  proteol y s i s  

7 . 5 . 6  Chee s e  qual i ty 

The results on ma s s  bal ance and yield are discussed i n  a 

subsequent chapter ( Chapter 9 ) .  

7 . 5 . 1 Milk and r etentate compos ition 

As expected , the increa s e  in the percentage content of 

f at , casein and whey protein in the retentate s wa s in  

proportion to the CF ( Table 7 . 2 ) . 
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The proportion o f  increa s e  in TN and NCN content o f  

retentates wa s s l i ghtly l ower than the CF pos s ibly b e c a u s e  

o f  los s of some low molar  mas s  nitrogenous compounds s u ch as 

NPN and proteose-peptone i n  the permeate as suggested by 

Green et al ( 1 9 8 4 ) .  

Table 7 . 2  Milk and r etentate c omposition 

Particulars Control mi l k  

Total solids % 1 2 . 5 9 + 0 . 2 6 

Fat % 3 . 9 0 + 0 .  1 9  

TN % 0 . 5 2 9  + 0 . 0 1 0  

NCN % 0 .  1 3  4 + 0 . 0 0 5  

NPN % 0 . 0 3 0  + 0 . 0 0 3  

Cal ci um mM/kg 3 2 . 3  + 1 . 0 

7 . 5 . 2  Chees e  manufacture 

3 : 1 retentate 5 : 1  retentate 

2 6 . 6 3 + 1 .  0 2  3 7 . 8 7 + 0 . 6 6 -
1 1  • 8 9 + 0 . 7 3 1 8 . 9 8 + 0 . 9 8 

1 .  5 2 1 + 0 . 0 3 6  2 . 3 4 5  + 0 . 0 4 8  

0 . 3 4 1  + 0 . 0 1 5  0 . 5 1 6  + 0 . 0 1 8  

0 . 0 3 2  + 0 . 0 0 3  0 . 0 3 4  + 0 . 0 0 3  

6 7 . 0  + 2 . 8  1 0 3 . 9  + 4 . 0  

For one typical trial , photograph s  showing the var i ous 

stages  of cheesemaking are shown in Figure 7 . 5 .  

On rennet addi tion , s ub j ective a s s e s sment sugge s t ed 

marked d i f f erences in the rate o f  setting and the f i rmnes s  

o f  the gel s . Thi s  i s  i n  a ccordance with the observations  of 

other workers ( Culioli  and Sherman , 1 9 7 8 ; Garnot and Corr e , 

1 9 8 0 ) who reported that UF curd i s  f i rmer and les s e l a s t i c  

than conventional curd . The change i n  coagulation pattern 

neces s itated alterations in the cutting and handl ing o f  the 

UF curds as d i s cu s s ed ear l ier . There were small  d i f f e r ences  

in the pH of milks  and wheys between treatments ( Fi gure 

7 • 6 ) • As discus s ed in Chapter 5 ,  the total buf f ering and 

total kg starter added were s imi lar in the three vats . The 

d i f ferences recorded were probably due to dif f erences i n  the 

growth and acid production of s tarter organisms in the milk 

and retentates ( Hi ckey et a l , 1 9 8 3a ; Mi stry and Kos ikow s k i , 

1 9 8 5a ,  b ) . Dur ing Cheddaring the UF curd parti c l e s  d i d  not 

knit together as wel l  as those of the control sugges t i ng 

d i f ferences in the synere s i s  and the surface properti e s  of 
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3 : 1 
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5 : 1 
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3 : 1 

Curd 

5 : 1 

soon alter cutting 

( A )  ( B )  

Figure 7 . 5A and 7 . 5B Contro l , 3 : 1  and 5 : 1  curds ( A )  soon a fter cutting ( B )  one hour 

a fter cutt ing . 
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Control 

3 : 1 

Curd 

5 : 1 

j ust prior to �ralnage 1 hour after cheddarlng 

( c )  ( D )  

Figure 7 . 5C and 7 . 5D Contro l , 3 : 1 and 5 : 1 curds ( C )  j ust  prior to whey 

drainage and ( D )  one hour after Cheddaring . 
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Figure 7 . 5E and 7 . 5 F Control , 3 : 1 and 5 : 1  ( E )  C u r d s  a fter mi l l ing 

and ( F )  one day old cheeses . 
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pH C HA N G E S  D U R I N G CHEESEMA K I N G 

� SETTING TO RUNN ING ---=:i' 

61Zl 1 21Zl 

<E-- CHEDDARI NG ----;;;; <:- SALTING 

1 81Zl 241Zl 3IZIIZI 

T i me (m i nutes) 

Figure 7 . 6  Compar i son of pH changes during cheesemaki ng 

from control mi lk ( x -- x ) , 3 :  1 UF ( A - A )  and 5 :  1 UF 

retentate ( D - D ) . Initial determination was done on the 

mi lk/retentate and subs equent ones on the whey . 
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The total 

time taken to attain the des i r ed mi l l ing and salting pH was 

s imi l ar for the three treatment s . 

7 . 5 . 3  Cheese composition 

There were some d i f f erences in the composition  o f  

chee s e s  from the three treatments ( Table 7 . 3 ) . The c h e e s e s  

from the control and the 5 : 1 treatments were s imi l a r  i n  

compos ition except f or the higher TN and c a l c ium i n  the 

l atter . The FDM in 3 : 1 Cheddar was lower than that f r om the 

other two treatments pos s ibly because o f  higher fat l o s s e s . 

Thi s  a l so resulted in a proporti onate increase  in TN % o f  

3 : , 1  Cheddar . The chee s e s  with higher FDM had higher MNFS 

suggesting that the s e  two compos i tion characteri s t i c s  were 

interl inked ( Lelievre , 1 9 8 3a ) . However , d i f f erences in both 

FDM and MNFS between treatments were too smal l  to  be 

s igni f i cant . The values for c a l ci um suggested that with an 

increase in CF there was a proportionate increa s e  in the 

calcium content of UF Cheddar . However ,  cal c i um values  for 

chees e s  from all three treatments were within the range o f  

1 80-2 1 0rrM/kg for normal Cheddars ( Creamer e t  a l , 1 9 8 5 ) . The s e  

calcium values for 5 : 1 Cheddar a r e  s imilar t o  those f ound by 

Suther land and Jameson ( 1 9 8 1 ) .  

Tabl e  7 . 3  Cheese  compos itions 

Treatment Control 3 : 1 5 : 1 

FDM % 5 3 . 6 9 + 1 . 5 1  5 1 . 6 9 + 1 .  7 9  5 1  . 9 6 + 1 .  6 9  - - -

MNFS % 5 3 . 7 6 + 0 . 9 1 5 2 . 8 4 + 1 . 1 1 5 3 . 2 3 + 0 . 7 2 - - -

S/M % 4 . 9 5 + 0 .  1 0 5 . 0 9 + 0 .  1 3 5 . 0 5 + 0 . 2 1  - - -

pH 1 -day 5 . 0 7 + 0 . 0 2 5 .  1 1  + 0 . 0 2 5 .  1 2 + 0 . 0 2 - - -

TN % 3 . 9 0 + 0 . 1 1 4 . 2 0 + 0 .  1 3 4 . 0 2 + 0 .  1 0 - - -

Calcium mM/kg 1 8 2 . 0  + 2 . 3  1 9 8 . 0  + 4 . 1 2 0 9 . 0  + 4 . 4  - - -

Ca/SNFNS 2 . 6 2 + 0 .  1 5 2 . 6 0 + 0 . 0 7 2 . 8 7 + 0 . 0 8 - - -
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The 1 -day pH values of 5 : 1 Cheddar s  f ound i n  the 

present investigation are l ower than thos e  reported by other 

workers ( Green et a l , 1 9 8 1 a ;  Sutherland and Jameson , 1 9 8 1 ) .  

The results of the present investigation suggest that 

mea sures to compensate f or the higher buf f er ing i n  the 

retentate s , such as addition o f  increased amounts o f  

starter , can help in decreas ing 1 -day p H  and c a l c ium content 

of UF Cheddar to leve l s  found in normal Chedda r . 

7 . 5 . 5  Res i dual rennet c oncentration in chee s e  

There were l arge d i f ferences in res idual rennet 

concentration of ch eeses  from the three treatments ( Table 

7 .  4 ) • These d i f f erences were probably due to two reasons . 

Fir stly , the sma l ler amounts of moi sture lost from the more 

concentrated mi lks  permitted a greater proportion of rennet 

to be retained in the chee s e . Secondly , the lower pH of 

curd at the stage of whey drainage a l l owed mor e  rennet to be 

a s s ociated with the casein ( Creamer et a l , 1 9 8 5 ) .  The s e  

results indi cated that residual rennet concentrat ion i n  UF 

Cheddar can be regulated by varying the amount added to the 

retentate and by a ltering the pH at drainage . 

Tabl e  7 . 4  Res idual rennet concentration i n  cheese 

Particulars 

Res idual rennet 

concentration 

RU/ 1 0 0 0  kg cheese 

pH at whey 

drainage 

Control 

1 1 . 9 + 2 . 7  

6 .  1 7  

3 :  1 5 :  1 

2 5 . 3  + 2 . 9  3 4 . 1  + 4 . 2  

6 . 0 2 6 . 0 0 

A s imi lar result i s  obtained when the total res idual 

rennet in chee s e  is  expre s s ed as a percentage o f  that added 

to the mi lk or retentate ( Table 7 . 5 ) . The s e  values are not 

in agreement with tho s e  of Green et al ( 1 9 8 1 a )  who reported 
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control mi l k  
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r etention o f  2 . 7  + 0 . 6  for Cheddars f r om 

and UF retentates ( up to 4 : 1 UF ) .  Thes e  

d i f ferences in results could b e  attributed to d i f ferences i n  

the type o f  a s s ay used . I t  i s  a l s o  pos s ible that percentage 

res idual rennet retained in UF che e s e  wa s inf luenced by the 

rate of addition to the retentate . In the pres ent 

i nvestigation , the rate of rennet addition wa s much h i gher 

than that empl oyed by Green et al ( 1 9 8 1 a ) . - -

Tabl e  7 . 5  Percentag_e rennet retention i n  cheese 

Particulars Control 3 : 1  UF 5 : 1 UF 

Rennet retention 

( %  o f  that added ) 

1 2 . 3  + 2 . 9  2 5 . 8  + 3 . 4  3 6 . 1  + 4 . 8  

Rat io of % rennet retention i n  UF 

to that in control 

7 . 5 . 5  Proteol y s i s  

2 .  1 1  2 . 9 5 

Interpretation of the proteolys i s  was based on visual 

examination o f  the gel s  since f a c i l i t i e s  for dens itometri c  

analysis  were not avai l able . I t  appeared that the rate of 

loss of a s 1 casein was the highest in 5 :  1 and lowest  i n  

control Cheddar ( Fi gure 7 . 7 ) . Thi s was probably becaus e  o f  

much higher resi dual rennet leve l s  ( Table 7 . 4 )  in the 5 : 1  

Cheddar a s  compared with the c ontrol . 

inves ti gation the Cheddars from the three 

In the present 

treatments had 

s imi lar 

and it 

pH at dif ferent stages of maturation ( Fi gure 

i s  unl ikely that th i s  f actor influenced 

7 .  8 ) 

the 

d i f ferences in the proteolys i s  of a s 1 casein between treatments 

( Creamer and Ri chardson , 1 9 7 4 ) .  However , despite the faster 

breakdown of a
s 1  casein , no s igni f i cant bitter f l avours wer e  

obs erved i n  any of the UF Cheddars . The rea son for thi s  i s  

not known . I t  i s  pos sible that the bi tter peptides were 

quickly broken down to non-bitter peptides by starter 

en z yme s and there fore e scaped dete ction during grading and 
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Figure 7 . 7  Polyacrylamide gel electrophore s i s  of cheese 

made from control mi lk , 3 : 1  UF and 5 : 1 UF retentate at 

dif ferent stages of maturation . 
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Figure 7 . 8  Compar i s on o f  pH changes during maturation in 

the control ( x - x ) , 3 :  1 ( .t:.. - .t:.. ) and 5 :  1 Cheddar ( o - o ) . 
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s ensory eva luation . I t  i s  a l s o  pos s ible that the pre s ence 

of whey proteins had the e f fect of somewhat ma sking s ome of 

the bitter flavours . The s e  results on a�1 casein breakdown 

are in agreement with those of Gripon et a l  ( 1 9 7 5 ) ;  K l eter 

( 1 9 7 6 ) ;  O ' Keefe et a l , 1 9 7 6 , 1 9 7 8 , and Koning et al ( 1 9 8 1 ) 

who stated that the coagulant used i s  the princ i pal agent 

responsible f or formation of l arge peptides from a s 1  c asein . 

The proteoly s i s  of p-casein followed a d i f ferent trend . 

Initial ly there was very l i ttle breakdown in cheeses  from 

any of the three treatment s .  But a fter 3 month s ,  the 

proteolys i s  of p -casein wa s higher in the 5 : 1  Cheddar than 

in the control . As d i s cu s s ed ear l i er ( Chapter 2 ) ,  i f  

plasmin degrade s � -casein in Cheddar chees e  as c l aimed by 

Creamer ( 1 9 7 1 , 1 9 7 4 ) , its  activity in UF Cheddar wou ld be 

expected to be inhibited by p -lactog lobulin ( Snoeren et al , 

1 9 8 0 ) . Ther efore the higher P -casein breakdown observed in 

5 : 1 UF Cheddar in the pre s ent inve stigation was pos s i b l y  due 

to higher leve l s  of res idual rennet , even though the en zymes 

of rennet break down p-casein s l owly ( Phelan et al , 1 9 7 3 ) . 

It is  c l ear from Figure 7 . 9  that the concentrat ion of 

whey proteins increased with CF , i . e .  whey prote in c ontent 

in 5 : 1 Cheddar wa s higher than that in the c ontrol . Results 

of the present investigat ion suggest that the whey proteins 

r e s i sted proteolysis  and except for a minor breakdown of a -

lactalbumin f or a l l  treatments at the 3 -month s tage , 

rema ined largely intact . Th i s  result i s  1n agreement with 

those of other research workers  ( Jost et a l , 1 9 7 6 ; O ' Keefe 

et al , 1 9 7 8 ; Koning et a l , 1 9 8 1 ) who reported that unde

natured whey proteins res i s t  proteolys i s  during ripening . 

There i s  a suggestion that the non-starter lactic acid 

bacteria ( NSLAB ) 1n chee s e  may be able to hydrolyse the 

undenatured whey prote ins ( El - Soda � � ,  1 9 8 1 ; Hickey and 

Bf'croM , T e NSI:iAB ccro:nt in we; 

est imated 1n the yresen inve s t � gat ion . 
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Figure 7 . 9 Polya crylamide thick s lab gel electrophores is  of 
cheese showing the proteolys i s  o f  whey proteins . The 
cheeses were made from control milk , 3 : 1  and 5 : 1  UF 
retentates . 
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The acid-s oluble peptide values ( Figure 7 . 1 0 )  at 1 -day 

were h i gher than thos e  reported by Creamer et al ( 1 9 8 5 ) 

pos s ibly because the ch eeses in the present investigat i on 

remained l onger ( about 3 - 4 hour s ) at ambient temperature 

( 1 5 - 2 5 °C ) . The proportion of acid-soluble peptides increa s ed 

with the age of the cheese for a l l  treatments although the 

average values were highest for the control and lowest for 

the 3 : 1  UF Cheddar . If the standard deviation of three 

determinations on the same s ampl e  are cons idered , the s e  

d i f ferences between treatments were sma l l . These values 

compared wel l  with the f l avour scores f or the chee ses but 

did not appear to be related to the rate of casein break-

down . I t  i s  pos s ible that there was a ' di lution ' e f fect  

because o f  whey proteins s imi lar to  the one descr ibed by 

Koning et a l  ( 1 9 8 1 ) .  However , thi s  does not ful ly exp l a i n  

the lower values of 3 : 1  a s  compared with 5 : 1 Cheddar . 

7 . 5 . 7  Chees e  qua l ity 

7 . 5 . 7 . 1 Sensory evaluation : For a l l  the trial s ,  both 3 : 1 

and 5 : 1  Cheddars were s l ightly more yellow in colour a s  

compared with the control ( Figure 7 . 5F )  The reason for thi s  

i s  uncertain . There were some d i f ferences in the grades o f  

cheeses  f rom the three treatments ( Table 7 . 6 ) . After 3 5  

days o f  maturation , the 5 : 1  Cheddar had a f lavour and 

texture comparabl e  with that of the control . However ,  the 

3 : 1  Cheddar had a s l i ghtly lower f l avour and texture s core . 

It i s  unl ikely that the sma l l  dif f erences in FDM between 

treatments c aused the textural dif f erences ( Green et a l , 

1 9 8 1 a ;  Lel i evre and Gi lles , 1 9 8 2 ) .  

The d i f ferences in the f l avour and texture of che e s e s  

between treatments per s i sted during the maturation period . 

The s e  results were largely con f i rmed by the sensory 

panel . There were s igni f i cant dif ferences between 

treatments i n  the mean s cores for most of the texture 

attributes and some of the f l avour attributes ( Table 7 . 7 ) . 
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EFFECT O F  U F  O N  A C I D  S O L U B L E  PEPT I D E S  I N  C H E E S E  
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Figure 7 . 1 0 Compari s on of acid soluble peptides in cheese 

made from control mil k  ( X  -- X ) ,  3 :  1 UF (.6. -- .6. )  and 5 :  1 UF 

( D  -- D) retentate at various stages of maturation . The 

standard devi ation of determinations in tripl icate is s hown 

by the l ength of the vertical  bars . 



(V') 
<::::> Stage of cheese maturation 

Trial Treat- 35 days 3 months 6 months 
No. ment Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 6 )  Weak ( 3 )  Sl .bitter ( 6 )  Soft ( 2 )  Normal ( 6 )  Weak ( 3 )  
Sl . sour Mealy Sl . sour 

� I 
1 3 :  1 Sl .bland ( 5 )  loose ( 2 )  Sl . sour ( 5 )  Sl .meal y ( 2 )  Sl . atypical ( 5 )  Sl .mealy ( 2 )  

Sl . rubbery Sl . rubbery Sl . lumpy 
..c: 

; , 5 :  1 Normal ( 6 )  Weak ( 3 )  Sl . sour ( 6 )  Tender ( 3 )  Sl . oxidised ( 6 )  Tender ( 3 )  
81 . oxidised Smooth Sl .plastic Sl .plastic 

�I Control Normal ( 6 )  loose ( 3 )  Normal ( 6 )  Floury ( 3 )  Sl . sour ( 6 )  Sl .mealy ( 3 )  
Sl . sour Sl . sour Mealy 

eO 

tE!  2 3 :  1 Sl . sour ( 5 )  Finn ( 2 )  Sl .bland ( 5 )  Floury ( 2 )  Sl .bland ( 5 )  Sl . floury ( 2 )  
Crumbly Mealy Sl .mealy 

\.0 . 
r-- 5 :  1 Normal ( 6 )  Finn ( 2 )  Sl . sour ( 6 )  Tender ( 3 )  Sl . sour ( 6 )  Tender ( 3 )  
Q) Sl . sour Sl . crurnbl y 81 . oxidised Plastic Sl .plastic 

r-i 

�I Control Normal ( 7 )  Sl . crurnbl y ( 3 ) Normal ( 7 ) Mealy ( 3 )  Normal ( 7 )  Smooth ( 3 )  
Sl . sour Smooth Sl . sour Sl .mealy 

3 3 :  1 Sl . sour ( 6 )  Finn ( 2 )  Sl . sour ( 6 )  Finn ( 2 )  Sl .atypical ( 6 )  Finn ( 2 )  
Greasy Mealy, Curdy Mealy 

5 :  1 Sl .bitter ( 6 )  Smooth ( 3 )  Sl . sour ( 6 )  Tender ( 3 )  Normal ( 6 )  Smooth ( 3 )  
Sl .pasty Sl . sour Sl . tender 

Note : Figures in  brackets refer to grade s cores 



� Stage of cheese maturation 0 
,..... Trial Treat- 35 days 3 rronths 6 rronths 

No IT€nt Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 5 )  Mealy ( 2 )  Sl . oxidised ( 6 )  Loose ( 2 )  Sl . sour ( 6 )  Sl . loose ( 2 ) 
Sl . sour Lumpy Sl . sour Mealy Sl .mealy 

4 3 :  1 Sl . bland ( 5 ) .t.'Iealy ( 2 )  Sl . sour ( 5 )  Loose ( 2 )  Sl . sour ( 6 )  Sl .loose ( 2 ) 
Lumpy Sl . bland Mealy Sl .mealy 

Q) Q) 
Ul 0"1 
Q) CO 5 :  1 Sl . sour ( 6 )  Sroooth ( 3 )  Sl . sour ( 6 )  Mealy ( 3 )  Sl . sour ( 6 )  Sroooth ( 2 )  Q) 0, 

..c: Sl . bland Weak Sl . oxidised Sl . tender 
0 Ul 

:;j 
4-f 0 Control Sl .bitter ( 6 )  Lumpy ( 3 )  Sl . sour ( 6 )  Weak ( 3 )  Sl . sour ( 6 )  Weak ( 2 )  
0 ·r-1 

:> Sl . oxidized Loose Sl . astringent Sl . crumbly Sl .unclean Tender 
Q) 

s:: H 
·r-1 0, 5 3 :  1 Sl . oxidised ( 6 )  Mealy ( 2 )  Sl . fruity ( 5 )  Loose ( 3 )  Sl . oxidised ( 5 ) Rubbery ( 2 ) 
'0 
CO s Rubbery Sl . scorched Rubbery Sl . fruity 
H 0 
(!) H 

4-f 5 : 1 Sl . oxidised ( 6 )  Sl . tender ( 3 )  Sl .atypical ( 6 )  Weak ( 3 )  Sl .oxidized ( 6 )  Tender ( 3 )  
1.0 '0 Sl .bland Mealy Sl .astringent Sroooth . Q) 
r--- :;j 

s:: Control Sl . sour ( 5 )  Sl . tender ( 3 )  Sl . sour ( 6 )  Sl . tender ( 3 )  Normal ( 6 )  Sl .weak ( 2 )  Q) ·r-1 
....... +J Sl . oxidized Sl .mealy Sl .bitter Sl . lumpy Sl . sour Sl . lumpy 
..0 s:: 
CO 0 
8 u 6 3 :  1 Sl .bland ( 5 )  Sl .mealy ( 2 )  Sl .atypical ( 6 )  Mealy ( 2 )  Sl .atypical ( 5 )  Sl . firm ( 2 )  

Sl .rubbery Firm Sl .mealy 

5 :  1 Sl . oxidized ( 6 )  Sl .tender ( 3 )  Sl .bitter ( 6 )  Sl . tender ( 3 )  Normal ( 6 )  Sl . srrooth ( 3 ) 
Sl .bland Sl .mealy Sl . sour Sroooth Sl . bitter Sl .tender 

Note : Figures in brackets refer to grade s cores 



If) 
0 Stage of cheese maturation 

Trial Treat- 35 days 3 months 6 months 
No. · rnent Flavour Texture Flavour Texture Flavour Texture 

Control Sl .oxidized ( 5 )  Sl .weak ( 3 )  Sl . sour ( 6 )  Sl .weak ( 3 )  Sl . sour ( 6 )  Sl .weak ( 3 )  
Sl .mealy Sl .bland Sl . lurnpy Normal Sl . lurnpy 

QJ QJ 7 3 :  1 Sl .oxidized ( 4 )  Sl .mealy ( 2 )  Sl .bitter ( 6 )  Sl .dry ( 3 )  Sl .bland ( 5 }  Finn ( 2 )  
Ul t:TI Sl . sour Sl . rubbery Sl .bland Sl .mealy Curdy 
QJ CO 
QJ 0! 

