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ABSTRACT 

Whole mi lk powder is a mul ti-mi l l ion do l l ar export earne r 

for New Zealand . Over recent years , there has been a 

change in emphas i s  for who le mi lk powder from a commod i ty 

to a consumer product . Thi s  has made i t  increas ing ly 

important to unders tand i ts s ensory propert i e s  wh ich are 

e s sential  to ultimate consumer accep tance . 

A sensory prof i l e  for New Z ealand who le mi lk powders was 

e s tabl i s hed in a sys tematic fashion through group d i s c u s s ions 

using a trained pane l .  The f inal pro f i le inc l uded thirty 

two attributes to des cribe the appearance , aroma , f lavour 

and tex ture of both powders and recon s t i tuted mi lks. 

Three d i f ferent senso ry scales were used in as sociation 

w ith the profile  th roughout one dairying s eason . The s e  

were a 0 - 10 l inear s c a l e , a s emi-s tructured l inear s c a le 

and magni tude e s t imat ion scal ing . A compar i son was made 

o f  the s e  three s c a le s  according to usage f ac tors and the i r  

s ensitivi ty to di f ferenc e s  between s amp les . The s emi

s tructured linear s c a le was the eas i e s t  scale to use but 

was not ve ry sens i tive to samp le d i f ference s . Magni tude 

e s t imation was not sens i ti ve to samp l e  di f ference s and 

there were prob lems as soci ated with its usage . The 0 - 1 0  

l inear scale was easy to us e and sens i t ive to samp l e  

d i ff e re nces . 

Re levant sensory data from one compl e te dairy ing season 

were compared wi th data f rom ins trumental meas urements o f  

colour and texture made o n  both powders and recons ti tuted 

mi lk s . Re f l ectance measurements made us ing a Hunter l ab 

025 colorimeter and c a l culated indices of the par t i c le 

s iz e  d i s tribution were the only measurements which re l ated 

c los e l y  to sensory p roper ties o f  who le mi lk powders . 
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The e f fect o f  seasona l changes i n  the sensory properties  

of  who le mi lk powder s was  s tud ied over two dairying 

s easons . Highly s ign i f icant seasonal ch ang e s  occurred 

in phys i c a l  prope r tie s of who le mi lk powders , s uch as 

colour . In the aroma and f l avour of both powders and 

r econsti tuted mi lk s , the mos t  s igni f i cant s e asona l 

change s were in the swee t ,  buttery and cooked/carame li sed 

note s .  Changes were greate s t  at the begi nning and end 

of the dairy ing season . 

The e f f ec ts of c e rtain p roce s s ing var iables on the sensory 

p roperties of who l e  mi lk powders were a l so s tud ied . 

P roce s s ing var iables  whi ch changed the phy s i c a l  structure 

of the p owder were found to have a highly s ig n i f icant 

e f fect on co lour , free-f low i ng p rope r ties and parti c le 

s i z e . Addi tion o f  v i tamins and minerals had a h ighly 

s igni ficant ef fec t on the aroma and f l avour of both 

powders and recons ti tuted mi lks . Th i s  was con f i rmed by 

data from experimenta l powde rs contai ning contr o l led 

leve ls o f  vi tamins and iron whi ch were made at the 

New Zealand Dairy Research I ns t itut e . Powders containing 

vitamins and iron were charac ter i zed as ' lac tone- l ike ' ,  

' vi tami n i z ed ' and ' ox id i s ed ' .  Change s in the aroma 

and f lavour characteri s tics were much grea te r in 

ins tanti zed powders . Some o f  the se e f fects were thought 

to be a s s oci ated w i th oxidat ion o f  s oybean l e c i thin in 

the se part icular powder s .  

Us ing a s imp l i f ied vers ion o f  the profi l ing me thod 

e s tabli shed in th i s  p ro j ec t , i t  should be pos s ible to 

match p roducts to marke t requirements far mor e  e f fec tive ly 

than the p resent s ingle s core grading syst em . 
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CHAPTER I 

INTRODUCTION 

Whol e  mi lk powder i s  an export product of increa s ing 

importance to New Z ealand . Over 6 0  0 0 0  tonne s  o f  who l e  

m i lk powder and re lated products were produced during 

the 1 9 7 9 / 8 0  dairying season and production is expec ted 

to reach 1 0 0  0 0 0  tonnes within the next three years 

( Men z ies 1 9 8 1 ,  personal commun i c a t ion ) . The quant i ty o f  

powder being packed for d irec t  u s e  by the consumer i s  

increasing rapidly . The New Zea l and Dairy Board expects  

to  pack 30  0 0 0  tonnes of whole m i l k  powder for cons umer 

u s e  by the 1 9 8 2 / 8 3  da irying season . This change , from 

a commodi ty to a consumer product , has p laced an incre a s ing 

importance on the consumer ' s  react ion to who l e  milk powder . 

A consumer ' s  eva luation of the qua l i ty of any food produc t  

i s  based ma inly o n  i t s  sensory properties . The co lour 

and appearance of both package and product are the f irst 

properties eva luated by the consumer . The aroma o f  the 

produc t wi l l  then be eva luated fol lowed by f lavour and 

tex ture . The consumer, in accepti ng or re j ec ting a produc t ,  

make s an in tegrated asses sment of a l l  the s e  sensory 

properties . A consumer eva luates whol e  mi lk powder i n  the 

same way , yet there i s  no documentation as to wh ich sensory 

a ttributes are important in consumer acceptance . I ndeed , 

there has been no deta i led charac teri z ation o f  the sensory 

propert:!..e s  o f  who l e  mi lk powder . 

The colour o f  mi lk and mi lk produc ts i s  important because 

it is the f irst sensory property to influenc e a consumer ' s  

dec i s ion to accept or re j ec t  the product . For examp l e , 

dark-coloured dairy products have o f ten been cons idered 

old or inf erior , whereas the s e  colour differences may 
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be due to natur a l  variat ion . Previous ly , the mea surement 

o f  colour in dried mi lk produc ts wa s often negl ected , 

a l though more recent workers have begun to s tudy th i s  

p roperty , particu l ar l y  a s  i t  is perce ived b y  t h e  consumer . 

However ,  there i s  s t i l l  very l i ttle informa t ion on the way 

in wh ich both sea s ona l chang es and different proce s s ing 

method s a f fect t h i s  impor tant sensory prope rty . 

The aroma of  dried mi lk produc t s  is not we l l  defined , e i th e r  

a s  powders or as  recon s t i tuted milk s . Some work h a s  been 

done to i s o l ate compounds re spon s i b l e  for ' feedy ' and 

' cowy ' aromas but otherw i s e  there h a s  been l i t t l e  wo rk 

reported . Milk powder h a s  a d i s t inc t ive aroma and gro s s  

change s  in the produc t wi l l  be obvious t o  the consumer , the 

aroma o f  the powder be ing evaluated even before recons t i tu t i on . 

The f l avour ofwho l e  mi lk powder has been s tudied 

P.xtens ive l y . Intere s t  in the f l avour of  mi l k  powders 

has centred around s torage trial s .  F l avou r s  wh ich a r i s e  

i n  mi l k  powder h ave been termed ' off- f l avou r s ' ,  p l ac ing an 

immed i a t e  qua l i ty judgement on such f l avour change s .  

L i t t l e  or no attempt h a s  been made to charac teri z e  the 

f l avour notes of e i ther fresh or stored mi l k  powder and 

to r e l a te these characte r i s t ics to chang e s  in proces s ing 

method s or sea sona l variat ion . 

The textural character i s t i c s  of who l e  milk powders have 

not yet been fu l l y explo red . Some s tudy h a s  been made 

o f  the f low proper t i e s  o f  milk powder s ,  particularly a s  

these r e l ate to powder hand l ing dur ing s torage and sub

s equent sh ipping . However , there have been few s tudies o f  

these f low proper t i e s  a s  they rel ate to consumer percept i on 

o f  the te�tura l appearanc e of mi lk powders . Recent s tud i e s  

have ind icated t h a t  the s e  f l ow propert i e s  a r e  important to 

the con sumer , inf luenc ing expectations for a part icu l ar 

mi lk p owder ( Ba l dwin 1 9 7 7 )  . 
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The texture or mouth feel of the reconstituted mi lk i s  

another area i n  which there has been l ittle study , 

a l though the mou thfeel  o f  any l iqu id is an important 

sensory property . The behaviour of disper s i on sys tems , 

such as recon s t i tuted milk , fal l s  into the s tudy o f  

rheology o f  suspensions and emu l s ions . Al though the 

rheo logy of f r e sh m i lk has been s tud ied in some depth , 

that o f  recon s t ituted milk has not . There i s  a need for 

s tudy in the important sensory properties o f  texture and 

mouth fe e l  in reconst i tu ted milk powders . 

For the comp lete study o f  whol e  m i l k  powders , a sensory 

method is requ ired which wi l l  produ c e  an integrated p i c ture 

o f  all thes e  sensory properties .  Sensory pro f i l ing 

techniques o f fer the mos t  scope for the complete character

i z ation of whol e  milk powders . Th i s  sensory me thod 

identif ies al l the sensory attribu t e s  in a produc t and mea

sures the intens ity o f  individual a ttribute s . 

The first sensory pro f i l ing technique s produced deta i led 

de scription s · o f  p roducts but no quantitative data . Later 

workers ,  such a s  S z c z e sniak et al . ( 1 9 6 3 ) , used scal ing 

methods with p ro f i l ing techniques to produce data suitab l e  

f o r  statistic a l  analys i s . I n  the p a s t , the choice o f  

sca l ing method f o r  u s e  with thes e  s e nsory pro f i l ing 

techniques appear s to have been rath e r  an arb itrary one . 

C ategory , s em i - structured l inear and ratio scales have a l l  

been u sed . E ach o f  these three s c a l ing methods has i t s  

own particul ar advantages and d i s advantage s .  P rovided that 

s a t i s factory methods or val idation and analys i s  can be 

f ound , a l l  three methods potenti a l l y  of fer an acceptabl e  

s ca l ing procedure for u s e  with s en sory pro f i l ing . 

One o f  the more trad itional scal ing methods which h a s  been 

u sed in the dairy industry over many years i s  the ' category' 

o r  'interva l' s c a l e . The commones t  form of thi s  s c a l ing 



4 . 

method is the s coring method in wh ich sensory attributes 

are scored on an e s tab l i shed numer ical scale . The s e  

scoring me thods are among the mos t  frequently used sensory 

methods becau s e  of the i r  divers i ty , s imp l ic i ty and apparent 

ease o f  stati s t ical analys i s . A s l igh t ly di f f erent method 

of scal ing for s ensory pro f i l ing techn iques has been sugg

e sted by S tone et al . ( 1 9 7 4 ) . The s e  workers used a semi

structured l i near scale anchored by de script ive terms a t  

each end . Eaten ( 1 9 4 6 )  had shown that th is type o f  s c a l e  

wa s more sens i t ive to produc t dif f e renc e s  than a convent ion

al category scale . Th i s  semi - struc tured sca l e  represents 

a s tep forward f rom the category s c ale but i t  i s  s t i l l  

not pos s ib l e  to rel ate the sensory results d irec t l y  with 
experimenta l variables . Indirect relationships only can be 

sought with both category and s emi - s truc tured scal e s . For 

a number of y e ar s , exper imental psychologi sts have been 

u s ing a procedure known as magn i tude e s t imat ion to produce 

a scale which c an be u sed to rel ate changes in sensory 

properties to c hanges in manuf ac tu ring variables . In 

magnitude e s t imation , the pane l i s t  sca l e s  the intens ity o f  

each sample i n  terms o f  a referenc e . The idea i s  to 

p l ac e  stimu l i  on a scale so that one st imulus can be rated 

a s  a spec i f ied number o f  time s s tronger or weaker than the 

re ference . B ec ause sensory pro f i l ing had not previou s ly 

been u sed to eval uate whol e  milk powders ,  there was no 

ind ication as to which scal ing method wou ld be mos t  e f f ect

t ive in measur ing the sensory attribute s . 

S ensory pro f i l in g  techn iques are not suited to the routine 

testing of who l e  milk powders . Because o f th i s , a numb e r  

o f  emp iric a l  obj ective t e s t s  for co l our and texture were 

made in paral l e l  with the sensory te sting . H ighly c omplex 

chemical ana l y s e s  o f  aroma and f l avour compounds o r  complex 

mea surements of co lour and texture were cons idered to be 
outs ide the scope o f  thi s  s tudy . I t  was felt to be mor e  

appl icable t o  the industry to s tudy the sensory data in 
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relation to s imp l e  funct ional t e s ts wh ich cou ld be u t i l i z ed 

by commer c i a l  companies . I t  was hoped that relationships 

between s ensory and instn.rrrental tests would be suf f ic iently 

c lose to a l low the sub s t i tu t ion of inst.rurrental t.e s t s  for 

the measurement o f  certain sensory properties . 

There was a need to study the s ensory properties  o f  a 

variety o f  commerc ial New Z e a l and who le milk powders so 

that the important character i s ti c s  could be iden t i f ied . 

These sensory properties change dur ing the dairy ing sea son , 

they cha�ge due to proc e s s ing conditions and there are 

dif ferenc e s  between d i f ferent s pec i f ication powde r s . I t  

has been recognised for many years that signi f icant change s 

occur in milk as the pas ture changes dur ing the dairy ing 

sea son . These changes in the mi lk are carried through 

into the various dairy produ c t s  and are particularly notice

abl e  in f a t- conta i ning produ c t s , such as who l e  milk powder . 

The ef fect o f  the s e  seasonal changes upon the sensory 

propert i e s-of New Z ealand who l e  milk powder s  has never 

been eva luated . I n  addition to natu ra l ly occurring s easonal 

changes , i t  has  long been recog n i sed that d i f ferent proc e s s 

ing condi tions a l s o  s ign i f icantly a f fect the prope r t i e s  o f  

whole mi lk powders . Today , who l e  m i l k  powders o f ten 

conta in addit ives to provide for the requ irements of 

dif ferent cu stome r s . A wide range o f  milk powders o f  

d i f ferin g  spec i f ic ations are manufac tured each year . There 

is no indication whether the addi tives,such a s  v itamins 

and minera l s , have a sign i f icant e f f e c t  on the s ensory 

proper t i e s . There fore , there w a s  a need to charac ter i z e  the 

s ensory properti e s  of the d i f f e r ent powders be ing produced 

by the N ew Z e aland dairy indus tr y  throughout the dai rying 

sea son . 

The aim o f  this project ,  there fore , was to s tudy in s ome 

detai l  the s ensory properties  of a w ide variety of comm

erc ial l y  produced N ew Z e aland who l e  m i lk powders f rom 



f ive factories  over a per iod o f  two da i rying seasons . 

Within thi s  a im ,  there were a number of ob j ec tive s : 
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1 .  To estab l i sh a pro f i l e  of the sensory properties o f  

commerc i a l  New Z e a l and who l e  mi lk powders . I n  order 

to do thi s ,  attr ibutes of col our , aroma , f l avour and 

texture in both powders and reconstituted mi lks had to 

be identi f ied and d e s c r ibed . 

2 .  To study the e f fec t iven e s s  o f  d i f ferent s c a l ing method s  

for �va luating d i f ferences in the sensory pro f i l e s  

o f  whol e  milk powder s . 

To do thi s , a 0 - 1 0  l inear s c a l e , a s emi - s tructured 

scale and magnitude e s t imat ion scal ing were compared 

throughout one dairying season . 

3 .  To s tudy the relation s h ip between certain s en sory 

a ttributes in milk powders and empirical obj ective 

measurements for colour and texture made on the s ame 

powders . . 

Re f l ectance measuremeQts o f  co lour were mad e  on the 

powders a�d the total c o lour ( expres sed as 8 -carotene ) 

was measured spectrophotome t r ic a l ly .  S ieve analyses 

were done to charac t er i z e  the partic l e  s i z e  d i s tribution 

o f  the powders . Visco s i ty mea surement s  wer e  made on 

the recon s t i tuted milks  us ing both a cap i l lary v i s co

meter and a cone and p la te v i scom�ter.  Rel a t ionships 

between the s e  ob j ec t ive measurements and the r e l evant 

s ensory properties were then s tudied . 

4 .  T o  investigate the e f fe c t  o f  seasona l change s  upon 

the s ensory properties o f  New Zealand who l e  milk 

powders . 

Commerc ial New Zeal and whol e  mi lk powder s  were s tu died 

over a period o f  two d a i rying seasons , to eva luate 

the way in which season a l  changes a f fected the sensory 
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properties . 

5 .  To s tudy the e f f ecto f process ing conditions on the 

sensory properties of New Z e aland who l e  milk powders . 

Powders were studied from f ive d i f ferent fac torie s ,  

produc ing both agg lomerated and non-agg lomerated 

powders . The e f fects of thes e  d i f f erent proce s s ing 

condit ions were then studi ed . 

6 .  To inve stigate pos s ib le d i f f erence s  in the sensory 

properties o f d i f ferent spec i f icat ion milk powders 

and to f ind pos s ible exp l anations for the s e  d i f ference s . 

Twenty three dif feren t  specif ication powders were 

tes ted dur ing the two da i rying seasons . Data from 

the s e  powders were s tudied to evaluate the d i f ferences 

in sen sory properties between d i f f erent spec i f ication 

powders . During the 1 9 7 9 / 8 0  dairy ing season , i t  wa s 

found that the addition o f  vitamins and minera l s  had 

a s ign i f ican t  e f fect on the sensory propert i e s  of 

who l e  m i lk powders . Exper imental work was c arried 

out to de f ine changes in the s en sory properti e s  caused 

by thes e  additive s . 



CHAPT ER I I  

REVIEW OF S ENSORY EVALUAT I ON LITERATURE 

1 .  INTRODUCT ION 

In measuring the sensory properties  of any product ,  a 

sui tab le sen sory method for eva luation is needed . For 

th i s  s tudy , in wh ich many dif ferent s ensory properties 

were to be mea sured s imu ltaneou s l y , special techniques 
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were required . F rom a pre l iminary search of the l i terature , 

i t  wa s clear that de s c r iptive sensory techn ique s o f f e red 

the most flex ib i l ity for the pro j ec t . Once a sensory 

technique has been found , it is neces sary to f ind a suit

able sca l ing method to accompany i t . C ategory , semi

s truc tured l inear and ratio scales were all  reviewed a s  

t o  their e a s e  o f  u se and suitab i l i ty .  A l l  sensory s c a l ing 

methods currently used in sensory ana lysis  have advan

tages and disadvantages . No scale pre sents a compl ete or 

ide a l  answer t o  the sensory eva luation worker . In dec id i ng 

wh ich scale i s  to be u sed , the di sadvan tages of a 

par t icular s c a l e  mus t  be taken into account both in the 

s e t t ing up of the study and in the analysis of the 

resultant data . 

2 .  DESCRIPT IVE SENSORY ANALYS I S  

Desc riptive s e n sory anal y s i s  has proved a valuab l e  too l  i n  

tha t i t  provide s a comp lete des c r iption o f  sampl e  d i f f e rence s  

i n  a relative l y  short t ime . A t  one t ime , i t  was thought 

that pane l i s t s  could not evaluate several sensory charac

ter i stics· in a product w i thout becoming confused . However ,  

work in thi s  area has shown tha t  thi s  type of sensory ana l y s i s  

can g ive extremel y  valuabl e  informat ion about a product . 

The tra ining o f  pro f i l e  panel s  requ i r e s  cons iderab l e  time 
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and member s must possess a �gh degree of rrotivation and interes t .  

Once tra ined , however ,  the p anel can provide thorough and 

re l i able descriptions of p roducts in a short time 

(Larrnond 1976). Thi s  type of ' profi l ing ' technique can 

be expanded to cover al l the maj or s ensory a ttribute s wh ich 

i s  particu larly valuab l e  when the se properties are vas t ly 

different .  

Any type of sensory ana lys i s , be it s imp l e  difference te s t  

o r  more comp lex profi l i ng te chnique s ,  r e l ie s  upon some 

method of s ensory s c a l ing . The act of scal ing requires 

the pane l i s t  to ass ign numbers to product attributes which 

reflec t  h is or her percep tion of thei r  re lative intens ities . 

A lthough descriptive sensory methods have cons idered many 

fac tors invo lving the s ensory properties of a produc t , 

re lative ly l i ttle a ttention has been focused on the way in 

which the s e  attributes are s c a led . Genera l ly , category 

s c a le s  of one type or another have been used . S z c z e sniak 

et a l . (1963) fe l t  tha t  they had produced a l i near s c a l e  

w i t h  their u s e  o f  s tandard reference p roduc ts t o  represent 

each point on the s c ale. However , s uch a sys tem is open 

to some change as comme r c i a l  products a l ter in both the i r  

textur a l  p roperties and the i r  availab i l i ty .  There s ti l l  

r emains some doubt a s  to whether thi s  type of scale i s  

truly l inear in nature or whether ' end effects ' s ti l l  

occur , even wi th the use of reference points . The s emi 

s tr uctured l inear s ca l e  which S tone e t  a l . (1974) used 

w i th de s c r ip t ive s ensory techniques represents a s tep 

forward from the traditional category s cale but is s t i l l  

not entire ly free of difficu l tie s , s uch a s  ' end effects ' . 

The use of ratio s c a ling has been sugge s ted i n  assoc ia tion 

with profi le techniques to remove the diffi c u l ti e s  inherent 

in the use of category and semi-s truc tured l inear s c a le s . 

Thi s  sugg�s tion i s  sound,  provided that a true ratio i s  

p roduced . 



3 .  CATEGORY SCALI NG 

3 . 1  Method 

1 0 . 

A category sc ale i s  cre ated when observers a s s ign a c ategory 

to a ser ies o f  s timuli . T h i s  category may be des ignated by 

a de s cr iptive term , a numbe r or letters of the alphabe t .  

The nurnbe r o f  c ategor ies used makes li ttle d i f fe rence to 

the f orm o f  the category s c ale (S tevens 1 9 7 5 ) . Category 

me thod s o f  s c aling requ ire the paneli s t  to a s s ign numbers 

etc . to s timuli so that the interval or dis tance be tween 

ratings refle c t  the d i f ferences be tween the produc t s  for 
the attr ibutes be ing s caled . Because of its s implic i ty 

as a s cale to measure magni tude s , the category s c ale has 

found wide acceptance for relat ing phy s ical intens i ty to 

j udgement intens i ties (Moskowi t z  1 9 7 7 a )  . 

The re are a number of cons iderations when us ing the s e  

scale s . Th� n umber of categori e s  must not be too small 

nor too large . I f  the number o f  c ategories i s  too large 

the paneli s t  lo ses his concept o f  relative magnitude on the 

scale . I f  the number of categories is too small then the 

scale will not .be sensitive enough to detect changes in 

the intens i ty of sensory attributes (Moskowitz 1 9 7 7 a ) . I n  

general , it i s  thought that people c a n  assign s timuli to 

only about five to seven c a tegories (Amerine e t  al . 1 9 6 5 ) . 

Larmond ( 1 9 7 7 ) has also pointed out that to u s e  thes e  

scaling methods e f fectively all the paneli sts mus t  evaluate 

the s ame characteri s tic . This i s  not a problem when a 

s imple character i s tic , such a s  sweetne s s , i s  involved but 

when a complex characteri s t i c  is be ing evaluated , such as 
the texture o f  French fries , paneli s t s  may not all h ave the 

s ame c oncept . 

illner ine e t  al . ( 1 9 6 5)  believe d  that during the i n i ti al 

training period , j udges orient thems elves to the range o f  



quality attribute s in the commodi ty ,  use de s cript i ve 

terms to anchor their own evaluations , then proceed 
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to score numeric ally , utili z ing a linear scale . I f  the 

descr iptive and numer ical terms are assumed to repre sent 

equal sen sory intervals , the scale s may be regarded as 

being linear . Assuming a linear s cale , analy s i s  of 

variance c an be used to give an indi cation o f  any s igni f 

icant d i f ferences between s ample s . Mult iple range tests , 

such as Tukey ' s  tes t , can then be u sed to determine where 

those d i f ference s lie . 

Stat i s t i c al analyses of data f rom category scale s are 

based upon the a s sumption that scores are normally d i s 

tr ibuted , categori e s  are equally spaced and scores are 

proport ional to the variation in the attribute be ing 

meas ured (Cloninger et al . 1 9 7 6 ) . Thi s as sumption o f  

normali ty may not always be valid and there i s  the pos s 

ibility o f  inaccurate statements concerning probab ility 

o f  s igni f icance in F - and t - t e s ts . Cloninger e t  al . ( 19 7 6 )  

sugges ted method s o f  data trans formation to achieve norm

ality . The se ·workers used Guil ford ' s  method of normali zing 

categories based on the z value s (Guilford 1 9 5 4 ) . The 

procedure provides a normali zed s cale for the dat a . The 

new category widths reflect the s i ze of the categori e s  

on the p s ychologi cal continuum and the ability o f  j udge s 

to d i s c riminate at any point on the s c ale . 

3 . 2  Advantage s  

Category scaling methods have been widely used for many 

year s because of their divers ity and ease of use . Category 

scale s are attractive procedure s for measuring s en sory 

intens i t i e s , as  they are conceptually s imple for both the 

experimenter and the panelist . In addition , they are 

reported to give valid and interpretable numbers whi c h  

re fle c t  sensory magnitude s .  
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Guilford ( 1 9 5 4 )  felt that c ategory scale methods had 
certain de f inite advantage s .  For one , the se me thods 

require much le s s  time than pa ired compar ison or r ank ing 

me thods . Category scale method s have a very wide range o f  

application and they can b e  u s e d  wi th pane l i s t s  who have 

had a min imum o f  training . The s e  me thods can be used wi th 

large numb e r s  o f  s timu l i  a lthough they become d i f f icult 

when the re are more than thi rty to forty stimuli to be 

evalua ted . In addit ion , the s e  s cales are eas ily expla ined 

to paneli sts and the scale valu e s  can be eas ily used 1n 

a host of s tatis tical analy s e s  (Moskowitz 19 7 7 a )  . 

3 . 3  Dis advantage s  

One o f  the d i f f i culties encountered i n  the use o f  c ategory 

scale s i s  the ir ins tability o r  tendency to dr i ft in meaning 

with t ime and wi th j udge s . Tarver and Schenck ( 1 9 5 8 )  

sugge sted that to prevent the sub j ective scoring s cale 

from dri f ting , the scale be anchored to known physical 

meas urement s .  : The relationship between ob j ec t ive and sub

j ective s c ale s i s  eas ily determined by statistical me thods 

and the prec i s ion of quality j udgements can be a s s e s s ed in 

a similar manner . Another d i sadvantage o f  category scaling 

is that i t  sets a limit on the numbe r s , letter s  or adj e c t ive s 

an observer i s  allowed to use . The observer mus t  try to 

spread a l imi ted , f ini te set of numbers over whatever range 

o f  s timu l i  is pre s ented to him o r  her . In othe r words , 

whenever the exper imenter l imi t s  the numbers , the observer ' s  

respons e  lapses into a parti tion ing operation ( Stevens 1 9 7 5 ) . 

The terms on the scale are a s s umed to represent equal sensory 

intervals and the s cale s are regarded as being l inear . Thes e  

as sumptions a r e  sometimes violated . For instance , one c annot 

be sure that the distance betwe e n  ' slight ' and ' moderate ' is  

the s ame a s  the d i s tance between ' strong ' and ' intense ' 
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( Larmond 1 9 7 6 ) . I t  also appears to be quite pos s ible that 

the category scale is not a true interval scale . I f  a 

c ategory j udgement i s  determined s olely by the magnitude 

of the st imulu s , the j udgement should be completely indep

endent of the value s of other s timuli presented . Results 

have shown that there i s  a s trong tendency for observers 

to a s s ign the s t imuli to categori e s in such a way tha t  all 

categorie s are used about equally o f ten (Gesche ider 1 9 7 6 ) . 

I t  has also been shown by S tevens and Galanter ( 1 9 5 7 )  that 

panelists shy away from u s ing the end categorie s and the 

' category and e f fect ' biases the ra ting s . Th i s  has been 

confirmed by McBride ( 1 9 8 0 ) . 

The quest ion o f  validat ion for the s e  scales remains a 

vexed one . I t  has been sugges ted that intervals are 
psychologically meaningle s s  and tha t  the numbers used as 

scale valu e s  do not lie in the f i eld o f  real numbers where 

both addition and subtraction are pos s ible . However ,  i t  

h a s  been demon strated that observers are capable o f  perform

ing addition and substraction o f  sub j ec t ive magnitudes 

cons i s tently u s ing ratio scaling . Obviously , there i s  some

thing in the task of category rat ing which observers 

conce ive c f  in ' a dif ferent way from ratio scaling . E i sler 

( 1 9 6 3 )  believed that the observer regarded category s c aling 

as a task of di s crimination rather than as a means o f  

s caling sub j ec tive magnitudes .  