..c: 5 :  1 Sl .oxidized ( S )  Sl .pasty ( 3 )  Sl .bitter ( 6 )  Sl .plastic ( 3 )  Sl .bitter ( 5 )  Sl .tender ( 3 }  () Ul 
::J Sl . sour 

4-l 0 
Sl . sour Sl . srnooth Sl .bland Sl . srnooth 

0 ·.-i 
:> Control Normal ( 6 )  Sl .tender ( 3 )  Sl . sour ( 6 )  Sl .weak ( 2 )  Normal ( 5 )  Sl . tender ( 2 )  QJ 

s:: H Sl . sour Sl .bitter Sl . lurnpy Sl . sour ·.-i 0! 
'0 
eO s 8 3 :  1 Sl . bland ( 5 ) Sl . finn ( 2 )  Sl . atypical ( 5 )  Sl . finn ( 2 }  Atypical ( 4 ) Sl . finn ( 2 )  H 0 
(!) H 

4-l 
5 :  1 Normal ( 6 ) Sl .tender ( 3 )  Sl . sour ( 6 )  Sl . smooth ( 3 ) Sl . sour ( 5 )  Sl . smooth ( 3 ) 

� '0 Sl . sour Sl . srnooth Normal . QJ 
r-- ::J 

s:: Control Normal ( 6 )  Sl .weak ( 3 )  Sl . sour ( 5 )  Sl .tender ( 2 )  Sl . sour ( 6 )  Sl .tender ( 2 )  QJ ·.-i 
r-1 +J Sl . oxidized Sl .bitter Sl . lurnpy ..Q s:: 
CO 0 
8 C) 9 3 : 1  Sl . sour ( 5 )  Sl . finn ( 3 )  Sl . atypical ( 5 )  Sl . finn ( 2 )  Sl . atypical ( 4 )  Sl . finn ( 2 )  

Sl . curdy Sl . curdy 

5 :  1 Normal ( 6 )  Sl . tender ( 3 )  Sl . sour ( 6 )  Sl .tender ( 3 )  Sl . sour ( 6 )  Sl . smooth ( 3 ) 
Sl . sour Sl . oxidised 

Note : Figures in brackets refer to grade s cores 
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Tabl e  7 .  7 Sensory panel s cores 

Summary of all treatment mea n s  showing s igni f ic ant treatment 

e f f ects . Samples  not s igni f icantly different at the 5 %  

l evel are j oined by l ines . 

Attr ibute 

Firmnes s  

Rubber ine s s  

Crumbl ine s s  

Smoothness  

Stickine s s  

Mealiness  

Grittines s  

+ A .  Mean Texture ·Scores 

Treatment and s ampl e  means 

5 : 1  UF 

4 . 2  

Control 

2 . 0  

5 : 1  UF 

3 . 2  

3 : 1 UF 

2 . 9  

3 :  1 UF 

2 . 2  

5 : 1 UF 

2 . 8  

5 : 1  UF 

0 . 2  

Control 

4 . 4  

5 :  1 UF 

2 . 0  

Control 

4 . 2  

Control 

3 . 4  

Control 

3 • 1 

Control 

3 . 7  

Contro l  

0 . 6  

3 : 1  UF 

5 . 0  

3 : 1 UF 

3 . 3  

3 : 1  UF 

4 . 2  

5 : 1  UF 

4 . 3  

5 : 1  UF 

3 . 8  

3 : 1  UF 

4 . 9  

3 : 1 UF 

0 . 8  

n s  not s igni f i cant 

F rat i o s  

5 . 0 5 n s  

1 1 . 7 4 * *  

5 . 7 3 * 

9 . 9 7 * 

5 . 1 9  * 

1 5 . 2 9 * *  

3 . 2 2 n s  

* s igni fi cant a t  5 %  l evel of s igni fi cance 

* *  sign i f i cant at 1 % level of signi f i cance 

* * * s igni f i cant at 0 . 1 %  l evel of s igni f i cance 
+ 

s core s are means o f  4 repli cates averaged over 
3 and 6 month ana l ys i s . 



Tabl e  7 .  7 Sensory panel 
+ 

B .  Mean F lavour Scores 

1 0 7 

Attribute Treatment and sample means F ratio 

Acid/sour 3 : 1  UF 

3 . 9  

Control 

4 . 7  

5 : 1 UF 

4 . 7  6 . 5 8 * 

Fruitine s s  3 : 1  UF 

2 . 2  

5 : 1  UF 

2 . 9  

Control 

2 . 9  

Sulphide 

Sharpnes s  

3 :  1 UF 

0 . 7  

3 : 1  UF 

1 . 0 

5 : 1  UF 

0 . 9  

Control 

1 . 6 

Control 

1 • 1 

5 : 1 UF 

1 • 7 

3 . 0 0 ns  

1 • 5 1  ns  

1 0 . 9 8 * *  

Bitternes s  3 : 1 UF 

0 . 3  

Control 5 : 1  UF 

0 . 6  0 . 5  1 . 9 5  ns 

ns  not s igni f icant 

* s igni f i cant at 5 %  l evel of s igni f icance 

* *  signi f icant at 1 % level of s igni f i cance 

* * * s igni f icant at 0 . 1 % level of s igni f i cance 
+ s cores are means o f  4 repli cates averaged over 

3 and 6 month analys i s . 
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A summary of the e f fect of a l l  variable s  and interactions i s  

shown i n  Appendix I I I  C .  I t  i s  clear that for most o f  the 

attri butes ,  3 : 1 Cheddar had an inferior s core to that of the 

control and the 5 : 1  Chedda r . The reason f or the s e  

dif ferences i s  uncertain . One pos s ib i l i ty i s  that 

dif ferences in  the res idual rennet concentration ( Green et 

a l , 1 9 8 1 a ;  Koning et a l , 1 9 8 1 ) and l evel of whey proteins 

( Koning et a l , 1 9 8 1 ) inf l uenced the s e  qual ity attributes .  

Thi s  i s  con s i s tent with the results of Green ( 1 9 8 5 ) who 

suggested that intermediate level s  of concentration ( 3 : 1 ) 

yield UF Cheddar of infer ior qual ity . Increased smoothn e s s  

in 5 : 1  Cheddar wa s pos s ibly due t o  the whey protei n s  a s  

observed b y  Boer and Nooy ( 1 9 8 0  a ,  b )  f o r  Gouda chee s e . 

For a l l  treatments ,  s cores for rubberines s , crumb l i n e s s  

and mea l i ne s s decrea s ed and those f or smoothne s s  and 

stickine s s  increased with the age o f  the chee s e . Thi s  was 

expected s ince proteolys i s  during maturation inf luences 

these textura l  attributes . 
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7 . 6  Conclus ion 

The results of the present inve stigation confirm that 

mod i f i cation in the method o f  manufacture i s  neces sary f or 

chees emaking from 5 : 1  UF r etentate . An a lteration i n  the 

l evel of starter addition helps in overcoming some o f  the 

problems related to h igher pH ( Green et a l , 1 9 8 1 a )  and 

cal cium l eve l s  in the UF Cheddar ( Sutherland and Jame s on , 

1 9 8 1 ) .  However , use  o f  conventional starter for UF reten

tate at levels based on mi l k  quanti ty prior to UF h a s  the 

d i s advantage of di luting the retentate . Thi s  may inf l uence 

the retention of water soluble components l ike the whey 

prote ins and there fore the yield ( s ee Chapter 9 ) .  For thi s 

rea son , it i s  advi sable to prepare the starter i n  the 

retentate ( Mi stry and Kosikowski , 1 9 8 Gb ) . 

The present study suggests  that the addition of renne t  to 

UF retentate on the bas i s  of mi lk quantity prior to UF 

results in UF Cheddar with higher res idual rennet concentra

t ion as compared with the contro l . Further research i s  

needed to determine the optimum range o f  res idual r ennet 

concentration in UF Cheddar . It is pos s ible that thi s  range 

may need to be higher i n  UF Cheddar as compared with conven

t i onal Cheddar to counteract the ' di lution ' e f f ect of the 

whey proteins ( Koning et  a l , 1 9 8 1 ) .  Therefore , substantial  

s avings in rennet for Cheddar cheesemaking from 5 : 1 UF 

retentate that might have been anticipated , may not be 

forthcoming . 



CHAPTER 8 

EFFECT OF VARIATION I N  RENNET ADD I TION TO 5 : 1  RETENTATE 

ON THE CHARACTERI STICS OF UF CHEDDAR CHEESE 

8 . 1 Introducti on 

1 1 0 

In the previous inve stigation ( Chapter 7 ) , it was s hown 

that the addi ti on of rennet to 5 : 1  retentate at the normal 

rennet : ca se i n  ratio results in UF Cheddar with a res i dual 

rennet concentration that i s  much h igher than that in normal 

Cheddar . It is genera l ly known that the residual renne t  in 

conventional Cheddar plays a ma j or role in proteol y s i s  

( Ledford e t  a l , 1 9 6 6 ; Creamer and Richardson , 1 9 7 4 ; O ' Keefe  

et a l , 1 9 7 6 , 1 9 7 8 ) and in establi shing cheese qual ity 

( Koning et a l , 1 9 8 1 ) .  However ,  i n formation on the optimum 

l evel of res idual rennet concentrat i on in 5 : 1  UF Cheddar i s  

l acking . I n  the present i nves t igation , therefor e , an 

attempt wa s made to study the e f f ect of res idual rennet on 

the qua l i ty of 5 : 1 UF Cheddar . 

8 . 2  Exper imenta l plan 

For a l l  exper iments ,  rennet addition was expres s ed a s  

rennet : casein ratio ( R ) . Thi s  ratio i n  the control was 

cons idered a s  1 . 0 and R values for other treatments were 

expres sed a s  a fraction of thi s  value . 

Four l eve l s  of rennet addition to the retentate were 

chos en corresponding to R values o f  0 . 2 ,  0 . 4 ,  0 . 6  and 1 . 0 .  

In other words , 8 ml rennet added to 5 0  kg control mi l k  was 

cons idered a s  1 . 0 R .  For the retentate , values of 0 . 2 ,  0 . 4 ,  

0 . 6  and 1 . 0 corre sponded to the addition o f  1 . 6 ,  3 . 2 ,  4 . 8  

and 8 ml of rennet to 1 0  kg lots o f  5 : 1  retentate 

respectively . The choice of 0 . 2  R was ba s ed on l i terature 

reports suggesting that rennet additions to UF retentates  
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may be decreased in proportion to CF . Some o f  the other 

l eve l s  o f  rennet addition ( 0 . 4  and 0 . 6  R )  were expected to 

provide UF Cheddars with residual rennet concentration in 

the vicinity of that in norma l Cheddar . 

was based on the results o f  preliminary 

a previous investigation ( Chapter 7 ) .  

Thi s  expectati on 

trial s and thos e  o f  

However , chees e s  f rom a l l  f our l evel s  of rennet 

addition and a control could not be made s imultaneously  due 

to l imitation of number o f  cheese vats ( only three were 

ava i l able ) and manpower to make the cheeses . The 

i nve stigation wa s therefore done in two series . In the 

f i r st serie s , chee s e s  for the control , 0 . 2  R and 1 . 0 R 

treatments were made . In the s econd series , cheeses wer e  

made f or the control , 0 . 4  R and 0 . 6  R treatments .  

8 . 3  Experimental 

Three trials  were done for each of two series  during 

the 1 9 8 5 - 8 6  season . 

8 . 3 . 1 Mil k  supply : As des cribed in Chapter 4 .  About 3 5 0  

k g  mi l k  was needed for e a ch trial . 

8 . 3 . 2  Ultraf i ltration : As detai led in Chapter 4 ,  except 

that : 

( i ) 2 5 0  - 3 0 0  kg mi l k  was sub j ected to 5 : 1 UF . 

( i i ) From the resultant retentate , two l ots  of 1 0 kg each 

were taken for chees emaki ng . 

8 . 3 . 3  Chees emaking : As deta i l ed in Chapter 7 for the 

c ontrol and 5 : 1 UF retentate except that : 

( i )  The 0 . 2  R ,  0 . 4  R and 0 . 6  R vats  were cut at about 1 . 2 -

2 . 2  t imes RCT . The RCT f or the 0 . 2  R ,  0 . 4  R and 0 . 6  R 

retentates wa s found to be 3 0  - 3 5 , 1 5  - 1 8  and 1 2  - 1 5  

minutes respectively . The 0 . 2  R ,  0 . 4  R and 0 . 6  R retentates 

were cut at 45 - 5 0 , 2 5  - 30 and 1 8  - 24 minute s a f ter 

rennet addition respectively . 
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( ii )  The cooking of 0 . 2  R curd was postponed by 3 0  - 4 0  

minutes because in the initial stages the curd appeared to 

be s l ippery and frag i l e . 

8 . 4  Ana lytical methods 

8 . 4 . 1  Chemi cal analys i s  of mi lks , retentates and wheys : 

The mi lk s , retentate s  and wheys were analysed for total 

solids , fat , TN , NCN , NPN , and calcium by the methods 

described previously  ( Chapter 4 and Chapter 7 ) .  

8 . 4 . 2  Chemi cal anal ys i s  of cheeses :  The cheeses  were 

analysed for moi s ture , f at , TN , salt , calcium and pH . The 

methods for the s e  analyses  have been des cribed previou s l y  

( Chapter 4 ) . 

8 . 4 . 3  Res idual rennet determination : Res idual rennet con

c entration i n  chee ses  was determined by the method outl ined 

in  Chapter 7 .  

8 . 4 . 4  Chee s e  grading : Thi s was done a s  des cribed i n  

Chapter 4 .  

8 . 4 . 5  Cheese ta ste panel : The method outl ined in  Chapter 7 

was used f or cheeses f rom some of the treatments ( control , 

0 . 4  R and 0 . 6  R )  at three and s ix months o f  age . 

8 . 4 . 6  Pol yacryl amide gel e lectrophores i s : The method 

described ear l ier ( Chapter 4 )  was used to a s s e s s  proteolys i s  

in  cheese .  

8 . 5  Re sults and d i s cu s s i on 

For convenience , average results are presented . 

are discussed in seven parts : 

8 . 5 . 1  Mi lk and retentate compos ition 

8 . 5 . 2  Cheese manufacture 

Thes e  



8 . 5 . 3  Cheese  compos ition 

8 . 5 . 4  Mas s  balance 

8 . 5 . 5  Res idual rennet concentration 

8 . 5 . 6  Chees e  proteolys i s  

8 . 5 . 7  Chees e  qual ity 

8 . 5 . 1 Mi lk and retentate compos i t i ons 

1 1 3 

The compos itions o f  the milk and 5 : 1 retentate were 

s imi lar  to those obtained in a previous investigation 

( Chapter 7 )  . 

8 . 5 . 2  Cheese manufacture 

No ma j or probl ems wer e  encountered in chees emaking from 

the retentates with var ious leve l s  of rennet addi t ion . 

Sub j ective a s s e s sment o f  the curds before cutting sugges ted 

that f i rmn e s s  increased with higher l eve l s  of rennet 

addition . At the lowe s t  l evel of rennet addition ( 0 . 2  R ) , 

the curd wa s soft and frag i l e  pos s ibly because o f  l ower 

casein aggregation and a c oarser casein network ( Green et  

a l , 1 9 8 1 b ) . The frag i l e  nature o f  the curd neces s itated 

delayed cooking of the curd a s  d i s cu s s ed previou s l y  ( Chapter 

7 ) • 

Dur ing cheesemaking , the pH o f  wheys , in  a l l  UF 

treatments at d i f f erent s tages of cheesemaking , were 

identi cal  and only s l i ghtly d i f f erent from the control . As 

d i s cu s s ed previously ( Chapter 7 )  the total buf fering and the 

total kg starter added was s imi lar for all treatment s . 

Therefore , it is  pos s i b l e  that the sma l l  d i f f erences i n  the 

pH between the contro l  and UF treatments wer e  due to 

d i f f erences in the stimul ation o f  growth and acid production 

in  the retentates ( Hi ckey et  a l , 1 9 8 3 a ,  Mi stry and Kos i 

kowski , 1 9 8 5 a , b ) . However , results o f  a previous inve s t i 

gation ( Chapter 4 )  had suggested that such stimulation may 

be minima l in the present study for two rea son s . Firstl y , 

stimul ation in  growth could be strain dependent . Secondly , 

in  the absence of diaf i l tration , such stimulation may be 

reduced pos s i bly becaus e  the proces s  of dia f i l tration may 

either remove inhibitory sub s tances from ,  or release growth 
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stimulating f actors into the mi l k . 

8 . 5 . 3  Cheese compos i t i on 

The composition o f  UF cheeses  from various l evel s  of 

rennet addition were s imi lar ( Table 8 . 1 ) . However ,  a s  

compared with the control , U F  Cheddar from d i f f erent 

treatments had s l i ghtly l ower FDM sugge sting that there may 

be s l ightly h igher fat l os se s  in the UF wheys . The s l i ghtly 

higher 1 -day pH in  UF Cheddars a s  compared with the control 

wa s pos s ibly due to d i f f erences i n  buf fering capaci ty 

( Mi stry and Kosikowski , 1 9 8 5 b ) and thes e  pos s ibly infl uenced 

the calcium values ( Creamer et a l , 1 9 8 5 ) . 

Table 8 . 1 Chees e  compos it ion 

Treatment Control 0 . 2  R 0 . 4  R 0 . 6  R 1 . 0 R 

FDM % 5 3 . 2  5 2 . 4  5 2 . 4  5 2 . 4  5 3 . 1 

+ 1 • 1 + 1 . 0 + 1 . 0 + 1 . 0 + 0 . 6  - - - - -

MNFS % 5 3 . 8  5 3 . 7  5 3 . 9  5 4 . 0  5 4 . 1 

+ 0 . 9  + 0 . 7  + 1 . 3 + 1 . 3 + 0 . 4  - - - - -

S/M % 5 . 0 0 5 . 0 1  5 . 0 8 4 . 9 1  5 .  1 0 

+ 0 .  1 2  + 0 . 2 3 + 0 . 0 4 + 0 . 0 4 + 0 .  1 6  - - - - -

pH 1 -day 5 . 0 7 5 .  1 5  5 . 1 3  5 . 0 9  5 .  1 2  

+ 0 . 0 2 + 0 . 0 0 + 0 . 0 1  + 0 . 0 1  + 0 . 0 0 - - - - -

TN % 4 . 0 4 4 . 0 8 4 .  1 4  4 .  1 3 4 . 0 9 

+ 0 .  1 0 + 0 . 0 7 + 0 . 1 2  + 0 .  1 4  + 0 . 0 6 - - - - -

ea mM/kg 1 8 1  . 0 2 0 5 . 0  2 0 8 . 0  2 0 9 . 0  2 0 3 . 0  

+ 1 . 9 + 1 . 0 + 0 . 5 + 3 . 9  + 2 . 0  - - - - -

Ca/SNFNS 2 . 4 8 2 . 8 4 2 . 7 7 2 . 7 9 2 . 8 4 

+ 0 . 0 8 + 0 . 0 6 + 0 . 0 9 + 0 . 0 9  + 0 . 0 2 - - - - -



8 . 5 . 4  Mas s  balance 

of 

There were no signi f i cant d i f f erences 

vari ous mil k  constituents i n  the cheese 

l eve l s  of rennet additi on ( Table 8 . 2 ) . 

1 1 5 

in the recovery 

from di f f erent 

However , the 

recovery of fat in all UF Cheddars was s l ightly l ower and TN 

rec overy s l i ghtly higher than that in  the control . Th i s  i s  

con s i stent with the results  o f  Green ( 1 9 8 5 ) .  A s  expected , CN 

and WPN recovery were s imilar f or a l l  UF treatments . 

Table 8 . 2  Mas s  balance 

Percentage recovery in cheese 

Treatment Control 0 . 2  R 0 . 4  R 0 . 6  R 1 . 0 R 

Fat 8 9 . 5  8 6 . 0  8 6 . 5  8 7 . 2  8 7 . 2  

+ 1 . 0 + 1 . 2 + 0 . 5  + 1 . 2 + 1 . 0 -

CN 9 6 . 8  9 7 . 0  9 7 . 0  9 7 . 0  9 7 . 0  

+ 0 . 4  + 0 . 2  + 0 .  1 + 0 . 0  + 0 .  1 -

WPN 5 . 4  3 4 . 4  3 6 . 6  3 7 . 0  3 4 . 0  

+ 0 . 6  + 0 . 3  + 1 . 2 + 1 . 7 + 2 . 5  - -

8 . 5 . 5  Res idua l r ennet concentration i n  chees e  

There were l arge dif f erences in  the res idual r ennet 

concentration in the chee s e  ( Table 8 . 3  and Figure 8 . 1 A  and 

8 . 1 8 ) .  S ince the pH values at whey drainage for a l l  UF 

treatments were s imi lar , it followed that d i f f erence s in 

res idual rennet concentration were primarily due to l evel s  

o f  rennet addition . The s e  results indi cated that i f  rennet 

addition s  to 5 : 1 retentates are decrea s ed in proportion to 

CF , the resul tant UF Cheddar has only one third of the 

residual rennet as compared with norma l Cheddar . 

A dif f erent picture emerges when the total res idual 

rennet in  chees e  i s  expres s ed a s  a perc entage of that added 

to the mi l k  or retentate ( Table 8 . 3 ) . There was a 

proporti onate increa se in percentage retention of rennet in 



Diffusion 
distance 

( A )  

1 1 6 

( B )  

Figure 8 . 1 A and 8 . 1 B Dif fusion tubes f i l l ed with k-casein 

agarose gel showing the d i f fus ion of rennet from ( A )  

control , 5 : 1  UF ( 1 . 0 R ) *  and 5 : 1 UF ( 0 . 2  R ) * ( series 1 )  and 

( B )  control , 5 : 1  UF ( 0 . 4  R ) *  and 5 : 1 UF ( 0 . 6  R ) *  ( series 2 )  

chees e  extracts .  1 0 0 � 1  of citrate buf fer extracts of 

cheese samples  were app l i ed . The d i f fusion di stance from 

the extract-gel inter face to the bottom of the ' cloud ' was 

measured . [ Note that a part of the precipitated k-casein 

' cloud ' near the extract-gel inter face has solubili z ed 

pos s ibly due to further proteolysis  of para -k-casein ] .  The 

diffusion d i stance was then used to estimate the res idual 

rennet concentration in the cheese s amples from the standard 

curve ( Fi gure 7 . 3 ,  Chapter 7 ) . 

Note : * see Exper imental Plan . 
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UF chees e  with incre a s i ng l evel of rennet additions to the 

retentate . The r ea son for thi s  trend i s  uncerta i n . 

However , these results show that the addition o f  rennet to 

5 : 1 r etentate at the 0 . 6  R l evel yields UF cheese with 

res idual rennet concentration s imi lar to that i n  n orma l  

Cheddar . In other word s , i n  5 : 1  UF cheesemaking , i f  the 

range of rennet additi on i s  s imi lar to that empl oyed in the 

pres ent i nvestigation , between 1 8  and 3 7 %  of the r ennet 

added may be retained in the chee s e . The s e  results sugg e s t  

that it i s  pos s ible t o  obtain U F  Cheddar with required 

r e s idual rennet concentration by varying the l evel o f  

addition t o  the retentate . I t  must be emphasi z ed tha t  the 

degree of concentration plays a ma j or role in these r eten

t i on values ( Chapter 7 )  and that the values reported i n  the 

pres ent inve stigation appl y  to 5 : 1  UF retentate with starter 

added on the bas i s  of mi lk quantity prior to UF . H i gh er 

retentions may be pos s ible  with higher degrees of concentra

t ion . 

Table 8 . 3  Re s i dual rennet in cheese 

Treatment Control 0 . 2  R 0 . 4  R 0 . 6  R 1 . 0 R 

Res idual rennet 

concentration 1 1 . 9 3 . 4  8 . 7  1 4 .  3 3 4 . 7  

RU/ 1 0 0 0  kg chee se + 0 . 6  + 0 . 2  + 0 . 2  + 0 . 5  + 3 . 4  

pH at whey 6 . 2 1  5 . 9 8 5 . 9 6 5 . 9 9 6 . 0 0 

drainage 

Rennet retention 1 2 • 1 1 8 .  2 2 3 . 1  2 5 . 1  3 7 . 2  

in  chees e  + 0 . 8  + 1 • 1 + 0 . 4  + 0 . 7  + 3 . 5  

( %  of that added ) 

8 . 5 . 6  Proteolysis : Interpretation of the proteolys i s  wa s 

based on the vi sual examination of the gel s since facil i t i e s  

for  densitometr ic ana l y s i s  were not avail abl e . Since the 

s amples  were run on d i f f erent gels and sma l l  d i f ferences in 
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the time the gel s  were run for and sample  loading may h ave 

occurred , the gel s are not completely comparable .  

Photographs of a l l  the gels  are shown in Appendix IV A and 

IVB . For this discuss ion , gels  from 3 5  day old samples  f or 

various treatments are shown f or compari s on purposes ( Fi gure 

8 . 2 ) . It appeared that the rate o f  breakdown of a
s 1 -casein  

i n  the control was s imilar to  that in  1• . 0  R Cheddar ( Fi gure 

8 . 2 ) . Thi s  rate was the lowe s t  in 0 . 2  R and highest i n  1 . 0 

R Cheddars . Thi s  was expected since a s 1  breakdown has been 

shown to be largely dependent on res idual rennet concentra

tion in  norma l Cheddar ( Creamer and Richardson , 1 9 7 4 ; Gripon 

et al , 1 9 7 5 ; Kleter , 1 9 7 6 ; O ' Keef e  et al , 1 9 7 6 , 1 9 7 8 ; 

Koning et a l , 1 9 8 1 ) .  In  the present investigation , factors 

such a s  cheese  compos ition ( Tabl e  8 . 1 )  and pH dur ing matura

tion were s imilar for the var ious treatments and theref or e  

unlikely to have a ma j or inf luence on a s 1  proteolys i s . The 

0 . 6  R Cheddar had s l i ghtly higher res idual rennet concentra

tion than that in  the control and yet the rate of breakdown 

of a s l casein did not appear to be faster . The reason for 

this  is  not certain . One pos s ibi l i ty is  that the pres ence 

o f  whey prote ins in UF Cheddar made the a s 1  casein l e s s  

acce s s ible to rennet enzyme s . 

I n  contrast , the rate of p -cas ein breakdown in var i ou s  

treatments did not appear t o  b e  gros s ly d i f f erent . However , 

a s  compared with the control , p -casein proteoly s i s  in 5 : 1 UF 

( 0 . 2  R )  Cheddar wa s s l ightly l ower and that in  5 : 1  UF ( 1 . 0 

R )  Cheddar wa s s l ightly higher than the control . As 

discussed ear l ier ( Chapter 7 ) , i t  i s  pos s ible that these 

d i f ferences in p -casein proteolys i s  were largely due to 

res idual rennet concentration even though rennet en zyme s 

degrade P -casein s l owly ( Phelan et a l , 1 9 7 3 ) .  Moreover , i f  

P - casein proteolys i s  i s  primarily due to pla smin a s  c l aimed 

by Creamer ( 1 9 7 1 , 1 9 7 4 ) , it should have been identical in  

a l l  UF treatments unl e s s  its activity was inhibited by p -
lactog lobulin  ( Snoeren et a l , 1 9 8 0 ) . 
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Figure 8 . 2  Polyacryl amide gel electrophores i s  of cheese 

made from control milk and 5 : 1 UF retentate with 0 . 2  R* , 0 . 4  

R * , 0 . 6  R *  and 1 . 0 R* l evel s  of rennet addition . The age of 

the cheese i s  35  days . 

Note s : 

1 .  Thi s  photograph has been obtained a fter combining 

photograph s of gel electrophore s i s  for s amples  from series 

1 * and series 2 * . Thi s  involved alteration in the 

magn i f i cation of one of the photographs so as to match a s 1  
and p casein bands . Consequently the thicknes s  of some of 

the bands has been altered . For the or iginal photographs of 

gel s  in series  1 *  and series 2 * ,  see Appendix IVA and IVB 

respectively . 

2 .  * see Expe:r;'·imental Plan . 
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8 . 5 . 7  Cheese qua l ity 

8 . 5 . 7 . 1  Grading 

There were some d i f ferences in the qual i ty of Cheddar s  

obtained f rom var ious treatment s ( Table 8 . 4 ,  A and B ) . The 

f i rmer body and atypical f l avour of 0 . 2  R Cheddar was 

probabl y due to lack of a
s 1  casein breakdown . The qua l i ty 

o f  UF Cheddars became progre s s ively c l oser to that o f  the 

control with increa sing res idual rennet concentration . The 

1 . 0 R Cheddar had a qua l ity comparab l e  to that of the 

control . In  addition , it a l s o  had smoother con s i s tency 

whi ch could be related to the higher whey protein content as 

obs erved by Boer and Nooy ( 1 9 8 0 a ,  b )  in  Gouda cheese . Thi s  

smoothness was least apparent i n  0 . 2  R Cheddar despite the 

pres ence of a s imi lar proportion of whey proteins . A 

pos s ible explanation i s  that l ower a s 1  casein breakdown in  

0 . 2  R Cheddar made the e f f ect of smoothnes s  less  pronounced . 

The ' bl and ' f l avour observed in  some UF Cheddars with l ower 

rennet addition s  wa s to some extent pos s ibly a ' di l ut ion ' 

e f fect due to the whey proteins as suggested by Koning e t  a l  

( 1 9 8 1 ) .  The higher rate o f  breakdown i n  1 . 0 R Cheddar 

probably counteracted thi s  ' di lution ' e f f ec t  to give a 

f l avour comparable to that of the contro l . The result s  o f  

the present inve stigation suggest that f or UF Chedda r  to 

have a qua l ity comparable to that of normal Cheddar , the 

res idual rennet concentration may need to be much h igher 

than that in conventional Cheddar . 

8 . 5 . 7 . 2  Sensory panel 

There were s ome differences in the f lavour and the 

texture attributes of Cheddar cheese obtained from the 

control , 0 . 4  R and 0 . 6  R treatments ( Table 8 . 5 ) . A summary 

of the effect o f  a l l  variables and interactions is shown in 

Appendix IV c .  It i s  c l ear that 0 . 6  R Cheddar wa s 

relatively c loser in texture and fl avour to the control . 

Since the chemi cal  compos ition of the chee ses  f rom the three 

treatments wa s s imi lar , it appear s that s ome o f  these 

d i f ferences in  texture and f l avour could be attributed to 

di f f erences in  res idual rennet concentration ( Green et a l , 



N Stage of cheese maturation 
Trial 35 days 3 months 6 months 

No.  Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Nonnal ( 6 )  Sl .mealy ( 3 }  Sl . sour ( 6 )  Weak ( 3 )  Sl . fruity ( 5 )  Weak ( 3 )  
Q) l Ul Sl .mealy Sl . sour Sl .mealy 
Q) Q) 5 : 1  UF Nonnal ( 6 )  Sl .tender ( 3 )  Sl . sour ( 6 ) Tender ( 3 )  Sl .oxidized ( 6 )  Tender ( 3 )  Ul ..c: Q) 
() 1 1 . 0 R Sl .bitter Smooth Sl .bitter Smooth Sl . sour Smooth H 0 
4-l () 0 5 : 1 UF Sl .bland ( 6 }  Finn ( 2 )  Atypical ( 5 ) Finn ( 2 )  Atypical ( 5 )  Finn ( 2 )  Ul 

0 . 2  R Mealy Crumbly Crumbly Q) � ro ·r-1 cU ro Control Nonnal ( 6 )  Sl . lumpy ( 2 )  Sl . sour ( 6 )  Sl .tender ( 3 }  Sl . sour ( 6 )  Sl .rnealy ( 3 )  H cU tJl H Sl . sour Sl .rnealy 
C!J 

Nonnal Nonnal 
0 
..j..l 

2 5 : 1 UF Nonnal ( 5 )  Sl .rneal y ( 3 )  Sl . sour ( 6 )  Sl . pasty ( 3 ) Sl .oxidized ( 6 )  Tender ( 3 )  H 
1 . 0 R Sl .bitter Sl .bitter Smooth Nonnal Sl .plastic (J) Ul 4-l (J) (J) ·r-1 5 : 1 UF Sl . oxidized ( 5 )  Finn ( 2 )  Sl . bland ( 5 ) Sl . finn ( 2 )  Atypical ( 5 ) Finn ( 2 )  H H Q) 0 . 2  R Sl .bland Rubbery Atypical Mealy Crumbly Ul 

CJ) ..j..l ._.. (J) 
Control Nonnal ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 6 )  Sl . lumpy ( 3 )  Sl .unclean ( 6 )  Sl .rnealy ( 3 )  � 

.:X: () 
""' Sl . sour Nonnal Sl . loose Sl . sour cU . H 
00 ,..Q 
(J) 3 5 : 1 UF Nonnal ( 6 )  Tender ( 3 )  Sl . sharp ( 6 ) Tender ( 3 )  Nonnal ( 6 )  Sl .rneal y ( 3 )  � 

...-1 1 . 0 R Sl . sharp Smooth Sl . sour Smooth Sl .bland Smooth ·r-1 ,..Q cU Ul 
E-t 5 : 1  UF Sl . bland ( 5 ) Very finn ( 2 )  Sl . bland ( 5 ) Finn ( 2 }  Atypical ( 5 }  Sl . crumbly ( 2 ) (J) H 

0 . 2  R Rubbery Sl . sour Sl .rnealy Very finn ::l 
tJl 

·r-1 
rx.. 

.. 

�I 



N 
N Stage of cheese maturation 

Trial 35 days 3 rronths 6 rronths 
No.  Treatment Flavour Texture Flavour Texture Flavour Texture UJ 

Q) 
H 

Control Norma.l ( 6 )  Sl .mealy ( 3 )  Sl .sour ( 6 )  Sl .mealy ( 3 )  Sl . fruity ( 6 )  Sl .mealy ( 3 )  0 
u 

Sl . sour Sl .pasty Norma.l Srrooth Sl . sour UJ 
(]) 
UJ Q) 
(]) 1 5 : 1 UF Atypical ( 5 )  Sl .mealy ( 2 )  Atypical ( 5 ) Sl .meal y ( 2 ) Atypical ( 5 )  Sl . finn ( 2 )  '"d 
(]) ro 
..c 0 . 4  R Sl . finn Sl . sour Sl . lumpy Bland Sl . curdy H 
u tn 

4-l 5 : 1 UF Norma.l ( 5 )  Sl .mealy ( 3 )  Sl . bland ( 6 ) Sl .mealy ( 3 )  Sl . bland ( 5 ) Sl .mealy ( 3 )  0 
0 .j...l 

0 . 6  R Sl . sour Sl .pasty Sl .bitter Sl .pasty Sl . sour Sl . finn 
H 

1:: Q) 
·r-l Control Norma.l ( 6 )  Sl .tender ( 3 )  Sl . sour ( 6 )  Sl .meal y ( 3 )  Sl . sour ( 6 )  Sl . tender ( 3 )  4-l 

'"d Q) 
ro Sl . sour Sl .mealy Norma.l Srrooth Sl . fruity H 
H 

� UJ 

2 5 : 1  UF Atypical ( 5 ) Sl .meal y ( 3 ) Atypical ( 5 )  Sl .curdy ( 2 )  Bland ( 5 )  Sl . curdy ( 2 ) .j...l 
Q) 

N 0 . 4  R Sl . finn Sl . lumpy Sl . finn ..!x:: 
u 

UJ ro 
Q) 5 : 1  UF Norma.l ( 6 )  Sl .mealy ( 3 )  Norma.l ( 6 )  Sl .mealy ( 2 )  Sl .bland ( 6 )  Sl . finn ( 2 )  H 

.,.; ..Q 
H 0 . 6  R Sl .bland Sl . finn Sl .bitter Sl .pasty Sl . sour Sl . srnooth 

1:: Q) 
U) .,.; 

Control Norma.l ( 6 )  Sl .weak ( 3 )  Norma.l ( 6 )  Sl . tender ( 3 )  Sl . sour ( 6 )  Sl .mealy ( 3 )  UJ 

CQ Sl .bland Sl .mealy Sl . sour Srrooth Norma.l Q) 
qt H 

. ::l 
CO 3 5 : 1 UF Atypical ( 6 ) Sl . finn ( 3 )  Atypical ( 6 )  Sl . pasty ( 2 ) Atypical ( 5 )  Sl . finn ( 2 )  tn 

.,.; 
Q) 0 . 4  R Sl .bland Sl .rubbery Sl . sour Sl . curdy Bland Sl . curdy � 

r-i 

�I 5 : 1 UF Sl . sour ( 6 )  Sl . tender ( 3 ) Sl .bland ( 6 )  Srrooth ( 2 )  Sl . bland ( 6 ) Sl . tender ( 3 )  ..  

� I 0 . 6  R Norma.l Sl .mealy Norma.l Sl . tender Norma.l Srrooth 



Table 8 . 5  Sensory panel Scores 
+ 

A .  Mean texture s cores 

1 2 3 

S ummary o f  a l l  treatment means showing sign i f i cant treatment 

e f f ect s . Sampl e s  not s igni f icantly d i f ferent at the 5 %  

l evel are j oined by l i ne s . 

Attribute 

Firmness  

Rubberiness 

Crumbl ines s 

Smoothne s s  

Stickine s s  

Meal in e s s  

Grittine s s  

Treatment and sample mean s  

Control 

4 . 6  

Contro l  

1 . 7 

0 . 6  Rennet 0 . 4  Rennet 

5 . 3  5 . 8  

0 . 6  Rennet 0 . 4  Rennet 

2 . 9  3 . 2  

0 . 6  Rennet 0 . 4  Rennet Control 

2 . 4  2 . 7  3 . 3  

0 . 4  Rennet Control 0 . 6  Rennet 

4 . 4  3 . 5 4 . 2 

0 . 4  Rennet 0 . 6  Rennet Control 

2 . 9  

Control 

2 . 9  

Control 

0 . 0  

3 . 4  4 . 0  

0 . 6  Rennet 0 . 4  Rennet 

3 . 0  3 . 2  

0 . 4  Rennet 0 . 6  Rennet 

0 . 0  0 .  1 

n s  not s i gnifi cant 
* s igni f i cant at 5 %  l evel of s i gni f i cance 
** s igni f i cant at 1 %  l evel of s ign i f i cance 
* * * s igni f i cant at 0 . 1 %  l evel of s igni f i cance 

F rati o s  

3 5 . 7 5 * *  

8 3 . 8 6 * * *  

1 . 7 7  n s  

2 . 4 6 ns 

4 . 7 9 * 

0 . 1 5  n s  

0 . 9 2 n s  

0 . 6  Rennet and 0 . 4  Rennet a r e  the s ame a s  0 . 6  R and 0 . 4  R 
ref erred to in the text . 



Attribute 

Acid/sour 

Fruity 

Sulphide 

Sharpne s s  

Bitternes s  

Table 8 . 5  Sensory panel  scores  

B .  Mean f l avour s cores+ 

Treatment and s ampl e  means 

0 . 4  Rennet 0 . 6  Rennet Control 

3 . 3  3 . 6  4 . 6  

0 . 6  Rennet 0 . 4  Rennet Control 

1 . 2 1 . 5 2 . 8  

0 . 4  Rennet 0 . 6  Rennet Control 

0 . 2  0 . 5  0 . 7  

0 . 6  Rennet 0 . 4  Rennet Control 

0 . 6  0 . 7  1 . 6 

0 . 6  Rennet 0 . 4  Rennet Control 

0 . 2  0 . 2  0 . 7  

n s  not s i gni f i cant 

* s igni f ic ant at 5 %  level 

* *  s igni f icant at 1 %  level 

* * *  s igni f i cant atO� % level 

1 2 4 

F ratios  

7 . 3 5 * *  

7 . 2 1  * *  

2 . 3 7 n s  

5 . 8 9 * *  

2 . 9 7 n s  

0 . 6  Rennet and 0 . 4  Rennet are the s ame a s  0 . 6  R and 0 . 4  R 

referred to in  the text . 
+ s cores are means o f  3 repl icates averaged over 3 and 

6 months . 
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1 9 8 1 a ) . Thes e  results  are con s i stent with thos e  of Koning 

et  al ( 1 9 8 1 ) who reported lack of f l avour development with 

l ower rennet addition s  to UF retentates .  The results of the 

taste panel con f i rmed , to a large extent , the findings from 

the grading data . 

8 . 6  Conclus ion 

The results  of the present study suggest that res idual 

rennet concentration in  UF cheese depends largely on the 

rate of addition to the retentate and pH at - whey drainag e . 

It has been suggested that the res idual rennet concentration 

plays a ma j or role in the proteol y s i s  and qual ity o f  UF 

Cheddar ( Koning et a l , 1 9 8 1 ) .  Further research is needed to 

determine the optimum res idual rennet concentration in UF 

Cheddar . It is pos s ible  that thi s  optimum value for UF 

Cheddar wil l  be s l i ghtly higher than that for normal Cheddar 

because of the ' di l ution ' effect of the whey proteins  

( Koning et  a l , 1 9 8 1 ) .  Results a l s o  sugge s t  that it may be 

pos s ible to obtain UF Cheddar with target res idual rennet 

concentration by mani pu lating the rate of rennet addition to 

the retentate and a l s o  dra ining the whey at a predetermined 

pH ( Creamer et a l , 1 9 8 5 ) . 
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CHAPTER 9 

YIELD OF UF CHEDDAR CHEESE 

9 . 1  I ntroduction 

The yield of chees e  i s  important s ince it influences 

the economi c s  o f  the cheesemaking proce s s . A number of 

methods are u s ed to calculate and expre s s  cheese yield ba s ed 

on various formulae and a s s umptions . For the purpos e  o f  

this  discu s s i on , three methods need t o  b e  mentioned : 

( i )  Weight of chees e  made from a g iven quantity of mi lk , 

u s ually kg chees e  per 1 0 0 kg mi lk ( Le l i evre et a l , 1 9 8 3 ) .  

Thi s  method provides useful information for accountants and 

for purposes  of equipment de s ign . 

( ii )  Weight of cheese from a given quantity of fat in the 

mi lk , kg cheese  per kg f at . Thi s  method i s  useful when the 

cheese factory pays for mi lk on the bas i s  of fat content o f  

the milk . 

( i i i ) Production e f f i ci ency . Thi s  method involves l o s s  

monitor ing techniques ( Parkin , 1 9 8 2 ) . 

pi cture of the los ses  in  the whey 

cheesemak ing proce s s .  

It provides a good 

and therefore the 

Each of these methods has its own merits . However ,  

data on the l o s s e s  in  the whey together with an indi cat i on 

o f  MNFS and FDM value o f  the chee s e  pos s ibly provides the 

best information on evaluation o f  the yield of cheese . 

I n  commercial manufacture , the losses  ( and there fore 

yield ) vary from one plant to another depending on the 

des i gn of the cheesemak ing equipment ( Phelan , 1 9 8 1 ; Barbano 

and Sherbon , 1 9 8 4 ) . Literature reports on yield of UF 

Cheddar are f ew .  One report from Au stralia  suggests that 

yield of UF Cheddar may be 8 - 1 0 % higher than conventi ona l 

Cheddar ( Jame son , 1 9 8 4 ) , but the bas i s  of yield calculation 
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has not been given . 

In thi s  laboratory , cal culations using the principle of 

ma s s  balance predi ct the yield advantage in Cheddar cheese

making from 5 : 1 UF  retentate to be about 6 % . The present 

chapter describes tria l s  carried out to obtain further 

information about the yield of UF Cheddar . 

9 . 2  Methods by which Ultraf i l tration can increase 

Cheddar chee s e  yie lds 

A convenient means o f  evaluating how UF can 

chees e  yield from a given supply of mi lk i s  to 

weight of chees e  manu factured equal the sum of the 

o f  fat , solids -non-fat and moi s ture in the product . 

may now be expressed in  terms o f  retention f actor s : 

increase 

let the 

wei ghts 

Yield 

kg cheese = [ ( kg moi s ture in  milk x R 1 ) + ( kg fat in  mi lk 

x R2 ) + ( kg SNF in milk x R3 ) ]  

where R 1 , R2  and R3 are retention factors for moi sture , fat 

and SNF respectively . I t  i s  easy to under stand , theref ore , 

that mea sures to increas e  yield involve increases  in these 

retent ion f actors and hence the production e f f i c i ency . Of 

cour s e , the se retention factor s cannot be increa s ed beyond 

certain wel l  def i ned l imits partly because o f  s ome 

inevitable l os se s  and partly because  of the e f f ect on 

qua l i ty . For exampl e  h i gh MNFS in  cheese , whi l e  instru-

mental in  increas ing yields , may adversely a f fect qual ity 

( Pearce and Gilles , 1 9 7 9 ) and grade ( Lelievre , 1 9 8 3 a ) . 