Because there are end points for the category scale , i t  

doe s not paralle l the true interva l scale u sed b y  phy s i c i s t s  

in temperature a s sessment s . Tho s e  latter interval s c ales 

contain no boundari e s , whereas category scales contain both 

an u pper and a lower boundary . The c ategory scale leads to 

biases  in . j udgements .  Panelis t s  may not be s ure o f  the 

range o f  s t imul i  and become conservative in a s s igning numbers . 
Thi s  will b ia s  the rat ings and the b ia s  may become seYe re i f  

a s eries are bunched a t  one end o f  the continuum ( Moskowitz 

1 9 7 7 a ) . In genera l , category methods g ive non- linear s cale s  
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whenever pane l i s t s ' sensitivity to d i f ference s ,  mea sured 

in sub j e c t ive uni t s , i s  not constant over the scale . Only 

when sen s it ivity is uni form over the continuum can l inear 

results f rom category rating s be expected . 

4 .  SEMI - S TRUCTURED L INEAR SCALE 

4 . 1  Me thod 

Stone et a l . ( 1 9 7 4 )  used a semi- s tructured l in ear scale in 

their pro posed quantitative descript ive analys i s  ( QDA) 

sys tem . The selection of the mos t  appropri ate s c a l e  for 

measuring sensory response s  was con s idered bas i c  to the 

deve lopment o f  the ir pro f i l ing techn ique . The choice of 

scale wa s i n f luenced by Baten ( 1 9 4 6 ) who showed that a 

scale word - anchored only at the ends y ielded greater 

product di f ference s  than the typical  c a tegory scale . 

Stevens ( 1 957 ) had c learly shown that i t  was pos s ib l e  f or 

individua l s  to make direct a s s e s sments of sub j ec t ive 

magnitude f or perce ived sen sory attributes . The u se o f  

category s c a l e s  for j udgements wa s di scarded b y  S tone 

et al  ( 1 9 7 4 )  . because o f  the d i f f ic u l t i e s  inherent in such 

sca les . An interva l scale was used which con s i s ted o f  a 

l ine o f  s pec i f ic l ength ( 6  inches long ) with anchor points 

ha l f  an  inch f rom each end and u sual ly , but not a lway s , 

with a th ird anchor point at the midpoint . One word or 

expression was placed at each anchor point . The s ub j e c t  

had the t a s k  o f  pl ac ing a vert i c a l  mark acro s s  the l in e  a t  

the point which best r e f lected the magnitude o f  h i s  or 

her perce ived intens i ty of that particu lar attribute ( Stone 

et al . 1 9 7 4 ) . Wei s s  ( 1 9 7 2 )  used a s imi lar method wh ich 

he cal led ' graphic rating ' except that his pane l i s t s  were 

pr�rided w i th re f erence s t imu l i  a t  each tes t  s e s s ion . 
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Larmond (1 9 7 6 ) de s cribed thi s me thod as one which combines 

de scriptive analy s i s  and ratio scaling in that the un

s tructured line doe s not con s t i tute an in terval scale 

s ince the intervals are not marked .  Stone et al . ( 1 9 7 4 )  

felt that thi s type o f  scaling y i elded data appropria te 

to the stat i s t ic al model and con s i s te nt with what would 

be predic ted wi th an equal- interval scale . The se workers 

observed that the use o f  th is s c aling technique wa s con

s i s tent wi th the analys i s  of variance model and enabled 

them to develop a computer program to de termine sub j ec t  

pe rformance , repe atab ili ty and related analys e s  i n  addi ti on 

to the bas i c  i s su e  o f  product d i f ference . However , there 

has been little publi shed literature to support thi s  claim 

and whether thi s scale should be used as though i t  were an 

equal- interval s cale require s further validat ion . 

4 . 2  Advantage s  

The semi- structured linear scale , d e scribed b y  Baten 

( 1 9 4 6 )  marks a d i s tinct improvement on the tradi t i onal 

category scale . The panelist has much greater freedom 

of choice as to how he or she expre s sed his or her sens ory 

impre s s ions . Thi s  me thod o f  s c aling i s  one whi ch i s  

conceptually e a s y  for many paneli s t s  to grasp , merely 

requiring them to mark the ir immedi a te sensory impre s s i on 

o f  an attribute on the line . 

Mecredy et al . ( 1 9 7 4 )  showed that the use of h i s  s cale 

increased the e f ficiency and statis t i cal reliabili ty o f  

the i r  convention al pro f iling programme . The use o f  thi s 

sc ale yielded quantitative data to which stat i s tical 

analysis  could be appli ed provid ing a greater understanding 

of sensory · di ff erences be tween s ample s . Larson-Powers and 

P angborn ( 1 9 7 8 )  believed that anchoring the s cale to a 

re ference and expre s s ing result s  in terms o f  posi tive or 

negative devi at ion from the reference improved both pre c i s ion 
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and accuracy of the re spons e  compared to an unanchored 

scale . Addi tional advantages o f  thi s anchored s cale i nclud

ed the provi s ion o f  an internal measure of j udge reli ability 

by compari son o f  the re ference agains t i tself as a blind 

sample and a f i xed criterion of compari son to minimi z e  

dri fting of re sponses with t ime . In product matching or 

produc t  formulation , this method provided a quick mea sure 

of attribute s and hence ingredients which needed to be 

increased or decre ased relative to a f ixed re ference . 

4 . 3  D i s advantage s  

I n  terms o f  measurement theory , the u s e  o f  thi s method 

produc e s  an interval scale whic h  d i f fers from the trad

i tional c ategory scale in tha t  there are almos t  an 

inf ini te number o f  d i f ferent pos ition s  on the line from 

which the paneli s t  c an choose . Like the tradi t i on al 

category s c �le , there are boundaries , so that the 

paneli s t ' s  ratings c annot be a s  high as he or she wishes 

in order to reflec t  ever- incre a s ing levels o f  an attribute . 

The exis tence o f  boundarie s  also bring s  into play the 

' end e f fects ' b i a s  discussed by S tevens and Galanter ( 1957) . 

When confronted with boundari e s , paneli sts will shy away 

from extremely high ratings for fear o f  running out o f  

numberg o r  line pos itions . This ' end e f fect ' may cause 

statis t ic al problems because the interval propert i e s  may 

fail to hold for the ratings a t  the end point s  o f  the s c ale . 

5 .  �ffiGNITUDE E S TIMATION SCAL I NG 

5 . 1  Method 

Category scales g ive informat i on about the d i f ferences o f  

magni tude s .  For the food technologi s t , i t  would b e  helpful 
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to develop a serie s o f  mathematical equations which would 

indi cate proportional ad j us tmen ts in ingredient levels 

needed to make a s ta ted change in the sensory properties . 

For a nunilier of year s , exper imental psycholog i s t s  have been 

u s ing a p rocedure known as magni tude e s timation , to 

produce a scale which has the s e  des ired ratio properties 

(Moskowi t z  1 9 7 4 ) . 

Numerical estimati on o f  sen sory intens i ty by f ree number 

magnitude e s timation o f  free number match i ng was espoused 

by Stevens ( 1 9 6 0 ) . Thi s  form o f  scaling was developed 

at Harvard Univer s i t y , in the psychaccoustic laboratory , 

t o  a s s e s s  the relation between ph y s ic a l inten s i ty and 

perceived magnitude of brightnes s  and loudnes s . I t  was 

work by S tevens ( 1 9 6 0 )  whi ch f i r s t  showed that , for more 

than a score of s ensory continua , the apparent or sub j ective 

magnitude grows as a power f unction o f  s timulus intens ity . 

He showed that a power function ; 

s = ki
n 

relate s  sens ory inten s i ty s to phy s i c al in ten s i  ty I .  

I n  log -log co-ordinate s ,  the power f unction become s a 

line , 

log S = nlogi + l og K 

w i th slope n and intercept k. The exponent (slope n ) 

characteri zes the trans formation of s timulus ratios into 

s en sory ratios and i s  i ndependent o f  the absolute phys i c al 

inten s i t i e s  o f  the s timulus and o f  the modulus o f  the 

s cale . The intercept k is the scale factor and may 

c hange from exper iment to experiment wi thout a f fecting 

the exponent (Moskow i t z  1 9 7 0 ) . 

The power function p rovide s several important tools for 

the asse s sment of f oods through sensory evaluation . I t  

tells the product s pe c i ali s t  a number s which re flects 

the sensory j udgements to be expected f rom adding a g iven 

amount o f  ingredient I to the product . The exponent has 



a great deal to do wi th the way individuals trans form 

rat ios of ingred ients to ratios o f  sensory magni tude s .  

I f  the exponent n exceeds 1 . 0  then sensory rat ios are 

greater than the phy s ical ratios (Moskowi tz 1 9 7 4 ) . 

With the magni tude e s t imation procedure , the paneli s t  

i s  instructed to as s ign t o  the f i rs t s ample a number 
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which may e i ther be chosen be forehand by the experimenter 

or le ft to the dis cre tion o f  the paneli s t  and then to 

a s s ign numbers to the remaining s amples so that the ratios 

among the numbers re flect the rat i o s  o f  the magnitud e s  

perceived . The goal o f  the scaling procedure i s  to place 

s t imuli on a s cale so that one s timului can be rated as a 

speci f ied number of t ime s s tronger or weaker than a re fer

e nce stimulus . No high or low limi t s  are spe c i f ied , one 

a im of the method i s  to have paneli s ts measure in the same 

way that nature mea sures - with rat io scale values that 

h ave no arbi trarily limited endpoints (Moskowitz 1 9 7 4 ) . 

Because the j udge i s  unconstra ined a s  to the range and s i ze 

o f  his numbers , the s cale that emerges has the propert i e s  

o f  a ratio s cale o f  magnitude . Thus , the s i z e  o f  the 

numbers that e ach paneli st uses doe s not influence the 

sc ale , rather the ratios between h i s  or her numbers convey 

i n formation . The s tarting s timulus may be any member of the 

s timulus sequence and , except for s ome minor biase s , the 

form of the ratio s cale will be relatively unchanged 

(Moskowitz and S ide l 1 9 7 1 ) . 

S ince the magni tude e s t imation s c a le i s  unfettered i n  terms 

of scale point s , the s election of the f irst s t imulus i s  

important . The f irs t s amp le may be randomly s elec ted , s uch 

that each pan e l i s t  has a d i f ferent s tarting s timu lus . 

Th i s  should not a f fect the ratio s of magnitude e st imate s 
f or numbers a s s i gned by one individua l  but wi l l  a f fe c t  the 

actual numbers the p ane l i s ts use . The f irst s timulus may 



be f ixed and lie in the middle o f  the range . Th i s  

alternati ve i s  some times pre ferred i f  paneli s ts are 

unpracti ced and i f  the range of stimulus variat ion i s  

large . The numbers that paneli s ts a s s ign for the f i r s t  

s timulus can be f ixed (fixed modulus ) or free to vary 

(free modulus ) .  The f ixed modulus method , like the 

f i xed s t andard method , often leads to characteri s ti c  

cluster ing and over -repre senta t i on o f  certain numbers 

(Moskowi t z  1 9 7 7 b ) . 
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In the analy s i s  o f  the data from magn itude e s timation , the 

experimenter is faced with variat ion in the data due to 

the ini t i al choice o f  the number and variation due to 

true individual d i f ferences in perception . The f orme r 

var iat ion can be eliminated by normali z ation o f  the data . 

Normaliz ation refers to method s whic h  are used to bring 

into common the s cales that d i f f erent individuals use . 

Normali z at i on of the data i s  mos t  commonly carried out by 

modulus equali zation in whi c h  all the responses of the 

paneli s t  are multipled by a s ingle value . Although 

the absolute value s of all the numbers are changed , the 

ratios among nunilier s  remain unchanged . Each paneli s t  

i s  ass igned h i s  o r  her own unique correcting f actor which 

multiplie s  e ach o f  his or her j udgements .  Modulus equali z 

ation doe s  require that all paneli s t s  have evaluated all 

s timuli an equal nunilier o f  time s and that there h ave been 

no zeros i n  the ratings . 

Magnitude e s timate s are dis tributed log normally , not 

normally . This means that the d i stribution o f  the magni tude 

e s t imates themselves i s skewed upwards and that the maj or i ty 

o f  the number s are at the lower end o f  the numbe r  r ange . 

Log normal d i s tr ibutions require that the geometric mean be 
-

used as the measure of central tendency and thi s  has been 

done trad i tionally when us ing this s c ale (Moskowit z  1 9 7 7 b ) . 
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5 . 2  Advant age s  

Magn itude e s timation has great appeal to thos e  concerned 

with pract i cal scaling problems , p artly because of i t s  

s impli c i ty and partly because o f  the regulari ty with 

which a power f unction describes sensory data . One o f  the 

main bene f i ts of thi s scaling i s  the fact that the data i t  

produces f i t  well into known stat i s tical models . S t a t i s ti cal 

analysis  o f  the se numbers c an be carried out us ing s uch 

te chniques as analy s i s  of variance , regress i on analy s i s  e tc . 

with much greater conf idence than c an be carried out on 

c ategory s c aling data . 

5 . 3  Dis advantages 

Magni tude e s t imati on procedures were originally developed 

for the analy s i s  o f  ' pure ' s timuli . However , food p roducts 

c on s i s t  o f  many consti tuents and i n  s i tuation s , such as 

these , where the procedure mus t  be u sed to ' average ' a number 

of s timuli We is s ( 1 9 7 2 )  felt there was serious doub t  i n  the 

validity o f  magnitude e s tima tion as a re sponse technique . 

He believed that magni tude e stima t i on produced a b i a s  i n  

the paneli s t s ' re sponse . Moskow i t z  and Chandler ( 1 9 7 7 )  

pointed out that for f ood produc t s  i t  was imposs ible to 

e s tabli sh law s governing relationships between product 

constitution and consumer perception o f  a spe c i f i c  property . 

Doehlert ( 19 6 8 )  believed that magnitude estimation was a 

d i f f icult task to ask o f  p aneli s t s , requiring memory o f  

the sensory intens ity o f  an attribute i n  the previous s ample . 

He believed th at e s timates were a ffected by the intens i ty o f  

recent samples but f ailed to point o ut that thi s  occurs i n  

many sensory s cale s . Researchers , s uch as Cros s  ( 1 9 7 3 ) , 
h ave found that there are s equenti a l  dependenc i e s  in 

magnit ude e s timation , j ust as there are in any other typ e  
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of scal ing . I f  the re i s  only a f ixed sequence o f  s timu l i , 

then some part o f  the rating s  wi l l  be a s cribable to the 

s ens ory variation s  and re spondents' perceptions whi le the 

other part wi l l  be bi ased , owing to contrast and 

convergence e f fe c t s . In order to reduce the s equential 

dependencies and to prevent undue i n f l uence by one s t imulus 

on the ratios for another , the usual remedie s are to 

total ly randomi z e  the order of s t imu l i  and c o l lect more 

than one repl icate rating i . e .  pre sent the s ame s t imu lus 

to the pane l i s t  on several oc casions . 

6 .  SUr�1ARY AND CONCLUS ION S  

Sensory pro f i ling techniques o f fer the mos t s cope for the 

complete characteri z ation of whole mi lk powders . Thi s type 

of sensory technique can g ive a complete sensory a s s e s sment 

of a produc� in· a re l ative ly s hort t ime . Any type of sensory 

techn ique rel ie s  upon some method of sensory scaling . Al l 

o f  the scaling methods reviewed have the ir advantages 

and d i s advantage s ,  no s ingle method o f f ers the perfect 

solut i on for s�ns ory eva luation . 

Category scaling methods have been wide ly used f or many 

years because o f  the ir divers i ty and ease of use . However , 

the que s tion o f  val idation remains a vexed one . Provided 

that ana lysis o f  category rating s c a l e s  can take into 

account the inequ a l i ties f ound in sensory rating scales , 

the s e  scale s  can be used with some assurance . However , i t  

s eems a somewhat dangerous practice t o  u s e  these s c a l ing 

methods in regular tes ting whi le i gnoring the ir incon s i s 

tenc ie s and assuming a l i ne ari ty i n  the scale whi ch has 

been shown- to be f a ls e . Such practices can only lead to 

faulty interpre t ation of sensory data . 
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The semi-s tructured l inear scale represents a cons iderab le 

s te p  forward from the c ategory scale but there s t i l l  appear 

to be s ome prob lems associ ated wi th ' end e f fects ' a t  the 

boundar ies of the scale . This type of uns tructured scale 

is one with whi ch mos t  pane l i s ts fee l read i ly at ease , 

in that i t  requires them only to give an immedi ate impres s i on 

o f  a particular attribute in a product . Whether thi s  s c a le 

s hould be used as though i t  were an equal- interval sc ale , 

requires f urther val idation . 

Magn i tude - e s t imation has been shown to work we l l  in the 

ana ly s i s  of a variety of sensory attribute s in food s . The 

main doubt which has been cast upon i ts use , i s  whe the r 

or not a true ratio s c a le i s  produced . There seems no doubt 

tha t  i f  thi s is so , then magnitude e s timates are very 

va l uab le to the working techno logi s t .  

Whe n  s ensor¥ pro f i l ing technique s are used , the re s earcher 

seeks a sensory scale whi ch has few inherent prob lems 

in i t s  usage and provide s data from whi ch conclus i ons 

can be drawn with some a s s urance . For the se reasons , the 

sensory s c a le s  used in the present s tudy were compared 

not only for such fac tors as ease o f  use and the problems 

inherent in the ir usage but a l so for thei r  e f fectivene s s  

i n  discriminating between sample s and i n  exp laining 

var iance in terms o f  experimenta l  factor s . 
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The f i rst section o f  the methods de s cribes sample proc e s s 

ing and c ollection . Mos t  o f  the whole milk powder s amples 

evaluated in thi s pro j ect were commerc ially proce s sed sample s 

and general me thods for proce s s ing the se sample s are 

de scribed . Sampling procedure s for the collection of the 

commerc ial sample s are outlined , as are the handling proced

ure s  for s amples once they had reached the New Z ealand 

Dairy Re s e arch Institute . 

Sens ory evaluation of the s e  p owders was then carried out 

by the trained sensory pane l .  Methods for the preparat ion 

of s ample s , the serving of the s amples and the t e s t ing 

envi ronmen t  used are det ailed . A detailed discuss ion o f  

the me thods u s e d  t o  es tabli s h  the sensory pro f ile f or whole 

milk powders i s  g iven in Chapter IV . A number o f  

ob j ec ti ve measurements were also carried out t o  characteri z e  

the whole milk powder s ample s . Re flectance measurements 

o f  colour us ing the Hunterlab D 2 5  colorimeter are de scribed , as 

are the e s t imations o f  total c olour using a Baus c h  and Lomb 

Spec troni c 2 0  spectrophotome ter . P article s i ze d i s tributi on 

mea surements , made to characteri ze the textural properties 

o f  whole milk powder are outlined . Vi s cos i ty measurements 

were made to characteri z e  the recon stituted milk s  us ing 

both a capillary vis cometer and a c one and plate vi s cometer . 



2 .  SAHPLE P ROCES S ING AND COLLECT IOH 

2 . 1  Background to Proc e s s ing of Milk Powders 

2 4 . 

Dry ing milk to pre serve i t  has been carried out for cen turie s .  

According to Marco Polo ' s  account s  o f  h i s  travels in As i a , 

Mongoli ans produced milk powder by drying the milk i n  the 

s un .  Milk powder is produced today on a large scale in 

modern plants . In the drying proc e s s , water i s  removed from 

a liquid product ( in this case milk ) so that the product 

become s solid . Spray drying i s  the princ ipal method used 

f or drying whole milk in New Zealand . I n  spray drying ,  the 

milk i s  f irst concentrated by evaporation under vacuum 

be fore be ing dri ed in a s pray towe r .  

Milk i s  received a nd s tored i n  large re frigerated s ilo 

tanks . Standard i z ation of the milk i s  carried out to 

produce milk with a spe c i f i ed constant fat content . The 

milk f at is � tandardized in ratio to the solids -not- f a t  

so the dry product will mee t  the s tandard of n o t  les s  than 

2 6 %  f at . Thi s  requires a fat content of 3 . 2 % , assuming the 

solids -not- fat i s  9 - 9 . 5 % .  Some milk is standardi zed to 

have 2 8 % fat or, h igher in the dry form (Hall and Hedrick 1 9 6 6 ) . 

The milk i s  then p rehea ted oefore p a s s ing to the evaporator. 

Usually , tubular heat exchangers are u sed for preheating 

the milk . However , direct steam inj e ction may be used f or 

h igh heat powders . Preheating pre se nt s  a paradox . Low-heat 

treatment minimi z e s  the cooked flavour in milk powder , but 

does not develop anti-oxidants for delay of oxidat ion 

( one o f  the p rin c i p al factors in keeping quality ) . U sually 

the primary cons ideration i s  given to prolonging the s helf 

life . Preheating also des troys the enzyme s . I f  the lipase 

enzymes are not des troyed , hydrolyt i c  rancidity will occur 

in the reconsti tuted milk . Prehea ting is also u s ed to 

kill the viable micro-organisms in order to give a whole 



mi lk powder with a low total c ount . Preheat treatments 

typic a l ly u sed in New Zealand powde r plants inc l ude : 

9 5°c for 2 0 s , l 0 0°c for S s  and l l 0°C for 2 0 s . 
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Fo l lowing the preheat tre atment , the mi lk pa s s e s  t o  the 

evaporator where it i s  c oncentrated from about 1 3 %  solids 

to a f inal c oncentration o f  43  to 50 % s o l ids . Evaporat ion 

take s p lace in multiple- e f fect evaporators . Evaporators in 

current use in New Z e a land have a maximum of f our e f fects , 

a lthough evaporators overseas may have up to s ix or s even 

e f f e c t s . In a mutiple-e f fect evaporator , the un i t s  operate 

at increas ing vacuum in the d irection of vapour movement 

through the units . The f irs t e f fect temperature i s  norma l ly 

limited to a maximum temperature o f  7 0°C .  Above thi s  temp
e ra ture there is a risk that the prote in/s alt mixture wi l l  

pre c i pi tate on the tube s reduc ing he at trans fer coe f f i c i ents . 

At the lower temperature s  o f  evaporation there i s  a lso les s 

heat damage to the product .  The product enters the top o f  the 

uni t  and i s · di s tributed even ly over the ins ide o f  the tubes 

whi c h  are heated wi th s te am .  Moi s ture removed move s downward 

to the vapour · s eparator as does the concentrated produc t .  

The concentra te i s  then passed to a subsequent e f fect for 

f urther evaporation . 

The concentrate is  then homogen i zed at pressure s o f  5 - 1 0  MPa 

a t  50 - 8 0 °C .  A homogen i z er i s  used i f  the plant uti l i ze s  

a centrifug a l  s pinning d i s c  f or atomi zation . However , i f  

pres s ure noz z les are used for a tomi z ation , homogeni z ation i s  

c arried out through an homogen i z ing valve attached to the 

pump . The temperature o f  the concentrate may be boos ted 

to 6 0  - 8 0°C in a heat exchanger prior to atomi z at i on . The 

concentrate is atomi z ed i n s ide the drying chamber .  Atomi z 

ation o f  the concentrate i s  c arried out us ing e i ther pre s sure 

noz z le s  or a centri fugal s pinning disc . The purpose o f  

atomi zation i s  to obtain many sma l l  parti c le s  w i th a l arge 

s urface area which provide easy tran s fer of heat to and 
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trans fer o f  moisture away f rom the droplet (Hall and Hedrick 

1 9 6 6 ) . A wide di s tribution is produced in the atomi z e r ,  

from approximately lO �m to lS O �m .  A i r  for the dry ing i s  

f iltered and heated be fore i t  pas s e s  into the dry ing chamber 

and mixe s with the atomi z ed produc t .  After the product i s  

dried , the powder and a ir are separated . Thi s  mos t  frequent ly 

tak e s  place in a cyclone s e parator . 

Drying o f  milk powder may be performed in two s tage s , s pray 

dry ing to a r,lo is ture content of around 6 %  followed by s econd

ary dry ing . This technique le ads to gre ater thermal economy 

and plant capac i ty and produce s a product wi th better proper

t ie s , such as particle solubility . This techn ique has also 

been shown to lead to higher aroma retention (Kerkho f and 

Thi j s sen 1 9 7 5 ) . All whole milk powder produced in New 

Z ealand is proce s sed in two s tage dry ing plants .  Vibrating 

f luid bed driers are mos t c ommonly employed although pneumatic 

convey ing driers may also be used for secondary dry ing . The 

powder i s  cooled in the las t s tage of the fluid bed by 

treatment with ambient or c hilled air . I t  is  then c onveyed 

to s torage b iris and packing operation s . 

Agglomerated whole milk powder i s  produced by colle c t ing 

the f ines removed in the fluid bed and the spray dri e r  chambe r  

and re turning thes e  t o  the a tom i z ation z one o f  the drier 

for agglomeration with the a tomi zed droplets of concentrate . 

I f  a cold water instant whole milk powder i s  being produced , 

a coating o f  lec i thin i s  applied to the powder by s praying 

s oybean lec i thin on to the powder in the fluid bed . 

2 . 2  Smnple Collec tion and Reception 

S ample s o f - whole milk powder were collected throughout two 

dairy i ng seasons from f ive c ommerc i al dair.y factorie s .  

Thes e  represented some o f  the larger milk powder factorie s  
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in the c ountry and had a range o f  proces s ing equi pment i n  

u s e . O f  the five fac tori e s , one was s i tuated in Northland , 

three in the Waikato region and one in Taranaki .  Thus , 

s ample s received we re produced from milk from d i f ferent 

climatic c ond itions , proc e s sed on a variety o f  equiprnent . A 

rec ord was kept o f  the proce s s ing cond i tions u s ed f or all 

powder s ample s . 

Sampling i s  carried out by the dairy factories for the 

routine te sting of whole milk powders by the ir own labora

tories and by the Dairy Divi s i on of the Minis try o f  Agricul

ture and F i sherie s .  F actori e s  are required to s ample from 

every 1 8 0  bags o f  whole milk powder which come o f f  the pack

ing line (where the powder is packed directly ) or at an 

equivalent rate . S ample s were t aken for thi s  pro j ect a t  

the same t ime as s ampling w a s  c arrie d  out for the factory 

labora tory . During the firs t  s e ason , a one k ilogram sample 

o f  whole milk powder was taken once a week for evaluation 

in thi s  proj ect . The sample was packed into a foil-laminate 

s achet , heat-sealed and sent to the New Zealand Dairy 

Re search Institute . 

During the second dairy ing season , the frequency o f  s ampling 

was i ncre ased to once every two days for the f irs t and las t  

t e n  weeks o f  the s e ason . During the middle part o f  the 

season , powder s ampling rates were reduced to once every 

fortnight . Thi s permitted a clo se s tudy o f  the beg i nning 

and end o f  s eason (where changes were greate s t )  to be under

taken . Powder s am ples were rec e ived a t  the New Z ealand 

Dairy Re s earch I n s t i tute , s tored at ambient ( 2 2°C )  tempera

ture and evaluated wi thin 7 - 1 4  days o f  proces s ing . 



3 .  SENSORY MEASUREMENTS 

3 . 1  I ntroduction 

Sen sory evaluation o f  the whole milk powder samples was 

carr ied out at the New Zea land Dairy Re search I n s t i tute 

us i ng the selected panel and sensory pro file which had 

previously been establi shed . During the f irs t d airying 

s e ason , a compar i son of s c aling methods for use wi th 
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th i s  s ensory prof ile was c arried out . Three sensory s c ales 

we re i n  use : a 0 - 1 0 linear scale , a semi - s tructured 

linear scale wi th two anchor points and magni tude e s timation 

s caling . The que stionnaires f or the three respective 

s c aling methods are s hown in Table S (p 7 5 ) ,  Appendix 1 

and Appendi x  2 .  The scaling methods were a s s i gned randontly 

amongs t  the three days o f  the week when sensory te s ting 

wa s c arried out . The s ame powders were evaluated on each 

of the se three days , the only di f ference being the scale 

used for ev�luation . 

During the s ec·ond dairy i ng season , only the 0 - 1 0  linear 

s c ale was in use . The que s tionnaire used during thi s  season 

i s  s hown in Taqle 6 (p 7 9 ) . The work concentrated on 

evaluating more whole milk powder s  to clarify the d i ffer

ence s  established during the f ir s t  dairying s e ason . 