Theref ore , there is  genera l l y  a trade off  between yield and 

qua l ity . 

UF may 

retention of 

increa s e  Cheddar yields by influencing the 

each of the three categories of milk con-

stituents mentioned ear l i e r . 

9 . 2 . 1 The fat : The wei ght of fat in the cheese i s  equal to 
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the we ight of fat in  the mi lk minus the weight l ost during 

manufa cture . With a given mi lk supply , therefore , the only 

way UF cheesemaking can increase the weight of f at in the 

cheese is by decrea s ing fat losses . 

In conventional manufa cture , fat recovery depends on a 

number of factors and genera l l y  varies  f rom 8 5  - 9 4 %  ( Gi l l e s  

and Lawrence , 1 9 8 5 ) . The ma j or losses  occur when the mi lk 

gel formed by rennet acti on is  cut and syner e s i s  takes 

place . However , l o s s e s  do take place at a l l  subsequent 

stage s of cheesemaking . Given a code of good manufacturing 

practice , the extent of losses  depend on the des ign of the 

cheesemaking unit . It should be po s s ible to des ign UF 

cheesemaking plants whi ch provide a decrease in fat losses  

s i nce , compared with conventional manufacture , whey 

expul sion is reduced and since les s curd 

c a . d 

U F  _ .whey tonR:tiins a d!riV}l-e:r eo 

s t i l l  a potent ial for over a l l  

cheesemaking . 

of the fat 

It should be pointed out , however , that mos t  

in the whey can b e  recovered for further 

proce s sing and is  o ften as valuabl e a s  the fat in  the fresh 

mi lk . Therefore , decrea ses in fat losses  make a relatively 

minor contribution to the prof i tab i l ity of modern cheese

making plants . 

9 . 2 . 2  The sol ids -non- fat : For both UF and c onventional 

cheese the weight o f  SNF in the cheese depends primarily on 

the wei ght of casein in  the mi lk . 

o f  the SNF in  chee se i s  casein . 

Th is  i s  because  8 0  - 8 5 %  

Al so , i nsoluble minera l s  

such a s  calcium phosphate are as soci ated with the casein and 

gain entry into the chee s e . 

important . 

The losses  of casein are also  

UF  cheesemaking has  the potent ial to  decrea se ca sein 

losses  l n  a manner s imilar to decrease ln  fat losses  

d i s cus sed ear lier . Such reductions in casein losses  have 

great economi c s i gnifi c ance because extra casein allows the 

inclus ion of extra weight of water . 
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conventional manu f acture , the water soluble 

i n  milk make a very minor contr ibution to the 

SNF in  the cheese  s ince the retention o f  the s e  

components i s  very l ow .  In  UF che e s emaking , their retention 

i s  increased and a higher proportion of whey protein s , 

macropeptide from casein , and minera l s  i s  present i n  the 

product . I t  must be remembered that , whi l e  the inc l u sion o f  

a higher proportion of water soluble c omponents may increa s e  

yield , qua l i ty may b e  a f fected . For example , the pre s en c e  

o f  denatured P - l actoglobul i n  may inhibit plasmin ( Snoeren , 

1 9 8 0 ) whi ch plays a role in devel opment of f l avour i n  the 

cheese . On the other hand , the inclus ion of extra whey 

proteins has been found to increa s e  smoothne s s  in Gouda 

cheese ( Boer and Nooy , 1 9 8 0 a , b ) . 

9 . 2 . 3  The moi s ture : The weight o f  moi sture in the chees e  

can be control led by varying the manufacturing cond i ti on s . 

The moi s ture to casein ratio ( which i s  related to the ratio 

o f  moi s ture to non-fat substanc e ) influences both the 

qual i ty ( Lawrence and Gilles , 1 9 8 0 ) and yield ( Gi l l e s  and 

Lawrence ,  1 9 8 5 ) of Cheddar chees e . Whi l e  attaining h i gher  

MNFS has obvious yield advantages ,  it i s  genera l ly recog

ni s ed that if MNFS i s  too high , qua l ity i s  l ikely to decl i n e  

( Le l i evre and Gi l l e s , 1 9 8 2 ) . The cheese-maker should aim 

f or the target MNFS that gives the correct trade off between 

yield and grade ( Lelievre , 1 9 8 3a ) . I t  is not known whethe r  

U F  chees emaki ng wi l l  permit the proportion of moi sture to 

SNF in  the cheese to be a ltered from the target level  for  

c onventional manufacture . There are  three pos s i bi l itie s .  

Firstl y ,  i f  i t  i s  the moi sture : ca s e i n  ratio rather than the 

MNFS that determines qua l ity as suggested by Lawrence and 

Gi l l es ( 1 9 8 0 ) , the presence of extra water soluble  

components wi l l  not a l l ow the weight o f  moi sture to  increa s e  

above the l evel i n  the conventional cheese . Therefore the 

target MNFS wi l l  be l ower as compared with that 1n the 

conventional cheese . Secondly , i f  it i s  MNFS that relates  

directly to quality , the extra SNF in UF cheese wi l l  permi t 

the wei ght of moi sture to be increased proportiona l l y . I n  

thi s  case , the target MNFS in U F  cheese and conventional  
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product rema ins the same . Thi rdly , i f  s ome components  o f  

the extra SNP in U F  cheese , such a s  whey protein o r  macro

peptide are capabl e  of imbibing l arge quantities  of 

moi sture , it may be pos s ible to further increa s e  the weight 

o f  water in the cheese without adversely a f fecting qual i ty . 

I n  thi s  ca s e , the target MNFS of UF chees e  wi l l  be h i gher 

than that of conventional chee s e . 

9 . 3  Experimental approach 

The yield advantages in UF chees emaking outl i ned in the 

f oregoing discus sion are , in  e f fect , of two type s . 

Firstly , there are yield increa s e s  that are due to the 

incorporation of extra water- soluble SNP components into the 

UF cheese . The degree of retention of thes e  components 

depends on the moi s ture content of the retentate and that of 

the f inal product . Thus , with a g iven MNFS , a rea l i s t i c  

mea surement o f  increase in yield due to inclus ion o f  extra 

water solubl e components can be made . Such measurements  

were carried out i n  the pre s ent investigation . The extra 

SNP component s may a l l ow the incorporation of additional 

weight of moi s ture to be incorporated into the chee s e . In 

the present study thi s  pos s ibil ity was ·  invest igated by 

checking the relationship between the qua l i ty and MNFS of UF 

Cheddar . 

Secondly , reductions in  the fat and/or casein los s e s  to 

l eve l s  below those encountered in  c onventional manuf acture 

may increase cheese yields . Such yield increa ses  are 

pos s ible i f  suitable chees emaki ng equi pment can be de s i gned . 

In  the pres ent study , the level s  of fat and casein l o s s e s  

occurring wi th U F  cheesemaking were mea sured . The ef f ect o f  

s ome f actors infl uencing th e s e  losses  wa s al so studied . The 

f actors were : 

( i )  mode of operation of UF pl ant i . e .  batch or continuou s , 

( i i )  degree of curd handl ing . 

Calculations were then made to predict pos s ible yield 

advantages with suitable UF cheesemaking equi pment . 
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9 . 4  Experimenta l 

Three trial s were carried out for each of the two 

experiments during 1 9 8 4 - 5  and 1 9 8 5 - 6  dairying sea sons . 

9 . 4 . 1 Batch vs continuous operation of UF unit : Pasteu r i z ed 

and standardi z ed milk was divided into two lots . The 

smal ler lot ( 5 0 kg ) was retained a s  control . 

9 . 4 . 1 &2 Ultrafi ltration : The bi gger lot ( 2 5 0  kg ) was heated 

to 5 1 + 1 °C and placed in the preconditi oned UF unit . The 

plant was run first  on the cont inuous mode and the requi red 

amount of retentate ( 2 0 kg ) was continuously  drawn . It was 

then swi tched to batch mode and the remaining milk 

concentrated to a level s imi lar to that of retentate 

obtained f rom the continuous mode � In the continuous mode 

the degree of UF was contro l l ed manual l y  by regulating the 

f l ow of retentate and permeate . At high CF ( > 3 : 1 ) ,  the f l ow 

o f  retentate wa s very l ow and di f f i cult to regu l ate . 

Therefore , it was not pos s ibl e to obtain a CF hi gher than 

3 : 1 .  On an average , re s idence t ime for milk in the UF pl ant 

wa s 1 0 - 1 5  minutes and 4 0 - 4 5  minutes for continuous and batch 

mode s respectively . 

9 . 4 . 2 , · Cheesemaki ng : Thi s wa s a s  des cribed in Chapter 7 

for control and 3 : 1  retentate . 

9 . 4 . 2 . 1 Control vs 5 : 1 UF ( norma l MNFS - 5 2 - 5 5 % ) vs 5 : 1 UF 

( high MNFS - > 5 5 % ) 

Thi s  part was as described previously  ( Chapter 7 )  for 

control and 5 : 1  UF ( norma l MNFS ) except that milk wa s 

standardi s ed to casein : fat ratio of 0 . 5 7 - 0 . 6 .  

tr i a l s  had shown that high MNFS l eve l s ( � 5 7 % ) are 

Prel imi nary 

d i f ficult 

to attain when mi lk of norma l casein : f at ratio ( 0 . 6 8 - 0 . 7 2 )  

i s  us ed . 
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For 5 : 1  UF ( hi gh MNF S ) treatment there was a s l i ght 

deviation in  the method as described below : 

( i )  Starter wa s added at a reduced rate of 1 . 5 %  w/w ( ba sed 

on milk quantity prior to UF ) so that 0 . 7 5 kg s tarter was 

added to 1 0  kg 5 : 1  retentate . 

( i i )  The retentate was set at 3 5°C .  

( i i i ) The temperature wa s maintained at 3 5°C from s ta rter 

addition to s eparation of curds and whey . 

( iv )  I n  

together , 

order to prevent the curd particles  from f u s ing 

the curd par t i c l e s  were gently stirred from t ime 

to time . Thi s  hand l i ng wa s kept to a minimum . 

Ma s s  balance exerc i s e s  were carried out during all  

chees emaking tr i a l s  a s  descr ibed previous l y  ( Chapter 4 ) .  

9 . 5  Analyses 

The mi lks and retentates were analysed f or total 

s o l ids , fat , TN , NCN , NPN and cal c i um . Th e cheeses  were 

analysed for moi s ture , fat , TN , salt , pH and cal c i um .  The 

che e s e s  were a l s o  graded when 3 5  days , 3 months and 6 months 

of age by a panel of 3 - 4  exper ienced j udges . Some cheese 

s amp l e s  were a l s o  a s s e s s ed by a sensory eval uation �panel . 

Method s for a l l  the above analyses have been described 

previ ously ( Chapter 4 ) . 

9 . 6  Results 

Mas s  balance results  of a previous investigation 

( Chapter 7 )  for control and 5 : 1  UF cheeses  ( Table 9 . 1 )  are 

used in  the discuss ion . 



1 3 3  

Tab l e  9 . 1  Mass ba l a n c e  

Mi l k /Re t e n t: a t c  whey cheese Pe rc e n t ag e R ecove r y  
-------------- - - -- - - - -- - - --- - - - -- - -- - -- ·-- .- - - -- - - - - -· 

-- - - - -- -- -- - -- - - - - - -·- - - - - -- - - -- - - - - -- - - - - - -- -- - _,.._, __ - - --· - - - -- ----- - - - --- --- - - - - --- --- -- -·-- - ----------- - -------

T r i a l  n o . 

\'!e i g h t  

·rr e a tment ( k g )  

FCI t TN 

% 

N C N  NPN lve i g l : t  F <t  t 
% % ( k g )  

NGi N P N  Fnt 
% ( kg )  % 

TN t-lo i s t u r e  

% % 
F a t  Ca s e i n  

% % 
Whey prot e i n  

% 
---- - - - - - - - -- - - ------- - - -- - -·-- - - - - -- --- -- - - --- -· - - -·-· - -- -- - - -- --- - -- - - - - -- -- - ---- - · - - - - - - - - - - - -· - - - - - - - -·- - - - - - -- -- - · - - - - - - - -- -· - - - - - - - - -· - - -------- - - -- -·---·---- - ---- - --

2 

3 

4 

5 

6 

7 

8 

9 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

c 
5 :  1 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

5 1 . 0  

1 1 . 0 

3 . 8 6 

2 0 . 0 0 

3 . 8 5 

1 8 .  3 0  

4 . 0 3  

2 0 . 4 0 

3 . 5 0  

1 7 . 0 0 

4 . 0 0 

1 9 .  1 0 

3 .  8 0  

1 8 . 3 0 

4 . 0 0 

1 8 . 9 0 

3 . 8 5 

1 8 . 5 0 

0 . 5 3 2  0 . 1 4 2 0 . 0 3 2  

2 . 2 4 6  0 . 5 1 2  0 . 0 3 9  

0 . 4 9 9  

2 . 0 9 4  

0 . 5 1 9  

2 .  3 3 8  

0 . 5 1 5  

2 . 2 4 2  

0 . 5 2 9  

2 . 3 8 3  

0 . 5 4 0  

2 . 3 6 4  

0 . 5 3 0  

2 . 3 4 0  

0 . 5 2 9  

2 . 3 0 0  

0 .  1 2 4 

0 . 4 6 6  

0 . 1 3 4 

0 . 5 0 8  

0 .  1 3 5 

0 . 5 0 2  

0 .  1 3 9 

0 . 5 2 8  

0 . 1 3 5 

0 . 5 1 9  

0 . 1 4 0 

0 . 5 3 5  

0 .  1 2 9 

0 . 4 9 5  

0 . 0 4 0  

0 . 0 9 6  

0 . 0 2 9  

0 . 0 3 3  

0 . 0 2 9  

0 . 0 3 2  

0 . 0 2 8  

0 . 0 3 3  

0 . 0 2 8  

0 . 0 2 9  

0 . 0 2 7  

0 . 0 3 0  

0 . 0 2 6  

0 . 0 3 0  

3 . 6 0 0 . 5 2 9  0 . 1 2 4 0 . 0 2 6  

1 7 . 9 5
' 

2 . 3 2 4  0 . 4 7 9  0 . 0 2 9  

4 6 . 2 0 

5 . 7 5 

4 6 . 2 0 

5 . 8 0 

4 6 . 6 0 

6 . 4 0 

4 6 . 1 0 

6 . 2 0 

4 6 . 9 0 

6 . 1 0 

4 6 . 2 0 

6 . 4 0 

4 6 . 5 0 

6 . 2 5 

4 6 . 5 0 

6 . 3 0  

0 . 4 2 

7 . 9 5 

0 . 3 3 

7 . 3 0 

0 . 3 7  

5 . 6 3 

0 . 3 5 

5 . 4 0 

0 . 3 9 

5 . 5 4 

0 . 3 6  

4 . 7 0 

0 . 4 2 

5 . 2 5 

0 . 3 9 

4 . 8 0  

4 6 . 7 0 0 . 3 5 

6 . 4 0  4 . 7 5  

0 . 1 6 8 0 . 1 � 9 0 . 0 4 6  

0 . 7 7 9  0 . 6 7 L  0 . 0 9 6  

0 . 1 4 4 0 . 1 3 8 

0 . 7 1 4  0 . 6 0 6  

0 . 1 6 1 0 . 1 :.s 
0 . 7 1 2  0 . 6 0 7  

0 . 1 6 6 0 . 1 5 6 

0 . 7 0 5  0 . 6 0 0  

0 . 1 7 0 0 . 1 6 6 

0 . 7 5 8  0 . 6 6 3  

0 . 1 5 3 0 . 1 4 2 

0 . 7 4 1  0 . 6 4 6  

0 . 1 7 2  0 . 1 5 6 

0 .  7 7 5  0 . 6 8 0  

0 . 1 6 5 0 . 1 5 1  

0 . 7 2 5  0 . 6 i S  

0 . 1 5 7 0 . 1 4 1  
0 . 6 8 8  0 . 5 8 3  

0 . 0 4 0  

0 . 0 9 2  

0 .  Q :j 5 

0 . 0 8 8  

0 . 0 4 5  

0 . 0 9 0  

0 . 0 5 2  

0 . 0 8 6  

0 . 0 4 2  

0 . 0 9 8  

0 . 0 3 8  

0 . 0 8 5  

0 . 0 4 2  

0 . 0 8 2  

0 .  O il 1 

O . O H O  

5 .  1 5  
5 .  1 0  

5 . 0 5 

4 . 9 5 

4 . 9 0  

5 . 2 0 

4 . 7 0 

4 . 8 5 

5 . 0 0 

5 .  1 0  

5 . 0 5 

5 .  1 0 

5 . 0 0 

5 . 0 5 

5 . 0 0 

5 . 0 5 

4 � 9 0 
5 . 0 0 

3 5 . 0  

3 2 . 0  

3 5 . 0  

3 2 . 0  

3 7 . 0  

3 6 . 0  

3 4 . 0  

3 2 . 5  

3 6 . 0  

3 4 . 8  

3 4 . 0  

3 3 . 5  

3 5 . 5  

3 4 . 6  

3 4 . 5  

3 4 .  1 

3 3 . 5  
3 3 . 0  

3 . 9 5 

4 .  0 1  

3 . 8 5 
4 . 0 0 

3 . 9 5 

4 . 0 0 

3 . 9 0 

4 .  1 2  

3 . 7 5 

3 . 9 2 

3 . 9 6 

4 . 0 3 

3 . 8 2 

3 . 9 5 

3 .  8 1  
3 .  9 1  

4 .  1 0  
4 .  1 9 

3 4 . 2 2 

3 6 . 4 8  

3 4 . 9 4 

3 5 . 7 2 

3 4 . 0 6 

3 4 . 6 3 

3 5 . 7 0 

3 5 . 7 1 

3 5 . 3 0  

3 5 . 1 0  

3 5 . 3 5 

3 5 . 2 4 

3 4 . 8 0 

3 4 . 7 0 

3 5 . 8 0 

3 5 . 6 5 

3 4 . 5 0 

3 4 . 7 5 

9 1 . 6  

7 4 . 2  

8 9 . 9  

7 8 . 7  

8 8 . 2  

8 3 . 4  

8 9 . 5  

8 3 . 4  

8 8 . 2  

8 4 . 5  

8 8 . 6  

8 4 . 9  

8 7 . 0  

8 4 . 1 

8 7 . 9  

8 4 . G  

8 9 . 7  

8 3 . 6  

9 7 . 9  

9 6 . 8  

9 8 . 5  

9 6 . 5  

9 8 . 6  

9 6 . 7  

9 7 . 6  

9 6 . 6  

9 9 . 0  

9 7 . 2  

9 7 . 5  

9 7 . 0  

9 6 . 3  

9 7 . 0  

9 6 . 8  

9 6 . 5  

9 6 . 4  

9 6 . 7  

7 . 0  

3 6 . 4  

5 . 4  

3 5 . 5  

4 . 3  

3 6 . 5  

5 . 4  

3 8 . 9  

5 . 5  

3 5 . 4  

3 . 5  

3 4 . 9  

4 . 7  

3 3 .  1 

3 . 4  

3 4 . 4  

6 . 6  

3 5 . 0  

----------- - ----- ---·---- -- - - - - - - - - - --------- ------------ --- ------ --- - - - ---- - -- ------------ - - - - - - - - -- --- -- - - -- ------ - - ----- ----- - -- - - ------ -- - - - - - - - - ------ --- --- -- ----- -
- - --

Mean c 

5 :  1 

N o t e : ' c ' d e n o t e s  

5 1 . 0 

+ 0 . 0  

1 1 . 0 

+ 0 . 0  

cont ro l .  

3 . 8 4 0 . 5 2 4  0 . 1 3 4 0 . 0 2 9  

+ 0 . 1 8 + 0 . 0 1 2  + 0 . 0 0 6  + O . O O •l 

1 8 . 7 2  2 . 2 9 2  0 . 5 0 5  0 . 0 3 1  
+ 0 . 9 8 + 0 . 0 8 5  + 0 . 0 2 1  + 0 . 0 0 3  

4 6 . 4 3  0 . 3 7 0 . 1 6 2 0 . 1 � 2 0 . 0 11 5  

+ 0 . 2 6 + 0 . 0 3  + 0 . 0 0 9  + 0 . 0 0 9  + 0 . 0 0 4  

6 .  1 8  6 .  1 8 0 . 7 3 3  0 . 6 3 0  0 . 0 8 9  
+ 0 . 2 4 + 1 . 9 7 + 0 . 0 3 1  + 0 . 0 3 3  ·! 0 . 0 0 6  

4 .  9 7  

+ 0 . 1 ;: 

5 . 0 4 
+ 0 . 1 0  

3 5 . 0  3 . 9 0 

+ 1 . 0 + 0 . 1 0  

3 3 . 6  4 .  0 1  
+ 1 . 3 0 + 0 . 0 9 

3 5 . 0  

+ 0 . 6  

3 5 . 3  

+ 0 . 6 

8 9 . 0  

+ 1 . 3 

+ 3 . 4  

9 7 . 6  

+ 0 . 9  

9 6 . 8  

+ 0 . 2  

5 .  1 

+ 1 . 2 

3 5 . 6  

+ 1 . 5 

-- - - - - - - - -- - - - · - - - - - - - - - -- -- - - -- - - - -- - - - --- -- -- - - - - - - - -- ------ - - - - - - - ------- - - - --
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9 . 6 . 1 Cheese composition : The average compos itions of 

c ontrol and 5 : 1  UF cheeses  were close ( Table 9 . 2 )  and 

s imi lar  to thos e  reported by other worker s  making UF cheese 

( Sutherl and and Jame son , 1 9 8 1 ; Van Leeuwen et al , 1 9 8 4 ; 

Green , 1 9 8 5 ) . The compos i tions are in  the range expected 

f or good qua l i ty Cheddar made by conventional methods . 

Table 9 . 2  Com:eos ition o f  cheese 

Compos i ti on character i s t i c  Control 5 :  1 UF 

FDM % 5 3 . 6 9 + 1 .  5 1  5 1 . 9 6 + 1 .  6 9  

MNFS % 5 3 . 7 6 + 0 . 9 1 5 3 . 2 3 + 0 . 7 2 -

S /M % 4 . 9 5 + 0 .  1 0 5 . 0 5 + 0 . 2 1  -

1 -day pH 5 . 0 7 + 0 . 0 2 5 .  1 2 + 0 . 0 2 

9 . 6 . 2 Wei ght of SNF in chee se : The wei ghts of SNF in  the 

control and 5 :  1 UF cheeses  can be calculated u s ing ma s s  

balance results ( Table 9 . 3 )  . 5 0  kg control milk plus kg 

starter was found to yield 1 .  5 0  + 0 . 0 6 kg SNF in the control -

cheese . S imi larly , 1 0 kg of 5 :  1 retentate plus  1 kg starter 

wa s found to give 1 .  5 7  + 0 . 0 3 kg SNF in the UF cheese . For -

both treatment s ,  the variation was probably due to change s  

in the milk composition . 