3 . 2  Preparation of S ample s for Sensory Evaluation 

3 . 2 . 1  Princ iple s of Sample Preparation for Sens ory 
Evaluation 

S amples should be prepared for sensory evaluation s o  as to 

s t andardize cond itions and avoid flavour pick-up . Larmond 

( 1 9 7 7 ) - sta ted that preliminary testing was usually nece s s ary 

to determine the preparation method o f  a product . All the 

preparation factors should be predetermined and kept constant 
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throughout tests on the product . The samples e ac h  

p aneli s t  rece ive s must b e  typ i c a l  o f  the product . P ane l i s t s  

are inf luenced by i rre levant characteri stics o f  the s amp l e s . 

Because o f  t hi s , every e f fort shou ld be made to make the 

s amples from d i f ferent treatments iden tical in all charac ter

i s tics except the ones being j udge d . 

3 . 2 . 2  Preparation of Powders for Colour Evaluati on 

For the sens ory eva luation of colour , whole milk powder was 

t aken from the foi l/laminate s ache t ,  pre s sed care f u l ly into 

a 6 0mm x l Omm gla s s  petri d i sh and leve l led with a metal 

spatula .  The l id was placed over the powder , taking c are 

not to di sturb the s urface o f  the powder . 

3 . 2 . 3  Preparation o f  Powders for Texture and Aroma 

Eva luation 

Preparation o f  the powder sampl e s  for the eva luat i on o f  

textura l and aroma characteri s ti c s  was carried out approx

i mate ly 9 0  minutes be fore each sensory evaluati on s e s s ion . 

P owder s ampl e s· were measured out i nto coded 5 0m l  K imax 

beakers us ing a Sml plastic measure . A meas ure of powder 

was taken f rom . the foi l/laminate s ache t ,  compres sed and 

l evelled c are fully with a spatu l a . Each sampl e  was poured 

i nto a be aker and co vered with para f f in f i lm to ensure the 

re tenti on o f  aroma compounds . 

3 . 2 . 4  Recon s t i tution of Mi lks for Aroma and F l avour 

Eval uation 

The mi lk powder was reconstituted to a 1 2 . 5 % { by we i g h t )  

s olution f o r  evaluation b y  the sensory pane l .  Fi f ty grams 

o f  powder were weighed out and poured on to 3 5 0g hot { 5 0°C )  

water then _ mixed u s ing a Ji f fy milk-shake mixer { Autocrat 

Radi o  Ltd . , Auckland , New Z e a l and ) for 6 0  seconds . Each 
s ample o f  rec on s t i tuted mi lk was then s tored in a i ight

p roof cupboard to protect it from the oxidative e f fe c t s  of 
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fluorescent lighting . S ample s were allowed to hydrate for 

1 2 0  minute s be fore s ensory evaluation took place . 

Approximately 4 0  minute s be fore the s e s s i on ,  the temperature 

o f  the recons tituted milk s ample s was checked and brought 

down to 2 4°C by plac ing the s ample s in ice water . Sample s 

were poured into coded S Oml beakers , each sample being 

approximately 3 0ml . The beaker s  were then covered wi th 

para f fin f ilm , again to retain the aroma o f  the sample . 

3 . 3  Serving Procedure s  for Sensory Evaluation 

3 . 3 . 1  Background to Serving Procedure s  

S ample s should always be the s ame i n  form , cons i s tency , 

c olour and appearance . The amount o f  s ample presented 

s hould be constant throughout the testing . P aneli sts should 

rece ive enough sample to taste back and forth until they 

c an make a decis ion . Uni f ormi ty o f  temperature i s  generally 

agreed to be .a ·hece s s ary c ondi tion in the sensory tes t ing o f  

f oods (Peryam and Swart z  1 9 50 ) . For mos t  sensory tests , 

the sample s ar� served a t  the temperature at whi c h  they are 

normally eaten . Howeve r , it is some time s found that paneli s ts 

are able to discriminate be tter when the samples are slightly 

warmer or slightly cooler than normal (Larmond 1 9 7 7 ) . 

S e rving utens ils should no t impart any tas te or odour to 

the produc t . Identical c ontainers should be used f or each 

s ample so that no b i a s  will be introduced from this source . 

Unle s s  d i f f erences in colour are be ing masked , i t  i s  wise to 

u se colourle ss or whi te c ontainers (Larmond 1 9 7 7 ) . 

3 . 3 . 2  Serving Procedure s  used in Present Project 

The serving procedure s f o r  thi s proj ect were detennined by 

the p anel during the trai ning period . It was dec ided that 

the e s t imation of colour would be made by pre s s ing the 
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milk powder into 6 0mm x lOmm glas s  petri di she s and observ

ing the colour o f  the powder through the glass lid of the 

petri dish . Evaluations of colour were made with the 

samples place on a white Ser atone (New Z e aland Fore s t  

Products Ltd , Auckland ) liner , the panel having decided 

that this was a s u itable background for these observation s . 

Both powders and reconstituted milk s ample s were served 

in small , clear beakers and covered wi th paraff in film i n  

order to retain the aroma . The panel cons idered several 

materi als as coverings for the beakers . The para f f in f ilm 

was f elt to g ive a convenient covering with no detectable 

taint bei ng tran s ferred to the sample . 

The quantity o f  powder for serving was determined also . 

A volume o f  Sml powder was cons idered an adequate quantity 

to observe powder characteristics  and to evaluate the aroma 

o f  the powder .  S imilarly , a volume o f  3 0ml recons t i tuted 

milk was decided upon , s u f f icient f or aroma , flavour and 

textural evaluat ions in the se s ample s . The tempera ture 

o f  s erving wa� s e t  at 2 2°C ( amb ient room temperature ) .  Thi s  

temperature has been used at the Ins t i tute for several y ears 

for serving re c onstituted milk powders . Although thi s was 

slightly cooler than the temperature a t  which the s e  produc t s  

might be con s umed i n  tropical countri e s , no marked d i f fer

ence ha s been found i n  the abili ty o f  panelis t s  to d i s c rimin

ate between s amples at 2 2°C and slightly higher temperatures ,  
0 3 0  C for exam ple . 

Sensory evalu at i on s e s si ons were held on Tuesday , Wedne sday 

and Thursday o f  e ach week . All formal s e s sions were held 

mid-morning . Arrangements were made each day for ten pan

eli sts from the total pool of twenty to come to thi s s e s s ion . 

A record was kept o f  panelis t s  a ttending s e s s i ons , s o  that 

the burden of evaluat ions was s pread evenly over the total 

panel . 
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For each sess ion , a white l iner was p l aced in a tray to act 

as a b ackground for colour compari s ons . Coded samp les 

f or colour , powder and recons ti tuted mi l k  eva luations we re 

p l aced on the tray toge ther with the quest ionnaire . Pane l i s t s  

were supp l ied wi th water ( 2 2°C )  and a s l ice o f  whi te bread . 

3 . 4  Test ing Environment for Sen sory Eva luation 

3 . 4 . 1  Background to Testing Environment for S ensory 
Evaluat ion 

Control o f  environment a l  factors is  un ivers a l ly recogn i sed 

as being of va l ue in sensory work wi th food . Interrup tions 

and d i s tractions shou ld be avoided dur ing te s ting . Reg

u l arity , qu ietne s s , comfor tab l e  surround i ngs , orde r l ine s s , 

and smoothne s s  o f  presentation o f  s amp l e s  h ave a l l  been 

emphas ised ( Ame r ine et a l . 1 9 6 5 ) . For sensory eva luation 

a spec i a l  te s t ing area i s  used so that distractions c an be 

minimiz ed and condit ions can be contro l led . The te s t ing 

area should be a quie t  comfortab le envi ronment , i f  

pos s ib l e  the room snould be air-cond i tioned . Fore ign odours 

and odou rs f rom other food preparations should be kept 

from the te s t ing room . 

For mos t  type s  o f  tes ting , the pane l i sts are requi red to make 
i ndependent j udgements . In order to e l iminate d i s tract ion 

and prevent communication among the pane l ists , individual 

booths are u sed . The colour o f  the booths should not 

inf luence the appearance of the p roduct being j udged . An 

o f f -white o r  l i ght grey co lour i s  usua l ly reco1rn1ended . 

Lighting s hould be uni form and should no t inf l uence the 

appearance of the p roduct to be tes ted . 
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3 . 4 . 2  Testing Environment used for Pres ent Proj e c t  

F o r  thi s  pro j ect , all formal s ensory evaluation s e s s ions 

were carried out in the sensory panel room of the New 

Z e aland Dairy Res earch Ins t i tute ( see F igure 1 ) . 

The panel room is adj acent to the Produc t Evaluat ion 

laboratory , where the preparation o f  the milk powder 

sample s was c arried out . The room i s  5 . 4 9 metres long 

by 1 . 5 2 metres wide and 2 . 7 4 me tres high . A grey laminex 

bench , 0 . 5 3 me tres wide , runs the entire leng th of the wall 

adj acent to the Produc t Evaluation labora tory . Grey 

laminex partiti ons divide the bench into e igh t booth s , each 

0 .  6 1  me tres wide . Grey larninex lines all three s ides of 

each booth to a height 0 . 6 1 metres above the bench top . 

Each booth has a spi ttoon wi th r unning water and a cold 

water tap . A quarter- round tran s fer slide in each booth 

f a cili tates the pas s ing o f  samples f rom the laboratory 

to the panel room . The room is li t wi th Philips i nc ande s cent 

lurninaires , Catalogue No . DGN 8 4 0  ( Philips Ele c tr ical 

Indus tries of .New Zealand Ltd . , Lighting Divi s ion , Auckland , 

New Zealand ) . Interchangeable red and white s po tlights 

are available and all c an be controlled by a d immer switch . 

The room i s  air-cond i t io ned and under slight pos it ive 

pre s s ure . 

4 .  OBJECTIVE MEASUREMENTS 

A number of obj ect ive measurements wer e  made on the whole 

milk powder samples received throughout the two dairying 

s ea sons . Measurements were made to character i z e  colour 

and texture in both the powders and the recon s t i tuted milks . 



F i g u re 1 .  Photog raph of the New Zealand Dai ry Research I n st i tute 
sensory panel room.  

3 4 . 
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4 . 1  Colour Mea surements 

4 . 1 . 1  Background to Re flecta nce Measurements of Colour 

Colour i s  an optical sensation , dependent on light . Vi sual 

perc eption by the observer i s  a res ult of how the eye inter

pre ts the light reaching it f rom ob j ects . Colour is per

ce ived and arranged into thre e-dimensional con f igurations . 

Hue , s aturation and brightne s s  together are used to des cribe 

the three dli1ens ions of a c olour as a total vi sual experience 

(Burnham et al . 1 9 5 4 ) . 

To be u se f ul ,  visual evalu a t i ons o f  product appearance mus t  

be pre c i s e  and reproduc ible . Thi s  require s  that the me thod 

and phy s i c al arrangement o f  observation be the same for all 

evaluat ions . Repre sentati ve s amples should be prepared 

for mea surement in exactly the s ame way and should be pre s 

ented to the instrument i n  a s tandard , repeatable manner 

(Hunter 1 9 7 5 ) . 

A number o f  different instruments have been used to measure 

c olour i n  milk and milk products . I n  the food indus try , 

i t  i s  more common to measure the c olour o f  samples by means 

of tri s timulus colorimetry rather than by spec trophotometry 

(Franci s and Clydesdale 1 9 7 5 ) . There are many d i f ferent 

type s of c alorimeters whi ch are in u s e  today . Langsrud 

and Solberg ( 1 9 7 6 ) used a Photovolt 6 7 0  refle ctance meter 

to measure colour change s in d airy products . 

Franc i s  and Cly sdesdale ( 1 9 7 5 )  believed that dehydrated 

products could probably be mea sured adequately by tri s timulus 

colorimetry on the loose powder.  More accurate c olour data 

could probably be obtained by pre s s ing the milk powder i nto 

a disc . Hunter ( 1 9 7 5 )  s ugges ted that powders should be 

poured into a container with a trans parent window in the 

bottom . The sample mus t  be compacted to a uni form depth 

and measurements made through the bottom window . Bos s e t  
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and B lanc ( 1 9 7 8 )  conf irmed thi s  when they studied the s u i t

abi lity o f  t r i s timu lus colorimetry for the ana ly s i s  o f  co lour 

in mi lk and mi lk p roducts . The se workers used a Hunter l ab 

D 2 5  D-2 color imeter equipped with an r A '  meas ur ing he ad . 

The Hunter l ab D 2 5  co lorime ter i s  a four - f i lter instrument 

u s ing s o l id s tate e lectroni c s  wit h  an L ,  a , b , co lour s c a l e  

readout . The L ,  a ,  b , co lour s c a le has the advantage o f  

g iving a c lo s e r  approximation t o  v i s u a l  j udgement than otner 

c olour scale s . Bos s e t  and B lanc ( 1 9 7 8 )  cons idered thi s  

i n s trument u s e f u l  f or precise co l our meas urements o f  mi lk 

and milk �owder products , the accuracy and re l i ab i l i ty of 

the readings be ing very good . 

4 . 1 . 2  Me thod for Re f lectance Mea surements of Co lour 

A Hunterlab D 2 5  P-2 Colorimeter ( Hunter lab As sociates 

L aboratory I nc . , F a i r fac , Virg in i a , USA) was u s ed for 

r e f lectance measurements of co lou r  in who le mi lk powde r  

s amp les . B e f ore use , the ins trument was cal ibrated . The 

c a l ibration procedure consi s ted o f  two parts ; s tandard i z 

a tion on a whi te t i l e  ( t o  c a l ibrate the top o f  the s c a le ) 

and zero ad j us tment on black g la s s  ( to calibrate the bottom 

of the s c a le ) . 

P owder s amp le s  were presented for measurements in a s imi lar 

f ashion to tha t  used for the sensory pane l s . Whol e  m i l k  

p owder was compacted careful ly and evenly into a 6 0mm x l Omm 

g lass  petri d i s h  and leve l led with a sma l l  met a l  spatu l a . 

The l id was p laced on the pet r i  d i sh and the dish p l aced 

with its base on the ref lectance por t . Measur ements wer e  

t aken f o r  t he L ( br ightne s s ) , a ( b lue-ye l low colour componen t )  

and b ( red-green co lour component ) val ue s . In add i ti on , 

measurements were made on a l l  s amp le s  for the Y e l l owne s s  

I ndex ( YI } y a c a lcu l ated value des c ribed by Hunter ( 1 9 7 5 )  

which i s  u s e f u l  in measuring vari ation in the y e l l owne s s  

o f  product s . Re f lectance mea surements were made o n  a l l  

p owders u s i ng a whi t e  background . A 2 0 0mm x 2 0 0mm square 
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o f  whi te Ser atone board was used as the whi te background . 

This  mate r i a l  had been used as the background for sensory 

a s s e s sments of colour . 

4 . 1 . 3  Background to Spec trophotometric Measurements of 

Colour 

Ne l s on ( 19 4 8 )  showed that the co lour of heated mi lk could be 

measured spe ctrophotome tr i c a l ly but l iquid systems were 

s ub j ect to e rror due to partic le s i ze and other components 

that inf luence the degree of s c atter ing . Spectrophotometric 

method s  were limited in the ir usefulne s s  as they were 

re l a ted only indirectly to the cons�1er ' s  perception of 

c o l our .in a food s tu f f . 

Buma e t  a l . ( 1 9 7 7 ) s tudied seasonal changes in milk us ing 

a Uni c arn  S P 5 0 0  spec trophotome ter . They found that maj or 

c o l our change s  took p l ace when the cows were trans f erred on 

to or o f f  p a�ture . Me asurements made at 4 6 0nm and 5 5 0 nm 

wer e  found to g ive the l arge s t  colour d i f f e rences for 

s amp l e s . The se workers c onc l uded that the colour of mi lk 

var i e s  con s iderably during the year . They attributed the 

c ol our vari ation of mi lk to the variation in the colour o f  

the mi lkfat . The main c omponent in the mi lkfat which was 

thought re sponsible f or thi s  variation in s e lective l ight 

absorption t hroughout the year was the 8 - carotene content . 

The se worker s  f ound the spectrophotometric readings at 

4 6 0nm were s trong ly r e lated to the 8 -carotene content o f  

the mi lkfat . 

S e asonal vari ation in the co lour o f  New Z e al and milkfat 

h a s  been s tudied by a numbe r o f workers ( B arnicoat 1 9 4 7 , 

McG i l livray 1 9 5 2 , McDowe l l  1 9 5 6 , McGi l l ivray 1 9 5 6 , Nor r i s  

e t  a l . 1 9 7 1 ;  Keen and Udy 1 9 8 0 ) . Barn i coat ( 1 9 4 7 )  carr ied 

out the f ir s t  estimations o f  c arotene in New Z e aland mi l k f at 

u s ing a B . D . H .  Lovibond Tintometer . T he non-s apon i f i ab l e  

fraction o f  the mi lkfat was d i l uted with chloroform to make 
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these e s t imations . A later worker ,  HcG i l l ivray ( 1 9 5 2 ) , 

disso lved the mi lk fat in petrol eum ether and made the carotene 

e s t imations wi th a Beckman Mode l D . V .  Photoe lectr i c  

spectropho tome ter a t  45 0 nm .  Norr i s  e t  a l . ( 1 9 7 1 )  used a 

s imi l ar method , d i s so lving 2 g  mi l k f at in 2 5ml petroleum 

ether and taking reading s at 4 5 0nm . 

4 . 1 . 4  Method for Spectrophotome t r i c  Me asurements o f  Co lour 

To de termine the total colour ( ca l cu lated as 8 -carotene ) 

o f  who le mi lk powders , the mi lkf at was f i r s t  extracted f rom 

the powder. A modi fication o f  a me thod de scribed by 

Newstead and Headi fen ( 1 9 8 1 )  for the e stimation o f  peroxide 

va lue s . in whol e  mi lk powder s  was u s ed for thi s extraction . 

A l O g  s ample o f  whole mi lk powder was we ighed out into a 

5 0  ml pyrex beaker and 2 0m l  hot ( 5 0°C )  d i s t i l led water added 

to i t . The mixture was s ti r red and the sampl e  a l lowed to 

hydrate f or 6 0  minutes . The reconstitu ted samp l e  was 

trans ferred to a 1 5 0mm x 2 5mm d i ameter g l a s s - s toppered te s t

tube and s tood in a water bath at 7 0°C for 3 minutes .  

F i f te e n  mi l l i l i tres of de -emu l s i f ic ation reagent was then 

added to the s �p le . Thi s de -emu l s i f ication reagent cons i s ted 

o f  5 0 g  s odium c i trate , 5 0 g  s odium s a l i cy late and 8 6ml n-butanol 

made up to 4 5 0m l  with d i s t i l led water . The hydrated samp l e  

and de-emuls i f ic at ion reagent were shaken vigorous ly and s tood 

in the water b ath ( 7 0°C )  for a further 5 minute s . The mixture 

was then tran s ferred to a B abcock cream bottle , s tood in the 

7 0°C water bath f or 1 minute and centri fuged at 1 0 0 0  rpm and 

1 9 0mm r ad i us f or 3 minu te s  at 6 0°C ,  as for the Babcock fat 

determination ( A . O . A . C .  1 9 7 5 ) . Hot ( 6 0°C ) d i s t i l led water 

was added to br ing the f at into the neck of the bottl e . 

The bott le was then cent r i f uged for a further 2 minute s and 

le f t  s tanding in a water b a th at 7 0°C unti l  the fat had 

c le ared . Dup l i ca te extractions were carried out on e ach 
sampl e  of whol e  mi lk powde r . 
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Once the fat h ad c le ared , 1 . 1 5m l  l iyuid milkfat were 

p ipetted into petro leum ether and made up to 1 2 . 5ml . Thi s 

volume of mi l k f at was the equivalent o f  l . Og mi lkfat 

( c a lculating the den s i ty of mi lkfat a s  approximate ly 0 . 9 ) 

a s  used by Nor r i s  et a l . ( 1 9 7 1 ) . The total colour o f  the 

mi lk fat ( ca l c u l ated as S -carotene ) was e s timated u s ing a 

Bausch and Lamb Spectronic 2 0  ( Bausc h  and Lamb Corporation , 

Roche ster , New York USA) . The spectrophotometer was 

cal ibrated wi th a petro leum ether b lank .  Readings we re made 

on each samp l e  at 4 5 0nm ,  as s ugge s te d  by Norr i s  et a l . 

( 1 9 7 1 ) . The total co lour o f  the mi lkfat was calculated 

a s  micrograms S - c arotene per gram of milk fat . U s i ng the 

c hemical anal y s e s  o f  the mi lk powder samples , tota l co l our 

wa s a l so c a l c ul ated as micrograms S - carotene per gram o f  

powder . 

4 . 2  Partic le S i ze D i s tribution Measurements 

4 . 2 . 1  Background to P artic le S i z e  D i s tr ibution Measurements 

B aldwin ( 1 9 7 7 )  bel ieved tha t  the appearance of mi lk powde r , 

on opening a con sumer pack , i s  an important char acte r i s tic 

and should be g iven con s ideration in the manufacture o f  

powder for dome stic consumption . I n  an attempt t o  determine 

the maj or factors a f fe cting the appearance of who le mi lk 

powder , thi s worker made a survey of powders avai l ab l e  i n  a 

number of d i f ferent overseas market s .  Powder s  were s cored 

on a 0 - 5  s c a le for appearance where a powder rating 0 was 

granular whi l e  a samp l e rated 5 was cohes ive and c aked . The 

appearance s core was f ound to corre late most s trong ly with 

the parti c l e  s i ze o f  the powder and in particular wi th the 

maximum par t i c l e  s i ze . Baldwin ( 1 9 7 7 ) be lieved that thi s 

property of the powder is  probab ly re l ated to the l imi t o f  

resolution o f  the human eye which i s  approximate ly 0 . 2mm . 
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4 . 2 . 2  Method for P ar t i c le S i z e  D i s tribution Mea s urements 

The method used in this pro j e c t  for the determination o f  

p article s i ze d i s tribution in who l e  mi lk powder s  was based 

on a procedure devi sed a t  the New Z e a l and Dairy Re se arch 

Institute and descr ibed by Ba ldwin and S anderson ( 1 9 7 3 ) . 

The percentage of we ight of powder f a l l ing into d i f ferent s i ze 

c lasses was determined by s ieving on s tandard s ieve s . The 

incorporation of a free - f low agent enab l e s  thi s  s ieve ana l y s i s  

method t o  b e  app l ied t o  f ine powders , s uch as who l e  mi lk 

p owder . 

The ambient humidity was f i r s t  checked to see that i t  was 

l e s s  than 7 0 %  R . H .  ( tests were not carried out above this 

f igure because o f  moi s ture uptake by the powder s ) . A set 

of 2 0 0noo D s i eves together with pan and lid to NZSS 1 9 6  

( 1 9 6 3 )  was chosen , suitable for the powde r type under con

s iderati on . For agg lomerated powders a set o f  s i eves was 

u sed with f q l l owing aper ture s i z e s : 5 0 0  micron s , 2 5 0  microns , 

1 2 5  microns , 9 0  microns and 6 3  micron s . For non-aggl omer ated 

powders a set .of s i eves was used wi th aperture s i ze s  o f : 

1 8 0  micron s , 1 2 5  micron , 9 0  microns , 6 3  microns and 4 5  

microns . The s ieve� were checked to ensure that there 

we re no ho l e s  or s li t s  at the edge s . 

Twenty f i ve g rams o f  who le mi l k  powder were we ighed out 

on to the f inest s i eve of the s e t  and pan , together with 

0 . 2 5g Syloid 74 free-f low agent ( W . R .  Grace Co . , Davidson 

Chemical Divi sion , Baltimore , Mary land ) . The two powders 

were mixed gently and then s ieved on the f ines t  s ieve for 

5 minute s . The overs i ze powder from this step was then 

trans ferred to the complete s ieve s tack and s i eved for 3 0  

minutes . Thi s s tep was carri ed out to prevent the b locking 

o f  coars er · s ieves by very f ine powder . Two s ieve shaker s  

were used f o r  the se measurements , a n  Inclyno s i eve s haker 

( Pascall  Engineer i ng Co . Ltd . , Gatwick Rd . , Crawley , Sus sex ) 
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and an Endecott s i eve shaker ( Endecotts Ltd . , Lombard Road , 

Morden Factory Es tate , London ) . 

The amount of powder on each s ieve and i n  the pan was then 

determined . The top s ieve was removed gently from the 

stack and any material  adher ing to the bottom s ide o f  the 

s ieve brushed into the s ieve be low . The incl ined s i eve 

was then tapped gently , gathering the powder on one s ide and 

t ipped out on to the b a lance pan . Any powder remaining was 

then brushed out . The s ieve was then s truck f i rmly and 

any material di s l odged was brushed out a l s o . Thi s  procedure 

was repeated wi th s ucceeding s ieve s . We ighing was c ar r i e d  

out reasonab ly qui ck ly to minimi z e  moi s ture uptake i n  the 

powder s . From the se measurement s ,  the percentage on e ach 

s i eve was calcul ated as we l l  as the cumul ative percentage 

we ight unders i z e . 

4 . 3  Viscosity Measurements 

4 . 3 . 1  Background to V i s cosity Measurements 

I n  mathematica l  terms , vi scosity is de fined as the ratio o f  

shear stre ss t o  shear r a te . Foods exhibi t a wide r ange o f  

vi s c o s i ties . A t  the low end are aqueous solutions whi c h  

beh ave as Newtonian f luid s , the i r  v i s cos i ty being i ndependent 

of s hear rate . As viscos ity increases the sys tems become 

increasing ly non-Newtonian . Mi lk i s  an emulsion o f  fat i n  

a n  aqueous med ium w i t h  proteins di spersed col loida l ly . 

The viscosity o f  milk re l ates c lose ly to the sensory term 

' th ickne s s ' ( Sone 1 9 7 2 ) . Homogeni z ed who le mi lk s eems t o  

behave essent i a l ly as a Newtoni an f luid i n  spite o f  the 

presence o f  two distinct phase s . However , vi scos i ty measure

ments o f  who l e  mi lk are comp l ic ated by the separation of 
cream . 
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Cap i l l ary v iscometers may be u sed for viscos i ty mea sure

ments of N ewtonian f luids , such as homogen i z ed milk . The 

l iquid is made to f low through a capil lary tube under the 

in f luence o f  a known pre s sure d i f ferenc e . The rate of f low 

i s  mea sured by determining the t ime requ ired for a g iven 

vol ume to pass a graduation mark . Cap i l lary v i scometers 

measure the rate of f low through a cap i l lary tube , u ti l i z ing 
-

P o i se u i l l e ' s  law which governs the l aminar f low o f  l iqu ids 

through capil laries . 

There are a few l imitations in the u s e  o f  capi l l ary 

viscometeis .  Firstly , there i s  some di f f ic u l ty in obtain

ing sati s f ac tory prec is ion in the ins trument . Even s l ight 

variations in the capil lary tube wi l l  a f fec t the rate of 

f low through the tube . For accurate re sults it has a l so 

been recommended that both the viscometer and the l iquids 

be p laced in a cons tant temperature bath . 

Rot a tional v i scometers o f  the cone and pl ate type are use

f u l  i n  viscos ity measurements a l so , being particularly 

s u i tab le for n6n-Newtonian f l u ids . I n  cone and p late 

v i sc ometer s ,  the f lu id is sheared in a sma l l  gap between a 

rotating cone and a f lat p late . When the des ign i s  such 

that the apex of the cone j u s t  touch e s  the surface o f  the 

p l ate , the shear rate is  un i form throughout the entire 

f lu id samp l e . 

W i th a cone and plate viscomete r , on ly a sma l l  s amp l e  i s  

requ ired and temperature c ontro l i s  relat ively good . 

Shear rate i s  directly proportiona l to the rotat ional 

speed o f  the cone and shear s tre s s  to the torque exerted 

on the spring . A h igh shear rate c an be achieved , the 

shear i s  variable and i t  i s  pos s ib l e  to make f l ow curve 

recordings to ga in a more comprehens ive idea of a s ampl e ' s  

r heo logic a l  properties (Towler and Cooper 1 9 7 9 ) . 
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4 . 3 . 2  Viscosity Mea surements u s ing Capi l l ary V i scometer 

A Cannon-Manning Semi-Micro vi s c ome ter s i z e  7 5  Cata logue 

No . CMSMC ( Cannon I n s trument Co . ,  State Col lege , P ennsylvan ia , 

U . S . A . ) was used for the determination o f  v i scos ity in the 

reconstituted milks . This  instrument is su itab l e  for the 

measurement of visco s ities  of sma l l  l iqu id samp l e s  requ i ring 

a charge of only 1 . 0  ml . Viscos ity measurement s  were made 

on reconstituted milk s amp l e s  prepared for the s ensory pane l . 