The increase in  SNF in the UF chees e  would be expected 

to be largely made up of protein as con f i rmed by increa s e  in 

TN in UF chees e  ( about 1 0  g TN or 6 5  g protein f rom 5 1  kg 

milk plus starter ) .  

From the average whey protein recovery f igures for the 

control and UF cheeses  ( 5 . 1 + 1 . 2 %  and 3 5 . 6  + 1 . 5 %  respec

tively , Table 9 . 1 )  and the average whey protein content o f  

the milk ( 0 . 6 7 %  w/w ) , it can be calculated that UF Cheddar 

has about 0 . 1 0  kg more whey prote in than the control per 5 1  

kg mi lk plus starter . However , the increa s e  in weight o f  

SNF in the U F  chees e  i s  less  than expected from the whey 

protein figures probably because of higher fine s  losses  i n  



Table 9 . 3  Weight of SNF in chees e  

from 5 0kg milk + 1 kg s tarter 

Trial No . 

2 

3 

4 

5 

6 

7 

8 

9 

Mean + s . d 

Control ( kg )  5 : 1  UF ( kg )  

1 . 5 8 5  

1 .  5 1 8  

1 .  4 1 8  

1 • 4 2 4  

1 . 4 3 5  

1 • 5 4  8 

1 • 4 8  5 

1 • 4 8 5  

1 . 5 6 3  

1 . 5 0  + 0 . 0 6 

1 . 6 0 8  

1 • 5 9 8  

1 • 5 2  7 

1 • 5 4 2  

1 . 5 3 5  

1 • 5 9 4  

1 . 5 5 0  

1 • 5 2 8  

1 • 6 1  3 

1 . 5 7  + 0 . 0 3 
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UF cheesemaking procedure a s  compared with the control . 

Thi s  i s  con s i stent with the casein  recovery f i gure s of 9 7 . 6  

and 9 6 . 7 % for control and UF chees e s  respectively . The s e  

f i gures can b e  used t o  e stimate the weight of SNF i n  the U F  

chees e  i f  the los ses of f ines  i n  the UF 

l evel s  s imi lar to control .  In  thi s  case , 

the UF cheese becomes 1 . 5 9  kg ( i . e .  1 .  5 7  X 

chees e  stay 

weight of SNF 

0 . 9 8 )  from 5 1  
0 . 9 7 

at  

i n  

k g  

m i l k  plus starter . Con s idering the problems encountered i n  

ma s s  balance tria l s  under p i l ot-scale  conditions , di f f i 

culties  i n  s ampl ing retentate and cheese , and the a s s ump

tions inherent in proximate analy s i s , the agreement between 

the increase in  weight of SNF and the increase in the we ight 

o f  whey protein in UF chee se i s  of the order expected . 

Tabl e  9 . 8  shows that the whey protein increase , and 

hence the SNF increa se in  the UF product is such that the 

concentration of whey protein in  water in the cheese i s  1 . 4 

time s  that in the water of the retentate . Th i s  i s  true o f  

both the 3 : 1  and 5 : 1  makes and the factor does not depend on 

how the curd is handl ed . Since the f actor is  con stant under 
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the condi tion s  of the present investigation , yields can be 

forecas t  under other conditions a s  described l ater ( se ct ion 

9 • 7 • 3 • 1 ) • 

9 . 6 . 3  Weight of fat i n  chee s e : The weight o f  fat i n  the 

5 : 1 UF chees e  wa s l e s s  than that in  the control cheese 

( Table 9 . 4 ) .  Thi s  was due to rel atively high fat l o s se s  

occurring 

compared 

during UF Cheddar manu facture ( fat recovery 8 2 . 4 % 

with the control fat recovery of 8 9 . 0 % ) . The s e  

r ecovery values a r e  s imi l a r  t o  those r eported b y  Green 

( 1 9 8 5 ) but lower than the values ca l culated f rom the data in 

the patent of Van Leeuwen et al , ( 1 9 8 4 ) .  

Table 9 . 4  Weight o f  f at in  chee s e  from 

5 0 kg milk + 1 kg starter 

Trial No . Control ( kg )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

Mean + s . d -

1 . 8 0 3  

1 • 7 6 8 

1 .  8 1 3  

1 . 5 9  8 

1 . 8 0  0 

1 . 7 1 7  

1 . 7 7 5  

1 . 7 2 5 

1 . 6 5 0  

1 • 7 3 9 + 0 . 0 7 -

5 :  1 UF ( kg )  

1 . 6 3 2  

1 . 5 8 4  

1 . 8 7 2 

1 • 5 6  0 

1 . 7 7  5 

1 . 7 0 9  

1 . 7 4 7 

1 • 7 2 2  

1 • 6 5 0  

1 . 6 9  5 + 0 . 0 9 -

A comparison o f  fat recovery f igures for cheeses made 

from retentate concentrated by batch and continuous UF 

showed that the fat recovery was s l ightly higher in  the 

chee s e  made from retentate obtained by operating UF plant on 

continuous mode , than in the product made f rom retentate 

obtained by operating UF plant on batch mode ( Table 9 . 5 ) . 

UF plants cause  chang e s  in  the milk f at which  amounts to 

' partial ' homogenization ( Green et a l , 1 9 8 4 ) . Such change s  
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may be greater with batch than with continuous operations 

since the res idence t ime of milk in  the f ormer case i s  

greater . A recent report ( James on , 1 9 8 4 ) s uggested that 

s uch homogeni z ation action should be minimi s ed and r e s u l t s  

o f  the present study confirm thi s  t o  be the case . 

Table 9 . 5  Fat recovery in cheese obta i ned from retentate 

concentrated with UF unit operating i n  batch and 

continuous mode 

Particulars Control 

Fat recovery % 8 9 . 5  

+ 0 . 8  

Batch 

7 5 . 7  

+ 0 . 8  

Continuous 

7 7 . 4  

+ 0 . 5  

The ef fect o f  level of curd hand l i ng was a l s o  studied . 

The trial s  wer e  the s ame a s  those used to make high MNFS 

cheese . The results  sugge st that fat recovery improved with 

reduced curd handl ing ( Tabl e  9 . 6 ) . C l ear l y , therefore , fat 

losses occurring in UF cheesemaking can be minimi s e d  by 

appropriate des ign and operation of UF plant and by suitable 

des ign of cheesemaking equi pment . 

Table 9 . 6  Ef fect o f  curd hand l i ng on f at recovery 

in 5 : 1  UF Cheddar 

Particulars 

Fat recovery % 

Control 

8 9 . 8  

+ 0 . 6  

5 :  1 UF 

Normal curd 

handl i ng 

8 5 . 8  

+ 0 . 6  

Reduced c urd 

hand l i ng 

8 8 . 0  

+ 0 . 4  

9 . 6 . 4  Weight o f  moi sture i n  chees e : In  the MNFS range of 

about 5 2 - 5 5 % , the control and UF chee s e s  were found to have 

the same qua l ity with s imi lar MNFS . Decrea s ing MNFS did not 

improve organoleptic qual ity of the UF cheese . However , 
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with a n  increase i n  MNFS , grade wa s f ound t o  decl ine ( Table 

9 . 7 ) .  Th i s  decl ine may be l i nked to the manufactur ing 

procedure needed to make the high MNFS produc t . Thus , 

results  of the pres ent inves ti gation suggest that the extra 

SNF in  UF cheese does permi t the inc lusion o f  extra wat e r  in 

the product without unde s i rable e f fects on the f l avour or 

texture provided the amount o f  extra water i s  such that i t  

does not increase the MNFS i n  the U F  cheese beyond that o f  

conventional Cheddar . 

9 . 7  Di s cu s sion 

The yield of chees e  made by any proce s s  from any g iven 

mi lk supply depends on three factor s , namely compos ition s  o f  

t h e  milk and the final product and los ses occurring during 

manufacture . UF cheese yield may be influenced by each of 

the s e  f actors and the manner in  which thi s  may happen i s  

briefly  discus s ed below . 

9 . 7 . 1  Compositi on o f  the mil k  

The compos ition o f  milk i s  likely to have a sma l l  

d irect e f fect on yield increa s e s  in  UF cheesemaking . The 

increa s e s  in weight of SNF of UF cheese is largely due to 

the incorporation of the whey proteins . There f ore , the 

variat ion in the level of whey proteins in the mi lk dur ing 

the da irying season may have a marginal effect on the poten

tial yield increase . The compos ition of the mi lk may a l so 

inf luence the potential decreases  in fat and fines l o s s e s . 

9 . 7 . 2  The composition o f  the cheese 

The results of the pres ent inve stigation suggest that 

the composition des ired for good qua l ity UF Cheddar i s  the 

same a s  that for conventional Cheddar . In  a typical  ca s e ,  

both FDM and MNFS would be about 5 3 . 5 % for UF Cheddar . 

Other investigators ( Suther l and and Jameson , 1 9 8 1 ; Van 

Leeuwen et a l , 1 9 8 4 ; Green , 1 9 8 5 ) have reported a s imi l a r  

compos ition . 
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M Stage of cheese maturation 

Trial 35 days 3 rronths 6 rronths 
No. Treatment Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 6 ) Sl .mealy ( 3 )  Normal ( 6 )  Sl .mealy ( 3 )  Normal ( 5 )  Sl .mealy ( 3 )  
!Il l  Sl . sour Sl . loose Sl . sour 
Q) 

�I 1 5 : 1 UF Normal ( 6 )  Sl .greasy ( 3 )  Sl .bitter ( 6 )  Sl .greasy ( 3 )  Normal ( 6 ) Srrooth ( 3 )  
Normal MNFS Sl . sour Srrooth Sl . sour Srrooth Sl .oxidized Sl .greasy 

5 : 1  UF Sl . sour ( 5 )  Floury ( 2 )  Sour ( 4 )  Weak ( 2 )  Sour ( 4 )  Crumbly ( 2 )  
High MNFS Sl .bitter Crumbly Bitter Crumbly Bitter Floury 

Control Normal ( 6 )  Sl .mealy ( 3 )  Normal ( 6 )  Sl .tender ( 3 )  Normal ( 6 )  Weak ( 3 )  
Sl .bland Sl .rubbery Sl . fruity Srrooth Sl . fruity Srrooth 

� I  
2 5 : 1 UF Normal ( 6 )  Sl . pasty ( 3 ) Normal ( 6 ) Sl .plastic ( 3 )  Normal ( 6 )  Srrooth ( 3 )  

Normal MNFS Sl .bland Srrooth Sl . oxidized Srrooth Sl .oxidized Sl .greasy 
Q) 

61 5 : 1  UF Sl . sour ( 5 )  Pasty ( 2 )  Sl . sour ( 5 )  Tender ( 2 )  Sour ( 5 )  Sticky ( 2 )  
High MNFS Unpleasant Crumbly Sl .bitter Sticky Bitter Crumbly 

:j Control Sl . sour ( 6 )  Weak ( 3 )  Normal ( 6 )  Sl .meal y ( 3 )  Sl . fruity ( 5 )  Sl .mealy ( 3 )  
Normal Sl .pasty Sl . sour Srrooth 

Q) 

�I 3 5 : 1 UF Sl . sour ( 6 )  Tender ( 3 )  Sl .bland ( 5 )  Srrooth ( 3 )  Sl . sour ( 5 )  Srrooth ( 3 )  
Normal MNFS Sl .bitter Srrooth Sl . sour Sl .plastic Sl .oxidized 

5 : 1 UF Sour ( 5 )  Weak ( 3 )  Sour ( 4 )  Sticky ( 2 )  Sour ( 4 )  Sticky ( 2 )  
High MNFS Bitter Sticky Bitter Crumbly Bitter Crumbly 
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9 . 7 . 3  The l os se s  occurring dur ing cheese manuf acture 

In view of the s imilarities  in compos ition of UF and 

c onventi onal product , any increas e s  in  yield with UF manu

facture must be due to increases  in recovery of milk s o l i d s . 

The se may be conveniently c la s s i f i ed into two groups : 

( i )  Water soluble SNF components 

( i i )  Fat , casein or fines . 

9 . 7 . 3 . 1 Increase in recovery of water soluble SNF components 

In the present investigation an increa s e  in the 

recovery of water sol uble c omponents was recorded and 

potential overa l l  yield increases  can be calculated f r om 

the se results . 

Case 

Assuming that the fat , casein  and f i ne s  losses  are the 

s ame in  the conventional and UF proce s s e s , MNFS is 5 3 . 5 % ,  

FDM i n  control chees e  i s  5 3 . 5 % ,  and both cheeses are made 

f rom the same mi lk , 1 0 0 kg mi lk wil l  yield : 

( from ma s s  balance trial s ,  Tabl e  9 . 3 )  

( a )  Control Cheddar 

( i )  SNF = 1 . 5 0  X 1 �� = 2 . 9 4 kg 

( i i )  Moi s ture = 2 . 9 4 x �� :� = 3 . 3 9 kg 

( to keep MNFS at 5 3 . 5 % )  

( ii i ) S imi l arly , fat = 3 . 3 9 kg 

( to keep FDM at 5 3 . 5 % )  

Tota l conventional Cheddar = 9 . 7 2 kg 

( b )  UF Cheddar ( al so from ma s s  balance trials  reported i n  

Table  9 . 3 )  

( i )  SNF = 1 . 5 7  X 9 8  X 1 0 0 = 3 . 1 1  kg 
9 7  5 1  

( corrected to fines losses  s imi l ar to control Cheddar ) 

( i i )  Moi s ture = 3 . 1 1  x 5 3 • 5 = 3 . 5 8 kg 
4 6 . 5  

( to keep MNFS at 5 3 . 5 % )  

( i i i ) Fat ( as for control Cheddar ) = 3 . 3 9 kg 

Total UF Cheddar = 1 0 . 0 8 kg 

Thi s  i s  a yield increa s e  o f  3 . 7 % .  
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Case 2 

The UF yield figure in  Case  1 could be increa sed 

s l i ghtly by prepar ing the s tarter in  the retentate and s o  

avoiding d i l ution of the retentate . The increase in  y i e l d  

c a n  b e  estimated o n  the bas i s  o f  the reduction in  water l o s s  

required t o  make the chee s e . Agai n  con s ider 1 0 0 kg mi lk a s  

s tarting material . In the trial s reported earlier ( Chapter 

7 ) , an average o f  1 4 . 2  kg water i n  the retentate ( 2 0 kg 

retentate of 6 2 %  moi s ture = 1 2 . 4  kg ; plus 2 kg starter of 

9 0 %  moi s ture = 1 . 8 kg moi sture ) was reduced to 3 . 4  kg water 

in  the f inal chee s e . If  the starter i s  prepared in the 

retentate ( i . e .  

water would be  

there i s  no  d i l ut i on with starter ) ,  1 2 . 4  kg  

reduced to approximately 3 . 4  kg  i n  the 

product . In  the pres ent investigation , calcu lations s u gg e s t  

that the concentration o f  whey proteins in the chee s e  was 

1 . 4 t imes that of the whey prote ins in  the retentate ( Table  

9 . 8 ) . On  an average 1 0 0 kg  retentate contains 0 . 6 7 k g  whey 

protein . I f  it is a s sumed that the concentration of whey 

protein in the water in the UF che e s e  is twice that of the 

whey protein in  the retentate , it can be calculated that the 

yield now wi l l  be : 

( i )  SNF = 3 . 1 1  ( as in  case  1 )  + [ ( 0 . 6 7  x 2 x � )  
1 2 . 4  

( 0 . 6 7 X 2 X � ) ]  
1 4 .  2 

= 3 . 1 6  kg 

( i i )  Moi s ture = 3 . 1 6  x 5 3 · 5 = 3 . 6 4 kg 
4 6 . 5  

( to keep MNFS at 5 3 . 5 % )  

( i i i ) Fat = 3 . 3 9 kg ( as in Case 1 )  

Total UF Chedda r = 1 0 . 1 9  kg 

In thi s  case the yield increa s e  i s  4 . 8 % whi ch is an optimi s 

t i c  estimate cons idering that a factor o f  2 ( rather than 

1 . 4 )  was used to calculate the extra whey protein retent i on 

in  the UF cheese . There for e thi s  e stimate allows for 

increases  in SNF other than tho s e  derived from whey prote i n . 
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Tabl e  9 . 8  Whey protein : water ratio in retentates and 

UF chees e s  

Mean Mean Mean No . of 

Particulars water kg whey protein whey :erotein trials 

kg water 
% 

3 : 1  UF 

Retentate 1 2 . 980 + 0 . 1 90 0 . 346 + 0 . 0 1 9  2 . 67 + 0 . 1 60 

1 7 . 7  kg 

9 

Cheese 1 . 7 1 7  + 0 . 064 0 . 067  + 0 . 0 1 0  3 . 92 + 0 . 540 

Ratio * 1 . 47 

5 : 1 UF 

Retentate 6 . 890 + 0 . 090  0 . 33 1  + 0 . 0 1 7  4 . 80 + 0 . 250 

1 1 . 0 kg 

9 

Cheese 1 . 782 + 0 . 040 0 . 1 1 5 + 0 . 0 1 0  6 . 45 + 0 . 550 

Ratio* 1 . 34 

5 : 1 UF 

Retentate 

1 1 . 0 kg 

li::M curd 1 . 876 + 0 . 04 0 . 1 30 + 0 . 005 6 . 93 + 0 . 1 2  3 

handling 

Ratio* 1 . 44 

* whey :erotein water in chees e  

whey protein water in retentate 
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9 . 7 . 3 . 2  Increase in recovery o f  fat , casein and f ines 

In conventional manufacture , the fat and the col l oidal 

components o f  milk ( casein , c a l cium phosphate ) are large l y  

recovered i n  the chee s e . U F  cheesemaking has the potent i a l  

to further improve the recovery of the s e  components .  

Case  3 

I f  a l l  f ines l o s s e s  are e l iminated , then the wei ght o f  

cheese from 5 : 1  retentate ( from 1 0 0 kg  mil k ) with no dilu

tion by starter i s  ca l culated a s : 

( i )  SNF = 3 . 1 6  x 1 0 0 = 3 . 2 2 kg 

( as in Case 2 )  9 8  

( i i )  Moi sture = 3 . 2 2 x 5 3 · 5 = 3 . 7 0 kg 
4 6 . 5  

( to maintain MNFS at 5 3 . 5 % )  

( ii i ) Fat = 3 . 3 9 ( as in Cas e  1 and Cas e  2 ,  i . e .  FDM 

l ower than in case 1 and 2 )  

Total UF Cheddar = 1 0 . 3 1  kg . 

Thi s  i s  a 6 . 1 %  yield increase for UF Cheddar with MNFS equal  

to  5 3 . 5 % and the we i ght of fat  equal to  that in the control . 

Case  4 

It i s  a l s o  pos s ible to increa s e  the wei ght of fat i n  

the cheese b y  decreas ing losses . It ha s been suggested that 

an increase of 5 %  in  fat recovery is pos sible ( Van Leeuwen 

et al , 1 9 8 4 ) when chees e  is made from 5 : 1 retentate . I f  

thi s  increased fat recovery was cons idered i n  the yield 

c a l culation s , the wei ght of cheese i s  calculated a s : 

( i )  SNF = 3 . 2 2 kg ( a s in Case 3 )  

( ii )  Moi s ture = 3 . 7 0 kg ( a s in Case 3 )  

( i i i ) Fat = 3 . 3 9 ( as in Ca ses  1 - 3 )  + ( 3 . 3 9 x 0 . 0 5 )  

= 3 . 5 6 kg 
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Total UF Cheddar = 1 0 . 4 8 kg 

Thi s is a yield increas e  o f  7 . 8 % , whi ch i s  in c l o s e  

agreement with the average yield increase of 8 . 4 %  reported 

by Van Leeuwen et al ( 1 9 8 4 ) . 

Commercial S ignificance 

The increase in yield due to i ncorporation of extra f at 

of the mi lk into the cheese woul d  be of relatively sma l l  

f i nancial advantage t o  cheese  factories  that recover f at 

from the whey for further proce s sing . Furthermore , los s e s  

tend t o  increase when proc e s s e s  a r e  scaled up from p i l ot 

plant level to factory l evel and the s ame may hold good f or 

UF cheesemaki ng . Therefore , the s u stainable yield incre a s e  

under commercial conditions i s  more likely t o  b e  of the 

order of 4% than the 8% reported i n  the pi lot scale work o f  

Van Leeuwen e t  al ( 1 9 8 4 ) . -- --
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9 . 9 Conclus ion 

The manufacture of Cheddar chee s e  from mi lk concen

trated to 5 : 1  level results in the incorporation o f  water 

sol uble SNF components which a l l ows the inclus ion of 

moi sture to keep the MNFS constant . Thi s  brings about a 

yield increa s e  of approximately 4 % . I f  the losses  o f  c asein 

f ines can be reduced , the yield advantage may be about 6 % . 

Al s o , i f  f at recovery in  UF chees e  can be improved by 5 % , 

yield can be increased further to about 8 % . However , yield 

advantages accruing f rom increa sed fat recovery may b e  of 

relatively sma l l  financ ial  advantage to modern cheesemaking 

pl ants which can effi ciently recover fat from the whey . 

The se yield advantage s  do not look attractive compared 

with those reported f or soft chee se varieties . 

that mi lk contains approximately 0 . 7 % w/w of 

Considering 

whey protein 

and only about one-third of it may be reta ined i n  the UF 

Cheddar made from 5 : 1 retentate , it i s  easy to under s tand 

that yield advantages from whey protein alone are l imited to 

only about 2 . 3 % .  The s e  value s  double i f  an equal quantity 

o f  moi s ture i s  inc luded . Therefore , substantial  y i e ld 

advantages in UF Cheddar from whey protein alone may not be 

f orthcoming . Furthermore ,  some potentia l  increa s e s  in yield 

in  UF cheesemaking plants are pos s ible wi th conventi ona l 

manufacture a s  wel l . The production efficiency of a l l  

plants i s  the highes t  when losses  a r e  reduced t o  a minimum 

and the product composi tion i s  targeted to the correct MNFS 

and FDM . With the current state of UF chees emaking tech

nology , it i s  pos s ible that reductions in losses in conven

tional plants may prove to be a more prof itable method of 

increas ing yields than the use of UF cheesemaking methods . 