To c arry out these measurements , the Tamson Cons tant Temp

erature water bath Type TCV 4 0  ( P . M .  T amson BV , Zoetermee r ,  

Ho l l and ) was adjusted to 2 2°C .  The cap i l l ary v i scometer 

was pl aced in a holder and inserted into the water bath , 

then caref u l ly al igned vertica l ly .  

One mi l l i l i tre of reconstituted milk was p ipetted into the 

l e f t  hand arm of the v i s cometer . The sampl e  of milk wa s 

p ipetted f rom the midd l e  of the conta ine r , to avo id the 

pos s ib l e  inclusion o f  fat g lobu l e s  from the surf ace or 

sediment f rom the bottom . U s ing a rubber bulb , the samp l e  

w a s  sucked gently through into the righ t  h and a r m  o f  the 

v i scome ter to the crossp iece above the mark on the bulb . 

The sampl e  was a l lowed to come to water bath temperature 

( approximately f ive minutes )  . 

Again , the rubber bu lb was u s ed to suck the sample through 

to the c ro sspiece above the upper mark of the bu lb . To 

measure the e f f lux t ime , the l iquid samp l e  was a l lowed to 

f low f reely down pas t  the upper mark on the bu lb to the l ower , 

mark and the t ime for this to occur was noted u s ing a s top

watch . Measurements were repeated unt i l  two readings were 

obtained within 0 . 4  s econd o f  each other . In warm weather , 

i t  was found necess ary to add a sma l l  quantity o f  ice to the 

water as each reading was made in order to keep the water 

b ath temperature con s t ant . The capil l ary viscometer 

was then c leaned thoroughly , f irst with a detergent solut ion 

then with distil led water and f inal ly r in s ed with Anal ar 



g rade acetone . The v i s c ometer was then d r i ed ready for 

re-use . The viscos ity o f  each sample was calcu l ated 
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by multiplying the e f f lux t ime ( in seconds ) by the v i sco

meter cons tant . 

4 . 3 . 3  Vi scosity Measurements us ing Cone and P late Viscometer 

A Ferranti -Sh irley cone and p late viscomet e r  ( Ferranti Ltd . , 

Boston , Manchester , Eng l and ) was used to examine the f low 

b eh aviour o f  recon s t i tuted milk powders in th i s  pro j ec t . 

A l though reconstituted milk powder s  appear to be Newtonian , 

the e f f ec t  of increas ing shear rate upon these l iqu ids was 

o f  c ons iderable intere s t , e spec ial ly when c ompared with 

the sensory pane l ' s  perception o f  ' th icknes s '  i n  the same 

s amples . 

The Ferranti-Shirely vis cometer cons i s t s  o f  a the rmostatic a l l y  

contro l l ed plate o n  which a sma l l  quant ity o f  the samp le 

l iqu id ( su f f ic ient to f i l l  the space between p late and cone ) 

i s  p l ac ed and an inverted cone with an apex ang l e  of nearly 

1 8 0° .  The p l ate is r a ised unti l  i t  is within 0 . 0 2 5 mm of 

the apex of the cone . For tak ing mea surements , the cone i s  

rotated a t  any _ des ired speed u p  to 1 0 0 0  rpm and the vi scous 

d rag is  mea sured e le c tronic a l ly . All parts of the sampl e  

a r e  sheared at the s ame shear rate . Mea surements can be 

made at a much higher shear rate than attainab l e  with mos t  

o ther viscometers ( Towler 1 9 7 1 )  . 

T h e  water bath was turned en and adj us ted to 2 2°C .  The 

viscometer was cal ibrated according to the make r ' s  instruc

t ions . The Extra Large cone was used for thes e  measurements . 

T h e  plate with the capstan was then l owered and a sma l l  

quantity o f  recon s t i tuted milk powder p ipetted on to the 

centre of the plate . W ith cone speed s t i l l  at 5 rpm , the 

p late was raised . The scale factor control was set at . x l , 

the speed at S O O s- l  ( th e  f i r s t  speed requ i red ) and a reading 
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taken o f f the indicator unit . Read ings were taken a t  the 
- 1  - 1  - 1  -1 - 1  equiva lent o f  5 0 0 s  , 1 0 0 0 s  , 1 5 0 0 s , 2 0 0 0 s  , 2 5 0 0 s  , 

5 0 0 0 s- 1 , l O O O O s- 1
, 1 5 0 0 0 s- 1 , and 1 8 0 0 0 s- 1 . The cone and 

p late were c leaned with tissues and water , then dried 

thorough l y  b e fore the next set o f  readings was made . 



CHAPTER IV 

GENE RAT I ON O F  A S ENSORY P ROF I LE FOR NEW ZEALAND 

1. INTRODUCT I ON 

WHOLE HILK POWDERS 

Th i s  chapter d e s c r ibes the work c arr ied out to f u l f i l 

the first a im o f  thi s p ro j ect , which was to e s tab l i s h  a 

sensory pro f i le for New Z ealand who l e  milk powders . 
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Before any evaluations cou ld be made of pos sible vari ation 

i n  the se who l e  mi lk powders ,  the sensory proper ties o f  the 

p roduct needed to be described and a sensory prof i le 

e stabli shed . 

To establ i sh the sensory prof i l e , i t  was first nece s sary 

to s tudy the l i terature regardi ng the sensory p roper t i e s  

o f  who le mi lk powder . Ther e fore , the f irst p a r t  o f  this 

chapter contains a brie f survey o f  the pertinent literature . 

Hav ing survey�d important aspe c t s  o f  the sensory prop e r t ie s , 

i t  was then pos sible to e s tab l i s h  the sensory p ro f i l e . 

Thi s  prof i le was estab l ished in a s y s tematic f ashion u s i ng 

d i s cuss ion s e s s ions with a group o f  pane l i s ts se l ected 

for the pro j e c t .  The second part of this chap ter deta i l s  

the s teps tak e n  i n  the se lection o f  the pane l , the criteria 

used for thi s  s e lection proces s  and the various s teps taken 

in e s tab l ishing the sensory pro f i le . Thes e  include the 

organisation o f  the group discuss ions and a detail e d  

des cr iption o f  the s tages through which the pane l progr e s s ed 

as they estab l i s hed a s ensory pro f i le for New Zealand who l e  

mi lk powders . 



2 .  SENSORY P ROPERT I E S  OF WHOLE MILK POWDER 
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Many sen sory p roperties are eva luated by the consume r as he 

o r  she a s s e s s e s  a mi lk powder . A l l  the se propert i e s  

c ontr ibute t o  the consumer ' s  eva luation o f  the qua l i ty 

o f  the product . These wide ly d i f f ering sens ory p roperties 

c an be divided into f our main areas o f  s tudy . The s e  are 

the colour , aroma , f lavour and texture o f  who le mi lk 

powders , both as a powder and as reconstituted m i l k s . 

2 . 1  Co lour 

The colour o f  proce s sed mi lk , particu l a r ly dehydrated 

p roducts , is of maj or concern to the i ndus try but has 

c ome under r e l ative ly l i ttle cons ideration unti l 

recent ly . Baldwin ( 1 9 7 7 ) be l i eved that this sensory 

property of whole mi lk powder was an important characte r

i s tic and should be g iven care f u l  cons ideration , partic

u lar ly in the manufac ture o f  powde r  for dome s t i c  con

s umption . ·The colour o f  who le mi lk powders is o f  concern 

s ince dark-co l oured products may be cons idered o ld , or o f  

in ferior qual·i ty . 

The heat treatment o f  mi lk , as occurs during the produc

t ion o f  who l e  mi lk powder , has been found to a f f e c t  the 

c olour . Langsrud and Solberg ( 1 9 7 6 ) found that i n  the 

systematic heat treatment of homogeni z ed , pasteuri zed 

whol e  mi lk a t  l 0 0°C and l l 5 °C for d i f ferent holding 

time s , the products became white during the f i r s t  part o f  

the heat treatment .  Later the whi tenes s  decreased becau s e  

o f  e ar ly b rowning , thi s browning reaction being f a s te s t  

a t  the highes t  temp e rature . The y e llownes s  o f  the mi lk 

remained c on s tant dur ing the f i r s t  part o f  the heat treat

ment at l � 0°c ,  whi l e  at l l 5°C and 1 3 0°C the y e l lownes s  

s tarted t o  increase a t  once . I n  addition , the dominating 

colour o f  the mi lk c hanged f rom green at the start of the 

heat treatmen t  to ye l low-red a t  the end . 
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The browning o f  milk powder during pro longed s torage has 

been s tud ied extens ively . Re actions be tween l ac to s e  

and mi l k  prote ins are re spons ible for these co lour change s 

( Buma e t  a l . 1 9 7 7 ) . However ,  very l i ttle browning 

occurs i f  the products are not sub j ected to severe heat 

treatment dur ing drying or product s  are stored a t  5 0 ° F 

( 5°C )  o r  lower ( Francis and C lyde sdale 1 9 7 5 ) . The s e  non

en zyma t i c  browning reactions in dried milk powders occur 

as a f unction o f  accumu lated he at treatment during proces s 

ing and the temperature o f  s torage . T ran and G ianone { 1 9 7 5 )  found 
that the greates t changes occurred in mi lk powder s �mp l e s  
s tored at·· h igh temperature ( 3 0 °C )  and high ( 8 0 % )  r e l at ive 

humidi ty . 

Burna e t  a l . ( 1 9 7 7 )  when they studied seasonal changes i n  

mi lk found that maj or colour change s took p lace when the 

cows were tran s ferred on to or o f f  pas ture . The s e  workers 

conc l uded that the colour o f  the mi lk var ies cons iderably 

dur ing the _year . They attributed the colour vari ation o f  

milk to the variation i n  the colour o f  the mi lk fat . The 

main component in the mi l k f a t  which was thought r e spon

s ib le for thi s  var iation in s e l e ctive l ight absorption 

throughout th� year , was the S-c arotene content . D i f f 

eren c e s  a s  sma l l  as 1 . 5 % i n  the percentage re f le ct ance o f  

the m i lk could b e  detec ted visua l ly i f  j udged s imu l tane 

ous ly . Burna e t  a l . ( 1 9 7 7 ) b e l i eved that not only d i d  the 

colour o f  fre s h  mi lk but a l s o  that of i ts produc t s , such a s  

whole m i l k  powder , vary wi th the season . Mi lk produc ts 

proce s sed during the ear ly part of the spring s howed con

s iderab le colour d i f fe renc e s  from those produced l ater in 

the s e ason . 

2 .  2 Aroma 

The aroma of a product , s uc h  as mi lk powder , i s  the 

sensory response evoked by vol at i le compounds i n  the powde r  
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or in the reconstituted mi lk . Characte r i z ation o f  the 

a roma or odour has been one of man ' s  activi ties from h i s  

e ar l iest exi stence , used as a n  indication t o  h im o f  the 

freshne s s  and wholesomene ss of a f ood s tu f f  (Land 1 9 7 5 ) . 

The aroma o f  mi lk powders i s  impar ted by a large n umber 

of compounds ,  the maj ority o f  which are very vol ati le . 

Upon drying , s ome o f  the se vol a  t i l e s  may be los t ,  c aus ing 

a decrea se in aroma strength and a change in the overa l l  

impres s ion o f  the aroma cons tituents . I n  drying p roce s s e s , 

the removal o f  water and the loss  of aroma are general ly 

c ontrol l ed by molecular di f fus ion inside the foods tu f f .  

Under op timum conditions , i t  has been found that aroma 

c onstituents c an l arge ly be retained ( Ke rkhof and 

Thi j s sen 1 9 7 5 ) . 

There has been l it t l e  s tudy made o f  the aroma character

i s tics of mi lk and milk powder ,  despite the fact that thi s 

characte ris ti c  i s  one o f  the f i r s t  to be eva luated by the 

c onsumer in the powder and then in the recons tituted mi l k . 

One o f  the few studies  made on these volati le character

i stics was by; Jaddou et a l . ( 1 9 7 8 )  on the f l avour vo l at i le s  

o f  he at-treated mi lks . The s e  workers f ound that none o f  

the non-su lphur compounds were present a t  concentrations 

exceeding threshold in any of the mi lks . Only hydrogen and 

methy l sulphides were present a t  concentrations above 

thre sho ld . The decrease in concentration of each of the 

sulphur compounds during s torage par a l l e led the decrea s e  

in intens i ty o f  a ' cabbagey ' note to the extent that they 

appe ared to be l inearly re l ated . A good corre lation was 

a lso observed between the total vol a t i le sulphur/ml mi lk 

and inten s i ty o f  ' cabbagey ' f lavour s . I t  was thought 

pos s ible that a l l  volati le sulphur compounds contributed to 

this particular f lavour note . 

Palo ( 1 9 7 3 )  has described a me thod for the sensory 

evaluation of d i f ferent aroma components of dairy product s  

i n  para l l e l  with the use o f  a g a s  l iquid chromatograph 



( GLC ) . A GLC was used wi th a doubl e  f r actionation 
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column enabling s imultaneous para l l e l  e xamination by 

fract ion intens i ty detector and by o l factory a s s e s sment . 

Whi le such a method offers a means o f  s imlutaneous examin

at ion o f  the mi lk p roduct ,  this gives no real indication 

o f  aroma changes as they are related t o  the other s ensory 

properties of dried mi lk products . I n  add i tion , it i s  

l ike l y  that seasona l  changes wi l l  a f f e c t  th is sensory 

prope rty , yet l i tt l e  work has been carr ied out in th i s  

are a . 

2 . 3  F lavour 

There have been many studies  pub l i shed on the f l avour o f  

whole milk powder s . The s e  have inc l uded s tudies us ing 

highly sophisticated techniques for i so lating aromatic 

compounds assoc i ated wi th var ious f lavours and taints , a s  

wel l  as sensory eva luation technique s .  Interes t  in the 

f lavour of mi l k  powders has centre d  around s torage tri a l s  

and l ittle work h a s  been done o n  the proc e s s ing or 

seasonal change s  i n  the f l avour . 

The f l avour of fresh f lu i d  milk i s  d i f ficult to describe 

bec ause i t  is  a rather b l and product . Mi lk may e i ther 

have a s l ight swe e t  char acter as a r e s ul t  o f  its l actose 

content , or a s l ightly s a lty character as a result of 

chlor ide salts ( P arks 1 9 6 7 ) . It i s  not definitely known 

what compounds contribute to the char a c teristic f lavour o f  

mi l k . Low molecul ar we ight compound s  present i n  trace 

amounts , such as acetone , acetaldehyd e , butyr i c  acid ,� and 

certain other low molecular we ight f a t ty acids , have been 

s ugge s ted as c ontr ibuting to f l avour . Methy l sulph ide 

imparts a .f l avour high ly characte ri s t i c  of fre s h  mi lk . 

Other low molecular we ight compounds �dent i f ied in f r e s h  

mi lk inc lude f orma ldehyde , butan- 2 -one , pentan - 2 -one , 

hexan-2 -one and heptan - 2 -one . Mos t  f lavours in dairy 
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products cannot be attributed to one compound but rather 

to a mixture of compounds . Whereas one compound wi l l  show 

d i f ferent f lavour character i s tics at vari ous concentration s , 

m ixtures o f  compounds may we l l  accentuate this . Signi f i c 

antly , compounds which have been imp l i cated in the charac

ter i s t i c  f lavour of milk have a lso been observed in h igher 

concentrat ions in many o f  the more ob j ec tionab le f lavours 

which arise in mi lk . For examp le , me thy l sulphide at 

c oncentrat ions above thre sho ld , imparts a ' cowy ' f lavour to 

m i lk , a f lavour which has a l so been a s s o c i ated with con

c entrations o f  ke tones . 

Whole mi lk powder has o ften been c r i t i c i sed for i ts 

f lavour . The f l avour o f  the freshe s t  powder has been 

inclined to be h i g h ly ' cooked ' wi th ' butterscotch ' or 
' cooked fat ' over tone s and deterioration during s torage 

has resul ted in f l avour charac ter i z ed as ' oxidised ' ,  

' ta l l owy ' , ' ranci d ' ,  ' st a le ' , ' fruity ' , ' coconut ' ,  

' ma l ty ' , etc . (Hook and Wi l l iams 1 9 6 6 ) . 

Shipe e t  a l . ' ( 1 9 7 8 )  sought a means o f  practica l  c la s s i f 

ication for the f l avours found i n  mi lk and mi lk product s . 

The se workers dec ided tha t  a c las s i f ication based on the 

c ause s  of parti c u l ar f l avours wa s the s imp lest and mos t  

use f u l . Their c l a s s i f ication was made a s  an aid in 

traini ng personne l to identi fy type s of f lavour s and the i r  

c auses a t  the s ame t ime . This type o f  c lassi f ication 

e l iminated arguments over whether an oxidised . samp le 

tasted ' metal l i c ' or ' pape ry ' , beari ng i n  mind that 

dif ferent pane l i s t s  may perceive f l avour s d i f ferently . 

This type of ' causative ' c l a s s i f i cation of f l avours has 

been adopted for the pre sent l iterature review . 

2 . 3 . 1 .  Cooked f lavours 

A loss  of vol at i l e  compounds i s  thought to be a contribut

ing factor to cooked f l avours in mi l k  products , as  is the 



5 2 . 

format i on o f  heat-generated f lavour constituents . The 

deve l opment of ' cooked ' f lavour in mi lk powders is a 

funct i on of the temperature and durat ion o f  heating . The 

f l avour is thought to be the result of vo lati le s u lphide s , 

hydrogen su lphide in parti c u lar , which are l iberated from 

the a c tivated sulphydry l groups o f  8 - lac toglob u l in and 

to a l e s ser extent the prot e ins of the fat g lobule mem

brane . As the he at treatment i s  prolonged or increased 

to h i gher temperatures , the ' cooked ' f lavour g ives way 

to a ' carame l ised ' f lavour and the init iation o f  Mai l lard 

type reactions takes p l ace . The particul ar compounds that 

contr i bute to thi s f l avour note are not we l l  d e f ined . 

Shipe -e t  a l . ( 1 97 8 )  de f ined several kinds o f  heat induced 

f l avours wh i ch occur in mi l k  powder . These workers 

be l ieved that hydrogen sulphide contributed s ig n i f icantly 

to c ooked f lavour but that o ther ' vo lati le su lphide s ' 

were a lso s ignificant contributors . The ' cooked ' or 

s ulphurous note in milk powder s diss ipates upon s torage 

and may not be not iceab le a fter two or three days . A 

' ri c h ' or heated note i s  noticeab le in mi lk exposed to 

h igh heat treatment , once the s ulphurous note d i s s ipate s . 

I t  i s  not c le a� which compounds are respons ib l e  for this 

f lavour but indications are that heat- induced d i acetyl 

contribute s to i t .  Other potent i a l  contr ibutor s  inc lude 

l ac tone s , methy l ke tone s ,  malto l , vani l lin , ben z aldehyde 

and acetophenone . A ' carame l i s ed ' note has a l s o  been 

d i s tinguished although it i s  not known whether thi s 

f lavour d i f fers from or i s  an extens ion o f  the heated r ic h  

note . Non-enzymatic browning has b�en s ugge s ted a s  a 

cause o f  this f lavour note . There i s  a l so a scorched 

f l avour which occurs i n  mi l k  powder s  sub j ected to abnorm

a l ly h i gh temperature proce s s ing . 
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2 . 3 . 2  Feedy f lavours 

F l avours absorbed into the mi lk from cattle feed are 

gene ra l ly recognised as cau s i ng taints in the mi lk and the 

result ing mi lk powder .  The r o le of feeds in the f l avour 

o f  mi lk does not fol low a s tandard pattern . Certain feeds 

and weeds consumed by dairy c ows have long been recogni s ed 

for contr ibution to the appearance o f  abnormal and unde s 

irable f l avours in milk and i t s  product s .  Onion s , fermented 

s i lage , a l falfa , cabbage , turnips , r ape , beet tops , 

musty hay etc . impart obj ec t i onab le f lavour s to mi lk , but 

thes e  c an- usual ly be avoided by control led feedi ng 

practice s .  Many varieties o f  weeds when inges ted by 

cows imp art taints to m i lk and in s ome cases only min imal 

consump t i on o f  a weed i s  required to produce a s trong 

f lavour . The incidence o f  the se weed taints in milk c an 

be gre atly reduced by good p a s ture management . 

Flavour s  imp arted to mi lk are not nece s sari ly o f  the 

s ame characte r i s tic as the f l avour of the consumed feed . 

A particularly o f fens ive f l avour may become evident in 

milk f o l l owing the inges tions of a p l ant which has in

o f fens i ve odour and f lavour c haracteri stics . The leve l o f  

many o f  these f lavours c a n  be great ly reduced i n  mi lk and 

cream by vacuum s team d i s t i l l ation ( vacreation } . However , 

some weed taints , such as that produced by land c re s s ,  

are inte n s i fied by he at treatment and cannot b e  e l iminated 

from mi lk and cream by conventional vacuum pasteur i z at ion 

techniqu e s  ( Walke r  and Gray 1 9 7 0 ) . 

Products with a cre ss taint have traditionally been down

graded but there have been f ew ,  i f  any, complaints from 

overseas  cus tomers . Cus tome r s  have sometimes d e s c r ibed 

milk with ·this type of feed f lavour as having a ' ri cher ' 

f lavour . Hodler e t  a l . ( 1 9 7 7 )  showed that whi l e  consumers 

re j e c ted a p ronounced feed f lavour in milk , they were 
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unab le to detect s l ight feed f lavour s . There was some 

evidence that feed f lavour inf luenced the consumer ' s  

perception o f  produc t cons i s tency , there be ing a greater 

tendency to categori z e  the product as ' heavier ' ,  

' richer ' and pos s ib le ' sour ' tasting ( Modl e r  et a l . 1 9 7 7 ) . 

2 . 3 . 3 . Oxidised f lavours 

Who le mi lk powder has c ome under a lot o f  s tudy bec ause 

the off- f lavour deve lopment i n  this powder is very d i f f 

e rent and much more intense than i n  skim m i lk powder .  

I t  has been conc luded that the fat phase i s  e i ther directly 

o r  indirec tly accountab le for the di f f�rences in the keep ing 

qua l i ty o f  the se powders (Mook and Wi l l i ams 1 9 6 6 ) . O f f 

f lavour development in whol e  m i l k  powder a s soc iated with 

the fat phase has been shown to be due mainly to the 

c hemical rearrangement of certain f atty ac ids as a result 

of  heat and mois tur e , i ndependent o f  oxygen , and to the 

production ·o f  carbony l compounds as a result o f  oxidation 

o f  f at and fatty mater i a l s . 

' Stale-fat ' ,  ' waxy ' and ' oxidised ' typ e  f l avours have been 

s hown to be connected with me thy l ke tones produced by 

the act ion of heat , in the presence o f  moi sture , on beta

keto hydroxy-ac ids and the ir e s ters . Lactone s and me thy l 

k etone s are formed by heat treatment independent o f  oxygen , 

a lthough oxygen could pos s ibly play a part in forming thei r  

precur sors (Mook and Wi l l i ams 1 9 6 6 ) . Oxid ised o f f- f lavours 

as sociated wi th m i l k f a t  deterioration have been shown to 

depend upon the concentration and kinds of carbony l 

c ompounds present . However , Boon et a l . ( 1 9 7 6 ) found that 

they were not abl e  to s imulate comp le te ly the typ i c a l  

' cardboard ' ,  ' ta l l owy ' f l avour o f  an oxi d i sed mi lk powde r  

b y  incorporating s ynthetic mixtures o f  the identified 

monocarbony l s  into homogeni z ed mi lk . The tas te pane l 

c on s idered the mi lk c ontaining a l l  the identi f ied mono-
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carbony l s  to be s imi lar but s l ightly more ' painty ' 

than ' frui ty ' than the mi lk prepared from an oxidi sed 

powder . However ,  thi s mi lk was cons idered to be c loser 

to the n atural ly oxidi sed mi l k  than when individu a l  

monocarbony ls were added t o  f r e s h  mi lk . Saturated 

a ldehyde s  a lone imparted a f lavour to mi lk de s c ribed by 

the pane l as ' ta l lowy ' , ' st a l e ' and ' musty ' . When 

unsaturated a ldehyde s were inc luded , f l avour des cr iptions , 

such as ' ta l lowy ' ,  ' cardboard ' ,  ' painty ' and ' frui ty ' were 

obtained . The se workers be l i eved that the overa l l  f lavour 

of an oxidi sed powder wa s fur ther mod i f ied in the presence 

o f unident i fied c arbony l compounds and non-carbony l compounds 

such as ac ids , a l coho ls or lactone s . 

The role o f  s aturated and unsa turated aldehydes in promot

ing ' ta l lowy ' , ' painty ' , ' cardboard ' and ' f ishy ' f l avours 

in oxid i sed dairy products is we l l - e s tabl ished ( Wa lker 1 9 7 3 ) . 

These oxidation proce sses continue under the i n f luence o f  

time , l ight , temperature and moi s ture . Oxidi sed f lavours 

a l so o ccur in i rradi ated mi lk . The e f fect of l ight on 

mi lk in produc ing o f f - f l avou r  has long been e s tabl i shed 

( Hendrickx and de Moor 1 9 6 9 )  . Mi lk powder s  produced from 

light irradiat,ed mi lk have be en f ound to have a s trong 

o f f - f l avour . The colour of the mi l k  powder change s a l s o , 

probab ly a s  a result of the des truc tion o f  the r ibof lavin . 

2 . 3 . 4 .  Non-oxidi sed f l avou r s  

The s e  f l avour s which occur typica l l y  in the absence o f  

oxygen , are o f ten f ound in mi lk powder s  which have been 

gas-packed into consumer pack s directly from the drying 

l i ne . These ' fruity ' and ' coconut ' f lavours have been 

found to res u l t  from the chemical  rearrangement o f  

hydroxy fatty acids by heat treatment to form l actone s . 

Lactone s are produced by heat in the pre sence o f  water and 

the c oncentra t i on i s  apparen t ly corre l ated with the amount 
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o f  he at applied during proces s ing .  Lactones are present 

in all he ated mi lk and milk products but several o f  the se 

are present in such low concentrations that they have 

very l it t le or no s igni f i c ant e f fe c t on the f l avour . The 

importan c e  of lactone f lavours increase s dur ing s torage 

of mi lk powder a s  hydrolys i s  of the triglycer ide s progre s s e s . 

The potential for lactone formation in mi lk i s  dependent 

on common var i ab l es such as feed , s eason , breed , s tage of 

lactation and metabo l ic di s turbanc e s  ( Eriksen 1 9 7 6 ) . 

The mo s t  important lactone s in the formation o f  the s e  

f l avour s  a r e  de l ta-decalactone , whi c h  i s  respons ible for 

the ' coconut ' f lavour and de l ta-dodecalactone , respon s ib le 

for ' peachy ' or ' fruity ' f lavour ( Mook and Wi l l i ams 1 9 6 6 ) . 

2 . 3 . 5 .  Se ason a l  Var iation in f lavour 

Steen ( 1 9 7 8 )  is one of the few workers who has made an 

inve s ti gation of seasonal vari ation in the compos i ti on 

o f  mi l k  powder s  and its i n f luence on the keeping qua l i ty 

o f  s uch powders . This worker tes ted freshly produced 

dr ied who le mi lk powder s over a period of one year 

immedi at e ly after product ion and then after twe lve , e i ghteen 

and twenty four months . The recons tituted mi lk was graded 

for i t s  sensory properti e s  on a 0 - 1 5  numerical scale . A 

tendency was found towards lower grades in the spring 

months and a s l i ght decrease in the quality o f  the powder 

during s torage . A pronounced f a l l  in the qua l i ty of the 

powder was found to occur on s torage at high humidi ty .  

Although thi s worker has added greatly to our knowledge 

o f  the e f fects o f  s easonal variation on the compos i t ion o f  

whol e  m i l k  powder , there was l i ttle attempt t o  corre l ate 

thi s in f ormation wi th vari a tions in the flavour o f  whole 

milk powder or i t s  other sens ory propertie s . 
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Who l e  mi lk powder s o ld in overseas marke t s  is s tored 

for a per iod at the f ac tory and e i ther packed into 
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c onsumer p acks prior to shipping or s hipped for repacking 

i n  the market place . I t  mus t  then sati s fy the consumer on 

the counts of appearance , dispersibi l i ty and f l avour . 

P articular emphas i s  has there fore been p l aced on identi fy 

i ng the proce s s ing cond i tions which a f fect the subsequent 

qua l i ty of the powder ( Lasce l l e s  et a l . 1 9 7 6 ) . The free

f lowing properties of mi lk powder are a very important 

phy s ic a l  ·property for the mi lk powder industry as i t  

a f fects the s torage , conveyance and packing o f  the powder 

( Hayashi et a l . 1 9 7 4 ) . A fre e - f lowing powder is very 

des irab l e  and may be neces s ary i f  the powder is be ing 

d i spensed for use in cof fee or tea . 

I n  an attempt to de termine the ma j or factors a f fecting the 

t extura l appearance of whol e  mi lk powder , Baldwin ( 1 9 7 7 )  

made a s urvey o f  whole mi lk powder s amp l e s  avai l ab l e  on 

a number of overseas marke t s . I t  was f ound that in 

powders with the be s t appearance , individual partic l e s  

were vi s ib le giving a desirab l e  granul ar appearance 

to the p roduct . Thi s  worker conc luded tha t  the p roduction 

o f  a powder o f  good appearance requires a powder with 

l arge particle s to impart a granular free - f lowing appear

ance . Conver s e ly the pre sence o f  sma l l  par ticles wi l l  

result i n  the format ion o f  lumps on s torage ( Ba l dwin 1 9 7 7 ) . 

S ince the consumer makes his  or her f ir s t  as s e s sment on the . 

p owder qua l i ty according to the textural appearance and 

f low properties o f  the powder ,  i t  i s  important to consider 

both sensory and obj ec t ive me asurements of the se qual i tie s . 

The con s i s tency o f  reconstituted milk powder re lates 

c lose ly to the sensory term _ ' th i ckne s s ' .  Recon s t ituted 

mi lk powder can be cons idered as an emu l s ion of fat in an 
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aqueous medi um in wh ich proteins are col loida l ly d i s per sed 

( Sone 1 9 72 ) . Norma l mi lk conta ins a bout 8 %  part i c u l a te 

matter . Les s than h a l f  of t h i s  consi s t s  of f a t  g l obu les 

r ang ing in d i ameter from less than one mi cron to about 

eight mi cron s and the res t i s  o f col loida l dimens ions 

( sma l ler tha n  about l O O  microns ) and of  mi cel lar f orm . 

Mi lk a l so contains some fairly l arge mo lec ules t he so

c a l led •.vhe_y proteins ( lacta lbumin and l a c tog lobu l i ns ) and 

other soluble matter making a t o t a l  of over 12% s o l i d s . 

The chemic a l  compos i t i on of mi lk i s  inf luenced by the g r ow

ing cond i t i on s  of each individu a l  c ow i . e .  c l imate and 

feed , and thi s  may produce d i f ferences in cons i s tency . 

Cox ( 1 9 52 )  bel ieved that wi th s uch a comp lex produ c t  a s  

whole mi lk , i t  was not to be expected t h a t  an observed 

phy s i c a l  property wou ld behave accur a tely accord ing to a 

s imp le fundament a l  l aw . Although s ome o f  the ind i v i d u a l  

c onsti tuen t s  a f fect ing the thicknes s o r  v i sco s i ty o f  m i l k  

may have comp a rative ly s imple vi scos i ty - temperature 

rel ations , i t  was not l ikely tha t  these would combi ne in 

such a way t h a t  the resulting rel a t ions hip was correspond

ingly simp l e . In f a c t , the v i s cos i ty observed on any 

occas ion mi g h t  be rega rded a s  ' ef fective ' or ' equiva l ent ' 

vi scosity depending on the par t i cu l ar circums t ances and 

instrumenta l parameters e . g .  ins trument , shear r a te etc . 

( Cox 1 9 52 ) . 

Several workers have mea sured v i s co s i ty in mi lk and obt a i ned 

many v alues . Cox ( 1 9 52 )  attributed mos t  of the d i s crep

ancies to d i f ferences in exper imen t a l  conditions a nd under 

e s t imation o f  the f a c t  that mi l k  f rom widely var ied s ources 

a nd with di f ferent compositons might be expec ted to h ave 

d i f ferent properties . C a f fyn ( 1 9 5 1 ) showed that mi l k  w a s  

not quite Newtoni an i n  behaviour , si nce measured v i s co s 

i ty decreased s l ightly on repea ted shear ing a t  tempera tures 

below 6 0
°

C and rose s l ightly at temper atures above 6 0
°

C .  
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These e f fects were attributed to change s in the milk 

prote ins . Raw mi lk , on the other hand , shows rather 

d i f ferent character i s tics . I t s  v i s cos i ty i s  independent 

of shear rate at temperature s in exce s s  o f  4 0°C but as 

the temperature decreas e s  i t  become s shear dependent 

( i . e .  non-Newton i an )  to an increasing d egree ( Sherman 1 9 7 7 ) . 

2 . 5  Summary 

Colour , aroma , f lavour and texture are a l l  important 

sensory proper ties  in who le mi lk powde r s . Where detai led 

studies  of sensory properties have been made , they have 

been s tudied in i so lation . No attempt has been made to 

character i z e  a l l  the sensory proper t i e s  and to make an 

integrated measurement o f  a l l  o f  them . The colour o f  

milk powder i s  one o f  the f i r s t  sensory properties to 

inf l uence consumer acceptance of the produc t , yet it has 

been l argely ignored by the dairy indus try . Tri st imulus 

color imetry g ive s the nearest approximation to co lour as 

perceived by the consumer . Little s tudy has been made of 

the aroma character i s t i c s  in whole mi l k  powder ,  yet thi s 

characteri s t i c  i s  evaluated by the con s umer f i r s t  in the 

powder and then in the reconsti tuted m i lk .  In contras t , 

the f lavour of whole mi lk powder has been the sub j e c t  o f  

much s tudy . Alt hough many o f  the s e  s tudies involved 

detai led ana lys i s  of sma l l  concentrations o f organi c  com

pound s , the sensory a s s e s sment of the powders has o ften 

been rudimentary . There has been l i tt le attempt to 

character i z e  the f l avour attribute s o f  mi lk powder and to 

mea sure change s in the s e  attributes .  The textur a l  

characteri s t i c s  o f  whole mi lk powder h ave not been ful ly 

expl ored by the s tudies reviewed here . Although s ome 

s tudy has . been made of f low prope r t i e s  in mi lk powders , 

the s e  studies h ave se ldom r e lated to c onsumer perception o f  

thi s  property . Nor has there been much s tudy o f  the 
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rheological proper t ies o f  reconsti tuted mi lk powders . 

The rheology o f  milk has been studied in some dep th but 

that o f  recon s t i tuted milk powder has not . 

3 .  DESCRIPTIVE SENSORY METHODS 

The di f ferent aspects of the sensory value of foods are 

s trongly inter -re l ated . Colour and appearance , f lavour and 

texture are a l l  equa l ly important paramete r s  for the 

acceptabil ity o f  a food product . The va lue of one o f  the s e  

i n f luences the qua l i tative assessmen t  o f  the others ( W uhrmann 

1 9 7 7 ) . During sensory evaluation , whi ch i s  dec i s ive for 

the acceptance of food s , the sensory attributes of f oods 

are integrated in the brain to form an overall qual i ty 

impre s s ion . T he se attr ibutes are perce ived individu a l l y  

by the senses and j udged i n  the f o l lowing order : appear

ance , arom� , f lavour and texture . 

I n  an e f fort .to f ind ways to evaluate a l l  these sensory 

attr ibutes in f oods , sensory worke r s  have deve loped 

d e s c r iptive me�hods of sensory analys i s . One of the 

f ir s t  descript ive me thods of sensory analysis  to be 

wide ly used was the F l avour Pro f i le method deve loped at the 

Arthur D .  L i t t le Laboratories . Thi s  was a des criptive 

method which took into consideration the total impre s s i on s  

o f  f irst the aroma and then the f lavour o f  a product .  

The independen t ly recogni s able aroma and f lavour f a c tors 

were a l so con s i dered according to type , intens i ty and order 

of perception ( S j ostrom et a l . 1 9 5 7 ) . This  method o f  

sensory eva luat i on was founded o n  the natural proce s s  

o f  eva luating and comparing flavours b y  describing impre s s i on s  

- e i ther a s  a who le or b y  individu a l  characte r i s ti c s  ( C a u l  

1 9 5 7 ) . The pro f i le pane l has proved t o  b e  a u s e f u l  and 

e f fective tool in dea ling wid1 nume rous complicated and 
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pub l i shed literature existed ( Caul et al 1 9 5 8 ) . 
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I n  a s imi l ar f a sh ion to the way i n  which the f l avour 

prof i le method was deve l oped , S z c ze s n i ak ( 1 9 6 3 ) deve loped 

the texture profi le method . It was not accepted for many 

year s  that , as in the c ase of f l avour , texture i s  composed 

o f  a nunilier o f  d i f ferent paramete r s  o f  note s . S z c z e sn i ak 

re j ected the eva l uation o f  texture a s  par t of f lavour on 
both theoret i c a l  and prac tical ground s . It  was not accep

t ab le on theoretical grounds because texture i s  primari ly 

phy s ical  in natural whereas f lavour i s  chemical in 

nature . S z c z e sn iak ( 1 9 7 5 )  be l ieved that the f lavour 

profile method d id not provide for s u f f i c ient breadth 

and depth of texture character i z ation . I n  the texture 

p ro f i le method , the l i s t  of de s c r ip tive terms wa s com

p i led by the trained texture prof i le pane l based on i t s  

eva luation o f  the product in que s t ion . The bas ic 

vocabul ary · was then expanded to inc lude words denoting 

d i f ferent intens ities o f  a character i stic such as s o f t , 

f irm and hard · ( s z c ze.sniak 1 9 6 3 ) . 

The se method s required a d i s c i p l ined analysis to be 

c arried out wi thout the expre s s ion o f  any pre ference o r  

f inal j udgement a s  t o  the qual i ty o f  the product i nvol ved 

( S j os trom et a l . 1 9 5 7 ) . Descriptive or common language 

terms are used for the characte r i s ti c  note s . The s e  

character note s are , in phy s i c a l  and chemical terms , very 

c omplex but are descr ibed in a way that the pane l under

s t ands �nd is  agreed on the meaning of  the terms . From 

s uch an agreement on terms , a p ane l may work out a 

tentative pro f i le of a product for use in future s e s s ions . 

Once the sensor y  components are des cr ibed the intens i ties  

are s tudied ( Je l linek 1 9 6 4 ) . 
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Pro f i l e  methods made it pos s ible to describe the e f fec t 

of sma.l l  change s  in the general compos i tion and nature o f  

a produc t . From a phys ic a l  and chemical  viewpoint , any 

food product is a c omplex sys tem and s enso ry pro f i le 

methods of fered a method of analys ing this sys tem in 

de s c r iptive terms . The degree o f  d i f f erence between 

samp l e s  could be indicated on the bas i s  of the intens i ty 

of individual characte r i s tic s . P erceptib l e  faritors are 

c a l l ed character note s and are def ined in descr iptive 

or a s s ociative terms . However ,  as soc i ation with a de f in i te 

chemical or re ference material i s  attempted whenever 

pos s ible ( Cau l et al 1 9 5 8 ) . In addi tion to g iving one 

word de scriptions o f  the perceptibl e  f actors and the i r  

intens itie s , a t a bu l ar prof i l e  l is t s  the perceptibl e  

f ac tors in the order i n  which they are perce ived . D i f f erences 

in the t iming of the notes are l arge e nough to be. sense d  

and the order o f  appearance o f  note s i s  a l so very important 

( Caul et al  1 9 5 8 )  . 

I n  the ir des c riptions o f  the F l avour P ro f i le method , 

Cairncross and S j o s trom ( 1 9 5 0 )  p laced cons iderab l e  emphas i s  

o n  the selec tion o f  the pane l i sts. Since thi s  method was 

des igned to encompass  the sensory pro f i l ing of many produ c t s , 

the s e l ection p rocedure was a general i sed one . Individua l s  

were required t o  taste four solution s , one each o f  the 

basic tas tes and to ident i fy each solution correc t l y  . . They 

were then a sked to rank three concentrations o f  sugar 

solutions in inc reas ing order of intens ity . Nex t , the y  

were asked to sni f f  twenty d i f ferent compounds ,  and i f  n o t  

to i dentify them , at least t o  d e s c r i b e  them . A 5 5 %  score 

on the odour test was general ly requ i red to qua l i fy for 

the descriptive pane l . P ane l ists who qual i f ied on thes e  

d i s c r iminatory tests wer e  then interv i ewed and s e l ec te d  

o n  their intere s t  in the proj ect . 

A s e l ection programme demands the u s e  o f  samp l e s  known to 

b e  d i f ferent s o  that the cho ice o f  pan e l is t s  can be based 

on two performance factors , the abi l i ty to discriminate 
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d i f ferences in the s pe c i f i c  attribute that is  being s tudied , 

at the required leve l o f  sensitivity , and the ab i l i ty to 

repeat thi s discrimination . Vaisey ( 1 9 7 7 )  stre s sed the 

importance o f  carry i ng out se lection te s t s  us ing the 

k ind of f ood that w i l l  be u sed in the experimental p rogramme . . 

I n  recent years , r e searchers have shown that a pane l i s t ' s  

abi lity to discriminate between the four basic tas te s does 

not nece s sari ly i nd icate an ab i l i ty to di scriminate between 

particular foodstu f f s . Because o f  thi s , s e lect ion te sts 

are be s t  done us ing the spe c i f i c  kinds o f  foods to be 

tes ted . The mos t  c ommon se lection te s ts for sens i t ivity 

u se the triang le te s t , with the degree o f  dif ference between 

a s amp l e  be ing adj u s ted so that initial ly about 8 0 %  correct 

j udgements are give n . S imp le te sts are u s ed f i r s t , fo l l 

owed by tests o f  increas ing d i f f iculty . Candidate s can 

then be ranked on the bas i s  o f  corre c t  j udgements given 

( Martin 1 9 7 3 ) . Z ook and We s smann ( 1 9 7 7 ) described the 

u s e  of thi s type o f  se lection programme for de s criptive 

sensory p ane l s  at the Quaker Oats Company . The se authors 

s ugges ted the s creening o f  approximate ly three times the 

number of j udges required for the sensory pane l and the 

s ubsequent dropping o f  the bottom . two- thirds of thi s  group . 

I n  thei r  description o f  the f lavour prof i le me thod , Caul 

et al . ( 1 9 5 8 )  emphas i sed the importance o f  an orientation 

period o f  group d i s c u s s ions in preparation for formal 

profile pane l s . The general  procedure invo lves mee tings 

of the pane l where the obj ec tive s  of the proj ect are out

l i ned . S amples of the tes t product are i ntroduced and 

then s tudied by the p ane l . The optimum condi tions for 

hand ling and pre sentation of s amp le s ,  inc l uding temperature 

c ontro l , type o f  ve s s e l  and actual quantity to be p l aced in 

the mouth are determined dur i ng thes e  group di s cuss ions . 

At the s ame time the l anguage used to d e s c ribe the various 

s ensory attributes i n  the product is deve loped ( Caul et 

a l . 1 9 5 8 ) . The terminology used to de s cribe the products 



comes f rom the pane l membe r s  themse lve s . Z ook and 

We s smann ( 1 9 7 7 )  s t r e s s ed that a l l  pane l members mus t  

unde r s tand and fee l comfortab le with the descrip tive 
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terms to be ab le to use them e f fective ly during formal 

prof i le s e s s ions . Members o f  the groups must fee l on an 

even footing so that a l l  wi l l  make contr ibutions to the 

genera l poo l of knowledge about the sensory character i s t i c s  

o f  the product .  

I n  the organi sation o f  discus s ion groups for sensory 

descr iptive ana lys i s , Z ook and We s smann ( 1 9 7 7 )  emphas i sed 

the importance o f  the pane l leader . The pane l leader doe s 

not take part in the descriptions o f  the products . His  

o r  her role is  to keep the group functioning , provide 

s tandards and training samp les as neede d , prepare t r i a l  

s core sheets from the terms suggested , think o f  ways to 

c larify confus ion and tes t  and moni tor the j udge s . The 

j ob of the pane l l e ader , requires not only normal 

sensory ab ili ties but also under stand i ng o f  peop le , 

patience and the abi l i ty to p l an and execute f l avour 

tests ( Caul 1 9 5 7 ) . 

C airncros s  and, S j os trom ( 1 9 5 0 ) in their description o f  

the f l avour pro f i l ing techn ique laid great empha s i s  on 

the character notes o f  a produc t . The s e  were the identi f 

i ab le aroma and f l avour factors present i n  a food and 

were def ined in descriptive or associa tive terms . Je l l inek 

( 1 9 6 4 ) be l ieved that it was easy to de s c r ibe odour and 

f lavour components but tha t  i t  had to be rea l i sed that 

p ane l member s  are human be ings . To l i s t  thirty or even 

more components did not make a good pane l member . Fantasy 

could enter into analysis and make the results ' o f no va lue . 

This worker felt that it was better for a pane l i st to 

l i st initia l ly onl y  two o f  the components about whi c h  he or 
s he was abs o lute l y  certain than to inc l ude many ques t ion 

marks in an analys i s . Dag e t  ( 1 9 7 4 )  sugge s ted that to 
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form the sensory pro f i l e  o f  any produc t , terms should be 

s e l e cted by the pane l i s ts from a l arger g lo s sary o f  terms . 

T h i s  l i s t  should contain an adequate amount o f  in format ion 

but should be re s tr ic ted to e s sential features on ly . The 

character i stics to be dis carded were tho s e  wh ich were 

high ly improbab l e  or unachievable . Terms which did not 

p rovide any additional information in r e l a t ion to the 

problem involved were also d i s c arded . Je l l inek ( 1 9 6 4 )  

emphas i sed the need to anchor odour and f lavour de s crip

t ions by sensory s tandards . The ear l ier a direct compari son 

b e tween test produc t and reference s tandards was under taken , 

the ear l ier descrip tion s  based on fantasy or chi ldhood 

as sociati ons could be omitted . 

4 .  GENERATION OF A SENSORY P ROF I LE FOR WHOLE MILK POWDER 

I n  generating a sensory pro f i l e  for who l e  milk powders , 

an attempt .was made to describe a l l  the sensory properties 

which might inf luence consumer acceptance or r e j ection 

o f  the p roduct . Because there was no information as to 

which propertie.s were important to the con s wne r , it was 

necessary to qescribe a l l  pos sible sensory properties . 

By eva luating a l l  the s ensory proper ties , i t  was hoped 

that these sensory pro f i le s  could be related , at some 

l ater date , to requ irements for a particul ar marketp l ace . 

4 . 1  Se lection o f  Sensory P ro f i le Pane l 

S e lection programme s  are de s i gned to choos e  sensitive 

p ane l i s t s  for a spe c i f i c  exper iment a l  pro j e c t  from a 

l ar ge g roup of candidates. Age � sex or smoking habits are 

not usual ly cons idered to be fac tors in the s e lection o f  

p ane l i s t s . The pane l i s t  does not have t o  like the test 

produc t , but E l l i s  { 1 9 6 6 )  considered that i t  is  probably 
be tter i f  he or she doe s . Pane l i st s  shoul d  be intere s ted 

in par t i cipating in the sensory proj ect a s  motivation 
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i s  important to the per formance o f  the pane l , e s pe c i a l ly 

i n  long term pane l s . P ane l is t s  should a l so be readi ly 

avai labl e  for sensory te sting when needed , persons who 

h ave occupations which take them to other locations are 

not genera l ly cons idered suitable . 

The sensory pane l for this proj ect was se lected from s t a f f 

member s  o f  the New Zealand Dairy Re search Institute . I t  

was decided that a rel ative ly l arge pane l o f  some twenty 

members wou l d  be s e lected for train ing . This number was 

c hosen because of the length o f  the p ro j ect and cons equent 

f at igue of a sma l l  pane l and a l s o  because of the mob i l i ty 

of Ins titute sta f f  members . A lmos t  a l l  s taff membe rs 

trave i throughout the country working with the dairy 

i ndustry , e speci a l ly during the dairy ing season ( the 

bus iest time for thi s  pro j e ct ) . Because of staf f changes 

at the I n s t itute , i t  was nece s s ary to s e lect s even new 

pane l member s  be f ore the second dairying season bega n . 

The se pane l i s ts went through the same s e lection and 

training programme which had been used for the i n i ti a l  

p ane l . 

Prospe cti ve pane l is ts were i n i ta l ly screened to check for 

colour b l i ndne s s , s ince co lour was one o f  the proper t i e s  

t o  be eval uated . Then some s ixty members of the I n s t i tute 

s t a f f  were sc reened for the abi l i ty to d i scr imina te between 

reconsti tuted mi l k  powders .  It was f e l t  that the abi li ty 

to discriminate between whole mi lk powders by f l avour was 

the mos t important fac tor in s e le cting the pane l .  Con

s equent ly , a numbe r  of whole mi l k  powders with known 

f lavour d i f f e rences were used f o r  the s creening progran�e . 

Because o f  the nature of whol e  mi lk powder , i t  was pos s ib le 

t o  make the f lavour d i f ference s  between s amples progre s s ive ly 

sma l ler by use of di lution technique s . 



Pane l i sts were required to eva luate some fourteen to 

s ix teen triang les of who l e  mi lk powder , two triang l e  

tes t s  be ing administered a t  each s e s s ion . Seve r a l  o f  
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the tri ang l e  tests were reversed a lthough the s e  reverse 

t r i angl e s  we re admini s tered at d i f ferent s e s s i ons , to 

p revent pane l i s ts discr iminating on the way the te s t  was 

admini s tered rather than on the s amples . Pane l i s ts were 

r anked on the i r  ab i l i ty to d i s criminate be tween s amp l e s  and 

the twenty candidate s  with the h ighe s t  rankings were 

chosen for the train ing p rogramme . Seven women and thir-

teen men were se lected for the sensory pane l . The age 

of p ane l members ranged f rom late teens to mid- f or t ie s , 

the ma j ority o f  pane l i s t s  being in the ir twenties . 

4 . 2  Di s cussion Group Organisation 

Because a pane l o f  twenty member s  was felt to be too 

l arge for succe s s ful group discuss ion , the twenty pane l 

members selected for thi s pro j e c t  were s p l i t  into four 
group s . Two o f  the groups met together at each d i s cuss ion 

s e s s ion , the same two group s mee ting toge ther throughout 

one week . Four d i scuss ion sess ions , each approximate ly 

thi rty minutes in length , were held every week for a l l  

pane l members . Over the twe lve week per iod involved in the 

training programme , the groups were rotated such that a l l  

pane l members came i n  contact wi th each other during 

d i s c u s s ion s e s s ions . I n  this fashion , i t  was hoped to 

ob ta in a pane l which funct i oned as a homogenoous uni t .  

Dur ing the se d i scussion s e s s ion s the pane l e s tab l i shed 

the sensory attr ibute s o f  whole mi lk powders which were to 

be mea s ured in later , forma l  pane l sess ions . The way in 

whi ch these s ensory attribute s were to be measured was 
a l s o  cons idered . Thi s  was part i cu lar ly important wi th 

s ome o f  the appe arance attribute s . For examp le , shou ld 

par t i c l e  s i ze be determined by appearance or by rubbing 
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the powder be tween the fingers . A number of s imi l ar 

prob l ems associated wi th the meas urement o f  attr i butes 

were d i s cussed by the group and sui tab le methods agreed 

upon . 

At the s e  ses s i ons , the pan e l  a l so cons idered mechani c a l  

prob lems relating to samp le handling and presentation . 

The quantity o f  samp le , both powder s  and recons t i tuted 

milk , was determined as we l l  as the temperature a t  

which s amp les we re t o  b e  served . S amp le containers and 

cover s  for the re ten tion o E aroma were discussed and 

dec ided upon . Suitable backgrounds to contai ne r s  for the 

evaluation of colour were a l s o  cons ide�ed . Thus , the 

method s used for samp le hand l ing and presentation were 

decided by the pane l in an e f fort to f i nd the opt imum 

cond i tions for pane l asses sments and pre sentation 

techniques on which al l pane l members we re agreed . 

In thi s  proj ect , the role of p ane l leader was taken by 

the r e s e archer . S ince pane l member s  had no previous 

exper i ence with descriptive sensory ana lysis , it was not 

cons idered appropriate to appoint a pane l leader f rom 

amongs t  them . In addition , the work of the pane l le ader 

take s up a cons iderab le amount o f  time and it was con

s idered that thi s was an unf a i r  impos i tion on a f u l l - time 

s ta f f  member o f  the Insti tute . 

4 . 3  S e l e c tion o f  Sensory Attr ibute s 

At the f irst d i s cu s s ion s e s s ion , the sensory pane l was 

a sked t o  look a t  whole mi lk powder samples , both a s  

powders and a s  reconstituted mi lks , and think o f  words to 

describe the sensory propert i e s . A g lossary of t e rms , as 

sugge s ted by Daget ( 1 9 7 4 )  was not u sed for thi s  s e s s i on . 

However ,  several  members o f  the pane l had had cons iderable 

experience wi th whole mi lk powders and the ir exper ience was 



6 9 . 

used t o  he lp put des criptions to sensory character i s t i c s  

i n  the product .  A long l i s t  o f  words for a variety o f  

properties was obtained . Thi s  l i s t  included words such 

as : ' cream ' , ' ye l lowi sh ' ,  ' pale ' , ' grainy ' , ' f ine ' , 

' lmapy ' ,  ' f lu f fy ' , ' c l inging ' ,  ' cohes ivenes s ' ,  ' s ti cky ' , 

' coagul ated ' ,  ' swee t ' , ' cooked ' , ' ta l lowy ' , ' creamy ' , 

' fruity ' , ' pe r fumed ' ,  ' in s i p id ' , ' f l at ' , ' chalky ' , 

' astringency ' and ' powdery ' .  From thi s l i s t  a summary o f  

terms for the d i f ferent character is t i c  was made . An 

e f fort was made to put the se charac ter i s tics in the order 

in which a consumer might eva luate them . Cai rncro s s  

and S j os trom ( 1 9 5 0 )  had empha s i sed the importance o f  

having pro f i le characte r i s t i c s  in t h e  order i n  wh ich they 

appeared i n  the p roduct . 

This summary of terms ( as shown in Table l )  was 

pre s ented to the p anel at a se cond d i s c u s s ion sess ion . 

The l i s t  o f  terms for prope rties i n  the dry powders was 

r e f ined through d i s c u s s ion and an i n i t i a l  que s t ionnaire 

p roduced for thes e  terms ( as shown i n  Table 2 )  . Appear

ance attribute s o f  co lour and part i c le s i ze in the powders 

were the f i rst character i s t i cs eva luated . The aroma o f  the 
powder was then e s t imated , characte r i s t i c  note s of ' swee t ' ,  

' cooked ' and ' ta l lowy ' being ident i f i e d . Th is was an 

e xpans ion of the ' swee t '  and ' cooked ' note s l i s ted �n the 

i n i tial summary . The lumpine s s  and the free- f lowing 

properties o f  the powders were the las t characte r i s tics  

e s t imated . This l imi ted the number o f  textural attributes 

e s t imated i n  the powder , the fre e - f lowing properties 

d e s c ribing a number o f  terms from the f ir s t  summary -

' s ti cky ' , ' free - f lowi ng ' ,  ' cohe s i vene s s ' etc . Thus , a 

number o f  terms were dropped f rom the i n i t i a l  summary and 

others added to form thi s  ques t ionnaire . 
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Table 1 :  S ummary o f  Terms for M i lk P owders ( Se s s i on l )  

Powde r Char a c te r i s t i c s  

Appearance 

Aroma 

Charac te r i s t i c  

Colour 

P a r t i c l e  s i z e  

Lump ine ss 

Powder Char a c t e r  

Free - f lowi ng 
Prope r t i e s  

Swe e t  

Cooked 

Re cons £ i tuted M i l k  Characte r i s t i c s  

Appearance 

Aroma 

F l avour 

Texture ( Mouth f ee l )  

Co lour 

D e s c r i i) t i ons 

Cr eam , Ye l l owi s h , P a l e  

Grainy , F i ne , D e s i ccated 
Coconut 

Lumpy 

F lu f fy , Non- s e t t l i n g  

Cohe s i vene s s , S t i c ky, C l i ng i ng , 
Coagu lated , F ree - f lowing 

Swe e t  

Cooked 

Swe e t  

T a l l owy 

S weet 

T a l l owy 

C reamy 

F r u i t y  

P e r fumed 

E s senc e - l ike 

F lat 

I n s ipid 

Watery 

C h a l k i n e s s  

A s t r ingency 

P owdery 
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rrab l e  2 :  Summary of Te rms for Hi lk Powde rs ( Se s s ion 2 )  

Powde r  Characte r i s tics 

Colour ( Hhite + Ye l lowi s h ) 

Parti c le Des c r iption )  
( Fine + Granu lar ) 

Aroma 

Swee t 

Cooked 

Tallowy 

Lumpine s s  ( No lump s + Very lumpy ) 

Free - f lowing properties 

A 

( Very cohe s ive + Very free - f lowing ) __ 

B c 

At the next s e ssion , the pane l concentrated on identi fying 

further sen sory attr ibutes in the dry powders . The co lour 

remained a s  the f i r s t  attr ibute evaluated but i t  was 

dec ided that the aroma of the powder should be eva luated 

next in the pro f i l e . The p ane l ident i f ied s ix sensory 

characte r i s t i c s  in the aroma ( expanded f rom three in the 

p revious pro f i le ) . The se aroma notes inc luded character

i s tics d e s c r ibed with terms , such as ' sweet ' ,  ' fatty ' , 

' dusty ' , ' so lvent ' , ' ta l lowy ' and ' lac tone ' . The order 

o f  the textura l attributes in the powder was a l so changed , 

f ree - f lowing properties be ing f o l l owed by the par t i c le 

des cription and lump ines s  of the powder ( as shown in 

Table 3 )  • 



Table 3 :  S ummary of Terms for M i l k  Powders ( Se s s ion 3 )  

Powder Charac t e r i s t i c s  

C o l o u r  ( Wh i te + Yel low i s h )  

Aroma : 1 .  Sweet ( No t  sweet + V e r y  swee t )  

2 .  Ran cid Butter) 
Fatty ) (Absent + Ver y  Strong ) 
Sour Cream ) 

3 .  Milk Powder Factory , Du s t y  

( Absent -+ Very Strong ) 

4 .  M_e thyl keton e )  
( Absent -+ S trong ) 

S o lvent ) 
Very 

5 .  Ox idised) 
(Absent -+ S trong ) 

T a l lowy ) 
Very 

6 .  Lactone 
Non-oxidi sed ) ( Absent -+ Very S trong) 
E s sency ) 

Free - f lowing properties 
C:V ery cohe s i ve + Very free-f lowing 

Par t i c l e  Desc ription ( F ine + Granu lar ) 

Lumpiness (No lumps + Very lumpy ) 
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I n  a simi lar way to the me thod used for estab l i s hi ng a 

p ro f i le o f  sensory attr ibute s in the dry powders , a 

pro f i le was establ i shed for sen sory characte r i s t i c s  in 

the recons t i tuted mi lks . Terms were found to describe 
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the aroma , colour , f lavour and texture o f  the recon s t i tuted 

mi lks ( as shown in Table 4 ) . Aroma charac te r i s t i c s  o f  

' swee t ' and ' buttery ' wer e  de scr ibed with an add i tional 

c ategory to inc lude such terms as ' oxid i sed ' , ' non-oxidi sed ' ,  

' ag e - related ' and ' ta i nt ' . The f lavour attri bute s were 

de s cr ibed as ' sweet ' , ' cre amy ' and ' cooked ' with an 

add i t i ona l c ategory s imi lar to that inc luded in the aroma 

pro f i l e . Textural attr ibutes o f  ' vi s cos i ty ' , ' powderine s s ' 

and ' as tr ingency ' were a l s o  def ined . 