However , i f  there is  further advancement in ul tra f i ltrat ion 

proces s ,  such as concentration of mi lk to higher solids  

l evel , the s ituat ion may improve s l ightly for UF cheese

making . 



CHAPTER 1 0  

MI SCELLANEOUS EXPERIMENTS 

1 0 . 1 Introduction 
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Inve stigation s  o n  some minor a spects of Cheddar 

cheesemaking f rom UF retentate were a l s o  carried out . These 

have been briefly  reported in the present chapter . The 

exper iments reported are the following : 

1 0 . 2  Effect o f  UF chee semaking from fresh milk ( wi thout 

overnight storage ) on the yield and qua l ity of Cheddar 

chee s e . 

1 0 . 3  Effect of addition of UF permeate to chees e  curd from 

5 : 1 retentate on the qual ity and yield of Cheddar chee s e . 

1 0 . 4  Effect o f  addition of whey protein suppl emented 

permeate to cheese curd from 5 : 1 UF retentate on the qua l ity 

and yield of Cheddar cheese . 

1 0 . 2  EFFECT OF UF CHEESEMAKING FROM FRESH MILK ( WITHOUT 

OVERNIGHT STORAGE ) ON THE QUALI TY AND YIELD 

1 0 . 2 . 1 Introduction 

OF CHEDDAR CHEESE 

It has been reported that some release  o f  free fat may 

occur during overnight storage of mi lk ( Te Whaiti and Fryer , 

1 9 7 6 ) .  Thi s  may inf luence fat recovery and qual ity o f  UF 

Cheddar . In the present study , the e f fect of UF cheese

making from fresh mi lk on the cheese quality and yield was 

investigated . 
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1 0 . 2 . 2  Exper imental 

Ideal ly the experiment should have been designed such 

that a compari son could be made between UF chees emaking from 

milk with s torage and that from milk without s torage . 

However ,  due to practical di f f i culties  thi s  was not done . 

In stead , UF cheese wa s made from milk without storage a nd 

i t s  qua l i ty and yield ( for respe ctive treatments ) compared 

with those from another inve stigation ( Chapter 7 )  wherein 

milk was stored overnight at 2 - 4 °C .  

Three tri a l s  were done during the 1 9 8 5 - 6  sea s on . The se 

trial s were identical to those described earl i er ( Chapter 7 )  

except that a l l  operations from mi lk procurement to the 

pre s s ing of chee s e  were performed on the same day . 

Analytical  methods have been described previous ly 

( Chapter 4 and Chapter 7 ) .  

1 0 . 2 . 3  Results and Discuss i on 

Average results are discussed s ince they show the ma in 

trends and avoid unneces sary deta i l . 

1 0 . 2 . 3 . 1  Mas s  balance and yiel d : The recovery o f  f at a nd 

other milk constituent s was s l ight l y  d i f ferent for var ious 

treatment s ( Table 1 0 . 1 ) .  However the s e  recovery values wer e  

ident i ca l  t o  those obtained in previous trials ( Chapter 7 ) . 

Table 1 0 .  1 Mas s  balance 

Percentage recovery in cheese 

Treatment Control 3 : 1 UF 5 :  1 UF 

Fat 8 8 . 4 + 1 . 1  7 8 . 9  + 0 . 9 3 8 4 . 2  + 0 . 5 4 

CN 9 6 . 7  + 0 . 5 7 9 6 . 0 + 0 . 5 3 9 6 . 9  + 0 .  1 4 -

WPN 4 . 9 3 + 1 .  2 8  1 7 . 1 + 1 . 8 4 3 4 . 4  + 0 .  90 - -
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There f ore , it appears that overn ight storage of milk does 

not s igni f i cantly inf luence the recovery of fat and other 

mi l k  con stituents . A pos s ible  expl anation could be that i f  

s ome free fat was formed during overnight storage ( Te Whaiti 

and Fryer , 1 9 7 6 ) ,  it  was pos s ibly converted to globular  f orm 

during UF of mi lk ( Green et a l , 1 9 8 4 ) thereby minimi s i ng the 

inf luence of free fat on fat recovery . The yields obta ined 

for various treatments in the present experiment ( Table 

1 0 . 2 )  were , f or practical purposes , identical to those 

obtained for the same treatments earl ier ( Chapter 9 ) .  

was expected since the retention of var ious 

This 

mi lk 

c onstituents was not influenced by overnight storage of 

mi l k . Therefore , it appears  that overnight storage of milk 

does not s i gni f i cantly inf l uence fat recovery or cheese 

y i e ld . 

Table 1 0 . 2  Yield o f  cheese 

Yield 

kg cheese per 

1 0 0 kg milk 

kg cheese ( ad j usted 

to 3 6 . 0 % moisture ) 

Control 3 : 1  UF 5 : 1 UF 

9 . 9 6 + 0 . 1 2  9 . 8 0 + 0 . 0 8 1 0 . 1 0  + 0 . 0 8 

per 1 0 0 kg mi lk 1 0 . 2 8 + 0 . 0 5 1 0 . 1 2  + 0 . 0 8 1 0 . 4 2 + 0 . 0 5 

1 0 . 2 . 3 . 2  Cheese qua l i ty : There were some dif ferenc e s  in 

the grades of cheeses from the three treatments ( Table 

1 0 . 3 ) .  Thes e  dif ferences i n  the qual i ty of cheese between 

treatments were similar to thos e  obtained in a previous 

investigation ( Chapter 7 ) . Therefore , these results s uggest 

that overnight storage o f  milk does not s igni f ic antly 

inf luence the qua lity of cheese  obtained from UF retentate s .  
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-.:t Stage of cheese maturation 

Trial 35 days 3 months 6 months 
No. Treatment Flavour Texture Flavour Texture Flavour Texture U) 

(!) 

Normal ( 7 )  
1-l 

Control Sl . loose ( 3 ) Normal ( 6 )  Sl .mealy ( 3 )  Sl . sour ( 6 )  Sl .mealy ( 3 )  0 

Sl . sour Sl .aromatic 0 
U) 

Sl . finn ( 2 )  Sl .bland ( 5 )  Sl . bland ( 5 )  Sl . finn ( 2 )  
(!) 

3 : 1 UF Sl .bland ( 5 )  Sl . curdy ( 2 ) '0 

Sl . crurnbly res 
1-l 

(!) tJ'l 
U) 
(!) 5 : 1 UF Normal ( 6 )  Tender ( 3 )  Normal ( 6 )  Sl . smooth ( 3 ) Normal ( 6 )  Sl . smooth ( 3 ) 0 
(!) Sl . smooth Sl . sour Sl . sour +J 

..c: 
0 1-l 

Normal ( 6 )  Sl . sour ( 6 )  
(!) 

4-l Control Sl . lumpy ( 3 )  Sl . sour ( 5 )  Sl .meal y ( 3 ) Sl . floury ( 3 )  4-l 
0 Sl . sour (!) 

1-l 

� U) 
·r-l 2 3 : 1  UF Sl . atypical ( 5 )  Sl . finn ( 2 )  Sl . atypical ( 5 )  Sl . finn ( 2 )  Sl .atypical ( 5 )  Sl . curdy ( 2 )  +J 
'0 Sl .mealy (!) 
res � 
1-l 0 

(!) 
Normal ( 6 )  Sl . smooth ( 3 ) Normal ( 5 )  Sl . smooth ( 3 ) Sl .aromatic( 6 )  Sl . srnooth ( 3 )  

res 
5 : 1 UF 1-l 

Sl . sour Sl . sour ..Q 

: I � 
·r-l 

Control Sl . sour ( 6 )  Sl . crurnbly ( 3 )  Sl . sour ( 6 )  Sl . floury ( 3 )  Sl . sour ( 5 )  Sl .meal y ( 3 )  
Sl .bitter Sl .bitter 

U) 
(!) (!) 

r--1 1-l 
..Q !:::! 
res 3 3 : 1  UF Sl .bland ( 5 )  Sl . finn ( 2 )  Sl .atypical ( 4 )  Sl . finn ( 2 )  Sl .atypical ( 5 )  Sl . finn ( 2 )  tn 
8 ·r-l 

Sl .mealy lil 

5 : 1  UF Sl . sour ( 6 )  Sl . smooth ( 3 ) Sl . sour ( 6 )  Sl • smooth ( 3 ) Normal ( 6 )  Sl . smooth ( 3 ) .. 

Sl .bitter 51 . aromatic � I 
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1 0 . 2 . 4  Conclus ion 

The results of the present i nvestigation in con j un c 

tion with those o f  a previous one ( Chapter 7 )  suggest that 

overnight chi l led storage o f  mi l k  does not s ignificantly 

inf luence the recovery of fat or any other milk consti tuent 

during UF cheesemaking . Results a l so suggest that under the 

conditions of manufacture employed in  the pre sent inve st i ga 

tion , t h e  e f fect of such overni ght storage o n  qua l ity o f  U F  

Cheddar i s  minima l . 

1 0 . 3  EFFECT OF ADDITION OF PERMEATE TO CHEESE CURD FROM 5 : 1 

UF RETENTATE ON THE QUALITY AND YIELD OF CHEDDAR CHEES E  

1 0 . 3 . 1 Introduction 

One of the problems in Cheddar chee semaking from UF 

retentate i s  rel ated to the handl ing o f  the UF curd in  the 

absence o f  suffi cient quantities  o f  whey ( Chapter 2 ) . A 

suitable l iquid medium which f a c i l i tates UF curd handl ing 

without f l ushing out mi lk constituents f rom the curd may be 

helpful . The UF permeate can perform thi s function to s ome 

extent ( Suther land and Jame son , 1 9 8 0 ) . 

In an earlier experiment ( Chapter 4 ) , it was s h own 

that the addi tion of the permeate to the retentate prior to 

setting ( i . e .  rennet addition ) resulted in no y i e l d  

advantages although the qua l ity o f  the chee se was simi l a r  t o  

contro l .  I f  it can be shown that the addition of permeate 

to the retentate could be delayed t i l l  a fter the curd i s  

cut , some yield advantages appea r  pos s ible . Therefore , in  

the pre s ent study , the ef fect of addition of permeate to the 

UF cheese curd ( a fter cutt ing ) on the yield and qual i ty was 

invest igated . 
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1 0 . 3 . 2  Experimenta l  

During the 1 9 8 4 - 8 5  season , two trials  were done . Two 

l evel s of permeate addition were chosen - 5 0 %  and 1 0 0 %  o f  

that removed . The exper imental procedure wa s s imi lar t o  the 

one described previou s l y  ( Chapter 7 )  except that 2 0  and 4 0  

kg o f  UF permeate wer e  added to 5 : 1  UF curd from 1 0  kg  

retentate each ( after cutting ) in  vats  2 and 3 respective l y . 

Vat 1 was the contro l . 

Analytical methods have been descr ibed prev i ou s l y  

( Chapter 4 and 7 ) . 

1 0 . 3 . 3  Results and D i scus s ion 

For conveni ence , results have been averaged and 

d i s cus sed under five section s : 

1 0 . 3 . 3 . 1  

1 0 . 3 . 3 . 2 

1 0 . 3 . 3 . 3  

1 0 . 3 . 3 . 4  

1 0 . 3 . 3 . 5  

Milk , retentate and permeate composition . 

Cheese manufacture . 

Cheese composition . 

Mas s  balance and yield . 

Cheese qual ity . 

1 0 . 3 . 3 . 1  Mil k , r etentate and permeate compo s ition : The 

compos itions of mi lk and 5 : 1  retentate were s imilar to those 

obta ined in  a previous i nvestigation ( Chapter 7 ) . 

permeate compos ition i s  shown i n  Table 1 0 . 4 .  

Tabl e  1 0 . 4  Compo s i tion of permeate 

Tota l  solids ( % )  5 . 4 5 + 0 . 0 3 

TN ( % )  0 . 0 3 4  + 0 . 0 0 1  

NPN ( % )  0 . 0 3 3  + 0 . 0 0 0  

Average 
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1 0 . 3 . 3 . 2  Chee se manufacture : The UF curds were easier to 

handl e  i n  the presence of liquid medium compared with the 

standard 5 : 1  make described earl i er ( Chapter 7 ) . 

1 0 . 3 . 3 . 3  Cheese composition : The c ompos i tion o f  the 

cheeses  from the three treatment s was s imi l ar ( Table 1 0 . 5 ) . 

The cheeses  from permeate added treatment s had s l i ghtly 

hi gher MNFS , pos s ibly because the addi tion o f  the permeate 

inter f ered with the synere s i s  of the UF curds . 

Treatment 

FDM % 

MNFS % 

S/M % 

pH 1 -day 

TN % 

ea mM/kg 

Ca/SNFNS 

1 0 . 3 . 3 . 4 

Tabl e  1 0 .  5 Cheese COm.EO S i tion 

5 0 %  permeate 1 0 0 %  permeate 

Control added added 

5 3 . 0  + 0 . 4 0 5 2 . 8  + 0 . 4 0 5 2 . 7  + 0 . 4 0 - - -

5 3 . 7  + 0 .  1 5 5 3 . 9  + 0 . 2 5 5 4 . 0  + 0 . 2 5 - - -

4 . 9 4 + 0 . 0 5 5 . 0 4 + 0 . 0 3 4 . 9 1  + 0 . 0 2 - - -

5 . 0 9 + 0 . 0 1  5 . 1 1  + 0 . 0 1 5 . 0 7 + 0 . 0 1  - -

3 . 9 8 + 0 . 0 3 4 . 0 3 + 0 . 0 3 4 . 0 0 + 0 . 0 0 - - -

1 8 5 + 5 . 0  1 9 8 + 3 . 0  1 8 9 + 3 . 0  - - -

2 . 6 9 + 0 . 0 2 2 . 7 8 + 0 . 0 6 2 . 6 4 + 0 . 0 7 - - -

Mas s  balance and yield : The recovery o f  fat in  

both permeate added treatment s  was only marginally l ower 

than that in the control ( Table 1 0 . 6 ) .  When recovery values  

obtained in  the present inve stigation are compared with 

those of a previous study ( Chapter 7 ) , it i s  c lear that fat 

recovery in UF Cheddars can be improved by the addition of 

permeate to faci l itate handl ing of the curd . However , the 

addition o f  the permeate resulted in  f lushing out o f  the 

whey proteins  as suggested by the recovery values for WPN 

( Table 1 0 .  6 )  . 



Treatment 

Fat 

CN 

WPN 

Table 1 0 . 6  Ma s s  bal ance 

Percentage r ecovery in chees e  

Control 

9 0 . 2  + 0 . 4  

9 8 . 2  + 0 . 5  

5 . 1  + 0 . 4  

5 0 %  

8 8 . 2  

9 8 . 2  

8 . 5  

permeate 1 0 0 %  

added 

+ 0 . 0 0 8 8 . 4  -

+ 0 . 2  9 8 . 4  -

+ 0 . 4  6 . 2  -

1 5 3 

permeate 

added 

+ 0 . 0 0 -

+ 0 . 2  -

+ 0 . 3  -

The addi tion of permeate did help in incre a s i ng 

recovery of CN to leve l s  s imi l ar to that in the control . The 

yield of chees e  from the three treatments was simi l ar ( Table 

1 0 . 7 ) . Thi s  was expected since the recovery of var ious milk 

constituents for the three treatments wa s a l ike . 

Yi eld 

kg cheese/ 1 0 0  

kg milk 

kg  cheese*  

/ 1 0 0  kg mi lk 

* ad j usted to 

Table 1 0 . 7  Yield of cheese 

Control 

1 0 . 0 6 + 0 . 0 6  -

1 0 . 2 6 + 0 . 0 4 -

3 6 . 0 % moi s ture 

5 0 %  permeate 

added 

1 0 . 0 8 + 0 . 0 4 -

1 0 . 2 0 + 0 . 0 4 -

1 0 0 %  permeate 

added 

1 0 .  1 4  + 0 . 0 4 -

1 0 . 2 4 + 0 . 0 6 -

1 0 . 3 . 3 . 5 Chees e  qua l ity : The qua l i ty of cheese obtained 

f rom the three treatments wa s s imi lar ( Table 1 0 . 8 ) . I t  i s  

pos s ible that the ' di lution ' e f f ect due to the whey proteins 

in 5 : 1  UF Cheddar suggested by Koning et al ( 1 9 8 1 ) was 

minimi sed in permeate added UF Cheddars due to the f lushing 

out o f  the whey proteins . However , results of an earl ier 

inve stigation ( Chapter 7 )  s uggested that the ' di l ut i on ' 

e f fect i s  anyway minimi sed i f  res idual rennet concentration 

in  5 : 1  UF Cheddar is  suitabl y  increased . It is  pos s i bl e , 



"<t' (!) If) Trial 35 days 3 months 6 months '"d 
n:J 

No . Treatment Flavour · Texture Flavour Texture Flavour Texture � 
tJl 

Control Normal ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 6 )  Sl .rneal y ( 2 )  Sl . sour ( 6 )  Sl .rnealy ( 2 )  0 
+l 

Sl . sour Sl .bitter Normal � 
(!) 

(!) + 50% Sl . sour ( 6 )  Sl . floury ( 3 )  Sl . sour ( 6 )  Sl .rnealy ( 2 )  Sl . sour ( 5 )  Sl .rnealy ( 2 )  lH U} (!) 
(!) 1 :permeate * Sl .bland Sl . crumbly � (!) 
..c: U} 
u + 1 00 % Sl . sour ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 6 )  Sl . floury ( 2 )  Sl . sour ( 5 )  Sl .rnealy ( 2 )  +l 

(!) 
� I  :permeate * Sl .bitter � 

u 
n:J 

� 

Control Normal ( 6 )  81 . floury ( 3 ) Sl . sour ( 5 )  Sl .rneal y ( 3 )  Normal ( 5 )  Sl .rnealy ( 3 )  � 
,.Q 

Sl . sour Sl .bitter Sl . sour !=: 
·o-l 

+ 50 % Sl . sour ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 5 )  Sl .rneal y ( 3 ) Sl . sour ( 5 )  Sl .rneal y ( 3 ) U} 
2 :permeate* Sl .bland Sl . crumbly (!) U} 

� (!) 

:I � � 
+ 1 00 % Sl . sour ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 5 )  Sl .rnealy ( 3 )  Sl . sour ( 5 )  Sl .rnealy ( 3 )  tJl 0 

·o-l u 
:permeate * Sl .bland Sl . floury lil U} 

(!) . .  
rl �I ,.Q Note : Figures in brackets refer to grade scores 
n:J 

8 

* see ex:perirnental 
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therefore , that the permeate a l s o  f lushed out a part o f  the 

res idual rennet in the UF chees e  so that any problems 

expected due to exc e s sive res idual rennet in  UF cheese were 

minimi sed . 

1 0 . 3 . 4  Conclus ion 

The results of the present investigation sugges t  that 

the addition o f  permeate to 5 : 1  UF curd a fter cutting helps 

in handl ing of the curd and decrea s ing losses  of fat and 

casein . However , the permeate a l s o  f l ushes out most of the 

whey proteins from the UF curd thereby decreas ing yield 

advantages . Therefore , measures to facilitate handl ing of 

the UF curd should not pre f erably involve introduction o f  a 

l i quid medium s ince thi s  i s  l ikely to nul l i fy yield 

advantages by f lushing out the water soluble SNF components , 

mainly whey prote ins . 

1 0 . 4  EFFECT OF ADDITION OF WHEY PROTEIN SUPPLEMENTED 

PERMEATE TO THE CHEESE CURD FROM 5 : 1 UF RETENTATE ON THE 

QUALITY AND YIELD OF CHEDDAR CHEESE 

1 0 . 4 . 1 Introduction 

The di f f i culties a s s oc iated wi th handl ing o f  5 : 1 UF 

curd and resul tant losses  of f at and casein f ines ( Ch apter 

7 )  can be partly overcome by the addi tion of s ome UF 

permeate to the UF curd a fter cutting ( Section 1 0 . 3 ) . 

However , in the proce s s , most of the whey proteins get 

flushed out , thus nul l i fying yield advantages . The addition 

o f  the permeate therefore works against the primary 

ob j ective of increas ing yields through increa sed retention 

of whey proteins in the chee s e . A pos s ible means of over

coming thi s d i f f iculty involves blending of whey protein 

powder in the permeate prior to its addition to the UF curd 

after cutting . The higher concentration of whey protei n s  in 

the permeate surrounding the UF curd particles  may miminise  

the  f lushing out of the whey proteins . In the  present 



1 56 

investi gation the e f f ect o f  addition o f  whey protein 

supplemented permeate to the chees e  curd from 5 : 1 retentate 

on the qua l i ty and yield of Cheddar cheese was studied . 

1 0 . 4 . 2  Exper imenta l Plan 

The l evel of whey protei n  suppl ementation chosen wa s 

such that the whey protein : moi sture ratio in the permeate 

was equival ent to that in  5 : 1 retentate . Calcu l a t i on s  

sugges ted ( s ee Appendix VA ) that 3 k g  whey protein p owder 

( 8 0 %  prote in on dry matter bas i s ) needs to be added to 4 0  kg 

permeate to achieve this . 

1 0 . 4 . 3  Exper imental 

Two trials were done dur i ng the 1 9 8 4 - 5  sea son . The 

experimental procedure wa s s imilar to that des c r i bed 

previously  ( Section 1 0 . 3 . 2  of thi s  chapter ) except tha t  to 

the experimenta l vat ( Vat 3 ) , 4 0  kg permeate supplemented 

with 3 kg whey prote in powder , wa s added to the 5 : 1 UF  curd 

a fter cutting . Vat 1 was the control and Vat 2 involved 

1 0 0 %  permeate addition wi thout whey protein supplementation . 

Analytical methods have been des cr ibed previously ( Chapter 4 

and Chapter 7 ) . 

1 0 . 4 . 4 Results and discussion 

For convenienc e , average results are discus s ed because 

the s e  show the ma in trends . These are discussed in f our 

s e ction s : 

1 0 . 4 . 4 . 1 Compos ition of the permeate and whey protein 

supplemented permeate . 

1 0 • 4 • 4 • 2 

1 0 • 4 • 4 • 3 

1 0 . 4 . 4 . 4  

Cheese compos ition . 

Ma s s  balance and yield . 

Cheese qual ity . 
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Compos ition o f  permeate and whey protein supple-

mented permeate : 

The blending of whey protein powder resulted in  a 

l arge increa s e  in NCN , TN and tota l solids c ontent o f  the 

permeate ( Table 1 0 . 9 ) . 

Tabl e  1 0 . 9  Compos ition of permeate and whey protei n  

suppl emented permeate 

Permeate Whey protein  supple-

mented permeate 

Total solids ( % ) 5 � 4 1  + 0 . 0 5 1 0: . 5 + 0 . 3 0 - -

TN ( %  ) 0 . 0 3 7  + 0 . 0 0 2  0 . 8 4 0  + 0 . 0 1 0  - -

NCN ( % )  0 . 7 8 0  + 0 . 0 2 0  -

NPN ( % )  0 . 0 3 4  + 0 . 0 0 1  0 . 0 3 9  + 0 . 0 0 1  - -

1 0 . 4 . 4 . 2  Cheese composition : The compos i tion of the 

chee ses  from the three treatments was s imi lar  ( Table 1 0 . 1 0 ) . 