4 . 4  Sensory Pro f i le used Dur ing Firs t Dairying Season 

Re f inement o f  the original p rof i le attribute s was a 

cont inuous proc e s s  throughout the training per i od . This 

resu lted in the estab l i s hmen t  o f  the questionnaire ( as 

shown i n  Table 5 )  for the first  dairy ing season . I n  

th i s  que stionnaire , the co lour and appearance character

i s ti c s  were eva luated f i r s t  be fore the aroma of the dry 

powde r ( this was a re ve r s a l  of the order first sugges ted 

by the p ane l ) .  The characte ri s t i c s  of aroma we re l imi ted 

to ones of ' sweetne ss ' ,  ' butterine s s ' and ' cooked/caram

e l i sed ' which were thought to de s c r ibe the aroma of fresh 

whole mi l k  powde r .  In addi tion , an open category was l e f t  

for a n y  additional aroma char acter i stics . Attr ibute s such 

as ' ta l lowy ' , ' r anc id ' , ' e s sency ' , ' solvent ' etc . were 

thought to be a s sociated wi th stored whole mi lk powders 

rather than with the fres h  powders to be eva luated dur ing 

thi s  proj e ct . However , i t  was felt  that with a long 

proj e c t  of thi s type , suf f ic ient f lexibi l i ty shou ld be 

bui lt into the sensory pro f i le to a l low for any unusu a l  

sensory attribute s .  In a s imi lar way , the aroma and f lavour 



Table 4 :  Summary of terms ( S e s s ion 4 )  

Recon s t i tu te d  Milk Charac t e r i s t i c s  

Aroma 

Appe arance 

F l avour 

Texture 

1 .  Sweet (Abs e n t  -+ Very S trong) 

2 .  Buttery ( Ab s e n t  -> Very S trong) 

3 .  Other ( Spe c i fy ) : 

1 .  

2 .  

3 .  

4 .  

( Ab s ent -+ Very S t rong ) 

May include : Ox i d i sed ( Tal lowy , Carboard e tc . )  
Non-oxid i s e d  ( Perfumy , E s sency e tc . )  
Age-re lated (Musty , Stale e tc . )  
Taints ( Cowy , Weedy , Chem i c a l  e t c . )  

Colour ( Wh i t e  -+ Y e l lowi s h )  

Sweet ( Ab s e n t  .... Very S trong ) 

Creamy ( Absent ... Very S trong ) 

Cooked/Carame l i sed 
(Absent .... Very S t rong ) 

Other ( Spec i fy )  : 

May inc lude ( as for Aroma) 
Ox i�ised , Non-oxid i s e d , Taint s , Age -re lated f l avours e tc . ) 

1 .  V i sco s i ty (Thin -+ Very Thick) 

2 .  P owder iness ( S l ight -+ Pron.ounced ) 

3 .  Astr ingency ( S l ight -+ Pronounced) 

8 c 
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Table 5 :  Que s t i onnaire used Dur ing F i r s t  D a i ryi ng S e a son 

Name Date 

I n  f ro n t  of you are a number of milk powder s amp le s . P le a s e  
eva lua t e  the se f o r  the f o l lowing char acte r i s t i c s  u s ing a 0 - 1 0  
s c a l e  whe re 0 Ab s e n t  

1 0  = V e r y  S trong 

P owde r Characte r i s t i c s  

Colour ( C r e amy -wh i te + Ye l l owi s h )  

Free - f lowing Prope r t i e s  
(Very c o h e s ive +Very f r ee - f l owing 

P a r t i c l e  D e s c r i p t ion ( F ine + Granu l ar ) 

Aroma 

1 .  Swee t ne s s  

2 .  But t e r i ne s s  

( No t  Swe e t  � Very Swee t )  

� s e nt + Very S trong ) 

3 .  Cooked/Carame l i sed 

4 .  Othe r a .  

b .  

c .  

Comme n t s  

( Absent + Very Strong ) 

Samp le N os . 
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Table 5 ( conti nued ) 

Re cons ti tuted Mi l k  Characte r i s ti c s  

Aroma 

l .  Sweetne s s  ( Not sweet � Very swe e t ) 

2 .  Butter ine s s  ( Ab s e n t  � Very s t rong 

3 .  Cooked/Ca rame l i s ed ) 

4 .  Other a .  

b .  

c .  

F lavour 

l .  Sweetne s s  

2 .  C r eamine s s  

( Ab s e n t  � Very s trong ) 

( No t  s weet � Very swee t )  

( No t  c reamy � Very creamy ) 

3 .  C ooked/Carame l i s ed 

4 .  Other a .  

b .  

c .  

Texture 

l .  V i s cos i ty 

( Ab s e n t  � Very s trong ) 

( Th i n  � Th i c k ) 

2 .  As tr ingency ( Ab s e n t  � Very S trong ) 

Comme n t s  

7 6 . 

Samp le Nos . 
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attr ibute s  o f  the reconstituted mi lks were ident i f i ed and 

d e s c r ibed . Character i s tics of ' sweetne s s ' ,  ' butterine s s ' 

and ' cooked/carame l i sed ' we re ident i f ied in the aroma o f  

the mi lk and again a n  add i tion a l  category was a l lowed for 

o ther pos s ib le aroma characte r i s t i c s . S imi lar character i s 

t i c s  we re ident i fed i n  the f lavour o f  recons ti tuted mi lks 

a lthough the ' butterine s s ' attribute was rep laced with one 

de scr ibed as ' crearnine s s ' .  Again , an add i t ional category was 

inc luded for other pos s ib le f lavour notes in the �ilk . 

Textur a l  attributes of ' vi s cos i ty ' and ' as tringency ' we re 

evaluated . 

Severa l  terms which had been ini t i a l ly des cribed by the 

pane l were dropped from this que s ti onnaire . I t  was dec ided 

by the pane l i s t s  that ' lumpine s s ' in the powders was 

a property found in s tored whole m i lk powder rather than 

in fresh powders and th i s  term was d i s carded as being 

i rre levant in thi s  part i cu lar proj ect . Pane l i s t s  found 

l i ttle or n6 d i f ference in the co lour of the recon s t i tuted 

milks (whereas obvious d i f ferences occurred in the colour 

o f  the powde rs ) and i t  was decided to drop thi s  attribute 

a s  be i ng too d i f f icult to measure e f fective ly . The terms 

of ' powderine s s ' and 'astr ingency ' were f e lt to be describ

ing es senti a l ly the same attribute and the term ' as tr i ngency ' 

on ly was retained in the que s tionnaire . 

4 . 5  Sensory Prof i le used Duri ng S econd Dairying Season 

Dur ing the f i r s t dairy ing season i t  was dis covered tha t , 

contrar y  to expectation s ,  a number o f  addit ional aroma 

and f lavour notes were occurring in certain powder s . I n  

particu l ar , powders which contained added vi tamins nad 

d i s t inctive a roma and f lavour characte r i s ti c s . I t  had 

been ant i c ipated that ' swee t ' , ' buttery ' and ' cooked ' 

notes wou ld be the maj or characte r i s t i c s  o f  aroma and 
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f l avour i n  who le mi lk powder s ,  w i th a few pos s ib le addition

al notes occurr i ng from time to time . Instead , the add i tion

al category inc luded in the sens ory prof i le became mos t  

import an t  in di f ferentiating be tween powders . I n  order t o  

c lar i f y  and further de f ine these dif ferences dur ing the 

second dairy season , thi s  addi t iona l category was d ivided 

into s i x  separate terms . The se s ix terms inc luded ' lactone ' ,  

' ox idised ' ,  ' feedy ' , ' vitam in i zed ' ,  ' taint ' and ' age-related ' .  

A lactone - l ike note had been de f ined in powder s  tes ted 

dur ing the f ir s t  season wh ich was very s imilar to charac

ter i s t i c  lactone note s found in s tored gas -packed powders . 

Although not exact l y  the same as true lac tone f lavour , thi s  

note was very s imi lar and was grou�ed under this c a tegory . 

Oxidised f l avours , a lthough not t ypical of fresh mi lk 

powder s ,  we re found to occur i n  certain powders par t i cular ly 

those for t i f ied w i th a high leve l of iron . The i ron acts 

as a cata l y s t  in the oxidation proce s s , causing the rapid 

on set of oxidi sed aroma and f l avour notes in the s e  par

t icular powders . ' Feedy ' or ' weedy ' note s had been 

de scribed i n  some mi lk powde r s , be ing noticeable i n  e a r ly 

s eason powders . 

powders wa s a lso 

the note de f ined 

A note charac te r i s t i c  of many vitamin i z ed 

described dur ing the f i r s t  da iry sea son , 

by the pane l being typ ical of powders 

forti f ied w i th a mix ture o f  vi t amin s  A ,  D ,  B 1 and C .  A 

' ta int ' category inc luded notes occurring because o f  proce s s 

i ng taints and ' age-re lated ' de s c r ibed any ' musty ' or 

' s tale ' aroma or f lavour note s pre s ent . Thi s  expanded 

sensory prof i le ( as shown in Tabl e  6 ) was used during 

the second dairying season . 

Thus , ove r  a per iod o f  some e ighteen months , a pro f i le 

was e s tabl i shed which de scribed the sensory prope r t i e s  o f  

New Z ealand who l e  mi lk powders . The sensory pro f i le 

e s tab l i shed for the f i r s t  dairy i ng s eason was be l i eved to 

d e s cr ibe adequate ly sensory charac teri s t ics which might 

occur in whol e  mi lk powders . However , powders eva luated 



Tab l e  6 :  Q ue s t ionn a i r e  Used D u r i ng S econd D a i rying Season 

Name 
D a te 

In front o f  you are a numbe r  of mi l k  p owde r  sample s .  P le a s e  eva luate 
these for the fol l owing charac te r i s t ic s u s ing a 0 - 1 0  sca l e  whe r e  

0 Ab sent 
1 0  Very s trong 

Powder Charac t e r i s t i c s  

Co lour ( C r eamy -Wh i te 4 Y e l l owish ) 

Free - f l owing prope r t i e s  
( Very c ohe s ive 4 Very f ree- f l owing ) 

P a rtic l e  D e s c r i pt i on 
( F ine + Granu l a r )  

Aroma 

1 .  Swe e tne s s ·  ( No t  swe e t  � Very swe e t )  

2 .  Butter ine s s  (Ab se n t  + Very s tron g )  

3 .  Cooked / C a rame l i sed 
( Ab sent � Very s t rong) 

4 .  Lac tone 

5 .  Oxidised 

6 .  Feedy 

7 .  Vi tamin i ze d  

C omments 

Samp l e  N o s . 

7 9 . 



Table 6 ( co n t inued) 

8 .  T a i n t  

9 .  Age - r e l a ted 

Comme n t s  

Aroma . o f th e Rec o n s t i tuted M i l k  

1 .  Sweetne s s  (Not swee t  7 Very swee t )  

2 .  Bu tteriness ( Ab s ent 7 Ve ry s tron g )  

3 .  Cooked/Carame l i s ed 
( Ab s e n t  7 Ve ry strong) 

4 .  Lac tone 

5 .  O x i d i s e d  

6 .  Feedy 

7 .  Vi tam i n i zed 

8 .  T a in t  

9 .  A g e - r e l a ted 

8 0 . 

Samp l e  Nos. 



Tab l e  6 ( co n t i nued) 

F l avour o f  the Mi lk 

1 .  Sweetne s s  ( No t  swe e t  � Ve ry swe e t )  

2 .  C reamine s s  (Not creamy � Ve ry creamy ) 

3 .  C ooked / C arame l i sed 
( Absent � Very S t rong ) 

4 .  Lac tone 

5 .  Ox i d i sed 

6 .  F e e dy 

7 .  V i tami n i z"ed 

8 .  T a i n t  

9 .  Age - re la ted 

Texture o t  the Mi lk 

1 .  V i s c o s i ty ( Th i n  � Very T h ic k )  

2 .  A s tringency ( Ab sent � Very S trong ) 

C omme n t s  

8 1 .  

Samp l e  Nos. 
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dur i ng th i s  dairy ing s e ason d i f fered s omewhat f rom expe c 

tations . Because o f  thi s , ad j ustments were made to the 

p ro f i l e , resu lting in the sensory pro f i le estab l i shed for 

the second dairying season . During thi s  second dairy ing 

season , thi s pro f i l e  e f fective ly de scribed the s ensory 

p rope rties o f  whole mi lk powders and it was be l ieved that 

a prof i le had been e s tabli shed which could be used for 

evaluating New Zealand who le milk powde r s . No attempt has 

previous ly been made to de scr ibe a l l  the sensory prope rties 

of  who le milk powder s imultaneous ly , to g ive an integrated 

a s s e s smen t  of the sensory attributes of the product . 

5 .  CONCLUS IONS 

A sensory prof i le f or New Zealand who le mi lk powders wa s 

succe s s fu l ly estab l i shed . Of  the sens ory methods 

s urveyed, de scriptive s ensory analys i s  had o f fered the 

mos t  scope tor the comp lete description o f  sens ory 

properties i n  mi lk powders . A group o f  pane li s ts was 

s e lected on the bas i s  o f  the i r  sens i t iv i ty to change s i n  

who le mi lk powders . T h i s  group was used t o  estab l i sh the 

s e n s ory prof i l� of whole mi lk powders . S ince i t  was 

not known which sensory properties are of importance to 

the con sumer , an attemp t  was made to de s c ribe them a l l . 

The prof i le was e s tab l i shed through a number of group d i s 

c u s s ion s , the attributes and the order in which they 

appeared being e s ta b l i s hed at thi s  time . The pro f i le 

was gradua lly ref ined through the training period be fore 

the f i r s t  dairying s e ason o f  evaluation s . Some a lterati ons 

were made to thi s p r o f i le be f ore the second dai ry ing season , 

a s  i t  was f e l t  that some points required c lari f ication . 

The pro f i le which was f inally e stab l i shed was f e l t  to 

g ive a comprehens ive de scription of the sensory propert i e s  

o f  New Z e aland who l e  mi lk powders . I t  had proved pos s i b l e  
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to g ive a total eva luati on of the sen sory properties o f  the 

produc t , once a p ro f i le had been e s tab l i shed in a sys tema t i c 

fashion . Thi s  me thod o f  evaluation took into account a l l  

pos s ible propertie s wh ich a consume r might evaluate and 

o f fered more f lexibi lity than s imp le d i f ference te s ting . 

I t  was possible to obtain a description of the attr ibute s 

in a specific  powder ,  the se attr ibutes could then be 

re lated to consumer requ irements in a particular market

p lace . Whi le the profi le wh ich was e s ta b l i shed wa s qui te a 

comp lex one , i t  i s  be l ieved that a s imp l i f i ed form o f  

t h i s  method may o f fer more f lexib i l i ty i n  the eva luation 

o f  c ommercial mi l k  powders than the grad ing sys tem in 

present use . 



CHAPTER V 

COMPARI SON OF SENSORY SCALES 

1 .  INTRODUCT I ON 

8 4 . 

A number of d i f ferent scales  have been used to quan t i fy 

sensory att ribute s in f oodstu f f s . In th i s  pre sent s tudy , 

three sensory sca les were compared for the i r  e f fect ive

n e s s  in eva luating who l e  milk powde r s ; a 0 - 1 0  l inear 

c ategory sca l e , a semi - s tructured l inear scale and magni 

tude estimat ion scal ing . O n e  hundred and twe lve who l e  

milk powders were eva luated dur ing the f irst s ea son u s ing 

each of the three sca le s . 

The scales we re compared u s ing a number o f  crite r i a . Some 

c ri teria related to fac tors as soc iated with the actual 

u sage o f  the sca l e :  e a s e  o f  u s e , d r i f t , probl ems with 

a moving bas e l ine and the appearance of unexpected 

characteri stic s not pre sent in the re ference samp l e . 

D at a  produced by the three sca l e s  were s tud ied for 

the i r  sens it ivity to s ample d i f ferences , pane l var iance 

expres sed as ' lack o f  f i t ' and the form of the s ensory 

response when p lotted against a phys ical  measurement . 

Some o f  the s en sory data were ana l y sed to estab l i sh the 

e f fects  wh ich data trans format ion had on the sens i t iv i ty 

o f  the scal e  to sampl e  d i f f erenc e s . The s ensory s c a l e s  

were a l so s tudied i n  re l ation t o  one another , t o  s e e  

whether they h a d  been u sed by pane l i sts i n  a s im i l a r  

fashion t o  mea sure the same sensory attribute s . 



2 .  BACKGROUND TO COMPAR I SON OF SCALES 
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S t even s and Gal anter ( 1 9 5 7 )  made one of the first deta i l ed 

c omparisons of category scales  and magni tude estimation 

scal ing . With ' prothetic ' continua , such as heavine s s , 

l oudne s s  and br ightne s s , the category scale was concave 

downward when plotted aga inst the ratio scale of sub j ec t.ive 

magnitude whereas the ' netathet ic ' continua , such as p i tch 

and po sition , the c ategory scale wa s l inear when plotted 

in this way . Galanter and Me s s ick ( 1 9 6 1 ) , in study ing 

l oudness , a l so found that the r e l a t ionship between raw 

c ategory and magni tude data seemed conc ave . Almo s t  a l l  

s tud ies o f  thi s re lation between c a tegory and magn i tude 

scales  have shown that category scales  l ie between a l inear 

and a logar i thmic function for perceived inten s i ty s c a l e s  

( E i s ler 1 9 6 2 ,  S teven s  and Galanter 1 9 5 7 ) . 

Few workers have s tudied the compa rat ive ef fec tivene s s  

o f  sensory - scal ing methods i n  mea s uring dif ferenc e s  in 

f oodstu f f s . Mo skowitz and S idel ( 1 9 7 1 )  compared the use 

o f  a 9 -po int hedonic scale with magnitude estimat i on 

s c a l ing for s tudying the acceptab i l ity o f  foodstu f f s . 

Both methods o f  scal ing were about equal ly e f f ic ient in 

determining overa l l  acceptab i l i ty . When these s c a l e  

funct ions were plotted against ingredient leve l s ,  i t  

w a s  c lear that the two scales  r e s emb led one another . 

The magnitude scale did have the advantage that i t  

mea sured h ow much more acceptabl e  one food was over 

another . The relationship between he�onic values and 

magnitude e s t imates was plotted , showing a curv i l inear 

relationsh ip between these scale s . Moskowitz and S idel 

( 1 9 7 1 ) con c luded that both evaluation procedure s were 

equa l ly s en s i t ive to d i f feren c e s  in food acceptabi l i ty ,  

but each p rocedure provided addi t ional information as we l l .  

Magn itude scales  quanti f ied the ratios o f  food acceptab i l i ty 

among d i f f erent i tems , and the h edonic scale provided 
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numeric a l  and verbal categories of acc eptance . McD an i e l  

and S awye r  ( 1 9 8 l a )  a l so s tudied the s ensitivity o f  

magni tude estimat ion versus the 9 -point hedonic s c a l e  in 

food pref erenc e testing . The u s e  o f  magnitude e s t imat ion, 

as  compared to the 9 -point hedonic scale , resul ted in 

more s t a t i s tic a l ly s igni f ic ant dif f erenc e s  in pre ferenc e 

in both a home panel and a consumer l aboratory pane l . 

The s c a l e s  were a l so compared for f ac tors such a s  pane l 

variabi l i ty , with in-pane l i s t  variab i l ity and sampl e-pane l 

interac t ions . 

McDani e l  and Sawyer ( 1 9 8 l b )  a l so eva luated magn i tude 

estimat ion versus category sca l ing as a sensory eva luation 

techniqu e  for u s e  with sensory pro f i l ing . There was 

basic a l l y  no d i f ference in the j udge s ' abil ity to gen-

erate d i f f erence s  by us ing either method . The number o f  

sign i f icantly d i f ferent samp l e s was s imilar for both methods . 

However ,  there were s ign i f icant d i f f erences between the 

scales when they were compared for pane l variabi l i ty . 

Thes e  d i f ference s  were due to the norma l i z ation proc edure 

used on the magnitude es timation data prior to anal y s i s  

which e f fec tive ly removed pan e l  var i ance from the s e  data . 

Thes e  workers cons idered that norma l i z at ion of the c ategory 

sca l ing data , a l though it would have reduced the panel 

variance ,  was unneces sary . There were a l so d i f fe rence s  

between the sca l e s  for other factors . The use o f  magni tude 

estimation res u l ted in far more pane l i st-sampl e  inter

act ion , wh i le u s e  o f  the c a tegory scale resul ted in more 

pane l i s t  and repl ication variabi l i ty . 

I n  summary , a number of workers have compared sensory 

scales  for ' pure ' stimu l i , such as loudne s s  and br ightne s s . 

Whethe r  or not the relationships which have been f ound 

between scales  for these r e l a t ively s imp l e  stimu l i  ho ld 

true when a mor e  complex s t imulus , such as a foods tu f f , 

i s  cons idered h a s  not been ver i f ied . Few compa r i sons o f  



8 7 . 

s c a l ing techn iques ,  when appl ied to food s tu f f s , have been 

made . Where such compar i sons have been made , they have 

o f t e n  b e en compari sons o f  ' pure ' s t imu l i , such as ' sweet

nes s ' .  There have been f ew , if any , comparison s o f  

s c a l ing methods when u sed in assoc iat ion with a comp lex 

produc t prof i l e , such as the one u sed in the pre s ent s tudy 

to c haracter i z e  New Z e a l and whol e  milk powders . 

3 .  COMPARI S ION OF SENSORY SCALES 

A c ompar ison wa s made o f  the three sensory sca l e s  u sed 

to p ro f i le whol e  milk powder s . The compar ison wa s made 

on the b a s i s  of usage facto r s , such as ea s e  of u s e , ' dr i f t ' ,  

prob l ems with a moving basel ine and the appearance o f  

unexpec ted character i s t i c s  n o t  pre s ent i n  the r e ference 

samp l e . Data produced by the three scale s were s tudied 

for the i r  se n s i tivity to s ample d i f f erenc e s , panel variance 

and the form of the sensory re spon se when plotted aga inst 

a phy s ic a l  mea surement and when plotted against each 

othe r . Some data were a l so studied to see the e f fect which 

data transformation had on the sens itivity of the s c a l e  

t o  s ampl e  dif ferences . 

3 . 1  E a s e  of Use 

The u se o f  the 0 - 1 0  l inear scale caused pane l i s ts no 

prob l ems . Al l members o f  the pane l we re u sed to the 

concepts of such numbers and had no difficulty in attaching 

appropr iate numbers to samp l e s , once suitab le memory 

s tandards for the rela t ive intens ity of samples were 

estab l i shed . 

The semi- s tru c tured linear s c a l e  with an anchor point a t  

either end , w a s  the eas i e s t  of the s c a l e s  for pane l i s ts t o  
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comprehend and use . Thi s s cale required no though t as to wh ich 
number wa s appropr iate to attach to a sample , merely an 

acknowl edgement of the d i f ferences between sampl e s  in 

terms of d i s tanc e s  on the l ine and some concept as to 

wh ich samp l e s  could be cons idered ' s trong ' versus tho s e  

c on s idered t o  be ' weak ' . Thu s , al though the use of 

numbers had been removed , th i s  scale s t i l l  rel ied upon 

the pane l i s t s ' having memory s tandards for the range o f  

intens ities found in typical samples and where the s e  

l ay in terms o f  distanc e s  on the l ine . Th i s  method , despite 

the fact that a memory s tandard wa s requ i red , wa s the mos t  

d i rect scal ing method , requ i r ing t h e  least con s c iou s thought 

on the part of the pane l i s t ,  merely the p lacing o f  a 

vertical mark on the appropriate port ion o f  the l ine . 

O f  the three sca l ing methods , magni tude estimat ion scal ing 

wa s the mos t  dif ficu l t  for pane l is t s  to use . Moskowitz 

( 1 9 7 4 )  des c r ibed one a im o f  magnitude e s timat ion scal ing 

a s  be ing to have the pane l i s t  measure in the s ame way 

nature measures - with ratio scale values that have no 

arb itrarily limited endpo ints . I f  th i s  scal ing method 

i s  so ' natural ' one would expec t pane l i s t s  to f ind it 

ve ry easy to use . However ,  a l though S tevens ( 1 9 6 2 )  

showed how s ensory re sponse could be de scr ibed by a 

power funct ion , thi s  i s  not f ami lar to pane l i s t s  in 

everyday l i fe . Moskowitz ( 1 9 7 7 c )  d ivided pane l i s t s  into 

tho se who are ' c lear under s tanders ' ,  ' under stander s ' 

and ' non-understande rs ' . Th i s  i s  partial ly as soc iated 

with the fac t that s c a l ing samp l e s  in mu l t iples of 

a r e f erence is a new and foreign concept to mos t  

pane l ists . 

P e rhaps , .becau s e  three s c a l e s  were in u s e  at the s ame t ime 

and the panel i s t s  were cons tantly chang ing between 

s c a l e s , the d i f f iculties  invo lved in u s ing magnitude 

e s t imation scal ing wer e  f urther empha s ised . Both the 0 - 1 0  

l inear scale and the semi- structured l i near scale w._ere s imi l a r  
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types o f  scales to use , but magnitude estimat ion because 

o f  its geometric nature wa s quite d i f ferent . There was 

cons iderable comment from the panel that they f ound u s ing 

magn i tude estimat ion much more d i f f ic u l t  than o ther s c a l e s  

and a f ew pane l i sts tended to resent us ing it a s  a 

scal ing method . 

3 . 2  D r i f t  

One p rob l em a s soc iated with scal ing me thods wh ich r e l y  on 

a memory standard is that o f  ' dr i f t ' .  Th i s  occurs when 

the pane l ist ' s memory s tandard is not cons tant but ' dr i f t s ' 

with t ime . Th i s  can occur with scale s , such as the 0 - 1 0  

l inear scale and semi-structured l i near sca le wh i ch both 

rely on memory standards . 

To s e e  i f  ' dr i f t ' had occurred , data for both col our and 

viscos i ty mea surements produced f rom the se two s c a l e s  

were compared w ith instrumental measurements mad e  over 

the whol e  seqson . I f  the ' dr i f t ' o f  the pane l had been 

serious , one might have expected that the sensory e s t imates 

for c olour and vi scos i ty wou ld not fol low the same pattern 

as those meas urements made u s ing instrumental methods . 

The means for the Yel lown e s s  Index ( Y I ) o f  each month ' s  

powders showed that the colou r  o f  the powders decl ined 

s tead i l y  through the sea son with a s l ight ( but not s igni f 

icant increa s e )  during the e ight month ( as shown in 

Tab l e  7 )  . The same means for the sensory data f rom the 

0 - 1 0  l inear s c a l e  and the semi - s truc tured l inea r s c a le 

a l so showed thi s  dec l ine through the season , al though they 

exhib ited an increase in the ninth month which was 

s igni f icant only in the data produced by the 0 - 1 0  l inear 

scale . The sensory data were not a s  sens i t ive to change 

as the instrumental data , only thos e  gross change s  in 

colour which occurred in the first three months being 
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Table 7 :  Comparison o f  monthly means for colour measurements ( ins trumental and sensory } 
made on whol e  milk powders . 

�!ONTH 

AUG SEP OCT NOV DEC JAN FEB MAR APR 

Y e l lowne s s  Index 36 . 5  3 5 . 6  3 4 . 4  3 3 . 1  3 2 . 4  30 . 4  30 . 7  30 . 9  30 . 1  
( Hunter l ab uni t s }  

�Carotene 16 . 0  1 3 . 9  1 3 . 3  1 2 . 0  9 . 0  9 . 5  8 . 8  8 . 3  9 . 9  
( lJ :j /g f a t }  

0-10 Linear Scale 5 . 8  5 . 0  4 . 7  4 . 5  4 . 7  4 . 5  4 . 3  4 . 6  5 . 2  
( Mean Score s }  

Semi-s tructured 
Linear Scale 6 . 1 5 . 2  4 . 7  4 . 3  4 . 4  4 . 4  4 . 1  4 . 2  4 . 5  
( Mean scor_e s }  

Magnitude 
E s timation Scale . 1 9 8  . 197 . 206 . 1 55 . 163  . 097 . 09'.) . 09 1  . 070 
( Geomet r ic Means} 
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s igni f icant . Th i s  wa s not unexpec ted as workers have 

reported prev iou s ly that ins trumental measurements of 

colour are more sensi tive to s l ight changes in the colour 

of products then sensory measurement s . The inc reas e  in 

the mean for the ninth month in both scales could indicate 

some ' dr i f t ' in the pane l , intere s t ing ly it occurred in 

both s c a le s . However , th i s  i nc rea s e  in the ninth month 

a l so occurred in the means for s-c arotene va lues in the 

same who l e  milk powders . Rather than ' dr i f t ' in the 

pane l , thi s  may suggest that what the panel perce ived as 

colour wa s inf luenced more by the B -carotene va lue of 
the powder than by its Y e l l owness I ndex . 

One might expec t  that thi s  ' dr i f t ' wou ld not occur in magn i

tude e stimation scal ing ( presuming that the reference 

point rema ins constant ) . The colour of the ref erence powder 

used i n  this s tudy rema ined reasonab ly cons tant ( th i s  was 

checked periodic a l ly by instrumental measurement ) s ince 

i t  wa s s e a led in l ight impermeabl e  containers . I n  

f act , the means for the magn i tude e s t imat ion scal ing 

showed a s tead i ly decreasing trend throughout the s eason 

( s imi l ar to the trend showed by the Yel lowness I ndex ) . 

However , the means were not s igni f ic antly dif ferent in 

the f ir s t  months of the s ea son ( as they were in the sensory 

data f rom the 0 - 1 0  l inear and sem i - s tructured linear s c a l e ) . 

There was a s igni f icant. drop in the mean for the fourth 

month and the means for the s ixth , s eventh , e ight and 

ninth month were a l l  s ig n i f icantly d i f ferent ( at the 1 %  

leve l )  from tho s e  o f  the f ir s t  f ive months . Thus , the 

panel was abl e , with increas i ng eas e , to d i f ferentiate 

between the reference s amp l e  and the monthl y  samp le s . 

When i t  i s  con s idered that the reference samp le was an 

early season whol e  milk powder with h igh c arotene content 

and thu s , a h igh colour rating , thi s  increas ing abi l i ty 

to d i f f erentiate between s ampl e s  was qui te logica l . 
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There was no increase in the colour o f  powders in the 

ninth month which had been indicated by the other sensory 

s c a l e s . Magni tude e s t imation , with i t s  use of a re ference 

powder ,  might h ave been expected to be more sen s i t ive to 

seasonal change s  in co lour than other methods . Th i s  

particular sea sonal e f fect was not obv iou s when magn i tude 

e s t imat ion scal ing was u sed . I ndeed , pane l ists were unab le 

to d i f f erentiate s ignif icantly between samp l e s  produced in 

the f irst two months , when one o f  the mo s t  sign i f ican t  

drops in the c o l our intensity w a s  cons idered t o  have 

occurred us ing the 0 - 1 0  l inear and sem i - s tr uctured l inear 

s c a le s . 'I-·1agni tude e s t imation scal ing did not di s tingu i s h  

changes occurring i n  the colour dur ing the early and l a te 

seasonal period s , wh ich had been indic ated by both i n s t rum

enta l method s and the other sensory scale s . 

A s imilar pattern was shown by means for vi scos ity mea sure

men t s  ( both instrumental and sensory ) made on the recon

s t i tuted mi lks ( see Tab l e  8 )  . Neans for the instr umenta l 

mea surements o f  v iscos ity indicated that there was a 

s ignif icant �i s e  in the visco s i ty o f  reconstituted m i l k s  

a t  the end o f  the dai rying season . The sensory means 

for the 0- 1 0  l inear scale fol lowed the pattern of means 

f rom data produced by the cap i l l ary v i scometer , the only 

s ig i f icant increase in visco s i ty occurring in the nin th 

month . Means f rom the semi - structured l inear scale 

f o l lowed thos e  f rom data produced u s ing the Ferranti

Shir ley viscometer ( at 10  O O O s- 1 ) showing a s l ight increase 

in both the eigh th and ninth months .  The mean s for mag

n i tude e s timat ion scal ing showed no seasona l pattern . 

To summarise ; a l though ' dr i f t ' might have been expec ted 

to occur in the 0 - 1 0  l inear and semi - structed scales whi ch 

rel i ed on memory s tandards , th i s  wa s not apparent . Any 

d i f f erences in the seasonal pattern of means f rom thes e  

s c a l e s  and tho s e  for magnitude e s t imation scal ing appear 
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Table 8 :  Comp a r i son of mon thl y  means for v i s c o s i ty measurements ( i ns trume n t a l  a n d  

sensory ) made on reconst ituted mi l k s . 

MONTH 

AUG SEP OCT NOV DEC JAN FEB MAR APR 

Capi l l ary vi scometer 2 .  7 2 . 7  2 . 8  2 . 8  2 . 8  2 . 8 2 . 7  2 . 9  3 . 0  

( cp s )  

Fe rran t i - Shirley 

OOO s- l  
v i scometer - 1 0  2 . 9  2 . 8  2 . 8  2 . 9  2 . 8  2 . 8  2 . 8  3 . 0  3 . 0  

( cps ) 

0 - 1 0  Linear S c a l e  3 . 5  3 . 9  3 . 6  3 . 8  3 . 6  4 . 0  4 . 0  4 . 0  4 . 7  

(!lean Score s )  

Semi - s tructured 

Li near Scale 3 . 7  3 . 7  3 . 7  3 . 5  3 . 8 3 . 9  3 . 9  4 . 5  4 . 4  

(Mean Score s )  

Magnitude 

E s t ination Scale - . 0 1 1  - . 0 1 6  - 0 . 008 - . 0 1 2  - . 0 1 2  . 00 4  . 0 1 9  . 00 5  - . 0 08 

(Geometric Nean s )  
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to have occurred in what the panel perce ived , rather than 

in ' dr i f t ' .  Magni tude estimation scal ing , because of i t s  

u s e  of a f ixed ref e rence point , could h ave been expec ted 

to be particularly sens itive to seasonal c hanges in the 

powders . On the contrary , th i s  sca l e  was less s ensitive 

to thes e  changes than the 0 - 1 0  linear and semi - structured 

l inear scales wh ich re l ied on memory s tandards . 

3 . 3  Mov ing Base l ine 

The probi em o f  a mov ing basel ine or r e ference point h a s  

troub led sensory evaluation workers f o r  many years , par

ticularly in storage tria l s  on foods tu f f s . In such tria l s , 

a s tandard is often reta ined under near- ideal condit ions 

and samp l e s  stored under cond i tions o f  h igh heat and 

humidity are tested against i t . O ften , the po s s ibi l ity 

tha t  th i s  reference point changes with t ime ( a lbeit 

s lowly ) h a s  not been considered , or i f  con s idered , the 

prob l em h as not been resolved . 

However , the pos s i b i l i ty o f  a moving ba s e l ine when magni tude 

e s t imat ion scal ing is u sed , does not appear to have been 

cons idered previou s ly by sensory eva luat ion workers . Mos t  

s tudies which have us ed magnitude e s t imation have been 

of a short term nature and have not con tinued over a numb e r  

o f  months a s  d i d  the present s tudy . I n  add ition , workers using 

magnitude es tima tion h ave o f ten used a number o f  reference 

s tandards ,  each s tandard repre senting a particu lar attribute . 

W i th the current s tudy , it was felt that pane l i s t s  were 

eva luating too many attributes for the use of individual 

reference s  to be prac ticab l e , could succ e s s ful s tandards 

be found . 

I t  was dec ided tha t  a whol e  mi lk powder would be used a s  

the reference point . Because seasonal variation in the 

who l e  milk powder s  was being measured , it was nec e s sary 



to take the re ference point f rom the beg inning o f  the 

season and u se it throughout the n ine month s of the 

da iry ing sea son . The powder used as a re ferenc e wa s 

ga s -packed into cans under ni trogen and s tored at 4°C ,  

9 5 . 

these being cons idered condit ions under wh ich whol e  milk 

powder wou ld retain its f resh proper ties for the longe s t  

per iod . However , even though the re f erence was s tored 

under thes e  conditions , the pan e l  commented that , a f ter 

about f ive to six months , it had begun to change , ' s ta l e ' 

and ' ox idi sed ' f l avours becoming noticeable . Thus , f eed

back froll}. the pane l indicated that the re ference ba s e l ine was 

moving throughout the nine mon th period , a l though th i s  

movement became obv iou s to the panel only after several 

months o f  s torage . The prob l em o f  a moving ba sel ine 

when a s ing le , s tored reference s ampl e  was used was an 

unforeseen one and one wh ich has not previously troub led 

workers u s ing magni tude estimation . However ,  it is one 

f ac tor which sugge s t s  that in th i s  particular respect ,  

magnitude es t imation scal ing was not a particularly app

ropriate s c a l e  for u se in a long term seasonal s tudy of the 

type carri e d  out in the present proj ec t .  

3 . 4  Mi s s ing Charac teristics in the Reference 

A diffic u l ty arose with magni tude es timation scal ing when 

panelists  had to scale aroma o r  f lavour charac teristics 

not present in the reference who l e  mi lk powder .  This 

proved to be a greater prob lem than had been anticipated 

at the beg inn ing o f  the s tudy . 

I t  had been a ssumed that whol e  mi lk powder s  would have 

rather s imilar character i s t i c s  w i th some seasona l variation 

and the pos s ibil ity of occas ional ' other ' attribute s . In 

f ac t , it was found that many whol e  milk powders differed 

qui te markedly in the ir aroma and f l avour characteristic s . 
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Thes e  ' other ' aroma and f l avour characteri s tics became 

key fac tors in d i stingu ish ing between dif f erent who l e  

milk powders , particu larly those conta in ing addi tional 

vitamins and mine ra l s . However ,  b ecause the reference 

powder chosen for use with magn itude estima tion scal ing 

conta ined none of the s e  v i tamins and mineral s ,  the typ ical  

aroma and f l avour characte r i s ti c s  o f  these powders were 

not present in the referenc e . T h i s  confused many pane l i s t s  

and they repo rted con s iderab le d i f f iculty in eva luat ing 

quantitative ly s ampl e s  with aroma and f lavour attr ibutes 

not present in the referenc e samp l e . Thus , magnitude 

e s t imat ion i s  not an appropriate s c a l e  for an inve s tigatory 

s tudy in wh ich a l l  the attr ibutes may not be c l early de f ined . 

3 . 5  Sens itivity to D i f f erenc e s  

I n  the pa st , sensory evaluation workers , such a s  McDaniel 

and Sawyer . ( 1 9 8 1b ) , h ave u sed the number o f  s igni f icant 

d i f f erences f ound between samp l e s  as one o f  the c r i te r ia 

for compar ison between s c a l ing methods . However , worker s  

c ar rying o u t  s u c h  a compari son between sensory scal ing 

methods have gene ra l ly c reated d i f fe renc e s  be tween s amp l e s  

b y  add ing known l eve l s  o f  ingredient s . Thus , workers 

hav e  compared sensory e stimates o f  s amples wh ich are known 

to dif fer in very spec i f ic way s . The pre sent compari son 

of scal ing methods was carried out during the eva luation 

o f  seasonal variation in commerc i a l  whole milk powders . . 

Al though i t  was b e l i eved that thes e  con�erc ial whol e  m i lk 

powders woul d  change throughout the s eason and there 

might b e  some d i f ference s  between powder s  proc e s s ed 

d i f ferently , thes e  d i f f erence s  wer e  unknown . Thi s  c reated 

a d i f f icu l ty in a s se s s ing the d i f fe rent sets of data , in 

that i t  was impos s ib l e  to d i f f erentiate between ' re a l ' 

s ignif icant d i f f erences occurring in the powder s  and 

' imagined ' d i f f erenc e s  which pane l is ts bel ieved were occurr

ing . 



W i th 1 1 2  mi lk powde r s , the number o f  s igni f icant dif f 

e renc es could be u s e d  with some conf idence to indicate 
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the sens i ti vity of each sca l e  to change in the samp l e s . 

Data from the 0 - 1 0  l inear sca l e  showed more s igni f icant 

d i f f erence s  between samp les ( 4 6 )  than the s emi - s tructured 

l inear s c a l e  ( 4 1 ) . I n  addition , many o f  these s tati s t ical 

d i f ferenc e s  were found a t  a h igher l eve l of conf idence 

i n  the 0 - 1 0  l inear s c a l e  than in the semi- s tructured linear 

s c a l e  ( see Tables 9 and 1 0 ) . The use of magnitude 

e s t imation f ound somewhat f ewer sign i f icant d i f f e rence s  

b e tween s amples ( 3 5 )  than the othe r two scales ( see Table 

1 1 ) , pos s ib ly indicat ing les s  sens itiv i ty in th i s  scale 

to changes in the s amp l e . 

The three scales appear to h ave d i f ferentiated between 

s amp les in dif ferent ways . Magnitude estimat ion sc a l ing 

was more sensitive to seasona l or month ly d i f f erence s  

than to spec i f ication or fac tory e f f ec t s . On the other 

h and , the semi -s truc tured l inear scale wa s more sensitive to 

s pe c i f ication d i f ference s  than to monthly or s easonal 

d i f f erenc e s . The 0 - 1 0  l inear sca l e  was sen s itive to both 

s e a sona l and spec i f icat ion d i f ferenc e s . Th is wou ld . indicate 

that the three sca l e s  were being u sed in somewhat dif ferent 

ways to measure the same sensory attr ibute s . The use of 

a re ference powder ( even though it changed s l ightly ) may 

h ave made magnitude e s t imat i on sc a l ing more s en s itive to 

the gradu a l  seasonal changes in the powders . I t  i s  d i f f ic u l t  

to s e e  why this s c a l e  did n o t  d i stingui sh we l l  between 

d i f ferent spec ification powder s . Thi s  may have resulted 

NOTE : I n  a l l  tab l e s  ( unles s  otherwi s e  stated ) 

NS indicates no s ignif ican t  d i f ference s  
* indicates s igni f icance a t  the 5 %  l evel 

* *  indicates s igni f icance at the 1 %  l evel 
* * *  indicates s igni f icance a t  the 0 . 1 % l eve l 
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f rom the d i f f icultie s encounte red by pane l i s ts in scal ing 

character i s tics not present in the reference powder ,  as 

the s e  ' add it iona l ' character i s tics were vital in di stingu i s h 

i n g  b e tween dif ferent spe c i f ication powders . T h e  semi

s truc tured l inear s c a l e  wa s u sed with ease by the pane l 

to s c a le the ' additiona l ' aroma and f lavour attr ibute s . 

There was a tendency for pane l i s ts to ' over-reac t ' when 

u s ing thi s  scale , swing ing violently f rom one end o f  the 

s c a l e  to another . T h i s  resu l ted in rather more panel 

var i ance when this  sc a l e  was used and may have meant that 

more gra�ual sea sona l changes were lost whe reas dramatic 

d i f ference s  between spec i f ications were indicated . The 

0 - 1 0  l inear scale , because the number concept wa s c lear 

i n  the pane l ists ' minds , seemed to dist inguish both seasonal 

a nd spec i f ic ation d i f fe rence s . 

3 . 6  Lack of Fit 

The ' l ack o f  f i t ' term ( see Tab l e s  9 ,  1 0  and 1 1 )  indicates 

how wel l  the ·�amples are expla ined in terms of the main 

e f fects , that i s  in terms of month , spec i f ication and 

f ac tory e f fects . 

A s  thi s  s tudy wa s carr ied out on commerc ial milk powders 

proc e s sed throughout the da irying season , the data were 

very s cattered . Because of th i s , data could be ana lysed 

f o r  the ma in e f f ects only and not for the interactions . 

A s ign i f ic ant ' l ack o f  f i t ' f i gure may indicate pos s i b l e  

i nteractions which c annot b e  tested for . For examp l e , in 

the analys i s  o f  colou r  for all three scale s , there was a 

h ighly sign i f icant ( at the 0 . 1 % leve l )  ' lack o f  f i t ' value . 

S ince thi s  occurs acro s s  a l l  three scale s ,  it may we l l  

i ndicate that there are s igni f i cant but unknown interact ions 

taking place . 
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When th i s  ��ck o f  f i t ' f igure is  s igni f ic ant for one 

s c a l e  and not for another , it wou ld seem to indicate tha t 

tha t  particular s c a l e  i s  not as e f fec tive in exp lain ing 

var iance occurring in the samp l e s  because of greater pane l 

var i ab i l ity . From Tab l e s  9 ,  1 0  and 1 1  it can be seen 

that there were very f ew s igni f icant ' l ack of f i t ' 

f igures for data from the 0 - 1 0  l inear s c a l e , a few more 

s ignif i cant f igures for data f rom magnitude es timation 

and rather more for data f rom the semi - s truc tured l inear 

s c a l e . The scales were evenly matched in the i r  ab i l i ty to 

de s c r ibe variance in s amp l es for the i r  appearance but in 

the descr iption of aroma and f l avour charac teri s tic s the 

0 - 1 0  l inear scale was rather more e f f ec tive than e i ther 

the semi- s tructured l inear scale or magni tude e s t imation 

s c a l ing . 

3 . 7  Analys i s  o f  S ingl e  S e s s ions 

S eparate ana lyses o f  variance were carried out on s everal 

attributes evaluated a t  f ive sensory panel se s s ions he ld 

during the mid- seasonal period . A two way analy s i s  of 

variance wa s carried out to e s t imate d i f ferenc e s  between 

s amp l e s  and d i f f erence s  occurr ing between pane l i s t s . 

These ana lyses indicated that there wa s more pane l 

var i ance in the data produced f rom the 0 - 1 0  l inear scale 

and the semi-s tructured l inear scale than in data produced 

by magnitude e s tima tion ( see Tab l e s  1 2 ,  1 3 ,  1 4 , 1 5  and 

1 6 ) . Thi s  might have been expected , s ince magni tude 

e s t imation was the only s ca l e  in which a f ixed r e ference 

point was g iven . However ,  magni tude e s t imation s c a l ing 

was not superior to the other two sca l e s  in d i f f erentiating 

b e tween sample s . A l l three scales demons trated s imi l a r  

numbers o f  d i ff erence s  between samp l e s . 
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Table 1 2 :  Summary o f  analyses o f  variance carried out on c o l our data (untrans formed 

and transformed) from f ive sensory sessions for a l l  three sensory sca l e s . 

TABULATED F VALUES AND SIGNIFICANCE LEVELS 

0- 1 0  Li near Scal e :  

Untran s f ormed Data Trans formed Data 

Se s sion 1 2 3 4 5 1 2 3 4 5 

* * *  * * *  * * *  * *  * * *  * * *  * * *  * *  * * * * *  

Sample 3 3 . 96 2 2 . 8 4 1 8 . 7 2  6 . 2 2 2 6 . 5 9  2 5 . 4 9  2 3 . 6 9 1 8 . 3 9  5 . 8 2  2 6 . 7 5 

* * *  * *  * * *  * *  N S  NS N S  NS NS NS 

Panelist 6 . 96 3 . 96 1 0 . 7 1 4 . 9 6 1 . 1 4 0 . 1 1 - 3 o . 2 o- 3 o . 2o- 3 o . l 5- 4 0 .  7 3 -4 

Semi-Structured Linear Sca l e : 

Untrans formed Data Trans formed Data 

Session 1 2 3 4 5 1 2 3 4 5 

* * *  • • •  * * *  • * * *  * * *  * * *  * * *  • •  * * *  

Sample 2 7 . 0 3 9 . 78 2 1 . 8 4 5 . 2 8 2 0 . 3 4  3 3 . 08 1 0 . 2 8  1 7 . 9 1  6 . 1 0 2 2 . 9 5 

* * *  * * * *  • N S  N S  N S  N S  N S  N S  

Pane l i s t 1 0 . 5 1 2 . 5 0 1 0 . 9 3 2 . 5 7 2 . 3 0 - 0 . 7 9- 5 - 0 . 6 T 5 0 . 1 4 - 4 o . 2 r 4 0 . 1 6 - 4 

Masnitude E s t imation Sca l ing : 

Untrans formed Data Tran s formed Data 

Se s s ion 1 2 3 4 5 2 3 4 5 

* * *  * * *  • • •  * *  * * *  * * *  * * *  ' * *  * *  . .  

Sample 7 . 3 4 1 5 . 80 1 4 . 4 8 9 . 2 7 1 6 . 2 8 7 . 3 4 1 5 . 8 0 1 4 . 4 8 9 . 2 7  1 6 . 2 8  

* *  * * *  * * *  • • •  * NS N S  N S  N S  N S  

Pane l i st 3 . 2 7 6 . 64 1 0 . 0 3 6 . 3 3 3 . 60 - 0 . 1 9- 6 0 .  GO o . 3 r 6 0 . 1 8 - 6 - 0 . 6 3 -6 



Table 1 3 :  Summary o f  analyse s o f  var iance carried out on sweetness (aroma of the 
powder) data (untrans formed and trans forme d )  from f i ve sensory sess ions 
for all three sensory sca les . 

TABULATED F VALUES AND SIGNIF ICANCE LE\lE LS 

0 - 1 0  Linear Scal e : 

Un transformed Data Transformed Data 

S e s s ion 1 2 3 4 5 1 2 3 4 

NS NS NS NS NS NS NS NS NS 

Sample 1 .  07 1 .  7 2  1 . 4 7 1 .  2 0  0 .  2 8  1 . '1 0 1 .  8 5  1 . 18 0 . 9 7 

* * *  NS * * *  * * *  NS NS NS NS NS 

Pane l is t  5 . 84 1 . 7 1 5 . 1 7  6 . 0 5 1 .  6 1  0 . 2 5
- 4  

0 . 0 0  0 . 2 7
- 5  

0 . 3 2
- 4  

Semi-Structured Linear Scale : 

Un trans formed Data Tro � sformed Data 

S e s s ion 1 2 3 4 5 1 2 3 4 

NS NS NS NS NS NS NS NS NS 

Sample 0 . 2 7 1 . 50 0 . 5 6 0 . 3 9 2 . 4 3 0 . 40 1 .  59 0 . 3 7 0 . 5 2 

N S  * * *  * *  NS * NS NS NS NS 

Pane l i s t  2 . 2 1 9 . 2 2 3 . 5 5 2 . 0 5 3 . 06 0 . 7 0 
- 5 

0 . 2 4
- 3  

0 . 6 5
-4 

0 . 1 2
-4 

Magni tude Estimation Scal i ng: :  

Untrans formed Data Transformed Data 

Sess ion 1 2 3 4 5 1 2 3 4 

NS NS NS NS NS NS NS NS NS 

Sample 1 . 1 1 2 . 06 2 . 79 1 . 0 1 1 . 8 0  1 . 1 1 2 . 06 2 . 7 9 1 . 0 1  

* *  * *  * * *  * *  * *  NS NS NS NS 

Pane l i s t  4 . 4 3  3 . 3 5 6 . 2 1 3 . 60 3 . 8 1 0 . 4 3
- 7  

0 . 00 0 . 8 6
- 7  

- 0 . 2 4
- 7  

1 0 4 . 

5 

NS 

0 . 18 

NS 

0 . 3 9- 4 

5 

NS 

1 .  28 

NS 

0 . 1 6 
- 4  

5 

NS 

1 . 8 0 

NS 

-0 . 3 9
- 7  



Table 1 4 : Summary of ana l y s e s  o f  variance carried out on swe e tne s s  ( a roma of the 
m i ll<: )  data ( un t r a n s formed and transfarmed) f rom f ive s ensory s e s s ions 
for a l l  three sen sory scale s . 

TABULATED F VALUES A.'W S IGNIF ICA.'lCE ��.O:VELS 

0- 1 0  L i n e a r  Scale : 

Untran s formed Data Tran s formed Data 

S e s s ion l 2 3 4 5 l 2 3 4 

1 0 5 .  

5 
·-----------------------------· ·-- · -- - - · 

Sample 

NS 

0 . 7 0 

NS 

2 . 20 

NS NS NS 

1 .  3 2  0 . 1 7 0 . 4 7 

NS NS NS NS 

O . G4 2 . 6 1 1 .  54 0 .  3 2  
---------------------------------------------

* * *  

Pane l i 3 t  8 . 64 

* * *  * * * 

8 . 08 2 2 . 38 

Semi -Struc tured Linear Scale : 

Untransformed 

S e s s ion 1 2 3 

NS NS N S  

Sample 2 . 0 2 0 . 7 3 1 . 4 4  

* * *  . * *  * * *  

Pane l i s t  8 . 09 4 . 1 4 8 . 2 2 

�la g n i tude E s t imation Scal ing: :  

U n  transformed 

S e s s ion l 2 3 

NS NS * 

Samp l e  1 . 4 0 2 . 3 2 3 . 4 7 

* * * *  * *  

Pane l i s t  2 . 48 5 . 59 3 . 2 2 

* *  * *  

4 . 0 3  4 . 6 3 

D a t a  

4 5 

NS 

4 . 9 5 0 . 0 2 

* *  

2 . 7 0 4 . 1 7 

Data 

4 5 

NS NS 

3 . 53 l .  2 6  

NS * *  

l .  59 4 . 4 2 

N S  

o . oo 

l 

NS 

l .  3 9  

N S  

0 . 1 0 - 2 

l 

NS 

l .  40 

N S  

0 . 1 5- 6 

tJS 

0 . 4 5 - 4 
NS 

0 .  58 - 5 

Trans formed Data 

2 3 4 

�;s NS * 

1 . 09 0 . 3 3 4 . 6 2 

NS NS N S  

0 . 8 5 - 5 
0 . 3 9- 4 

0 . 1 2 - 4 

Trans f ormed Data 

2 3 4 

N S  * NS 

2 . 3 2 3 . 4 7 3 . 5 3 

I\S N S  NS 

0 . 8 3 - 7 
0 . 2 8 -

6 
0 . 18-6 

OJS 

0 . 9 4 

5 

NS 

0 . 2 2 

NS 

0 . 60-
4 

5 

N S  

1 .  2 6  

N S  

-0 . 9 5 -
7 



Table 1 5 :  Summary o f  ana l y s e s  o f  variance carried out on sweet:1ess ( f l a,·our o f  
the milk)  data ( un transformed and transforme d )  from f ive sensory 
sessions for all three sensory scales . 