Tabl e  1 0 .  1 0 Chee s e  COmJ20Sition 

W . P .  supplemented 

Treatment Control Permeate added permeate added 

FDM % 5 2 . 6  + 0 . 2  5 2 . 2  + 0 .  1 5 2 . 4  + 0 .  1 - - -

MNFS % 5 3 . 4  + 0 .  1 5 3 . 4  + 0 .  1 5 3 . 7  + 0 .  1 - - -

S /M % 5 . 0 9 + 0 . 0 5 5 .  1 2  + 0 . 0 5 5 .  1 7 + 0 . 0 0 - - -

pH 1 -day 5 . 0 9 + 0 . 0 2 5 . 1 1  + 0 . 0 1  5 . 0 5 + 0 . 0 1  - - -

TN % 3 . 9 9 + 0 . 0 3 4 . 0 3 + 0 . 0 3 4 . 0 2 + 0 . 0 4 - - -

ea mM/kg 1 7 8 + 2 . 0  1 8 3 + 3 . 0  1 8 8 + 2 . 0  - - -

Ca/SNFNS 2 . 4 7 + 0 . 0 3  2 . 5 2 + 0 . 0 4 2 . 6 1  + 0 . 0 3 - - -
----
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1 0 . 4 . 4 . 3  Mas s  balance and yield : The recovery o f  fat a nd 

CN wa s s imi lar for the three treatments ( Table 1 0 . 1 1 ) .  The 

calculations for recovery of WPN in control and 

added Cheddar s  were done as descr ibed previously  

permeate 

( Chapter 

4 ) . For whey protein supplemented permeate added Chedda r s , 

calculations were done a s  follows : 

% WPN recovery = 
[ WPN in ] + [WPN in W . P .  supple- 1 - (WPN in whey]  
retentate mented permeate x 1 0 o [ WPN in )+fWPN in W . P .  supple-] 

retentate mented permeate 

The bl ending o f  whey protein in the permeate prior to its 

addition to the UF curd did not s i gn i f i cantly increase the 

recovery of WPN . The rea son for thi s  i s  uncertain . One 

pos s ibi l i ty is that a portion of the moi sture in the UF curd 

was ' bound ' so that the real concentration of the whey 

proteins in the curd was much higher than that in whey 

protein suppl emented permeate . Cons equently , at least in  

the initial  stage s , the whey protein supplemented permeate 

f lushed out part of the whey proteins in  the curd . One way 

to check on this  pos s ib i l i ty is to further increase whey 

protein : moi sture ratio in the permeate and investigate 

whether this prevents the f lushing out o f  the whey proteins . 

Tabl e  1 0 . 1 1  Mas s  balance 

Percentage recovery in  chees e  

% Permeate 

Recovery Control added 

Fat 8 9 . 5  + 0 . 4  8 8 . 9  + 0 . 9  - -
CN 9 7 . 8  + 0 .  1 9 8 .  1 + 0 . 2  - -
WPN* 4 . 3  + 0 . 2  6 . 2  + 0 .  1 - -
SNF 3 4 . 7  + 0 . 2  3 5 . 2  + 0 . 3  - -
* see section 1 0 . 4 . 4 . 3  for definit ion 

* *  calcul ated on the bas i s  of SNF 

compar i son purpo s es . 

W . P .  supplemented 

permeate added 

8 8 . 3  + 0 . 7  -
9 7 . 6  + 0 . 1 -

9 . 2  + 0 . 9  

2 4 . 2  + 0 . 3  -
3 5 . 5  + 0 . 3  * *  -

o f  WPN recovery 

content o f  mi lk f or 
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I n  the l ater stages of synere s i s , it i s  pos s ible that the 

shrinkage of the curd due to cooking and acid development 

resulted in further loss  of moi s ture and whey protein 

irrespective o f  the concentration o f  whey proteins in the  

medium surrounding the curd . Obviou s ly thi s  phenomenon may 

a l s o  occur in UF curd from the other treatments with and 

without permeate addition . The SNF recovery in  whey protein 

supplemented permeate added Cheddar wa s s l ightly higher than 

that in the other two treatments .  

The yield of chees e  from the three treatments was 

s imi lar ( Tabl e  1 0 . 1 2 ) . Thi s  was expected s ince recovery o f  

various mi l k  con stituent s was a l ike f o r  the three 

treatment s . 

Yield 

kg cheese per 

1 0 0 kg mi lk 

kg chee s e *  per 

1 0 0 kg mi l k  

* ad j usted to 

Table 1 0 . 1 2  Yield of cheese 

Control 

1 0 . 0 6 + 0 . 0 6 

1 0 . 2 8 + 0 . 0 8 

3 6 . 0 % moi sture 

Permeate 

added 

1 0 .  1 6 + 

1 0 . 3 2 + 

0 . 0 6 

0 . 0 8 

WP supplemented 

permeate added 

1 0 . 0 8 + 0 . 0 4 -

1 0 . 2 4 + 0 . 0 8 

1 0 . 4 . 4 . 3  Cheese  qual ity : The qua l i ty of chees e  obtained 

f rom the treatment involving whey protein supplemented 

permeate addition wa s sl ightly inf erior to that of che e s e  

from the other two treatments ( Table 1 0 . 1 3 ) . The reason f o r  

thi s  i s  not known . One pos s ibi l i ty i s  that some o f f  

f l avours i n  the cheese or iginated from the whey protein  

powder addition . The results of thi s  investigation agree 

with tho se of a previous one ( Chapter 6 )  suggesting that the 

addition o f  dried whey protein to milk , retentate or  

permeate leads  to f lavour probl ems in the cheese . 
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Trial 
No. 

1 

2 

Stage of cheese maturation 
35 days 3 rronths 6 rronths 

Treatrrent Flavour Texture Flavour Texture Flavour Texture 

Control Normal ( 6 )  Sl .rnealy ( 3 )  Sl . sour ( 6 )  Sl .rnealy ( 3 )  Normal ( 5 )  Sl .rnealy ( 3 )  
Sl . sour Sl .arc::matic 

Permeate Sl . sour ( 6 )  Sl . floury ( 3 )  Sl . sour ( 5 )  Sl . floury ( 3 )  Sl . sour ( 5 )  Sl . floury ( 3 )  
added 

W.P.  supplemented Sl . sour ( 5 )  Sl . crumbly ( 3 )  Sl . sour ( 5 )  Sl . crumbly ( 2 )  Sour ( 4 )  Sl . crumbly ( 2 ) 
permeate added Sl .bitter Sl .unclean Sl .unclean Sl .rnealy 

Control Normal ( 6 )  Sl .rnealy ( 3 )  Normal ( 6 )  Sl .rneal y ( 2 )  Normal ( 6 )  Sl .rnealy ( 3 )  
Sl .bitter Sl . sour 

Permeate Sl . sour ( 6 )  Sl . floury ( 3 )  Sl . sour ( 6 )  Sl . floury ( 2 )  Sl . sour ( 6 )  Sl . floury ( 2 )  
added 

W. P .  supplemented Sl . sour ( 5 ) Sl . crumbly ( 2 )  Sl . sour ( 5 )  Sl . crumbly ( 2 )  Sour ( 4 )  Sl . crumbly ( 2 )  
permeate added Sl . unclean Sl .unclean Sl .unclean Sl .rnealy 

Note : Figures in  brackets refer to grade s cores 
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1 0 . 4 . 5  Concl u s i on 

The results of the pres ent inve s tigation sugges t  that 

the presence o f  extra whey proteins in the l i quid medi um 

surrounding the curd part i c l e s  does not s igni f i cantly 

incre a s e  the recovery o f  whey proteins in the cheese .  

Further work i s  needed to inves ti gate whether addition o f  

permeate supplemented t o  higher l eve l s  of whey protei n  t o  

the UF curd wi l l  permit increas ed recovery of whey prot e i n . 
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CHAPTER 1 1  

OVERALL DI SCUSS ION 

The problems encountered in  UF Cheddar are mainly those 

concerning qual ity and l ack of viable yield increase . In 

terms o f  qua l i ty , the problems include : 

( 1 )  h i gh 1 -day pH ( Green et al , 1 9 8 1 a )  

( 2 )  high c a l cium in  cheese ( Sutherl and and Jameson , 

1 9 8 1 ) .  

( 3 ) atypical f l avour and texture , pos s ibly due to lack 

o f  proteolys i s  ( Green et al , 1 9 8 1 a ,  1 9 8 5 ) . 

Inve stigators 

probl ems by 

( Sutherland 

have sought to overcome the f irst two qua l ity 

decreas ing the pH of the milk prior to UF 

and Jame son , 1 9 8 1 ) .  Results of the present 

investigation sugges t  that another solution is the addition 

of starter on the bas i s  o f  milk quantity prior to UF . The 

starter could preferably be prepared in the concentrated 

milk ( Mi s try and Kos ikowski , 1 9 8 6b )  to minimi s e  the di lution 

e f fect o f  the starter encountered in the present 

investigation . The l ack of proteolys i s  reported in  UF 

Cheddar ( Green et a l , 1 9 8 1 a )  may be overcome by the addition 

of rennet on the ba s i s  o f  milk quantity prior to UF . The 

resultant UF Cheddar has higher than normal res idual rennet 

whi ch is pos s ibly required to o f f s et the ' di lution ' e ffect 

of the whey proteins ( Koning et a l , 1 9 8 1 ) .  

Information on the optimum r ange o f  MNFS for UF Cheddar 

is l a cking . Data from the present investigation suggest 

that a MNFS l evel s imilar to that o f  traditiona l ly made 

Cheddar can be maintained in chees e  made from UF milk 

provided that not more than about one third of the whey 

protein in the original milk i s  retained in the chees e . The 

ratio of moi sture to casein in traditional Cheddar chees e  i s  

about 1 . 4 : 1 ( Gi l l e s  and Lawrence , 1 9 8 5 ) . In the presence o f  

whey proteins either the casein i s  carrying a h i gher ratio 

o f  moi s ture or the whey protein i s  a l s o  binding roughly the 

s ame proportion of water as the casein . 

The con f l i cting resports in  the l i terature on yield 

increas e s  in UF Cheddar chees emaking are not easily compared 
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because the bas i s  for yield calculation i s  o ften di f ferent 

or s ometime s not given . There appear to be no yield 

advantage s  when Cheddar chees e  i s  made from mi l k  c oncen

trated two-fold ( Chapman et a l , 1 9 7 4 ; Green et a l , 1 9 8 1 a )  

and the present study con f i rms thi s  f inding . Other workers 

uti l i z ing retentate suppl emented mi lks  to give CF of 1 . 2 : 1  

to 1 . 9 : 1  ( Kealey and Kos i kowski , 1 9 8 5 ; Kos ikowski et a l , 

1 9 8 5 ) and water reconstituted retentates ( Ko s ikowski , 1 9 8 0 ) 

have however reported increa s e s  in yield . Nevertheles s , 

when the data i n  thes e  three papers are examined in the same 

way as in the present investigation , no signif i cant increase 

in yield i s  obta ined . Yield increases  a s  high as 2 5 %  for 

Gouda cheese ( Boer and Nooy , 1 9 8 0a )  have been claimed but 

the bas i s  for yield calculation has not been reported . Such 

l arge increas e s  are obvi ous l y  pos s ible onl y  with : 

( a )  recovery o f  a l l  the whey proteins in the milk 

( b )  the incorporation o f  extra moi sture in the chees e  

due t o  the pres ence o f  whey proteins a s  was demon

strated in the present investigation 

( c )  s igni f i cantly higher recovery of f at . 

Increas ed fat rec overy , whi l e  increasing yield , has little 

bene f it on the prof itab i l i ty o f  the proce s s  s ince modern 

cheesemaking plants can recover most of the fat from the 

whey . 

One report from Australia suggests 

Cheddar from 5 : 1  retentate may be 8 

conventional Cheddar ( Van Leeuwen et 

that the yield of UF 

- 1 0 % h igher than 

a l , 1 9 8 4 ) although 

theoretical calculations ear l i er using the Vanslyke f ormula 

estimated thi s increa s e  to be about 1 4 % ( Sutherland and 

Jameson , 1 9 8 1 ) .  A par t  of thi s  yield increase was due to 

increased fat recovery . Resul t s  o� the present investiga

tion us ing a s imi l ar ba s i s  f or yield calculation predict the 

yield advantage to be about 4 - 6 %  a s suming that the fat 

losses  stay at normal l evel s .  It is unl ikely that thi s 

yield advantage wil l  be considered commercially s igni f i cant . 

Further research i s  needed to investigate the means o f  

attaining increas ing y i e l d s  in UF Cheddar without l o s s  o f  

qual ity . 



APPENDIX I ( Chapter 4 )  

IA - GRADI NG OF CHEESE 

( a )  Sensory gradi ng of cheese 

Reference N . Z . D . D . M .  54 ( 1 9 8 3 ) 

1 6 3  

0 Al l cheeses  should be graded at a temperature of 1 0  to 

1 3°C .  

( i )  Col our and appearance :  Thi s  a s s e s sment i s  mad e  by 

vi sual examination of the plug taken f rom the chee s e . 

( i i )  Fl avour and odour : The odour i s  a s s e s s ed by sni f f i ng a 

s ampl e  of cheese taken with the trier . The t a s t e  i s  

a s s e s s ed by placing a sma l l  por tion i n  the mouth and t a s ting 

to check for undes i rable f l avour s .  

( i i i ) B ody and consi stency : The a s s e s sment of the body and 

con s i s tency of cheese is made by rubbing a portion of the 

sample between the thumb and the for e f i nger . 

( iv )  Closenes s  and textur e : Clos ene s s  and texture are 

a s s e s s ed by examination of the chees e  plug . 

( b )  Def inition of degree terms 

S l i ght ( S l . ) - detectable only on criti cal examination . 

Definite ( Def . ) - easily detectable . 

Pronounced ( Pron . ) - markedly ident i f i abl e and present t o  a 

la rge degree . 

( c )  Guideline s  f or grading Cheddar cheese 

( i )  Col our : The 

should be un iform . 

must not be mottled 

chees e  may be natura l or coloured but 

Slight seaminess  may be permitted but it 

or bleached ( Table 1 2 . 1 ) .  



( i i )  F lavour : 
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The f lavour should be pleas ing and the 

ch eese should be free from any feed taints and unde s i rable 

f l avours and odour s .  

When a s s e s s ing Cheddar chee s e  for f l avour i t  i s  

important to note the age o f  the chee s e  because a s  i t  

matures var ious f l avours develop , s ome of which may b e  

undes i rable . For a chees e  to s core 7 - 1 0  points , a t  3 5  

days o f  age , it should have no f l avour defects . Cheese  

s coring 6 points may have s l i ght f l avour defects but mus t  

st i l l  b e  acceptable to a l l  con s umer s .  Chee se wi th def i nite 

f l avour faults  would s core bel ow 6 points and i f  uns ound , 

fermented , unc lean or sulphide would s core l e s s  than 5 

points , depending upon the inten s i ty of the f l avour ( Table 

1 2 • 1 ) • 

( i i i ) Body : The body of a freshly drawn sampl e  shoul d  be 

f i rm and appear solid , smooth and compact . Cheese scor i n g  4 

or 5 points would not be commented upon . Chee s e  s coring 

under 4 points wi l l  be downgraded according to seriousne s s  

o f  the defect . When a fault i s  not serious , the word 

" s l i ght " is used before des c r ibing the defect . 

( iv )  Texture : Cheddar chees e  should have a close texture 

but may pos s e s s  a f ew mechani c a l  holes . The che e s e  i s  

downgraded according to the ser iousne s s  of the defect ( Table  

1 2 • 1 ) • 
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Table 1 2 • 1 Guidelines for grading Cheddar cheese 

Body , texture and colour points 

5 4 3 2 

Body ( 1 ) 

Chalky s D p 

Curdy s D p 

Doughy s D p 

Floury s D p 

Gritty s D p 

Lacks smoothne s s  s D 

Lumpy D p 

Mealy  D p 

Over f irm s D p 

Pasty s D p 

Tender 8 ( 2 )  D 

Weak D p 

Texture 

Fractured s D p 

Loos e  s D p 

Open s D p 

Pinny s D p 

S l itty D 

Ragged D 

Colour 

Bl eached D 

Mott led s D 

s = S l i ght D = Definite p = Pronounced 

Notes : 

( 1 ) I t  i s  es sential that grader s  take the analys i s  and the 

age o f  the chee se into con s iderat ion when making an 

a s s e s sment of the body . 

( 2 )  Especial ly when FDM i s  high . 
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Table 1 2 .  1 ( Continued ) 

Flavour points 

1 0 - 8  7 6 5 4 3 - 1 

As tringent s D p 

Bitter s D 

Cowy s D 

Fermented s D p 

F l at s D 

Fruity s D p 

Mu sty s D p 

O f f - f l avour s D p 

Oxidi s ed s D p 

Salty s D P ( harsh ) 

Sharp s D p 

Sour s D p 

Stale s D 

Sulphide s D p 

Unchara cteristic  s D p 

Unclean s D p 

Unsound D p 

Weedy s D p 

Note : 

The intensity of f l avour wi l l  vary a s  the chees e  matures .  A 

l ittle sulphide or f ruity f lavour i s  acceptable a s  the 

cheese ages . 
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APPENDIX I B  

SELECTION AND TRAINING O F  PANELI STS 

Pane l i sts  were selected from sta f f  members of 

N . Z . D . R . I . , bas ed on the method o f  Zook and We s sman ( 1 9 7 7 ) .  

Each prospective pane l i s t  was required to evaluate s ome 

fourteen to s i xteen triangles  of restructured chee s e , two 

triangles bei ng admini stered at each s e s s ion . Restructured 

cheese was used for the s creening procedure since dilut i on 

techniques could be used to make the d i f f erence s  between 

samples progres s ively sma l ler . Several of the triangl e s  

were reversed although these tr iangles were admini stered a t  

d i f ferent s e s s i on s , t o  prevent the panelists  discriminating 

on the way the test was admi n i s tered rather than on the 

samples . Paneli sts  were ranked on thei r  abi l i ty to 

d i s criminate between sample s . Prospective pane l i sts  who 

were ranked in the top third went f orward into a training 

programme . Thi s s creening procedure was followed by an 

eight week training programme . During thi s  trai n i ng 

programme , f our ha l f-hour round table discuss ion s e s sions 

were held each week . Each pane l i st was expected to 

participate i n  at least three s e s s ions per week . During the 

l a st week of training , ' ha l f - b l i nd ' s e s s ions were held i n  

whi ch panel i sts  made individua l j udgements in the sensory 

panel room before j oining other panel i s t s  f or further 

di s cussion o f  the s cores and the chance to retaste the 

s ampl e s . 
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APPENDIX I C  

QUESTIONNAIRE USED T O  EVALUATE CHEDDAR CHEESE SAMPLES 

Name Date 

CHEDDAR CHEESE PANEL 

In f ront o f  you are s everal samp l e s  o f  Cheddar chee s e . 

Please eva luate them for the fol l owing characteri s t i c s  us ing 

a 0 - 1 0  scale  where 0 = Abs ent 

2 = Threshold 

4 = Weak 

6 = Moderate 

8 = Strong 

1 0 = Inten se 

TEXTURE : 

1 .  F i rmnes s  

( Soft --> F i rm ) 

2 .  Rubberine s s  

( Not rubbery --> Very rubbery ) 

3 .  Crumblines s 

( Not crumbl y  --> Very crumbly ) 

4 .  Smoothne s s  

( Not smooth --> Very smooth ) 

5 .  Stickines s  

( Not sti cky -- > Very sticky ) 

6 .  ' Bittines s '  

( Not ' bi tty ' --> Very ' bi tty ' )  

7 .  Other 

a .  

b .  

COMMENTS :  

Sampl e  Nos . 
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APPENDIX I C  ( Continued } 

FLAVOUR 

Name Date 

Sample Nos . 

FLAVOUR : 

1 . Acid/ sour 

a .  

b .  

2 .  Fruity/Fermented 

3 .  Sulphide 

4 .  Sharpness 

5 .  Bitternes s  

6 .  Other 

a .  

b .  

c .  

COMMENTS : 
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APPENDIX ID  

DEFINITION OF TERMS USED BY THE SENSORY PANEL TO EVALUATE 

THE EXPERIMENTAL CHEESES 

TEXTURE 

Firmne s s :  

Rubberine s s : 

The amount of force required to take the f irst 

bite o f  chee s e , a s s e s sed using the f ront 

teeth . 

The degree to whi ch the cheese returns to its  

initial form a fter biting , a s s e s s ed during the 

f irst two to three chews . 

Crumbl ines s : The degree to wh ich the cheese structure f a l l s  

apart and breaks up during the initial two to 

three chews . 

Smoothnes s : 

Stickine s s : 

Bittine s s : 

The smoothne s s  of the cheese against the 

palate as it breaks down during mastication . 

The stickine s s  of the cheese  against the 

palate and around the teeth duri ng masti cation . 

The degree of ' bi ttines s '  or grainines s  in the 

mouth j ust before swa l l owing . 



FLAVOUR 

Acid : 

Sour : 

Fruity/ 

Fermented : 

Sulphide : 

Sharpnes s :  

Bi tternes s :  
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APPENDIX I D  ( Continued ) 

A ' cl ean ' f l avour simi lar to that o f  a dilute 

solution of mineral acid , usua l l y  percei ved at 

the back and s i de s  of the tongue . 

A ' di rty ' f lavour often a s sociated with 

f ermented-type f lavours perceived at the back 

and sides of the tongue but tending to l inger 

in the mouth a s  an a ftertaste . 

As sociated with products that have been fer

mented . In chees e , thi s  group o f  character

i s t i c  f l avour s include s f l avour s des cr ibed as : 

yea s ty , a l cohol i c , ethanol , f i z zy , e f f erves 

- cent , tangy , f ruity . 

Group of characteri stic  f l avours in cheese 

whi ch may have the distinctive character of 

hydrogen sulphide or may variou s l y  be 

de s cribed as feedy , weedy , cabbagey , oniony 

etc . ( po s s e s s ing a note s imi l ar to that found 

in the sulphur-containing vegetables ) .  

A ' peppery ' character i stic perce ived on the 

tongue whi ch tends to linger - o ften a s sociated 

with the f l avour of very mature Cheddar chee s e . 

One of the four bas i c  tastes perceived at the 

back of the tongue , tending to l i nger on as an 

a fterta ste . In chees e  thi s  i s  caused by the 

presence of bitter peptide compounds and i s  

s imi lar t o  the bitterness f ound i n  UHT mi lk 

a fter prol onged storage . 
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APPENDIX I E  

S UMMARY O F  STATI STICAL ANALYS I S  O F  SENSORY PANEL RESULTS 

Exper imental  factors 

Rep l i cate Treatment Month Trt x Month 

Attribute : 

F i rmn e s s  3 7 . 3 7 * 1 5 . 0 3 n s  0 . 9 2 ns 2 . 4 7 n s  

Rubber iness  1 • 2 4  n s  3 . 9 3 n s  1 2 . 9 3 * 0 . 3 3 n s  

Crumbl ine s s  0 . 7 7 ns 0 .  1 3 ns 0 . 3 7 ns 3 . 9 9 n s  

Smooth ne s s  2 .  1 6  ns 1 .  0 1  ns 0 . 0 8 ns 4 . 2 6 n s  

Stickine s s  1 7 . 2 6 ns 0 . 0 4 n s  3 . 2 1  ns 3 . 0 6 n s  

Res idual 

Mouthfeel  1 0 . 6 6 ns 1 • 4 2 n s  0 . 7 1  ns 0 . 3 2 n s  

Acid/sour 4 . 5 5 ns 0 . 0 0 n s  0 . 0 9 ns 0 .  1 7 n s  

Fruity/ 

Fermented 2 . 8 8 ns 1 .  8 8  n s  0 .  1 6 ns 0 . 7 0 n s  

Sulphide 0 . 0 3 ns 0 . 6 9 n s  0 . 1 0  n s  1 . 5 9  n s  

Sharpn e s s  0 . 8 4 ns 0 .  1 1  n s  0 . 0 0 ns 0 .  1 5 n s  

Bittern e s s  1 .  1 6  ns 0 . 2 5 n s  0 • 2 1 n s  0 . 0 0 n s  

n s  not s igni f i cant 
* s i gni f i cant at 5 %  l evel of s igni f i cance 



APPENDIX I I  ( Chapter 6 )  

I IA - SLURRY CALCULATIONS 

Given : Moi sture in che e s e  = 3 5 . 2 % 

Salt in  chees e = 1 . 7 5 %  

Tota l solids i n  WPC = 1 0 . 0 % 

Total protein i n  WPC = 8 4 . 0 % ( DM bas i s ) 

Target : Total solids i n  s lurries = 4 0 . 0 0 %  

Salt i n  moi sture = 4 . 2 % 

Cal culat ions 

Control slurry 

Quantity of cheese in each bottle = 6 0 0  g .  

Total moi sture in 6 0 0  g cheese = 6 0 0  x 3 5 . 2  

I f  x i s  the amount 

Total moi s ture i n  6 0 0  g 

Tota l quantity of chees e  

= 2 1 1 . 2 g .  

of water to be added : 

cheese  + X 6 0  = 
+ X 1 0 0 

2 1 1 • 2 + X 0 . 6  = 
6 0 0  + X 

2 1 1 . 2 + x = 0 . 6 ( 6 0 0  + x )  

0 . 4  X = 3 6 0 - 2 1 1 . 2 

X = 3 6 0  - 2 1 1 . 2 

0 . 4  

= 3 7 2  g 

1 7 3 

Theref ore , 3 7 2  g water needs to be added to 6 0 0  g o f  c h e e s e . 

Salt : 

Total salt in  6 0 0  g cheese = 6 0 0  x 1 . 7 5  

= 1 0 . 5  g 

Total salt required = ( Total moi s ture in cheese + 

Total added water ) x 4 . 2  

= ( 2 1 1 . 2 + 3 7 2 ) X 4 . 2  

= 2 4 . 4  g 

Tota l salt to be added = 2 4 . 4  1 0 . 5  = 1 3 . 9  g 
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S lu rry B ( corresponding to 2 0 %  retention of undenatured whey 

protein ) 

In thi s  slurry , one quarter of  the water to be added 

was replaced by WPC . 

Quantity of WPC = 3 7 2  

4 
= 9 3 . 0  g 

Quantity of water = 3 7 2  - 9 3  = 2 7 9  g 

However , the solids i n  9 3 . 0  g WPC would increas e  the 

s o l ids beyond cal culated 4 0 . 0 % .  Therefore , extra wat e r  was 

added to compensate for extra solids  in WPC . 

Salt  

Solids  in  9 3 . 0  g WPC = 9 . 3  g 

Extra water to be added = 9 • 3 = 2 3 . 3  g 
0 . 4  

Total salt in  6 0 0  g cheese = 1 0 . 5  g ( as for s lurry A ) . 

Total salt required = ( Water to be added 

Therefore : 

+ extra water to be added 

+ water in WPC 

+ water in 6 0 0  g cheese ) 

X 4 . 2  

= ( 2 7 9  + 2 3 . 3  + 8 3 . 7  + 2 1 1 . 2 )  

X 4 . 2  

= 2 5 . 1  g 

Total salt to be added = 2 5 . 1  1 0 . 5  

= 1 4 . 6  g 
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SCORE CARD FOR TASTE PANEL OF SLURRIES 

Date 

Ref er ence Scale 

Attribute 

1 .  Acid 

2 .  Bitter 

3 .  Diacetyl 

4 .  Fruity 

5 .  Lipolyt i c  

rancidity 

6 .  Salty 

7 .  Unc lean 

8 .  Others 

9 .  Over a l l  

S core 

Judge 

0 2 4 6 

None Sl ight Moderate Pronounc ed 

Sample  

No . 

1 7 5 

8 

Very 

pronounced 
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APPENDIX I I C  - AVERAGE TASTE PANEL SCORES FOR SLURRIES 
- - -------

Flavour Attribute 
Treat- Fruity/ Lipolytic Whey Overa l l  

Day ment* Acid Bitter Diacetyl Fermented Rancidity Salty Uncl ean Protein Score 

A 2 . 9 4 0 . 6 7 1 . 2 8 1 .  0 0  0 .  1 1  4 . 6 1  0 . 0 8 0 . 4 4 2 . 8 9  
B 3 . 0 6 1 .  3 3  1 . 1 7 1 . 1 1 0 . 3 3 4 . 0 6 0 . 0 6 0 . 6 1 3 .  1 7  
c 3 . 3 9 1 .  0 0  1 . 1 1 0 . 7 2 0 . 7 8 3 . 9 4 0 . 0 9 0 . 2 2 3 . 0 6 

0 D 3 . 5 0 0 . 6 1  0 . 9 4 0 . 8 9 0 . 3 9 3 . 8 9 0 . 0 8 0 .  1 1  3 . 1 1 
X 3 . 6 1 0 . 9 4 1 . 1 1 0 . 8 9 0 .  1 1  4 . 1 1  0 .  1 1 0 . 4 4  3 . 6 7 
y 3 . 2 2 0 . 7 2 1 . 6 7 0 . 7 2  0 . 4 4 3 . 7 2 0 . 2 2 0 . 5 6 3 .  1 7  
z 3 .  1 7 0 . 9 4 1 .  5 0  0 . 7 8 0 . 3 3 4 . 0 6 0 . 0 8 0 . 3 3 3 . 2 2 

A 2 . 9 4 1 .  2 2  1 .  0 0  1 .  5 6  0 . 6 1  3 . 7 8 0 . 3 3 0 . 5 0 3 . 3 3 
B 3 . 3 9 1 .  4 4  1 .  0 0  1 .  3 9  0 . 4 4 3 . 8 3 0 . 7 2 0 . 6 1  2 . 8 9 
c 3 . 2 8 1 .  6 1  1 . 0 0  1 . 3 3  0 . 8 9 3 . 9 4 0 . 6 1 0 . 7 8 3 . 2 2 

3 D 3 . 4 4 1 .  4 4  0 . 5 0 1 . 5 6  0 . 9 4 3 . 6 7 0 . 6 7 0 . 5 6  3 . 2 2 
X 3 . 0 6 1 .  6 7  0 . 4 4 1 .  4 4  0 . 8 3 4 . 0 0 0 . 7 8 0 . 3 3 3 . 0 0 
y 3 . 2 8 1 .  4 4  1 .  6 1  1 .  1 1  1 .  0 6  3 . 7 8 0 . 5 6 0 . 2 8 3 . 5 0 
z 3 .  1 7  1 .  2 8  1 .  0 0  1 .  1 7  0 . 8 9 3 . 8 3 0 . 4 4 0 . 8 3 3 . 6 1  

A 3 . 0 6 1 .  5 6  0 . 7 2 1 .  8 3  0 . 8 9 4 . 0 0 0 . 7 8 0 . 3 9 4 . 0 0 
B 3 .  1 7  1 • 7 2 0 . 6 1  1 . 5 6  1 .  0 6  4 . 0 0 0 . 5 6  0 . 4 4 3 . 9 4  
c 3 . 3 9 1 .  3 9  0 . 5 6 1 . 5 0  1 . 0 6  3 . 8 3 0 .  1 7 0 . 7 8 4 . 0 6 

6 D 3 . 3 3 1 .  5 0  0 . 7 8 1 .  5 0  1 .  1 1  3 . 7 8 0 . 6 7 0 . 8 3 4 .  1 7  
X 3 . 0 0 1 .  3 9  0 . 7 2 0 . 9 4 1 .  0 0  4 . 0 0 0 . 6 7 0 . 3 3 4 . 2 2 
y 2 . 9 4 1 .  2 8  1 .  0 0  1 .  2 8  0 . 8 3 3 . 8 3 0 . 3 9 0 . 2 2 4 . 5 6 
z 3 . 7 8  1 . 6 1  1 . 0 0  1 .  8 3  1 .  5 0  3 . 9 4  0 . 5 0  0 . 5 0  4 . 4 4 

* see experimental plan ( Chapter 6 )  
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APPENDIX I ID 

CHEMICAL COMPOSITION OF WHEY PROTEIN POWDER ( ALACEN 3 4 3 )
* 

S UPPLIED BY NEW Z EALAND DAI RY BOARD 

Consti tuent % 

Moi s ture 4 . 5  

Tota l Protein 8 0 . 0  

Fat 4 . 4  

Ash 3 . 3  

Lactose 7 . 8  
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APPENDIX I I E  

CALCULATIONS FOR WHEY PROTEIN ADDI TION TO MILK ( Chapter 6 )  

As sume : 

Given : 

Cal culations : 

( i )  Whey protein content of milk = 0 . 7 % 

( i i )  One third of the whey proteins  in m i l k  are  

retained i n  5 . 1 UF cheese . 

In conventional method , 5 %  of the whey protei n s  

i n  mi lk a r e  retained in  the chees e . 

Con s ider 1 0 0 kg mi lk . Whey protei n  content = 0 . 7  kg 

Requi red whey protein content of the chees e = 0 . 7  kg -
3
-

Now , 5 %  corre sponds to 0 . 2 4 kg 

1 0 0 %  corresponds to 4 . 8  kg 

= 0 . 2 4 kg ( approximatel y ) 

Whey protein a lready pre s ent in mi l k = 0 . 7  kg 

Therefore whey protein to be added = 4 . 8  - 0 . 7  = 4 . 1  kg 

If the whey protein powder conta ins 8 0 %  w/w of whey prote i n , 

Quantity of whey protein powder requi red = 4
•

1 

0 . 8  

= 5 .  1 kg . 



Name 

APPENDIX I I I  ( Chapter 7 )  

APPENDIX I l iA - QUESTIONNAIRE USED TO EVALUATE 

UF CHEDDAR CHEESE SAMPLES 

Date 

CHEDDAR CHEESE PANEL 

1 7 9 

In  front o f  you are s everal samples  o f  Cheddar chee s e . 

Please evaluate them for the following character i stics  us i ng 

a 0 - 1 0  scale where : 0 = Absent 

2 = Threshold 

4 = Weak 

6 = Moderate 

8 = Strong 

1 0  = Inten s e  

TEXTURE : 

F i rmness  

( Soft - >  Firm ) 

Rubberine s s  

( Not rubbery - >  Very rubbery ) 

Crumbline s s  

( Not crumbly ->  Very crumbly ) 

Smoothness 

( Not smooth - >  Very smooth ) 

Stickine s s  

( Not sticky - >  Very sti cky ) 

' Bittines s ' ( Not ' bitty ' - > Very ' bitty ' ) 

a .  Mealy/Curdy 

b .  Gritty/Sandy 

Other ----------------

Sample  Nos . 
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FLAVOUR :  

Acid/Sour 

Fruity/Fermented 

Sulphide 

Sharpnes s  

Bitterness 

Other -----------------

COMMENTS : 
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APPENDIX I I IB 

DEFINITION OF ADDITIONAL TERMS USED BY THE SENSORY PANEL 

TO EVALUATE UF CHEDDAR CHEESES 

a .  Mea l ine s s : The degree o f  ' mealines s '  or grainine s s  in 

the mouth j ust bef ore swa l l owing . 

b .  Grittines s :  The amount o f  hard , part i culate matter 

perceived dur ing final ma sti cation of the 

cheese ( of ten caused by the presence of 

cal cium lactate in the cheese ) .  

Note : Definition o f  other terms used in  the questionnai re i s  

shown in Appendix I D . 
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APPENDIX I I I C  

SUMMARY O F  STATI STICAL ANALYSIS  O F  SENSORY PANEL RESULTS 

Control vs 3 :  1 vs 5 :  1 Cheddar 

F Ratios 

Treatment 

Attribute Rep l i cate Treatment Time x Time 

A .  Texture 

Firmn e s s  1 .  4 5  ns 5 . 0 5 n s  

Rubberine s s  0 . 0 7 ns 1 1 . 7 4 * * *  

Crumbliness  1 .  3 4  ns 5 . 7 3 * 

Smoothne s s  1 . 4 3 n s  9 . 9 7 * 

Stick iness  0 . 5 9 n s  5 .  1 9 * 

Mealiness  0 . 4 1 n s  1 5 . 2 9 * * *  

Grittine s s  3 . 3 5 n s  3 . 2 2 ns 

B .  Flavour 

Acid/Sour 4 . 3 0  ns 6 . 5 8  * 

Fruity/ 

Fermented 0 .  1 2  n s  3 . 0 0 n s  

Sulphide 0 . 7 1 ns 1 .  5 1  n s  

Sharpn e s s  8 . 5 7 * 1 0 . 9 8 * *  

Bi tterne s s  2 . 6 3 ns 1 .  9 5  n s  

ns not signi f i cant 

* signif i cant at 5 %  l evel 

* *  signi f i cant at 1 %  l evel 

* * * s i gni f i cant at 0 . 1 %  l evel 

0 . 5 8 n s  0 .  1 1  n s  

1 1 . 2 8 * * *  0 .  1 6 ns 

2 0 . 8 1 * * *  0 . 0 8 ns 

1 8 . 8 3 * * *  0 . 0 7 ns 

5 7 . 0 9 * * *  1 .  2 3  ns 

3 5 . 2 7 * * *  0 .  1 8 ns 

0 .  1 0 1 .  6 5  ns 

2 8 . 9 0 * * *  0 .  1 5 ns 

2 7 . 2 9 * * *  0 .  1 4  ns 

1 6 . 8 3 * * *  0 . 2 9 ns 

4 7 . 1 7 * * *  0 . 7 6 ns 

2 . 6 7 n s  0 . 0 7 ns 

Error 

2 . 3 9 * 

0 . 8 9 n s  

2 . 6 2 * *  

0 . 8 7 n s  

1 .  7 3  n s  

0 . 5 9 n s  

2 .  4 1  * 

0 . 8 3 n s  

0 . 3 5 n s  

0 . 7 9 n s  

0 . 3 9 n s  

0 . 5 3 n s  
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APPENDIX I I ID 

PREPARATION OF GEL SOLUTION AND REAGENTS FOR 

POLYACRYLAMIDE THICK SLAB ELECTROPHORE S I S  

Separating gel 

Acrylamide 

" B i s " 

" Tri s " 

Temed 

HCl 1 M  

EDTA 

Water 

( 1 0 0 ml ) 

1 1  . 5 0  g 

0 . 5 0 g 

2 . 9 0 g 

2 0 0 . 0  Ill 

5 . 0  ml 

0 . 0 8 g 

8 0  ml 

1 2 % PA 

4 . 2 % cros s l inked 

2 4 0  mM 

1 3 . 4  mM 

5 0  mM 

2 . 2  mM 

pH 8 . 9  

1 8 3 

The gel solution was dega s s ed , temperature ad j u s ted t o  2 0 °C 

and 0 . 1 %  f ine-ground ammoni um persulphate ( di s s olved i n  a 

sma l l  amount ( 2  ml ) wat er ) was added , qui ck l y  swirled  and 

immediately poured . 

{ i i ) El ectrode chamber buf f er { 2 1 ) 

{ i i i ) 

" Tri s " 

Glycine 

Water to 

Stacking gel 

" Cynaogum " 

" Temed " 

EDTA 

1 .  0 g 

7 . 5  g 

2 1 

{ 5 0 ml ) 

3 . 5  g 

5 0 . 0  

0 . 0 7 

1 
g 

Electrode chamber buf f er 4 7  ml 

4 . 1 mM 

5 0  mM 

pH 8 . 4 6 

7 %  PA 

6 . 7  mM 

3 . 6  mM 

pH 8 . 5  

The gel sol ut ion wa s warmed to 2 0°C ,  dega s s ed and 0 . 1 %  

ammonium per sulphate ( di s solved in a sma l l  amount ( 2  ml ) 

water ) was added , qui ckly swirled and poured . 
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D a y  3 5  Day 9 0 D a y 

* * * * 
* * - -

c - - a: a: c - c a: a: 0 a: a: Q) N Q) 
Q) Cl) 0 N . Cl) 

0 N Cl) ro .... 0 ro ro 
(..) (..) 0 - - (..) 

0 - - u.. u. - -
"0 "0 u. u. ::J "0 

u. u. 1... ::J ,._ 
'- ro ::J ::J 0 ro 

0 ::J ::J ro '-
,._ "0 0 .... "0 "0 '- c ...... 

c c .... c 
c ro ro c 0 

. .  ro 
0 0 

. .... .... .... () 11') 11') (/) () 11') 11') (/) (/) () 11') 11') 

- a 5 1  
a 5 ]-I 

Polyacrylamide gel e l ectrophores i s  of cheese made from 

control mi lk , 5 : 1  UF ( 1 . 0 R* ) and 5 : 1 UF ( 0 . 2  R* ) at various 

stages of maturation ( series 1 * ) . 

* s ee Experimental Plan ( C h apte r  8)  
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Da y  3 5  D ay 90 D ay 

* * * * * * 
c - - - - c - c · -

a: "(j) cr.. 
........... 

Q) a: a: a: er Q) 

U) � '() -o (/) � Cl) 
(1j � (1j . -o (1j . . . 0 . (.) 0 . (.) 0 0 0 0 0 - - - - -"0 u. u. u. u. 

""0 u. "0 I.- \... u. \... 
(1j 0 ::J :::::> 0 :::::> :::::> (1j ::J (1j "0 I.- '- ""0 ::J ""0 
c ...... ...... c c 
(1j c c C1:l .  (1j - 0 0 . .  - . .  -
(/) () L() L() () L() L() Cl) 

; 

y 

Polyacrylamide gel el ectrophore s i s  o f  chees e  made from 

control milk , 5 : 1  UF ( 0 . 4  R* ) and 5 : 1  UF ( 0 . 6  R* ) at various 

stages of maturation ( series 2 * ) .  

* see Experimental Plan (C hapte r 8 )  
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APPENDIX IVC 

S UMMARY OF STATISTICAL ANALYS I S  OF SENSORY PANEL RESULTS 

Control vs 5 : 1  UF ( 0 . 4 R ) + vs 5 : 1  UF ( 0 . 6 R ) + 

' F '  ratios 

Attribute Repl i cate Treatment T ime Treatment 

x Time 

A .  TEXTURE 

Firmness  3 . 2 4 n s  3 3 . 7 5 * *  2 . 2 3 ns 0 . 2 1 n s  

Rubberine s s  1 2 . 6 5 * 8 3 . 8 6 * * *  6 6 . 9 3 * * *  5 .  1 3 n s  

Crumb l in e s s  0 . 5 6 ns 1 1  . 4 5 * 0 . 0 3 ns 1 .  2 9  n s  

Smoothne s s  2 . 6 3 n s  1 3 . 7 9 * 1 .  6 2  ns 0 . 9 3 n s  

Stickine s s  3 . 9 5 ns 7 . 7 8 * 0 .  1 7  ns 0 . 5 7 n s  

Mealine s s 2 . 4 2 ns 4 . 5 2 ns 3 . 5 5 ns 0 . 0 6 n s  

Grittine s s  2 . 0 7 n s  6 . 8 9 ns 8 . 5 8  * 1 1  . 7 5 * *  

B .  FLAVOUR 

Ac id/sour 1 3 .  1 3 * 2 9 . 5 5 * 1 9 . 8 0 * *  1 .  8 3  n s  

Frui ty/ 

Fermented 5 4 . 8 5 * *  2 3 4 . 5 5 * * *  3 9 . 6 9 * * *  0 . 2 5 n s  

Sulphide 1 0 . 5 0 * 6 4 . 8 0 * * *  2 1  . 0 6  * *  7 . 8 5 * 

Sharpnes s  1 2 . 6 8 * 5 5 . 1 0 * *  4 .  1 3  ns 1 .  0 6  n s  

Bitterne s s  1 0 . 2 2 * 2 4 . 7 3 * *  0 . 5 2 ns 0 . 0 4 ns 

n s  not s igni f i cant 

* s igni f i cant at 5% l evel of s i gni f i cance 

* *  s i gn i f i cant at 1 %  level of s i gni fi cance 

* * * s igni f i cant at 0 . 1 %  l evel o f  s i gni f i cance 

+ see experimenta l plan 



APPENDIX VA ( Chapter 1 0 )  

CALCULATIONS FOR WHEY PROTEIN SUPPLEMENTATION OF 

UF PERMEATE 

1 8 7 

Percentage o f  W . P .  in  mi lk = 0 . 7  ( approximately ) 

Kg W . P .  in 1 0 0 kg 5 : 1 retentate = 3 . 5  kg 

Approximate kg moi s ture in  5 :  1 retentate = 6 2  kg 

Ratio of W . P . /moi sture = 5 . 6 4 

The ob j ective wa s to obtain  the s ame W . P . /moi sture ratio  in  

permeate . 

Approximate % moi sture in permeate = 

Therefore W . P .  to be added to 1 0 0 kg permeate = 

= 

Quantity of W . P .  powder needed for 

4 0  kg permeate = 7 . 4 2 5  x 0 . 4  
= 2 . 9 7 kg 

9 5  
5 . 6 4 

0 . 9 5 

7 . 4 2 5  k g  

= 3 . 0 0 kg ( approximatel y ) 

Note : W . P .  = Whey Protein 
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