TABULATED F VALUES AND SIGNIF ICANCE LEVELS 

0 - 1 0  Linear Scal e :  

Untrans formed Data 

Sess ion 1 2 3 4 5 

NS N S  NS NS NS 

Sample 0 .  74 0 . 4 1 1 .  9 1  2 . 4 9 2 . 5 5 

* * *  * * * *  * * *  * * *  

Pane l i s t  7 . 60 3 . 00 6 . 2 1 6 . 04 8 . 2 6 

Semi-Structured Linear Sca l e : 

Untransformed Data 

Session 

Sample 

Panel i st 

Magni tude 

Sess ion 

Sample 

Pane l i s t  

1 

* 

3 . 1 2 

* * *  

5 . 86 

2 3 

* 

3 . 4 6 3 . 50 

* * *  * * *  

5 . 99 1 2 . 68 

Estimation Scal in9 :  

Untransformed 

1 2 3 

* N S  NS 

3 . 86 0 . 3 8 1 .  5 0  

* *  N S  * 

3 . 6 5 2 . 1 5 3 . 0 1 

4 5 

NS NS 

1 . 0 5 2 . 8 7 

* *  * * *  

4 . 4 1 6 . 94 

Data 

4 5 

NS NS 

0 . 4 9 0 . 0 5 

NS NS 

0 . 6 1  0 .  7 2  

1 

NS 

0 .  7 3  

NS 

-0 . 6 5
- 5  

1 

NS 

1 .  4 1  

NS 

0 . 5 3
- 5  

1 

* 

3 . 86 

NS 

0 . 1 5
- 6  

Trans formed Data 

2 3 4 

NS N S  * 

0 . 29 2 . 4 3 3 . 7 5 

NS NS NS 

0 . 30-5  0 . 00 0 . 4 3
-4 

Trans formed Data 

2 

* 

3 .  7 7  

N S  

0 . 3 1
- 5  

3 

NS 

2 . 00 

NS 

0 . 2 4
- 4  

4 

NS 

0 . 4 3 

NS 

0 . 2 7
- 4  

Tran� formed Data 

2 3 4 

NS NS NS 

0 . 38 1 . 8 0 0 . 4 9 

NS NS NS 

0 . 1 8
- 7  

0 . 1 2
- 6  

- 0 . 28
- 7  

1 0 6 . 

5 

NS 

1 .  3 2  

NS 

0 . 6 3 
- 4  

5 

NS 

1 .  5 5  

N S  

0 . 0 6 

5 

NS 

0 . 0 5 

NS 

- 0 . 6 3
- 9  
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Table 16 : Summary of analyses o f  variance carried out on v i s cosity data (untran s f o rmed 
and trans formed) f rom f ive sensory s e s s ions for a l l  t:hree sensory sca l e s . 

TABULATED F VALUES AND S IGNIFICANCE LEVELS 

0 - 1 0  Linear Scale :  

Untransformed Data Transformed Data 

- - --- ------

Sess ion l 2 3 4 5 l 2 3 4 5 

NS N S  NS NS * NS NS NS NS * *  

Samp l e  1 . 4 6 0 . 60 0 . 4 1 0 . 3 1 6 . 00 2 . 4 5 0 . 6 7 0 . 2 4 0 . 3 7 7 . 6 3 

* * *  * * *  * NS * * *  NS NS NS NS N S  

Pane l i s t  3 5 . 7 9 6 . 2 2 2 . 5 6 1 . 0 1  5 . 8 4 0 . 2 5
- 4  

0 . 5 4
- 4 

0 . 1 4
- 4  - 4  

0 . 7 5
- 2 

0 . 1 5 

Semi-Structured Linear Scale : 

Untransformed Data Trans formed Data 

Session 1 2 3 4 5 1 2 3 4 5 

NS N S  NS NS NS NS NS NS NS NS 

Sample 0 . 49 1 .  7 2  1 . 18 3 . 00 3 . 3 0 0 . 56 1 . 8 3  0 . 7 0 2 . 8 4 3 . 1 2 

* * *  * * *  * * *  NS * *  N S  N S  N S  N S  N S  

Pane1 i s t  4 . 59 5 . 7 4 5 . 8 2  1 . 8 0 5 . 3 6 0 . 2 4
- 5  

0 . 7 5
- 5  

0 . 4 5
- 5 

0 . 2 7
- 4  

0 . 2 2
-4 

Magni tude Estimati on Sca l ing : 

On trans formed Data Transformed Data 

Session 1 2 3 4 5 1 2 3 4 5 

* N S  N S  NS NS * NS NS NS NS 

Sample 3 . 1 9 1 .  5 1  1 . 1 0 0 . 39 0 . 48 3 . 1 9 1 .  5 1  1 . 1 0 0 . 39 0 . 4 8 

* * *  * *  * * *  • NS NS NS NS NS 

Pane l i s t  5 . 0 2  4 . 3 9 4 . 7 8 3 . 1 3 2 . 7 0 0 . 0 0  0 . 1 2
-6 

0 . 99
- 7  

-0 . 3 7
- 7  

0 . 00
1 
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Tran s formations of the data were then carried out to 

see whether tran sformat ions wh ich reduced pane l variance 

wou ld increase the e f f i c iency of a scale to d i f ferentiate 

between samp l e s . There are two common ways in wh ich data 

can be trans formed . In the f irst method , the pane l i s t  

scores are mu l t ipled by the overa l l  mean for the s e s s ion 

and div ided by the individual pane l i s t ' s  mean . 

P ane l i s t  Score x Overal l  Mean = Transformed Score 
Pane l i s t  Mean 

Th i s  trans forma t ion takes each pane l i st ' s  data and sets it 

around the overa l l  mean for the s e s s ion . The panel means 

are ad j u sted so that they are the same , yet the propor

tiona l d i s tanc e  between the samples is ma inta ined . I t  

i s  a l s o  pos s ib l e  to ad j u s t  the pane l va lues by add ing 

a numb e r  to each value such that they are a l l  moved to 

a s imil a r  portion o f  the s c a l e  but the relative d i s tance s  

between samples are maintained . Moskowitz and S ide l 

( 1 9 7 1 )  u sed thi s  method i n  the ir ' norma l i zation ' o f  data 

from the 9 - point hedonic s c a l e  rating s . On e can argue 

in favour of both methods o f  trans formation . The f ir s t  

me thod reta ins t h e  proportional distance between s amp l e s  

which a pane l i s t  may have expressed over only a sma l l  

portion o f  the scale , the second move s the pane l i s t s ' 

ratings to the s ame portion o f  the scale but constrains 

them to the re l a t ive dis tanc e s  wh ich they have previou s ly 

indicated . Both approaches are sati s f ac tory but i t  was 

dec ided to u se the f irst method of trans formation to avo id 

any prob l ems with ' bunching ' o f  the data which may resu l t  

from the second me thod o f  trans formation . 

The use o f  thi s  tran s format ion method on selec ted sensory 

data f rom the 0 - 1 0  l inear and s emi - s truc tured scal e s , 

led to the reduct ion o f  pane l v ariance to a non- s igni f ic ant 

level but did l i ttle to incre a s e  the d i f f erentiation between 
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s ample s .  I n  a few cases , notably in data from the semi

s truc tured l i near s c a l e, sign i f icant d i f f erences between 

s amples were reduced . Th is occurred where a pane l i s t  

u s ed only a nar row range a t  the bottom end of the s c a l e  

a n d  tended t o  score a t  the ex treme s o f  th i s  na rrow range . 

When these score s were tran s formed , the very low values 

became only very s l ightly larger but the upper values 

became very large indeed . Thu s , dif f e renc es which had been 

spread ove r a rela t ive ly sma l l  portion o f  the scale were 

now po s i tioned at e i ther end o f  the s c a le . The s e  d i s tortions 

to the s �a l e  reduced some s igni f icant d i f f erence s  between 

s ampl e s  to a non- s igni f ican t  leve l . 

The magn i tude estimat ion data presented a s l ightly d i f ferent 

problem bec ause of the geome tric nature o f  the scale . 

Logari thms o f  the magnitude e s t imations were used in the 

analy s i s  of variance of the s e  data , because of the skewed 

d i s tr ibution which th i s  type of geometric sca l e  produces 

( Moskowitz . l 9 7 4 ) . To trans form the data , a method of  

' modu lus equa l i z a t ion ' ,  des c r ibed by Moskowi t z  ( 1 9 7 7 b ) , 

was u sed in which the pane l i s t ' s  e s t imates were ad j us ted 
such that the geome tric mean acro ss samp l e s  was 1 . 0 .  

T h i s  adj ustment reta ined the rel at ive d i s tance between 

sample s ,  merely reduced the pane l var i anc e . This can b e  

s e e n  in the analyses o f  var i ance f o r  t h e  trans formed data 

f rom magnitude e s t imation s c a l ing in which the F value 

for the samples remained the s ame in both untrans formed and 

transformed data . Only the F values for the pane l 

changed to a non - s ign i f ican t  level in the trans formed data . 

T r ans formation o f  the raw sensory scores was not found 

to aid the e ffect ivenes s  of the s e  sensory sca l e s .  Certainly , 

the s ignif icance o f  the pan e l  variance wa s reduced to a 

non- s ignif icant l e ve l . Howe ver , the e f f ic iency of the 

scale in d i f ferentiat ing between sampl e s  was not increased 

and in some cases was reduce d . Thi s  was e spe c i a l ly true 
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where the sample d i f ference s  we re only marg ina l l y  s ign i f 

icant . I n  s itua tions , where samp l e s  are rather s imi lar , 

i t  wou ld seem to be particu larly dangerous to carry out 

data tra n s formati on . Such prac t ices may lead to incorre c t  

conclus ions b eing drawn from the data . In genera l ,  i t  

wou ld seem to be better prac tice to use the untran s formed , 

una l tered data , accepting a c ertain l eve l of pane l var iance 

as norma l . 

3 . 8  Sensory Response P lots 

Ana lys i s  o f  variance i s  carried out orr sensory data on the 

a ssumption of the l inearity of the scale s . P sycho log i s t s , 

such a s  S tevens ( 1 9 6 2 ) , have shown that the sensory 

response to increas ing intens i t i e s  of s t imuli i s  o f ten , 

in fact , described by a curve which f l attens out a s  the 

s t imul i  intensity become s very great . A l though it wa s not 

pos s ib l e  to p lot sensory e s timate s again s t  an ob j e c t ive 

or instrumental measurement for a l l  attributes , thi s  

could b e  don� for the measuremen t  o f  colour in who l e  mi lk 

powders . 

Mean sensory e s t imates for co lour were plotted aga i n s t  

Y e l lowne s s  I ndex ( Y I )  measurements . The se plots showed 

( see Figure 2 )  tha t , in each c a s e , the s ensory re sponse to 

increas ing s t imul u s  intensity was a l inear one over the 

range wh ich had been measured . The plot for the semi

s tructured l inear scale indicated a more even spread of 

data over the sca l e  range than the other two E ca l e s  in 

which the data was somewhat ' bunched ' in the centre . 

However , the l inearity o f  response over the range tes ted 

was true for a l l  scale s , indicat ing tha t  analys i s  o f  

variance was a n  appropriate method o f  s tatistical ana lys i s  

for thes e  dat a . I t  a l so indicated that the scales were 

working in a s imi l ar fashion for th i s  attribute . 
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3 . 9  Correl ation o f  Data f rom Sensory Scales 

A me thod u sed by some autho r s , such as Ga lanter and Me s s ick 

( 1 9 6 1 ) , to compare different s ensory scales has been to 

plot the values f rom one s c a le aga inst another . I f  the 

two s c a l e s  are being used by the panel in the same fash ion , 

the relat ionship between the two scales  should be a 

l inear one . The data ob tai ned for each sensory attribute 

were cor related one with another to see whether the re lation

ships between scales were , in fact , l inear . 

These corre l at ions showed ( see Tab l e  1 7 )  that the relation

ships between the three s c a l e s  for the physical a t tributes 

of the powder ( colour , free - f l owing properties and particle 

s i z e )  were quite c lose . The r e lationship between the 0 - 1 0  

l inear and s emi- s tructured s c a l e s  for colour was h igh ly 

s ign i f icant ( r = 0 . 8 9 2 )  indicat ing that the pan e l  u s ed both 

these s c a l e s  in a very simi lar way to quantify the co lour 

o f  the powde r .  Re lationships b e tween the se two s c a l e s  

and magni tude e s t imation s c a l ing were a l so sign i f icant but 

not as h igh , ' indicating that the panel used magnitude 

e s t imat ion s c a l ing in a s l ightly d i f ferent fash ion to 

indicate the colou r  of the powders . Corre lations between 

scales for a s s e s sments of f ree- f lowing propert i e s  and 

partic le s i z e  in whol e  mi lk powders were also h igh . 

The correlat ion coe f f ic ients for aroma and f l avour a ttribute s 

in both powders and recon s t i tuted mi lks did not show the 

c lose re l a t ionsh ips indicated in the physical propertie s 

o f  powder appearance ( see T ab l e  1 7 ) . fvlany of thes e  

correlation coe f f ic ients were n o t  s ignif icant and none 

of them were as h igh as thos e  for the phy s ical properties .  

Only when the attribute was a very dis tinc tive one , such 

as the l ac tone- l ike , oxidised and age- re lated note s , did 

the panel begin to use thes e  s c a l e s  in a s imi lar f a sh ion . 

T extural properties , such a s  v i s co s i ty and astri ngency 

were not mea s ured in the s ame way with thes e  three scale s . 



T ab l e  1 7 : S ummary of c o r r e l a t i on coe f f ic i e n t s  f o r  d i r e c t  
correl a tions b e tween sensory sca l e s  

At t ribu te 

C o l ou r  

F r ee - f lowingne s s  

P a r t ic l e  s i z e  

Aroma o f  Powde r :  

Sweetn e s s  

Butter i n e s s  

Cooked I Carame l ised 

Lac tone 

Ox idised 

Feedy 

Taint 

Age - r e l a ted 

Aroma of M i l k : 

Sweetn e s s  

B u t ter iness 

Cooked /Carame l i sed 

Lac tone 

O x i dised 

Feedy 

T a i nt 

Age - r e l a ted 

F l avour o f  M i l k : 

Sweetn e s s  

C r e amine s s  

Cooked /Carame l i sed 

Lac tone 

O x i di s ed 

Feedy 

T a i n t  

Age-re l a te d  

V i s c o s ity 

A s t r i ngency 

0 - 1 0  L i near / 
S e m i - s tructured 

L i n e a r  

0 . 8 9 2  * * *  

0 . 8 5 0  * * *  

0 . 8 8 7  * * *  

0 . 2 2 1  * 

0 . 3 6 8  * * *  

0 . 1 5 2  NS 

- 0 . 0 8 0  NS 

0 . 1 4 3  NS 

0 . 1 4 8  NS 

0 . 1 4 1  NS 

0 . 5 6 4  * * *  

0 . 2 9 7  * *  

0 . 0 4 9  N S  

- 0 . 0 3 7  NS 

0 . 4 3 2  * * *  

0 . 2 6 6  * *  

- 0 . 0 5 7  NS 

0 . 4 2 3  * * *  

0 . 2 2 7  * 

0 . 3 5 1  * * *  

0 . 3 5 9  * * *  

0 . 1 1 2  NS 

0 . 7 1 1  * * *  

0 . 5 0 8  * * *  

- 0 . 1 1 0  NS 

0 . 5 4 7  * * *  

- 0 . 0 7 4  NS 

0 . 1 8 9  NS 

0 . 2 6 6  * *  

0 - 1 0  L in e a r /  
Magni tude 

E s t ima t i o n  

0 . 6 9 6  * * *  

0 . 7 8 1  * * *  

0 . 8 5 9 * * *  

0 . 2 5 5  * *  

0 . 4 1 7  * * *  

0 . 2 1 4  * 

0 . 1 1 1  N S  

0 . 1 0 5  N S  

0 . 1 0 8  N S  

0 . 1 9 3  * 

0 . 5 2 5  * * *  

0 . 1 8 4  N S  

- 0 . 1 7 9 N S  

0 . 2 9 0  * *  

0 . 2 1 3  * 

0 . 4 0 1  * * *  

0 . 0 6 9  N S  

0 . 1 1 0  N S  

0 . 1 5 7  N S  

0 . 2 7 6  * *  

0 . 3 2 5  * * *  

0 . 2 8 8  * *  

0 . 5 6 4  * * *  

0 . 4 7 3  * * *  

0 . 3 5 9  * * *  

0 . 3 3 8 * * *  

0 . 0 7 4  N S  

0 . 1 3 7  N S  

0 . 2 0 9  * 

1 1 3 . 

Semi-s tructu red 
Linea r /  

Mag n i tude 
E s t ima t i on 

0 . 6 8 1  * * *  

0 . 7 8 0  * * *  

0 . 8 9 3  * * *  

0 . 2 7 6  * *  

0 . 3 9 1  * * *  

0 . 1 5 6  N S  

0 . 1 0 5  N S  

0 . 1 9 5  * 

- 0 . 0 8 3  N S  

0 . 1 6 5  N S  

0 . 4 7 7  * * *  

0 . 3 6 4  * * *  

0 . 1 8 2  N S  

0 . 2 2 6  * 

0 . 2 7 8  * *  

0 . 2 2 2  * 

0 . 2 0 6  * 

0 . 0 5 1  N S  

- 0 . 0 0 8  N S  

0 . 3 6 1  * * *  

0 . 3 9 5  * * *  

0 . 3 0 5  * *  

0 . 5 7 0  * * *  

0 . 4 4 6  * * *  

- 0 . 0 7 8  N S  

0 . 3 6 7  * * *  

- 0 . 0 2 3  N S  

0 . 0 3 0  N S  

0 . 1 3 6  N S  
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Workers , such a s  S tevens and Galanter ( 1 9 5 7 )  and Galanter 

and Mes s ick ( 1 9 6 1 ) , found that relationsh ips between 

s en sory s c a les we re typic a l ly l inear or curvi l inear . S ome 

l inear rel ationships were f ound between the s c a l e s  in 

the phys ic a l  attribute s of who le milk powders , such as 

colour and par t i c l e  size ( see Figures 3 and 4 ) . However ,  

no curv i l i near relation ships were obvious in the s e  data . 

When the data f rom more compl ex attribute s were s tudied , 

such a s  the buttery note in the aroma of the milk , 

there were no c l ear relationsh ips between the sensory 

sca l e s  ( �e e  Figure 5 )  . 

The task o f  appearance mea surement i s  obviously con s i s tent 

acro s s  a l l  three scales and a l l  three were being used in 

a s imi l a r  f ashion . However , in the evaluation o f  aroma 

and f l avou r  there was some th ing about the task wh ich caused 

the pane l i s t  to use the three sca l e s  in qui te d i f f erent 

way s . The 0 - 1 0  l inear ar d s emi-struc tured sca l e s  appear 
to be more

.
c lo s e ly related to each other than to the 

magnitude e stimation scale . This abrupt change in the 

way in wh ich the scale i s  used from one sensory a t tribute 

to another suggests that it may be dangerous to pre sume 

that because a scale func t ions in a particular manner for 

one attr ibute , i t  funct ions i n  a s imilar manner for al l 

attribute s . Th i s  i s  particularly true o f  magnitude 

estimat ion scal ing , in which a power func tion has been 

found to describ e  the data for certain physical attr ibute s . 

Wh i l e  thes e  power functions may hold for these phy s ic a l  

attribute s , it i s  pos s ib l e  tha t they do not ho ld for 

more c ompl ex aroma and f lavour attribute s . 
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4 .  SUMMARY AND CONCLUS I ONS 

Despite the f a c t  that magni tude e s t imation scale has  

been the choice o f  sensory workers in recent years , 

in this part icu l ar pro j ec t  i t  was the least ef fec tive 

s ensory scale both for u sage and sens itivity . The use 

1 1 8 . 

o f  th is scale posed some problems because the whol e  milk 

powder u sed a s  a referenc e changed s l ightly over the 

n ine months o f  the da iry ing season . There were other 
probl ems as soc i ated with unexpec ted characteristics a r i s ing 

in s amp l e s  wh ich were not pre sent in the re ference s amp l e  . 
.. 

Magn itude e s t imat i on s c a l ing was not e f fe ct ive in thi s  

type o f  inves t ig a tory study in wh ich a l l  the attr ibutes 

were hot clearly def ined . I n  add i t ion , the scale wa s 

not as sensi tive to samp le dif f e renc e s  as the other two 

scales . The s emi - struc tured l inear scale was easy to 

u se but not very e f fective at di f f erentiating between 

s ample s .  More ' l ack o f  f i t ' occurred in data f rom thi s  

s c a l e  ( sugg e s t ing the pos s ib i l ity o f  greater pane l 

var ianc e )  and tran s formations o f  the data reduced sampl e  

d i f f erences t o  a non- s igni f icant l eve l i n  s ome case s . The 

0 - 1 0  l inear s c a l e  was easy to use and appeared s en s i t ive 

to change s in · the samp l e s , very l it t l e  ' lack o f  f i t ' 

occurring . 

A s ummary o f  the resul t s  o f  thes e  compari sons h a s  been 

mad e in Tab l e  1 8 . 
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T ab l e  1 8 : Compari son o f  three sensory s c a les u sed to 

eva luate who l e  mi lk powders during the f i rst 

dai ry ing season . 

E ase of U s e  

' D r i f t ' 

Moving Base l ine 

M i s s ing 
Characteristics 

N o s . D i f ferences 

' Lack o f  Fit ' 

S ing l e  S e s s ions 

T ran s formed Data 

S ens ory P lots 

S c a l e  

0 - 1 0  linear S emi-s tructured Magn i tude 

* *  

* * *  

* * * 

* * * 

* * *  

* * * 

* * * 

* * * 

* *  

L inear E s t ima tion 

* *  * 

* * *  * * *  

* * *  * 

* * *  * 

* *  * 

* * *  

* * *  * * *  

* * *  

* * *  * *  

S c a l e s  have been awarded three , two and one star ratings 

a s  to the i r  e f fec tivens s s  in e ach category in wh ich a 

c omparison was made . For the reasons outl ined above , the 

0 - 1 0  l inear scale wa s chosen as the only sensory s c a l e  

f o r  use in the second da irying season . 



CHAPTER VI 

COMPARI SON OF SENSORY AND OBJECT IVE DATA 

1 .  INTRODUCT ION 

1 2 0 . 

One a im in the p re s ent research wa s to study the sensory 

data in relat ion to ob j ec t ive mea surements made on who l e  

mi lk powders . I f  changes in produc t  characteris tic s meas

ured by instrumenta l methods are re l a ted to sen sory charac

ter i stics� it is po s s ib l e  to measure these sensory ch�ract

e r i s t i c s  more qu ickly a � �  more economica l l y  by ins trumental 

means - than by the use of sensory pane l s  ( Corey 1 9 7 0 ) . 

Ob j e ctive mea surements were made to character i z e  the colour 

and part icle s i z e  d istribution of the d i f ferent powder s  

and to measure v i scos ity i n  the recon s tituted mi lk s . I t  
wa s con s idered to be out s ide the scope of th is s tudy to 

engage in high ly complex chemical analyses o f  a roma and 

f l avour compounds . 

A compar ison �as made o f  the re levant s ensory data w i th 

the s e  instrument a l  measurements . Data from the f i r s t  

da irying season we re used as the bas i s  for the compar i s on 

between the ob j ec tive and sen sory mea su rements . One 

hundred and twe l ve mi lk powders were tes ted during thi s  

per iod , u s ing b o th sensory and ob j ec tive method s . Data 

from all the se powders we re used for the compar i son s . 

To b eg in with , s impl e  relationshi p s  were sought between 

data for re levant s ensory attribu tes in milk powders and 

s ing l e  measureme n t s  made on the s ame s amp l e s . Mu l t i p l e  

reg r e s s ion tech n iques we re then used t o  s tudy the sensory 

data in relation to a number of i n s trumental measuremen t s , 

to s e e  which c omb ination o f ob j ec t iv e  measurement s  b e s t  

expre ssed sensory perception of an attribute . 



2 .  BACKGROUND TO COMPARI SON OF SENSORY AND OBJECTIVE 

MEASUREMENTS 

1 2 1 . 

In s tudy ing re l ationsh ips between sen sory and ob j ec t ive 

measurements , the u l t imate aim is to e s tab l i sh ma thematical 

equations which permit the sc ienti s t  to pred ict sensory 

charac teri stics from phy s ical mea surements . In dec id ing 

wh ich measurements to make , the more prec i sely the individual 

parame te r s  are def ined both in sen sory and physical  

terms , the  greater the probabil ity of deve l oping suitable 

obj ec t ive te s t s  ( Kramer 1 9 7 2 ) . 

Ob j ec t ive measurements h ave a basic disadvantage in that 

they do not mea sure sensory prope rties as a human respondent 

doe s . Consequent ly , they are accurate only to the ex tent 

that they are ana logou s to the human sensory respon s e . 

On the o ther h and , once cal ibrated prec i sely , they are 

not sub j ect to dri f t ,  fatigue or other p s ycholog i c a l  

errors to which human sub j ec t s  a r e  prone ( Kramer and 

S z c z e s n i a k  1 9 7 3 )  . 

I n  mak ing ob j ec t ive mea s urements ,  c erta in arbitrary dec i s ions 

have to be made as to wha t  is measu red and under wha t  phy s ic a l  

and envi ronmental conditions meas u rements a r e  made . 

Mea surements may be of we l l  def ined phy s i c a l  properties , 

such a s  colour , wh ich r e l ate directly to what the con sumer 

perc e i ve s . Measurements can a l so b e  o f  an indirect nature , 

such a s  measurements o f  f a t  content in cottage cheese 

dre s s i ng to p redi c t  texture in the f inal produ c t . It i s  

nec e s sary to make a dec i s ion a s  to wh ich ins trumental 

measurements re late to wh ich qua l i ty attribute s . T h i s  

dec i s ion r a l though b a s e d  o n  the researcher ' s  data , i s  an 

arbitrary one . Th is means that there are s everal  sources 

o f  error and consequent l y  l imi tations in the use o f  the data 

f in a l l y  gained : the e rrors inher�nt in the de f i n i tion and 

measurement of phys ic a l  parame ters , the errors inherent i n  
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the de f inition and measu rement of s e nsory parame ter s  and 

the error s made in the dec i s ion as to wh ich mea surement 

should be corre l a ted with another .  E ach step mus t  b e  made 

with great care in order to ga in resu lts wh ich can b e  

con s idered rea sonably va l id under s u c h  imperfec t condi t i on s . 

2 . 1 Appearance 

Vi sual perception by the observe r is a re sult o f  how the 

eye interprets the l ight reach ing i t  from ob j ec ts . I t  

i s  important t o  determine which fac tors inf luence the 

v i sual appearance of foodstu f f s  and to e s tab l i sh s c a l e s  

for each rel evant f ac tor . Preferably , . th i s  should b e  an 

ins trumental ly de termined scale wh ich can be corre l ated 

with what is perce ived . The visual a ppearance of any 
ob j ect is  af fected by its chroma t i c  properties ( to do wi th 

c o lour ) and i t s  geometric propertie s ( to do with the geo

metric di s tr ibution o f l ight . )  Appra i sal o f  appearance 

c haracter iat i c s  is  comp l icated by the fact tha t  sur fa c e s  

deviate from the idea l . They vary markedly i n  the i r  degree 

of opac ity and are rare ly smooth or homogeneoqs ly pigmented 

( Mack inney et a l . 1 9 6 6 ) . 

V i sual percept ion o f  texture in f oodstu f f s  is  an impor tant 

a spect of appearance rneasurement s . B aldwin ( 1 9 7 7 )  b e l ieved 

that the geome tric or textura l aspects of appearance in 

whole milk powder s  were very important especial ly in the 

p roduc t ion o f  powder for direct consumer u s e . A f ree

f lowing powder is considered to be very des irabl e  to the 

c on sumer . L i tt l e  attempt has been made to re late aspe c ts 

o f  v i sual appearance wh ich inf luenc e the con sume r ' s  expec

tation for a particular milk powde r  with instrumenta l 

mea surements . 
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2 . 2  Vi scos ity 

The texture of foods is , perhaps , the leas t  we l l -de sc ribed 

of i t s  many sensory properties . The activi ty wh ich 

brings about perception of texture in the mouth i s  to some 

extent an automatic one and a l l  the sensory activi ty does 

not nec e s sa r i ly penetrate i n to the consciousne s s . This  

means tha t  apart f rom the as sociated emotional reac tions , 

re spons e s  are o f ten evoked a t  a fairly invo luntary phy s io

log i c a l  l eve l as in the r e j ec tion o f  food or the automatic 

initiation o f  the next s tage s of inge stion . 

In the evaluation of v i s c o s i ty , s tudies suggest that the 
shear rate operating in the mouth during the a s s e s sments o f  

f luids varies with the v i sc o s ity . Low viscosity f l u ids , 

such a s  recon s t i tuted milk powders , are subj ec ted to qu ite 

high shear rates ( between the pal ate and tongue ) . Many 

f luids exhib i t  turbulent f l ow when sub j ec ted to shear rates 

of th i s  o rd�r . Thus , sensory evaluation of low v i scos ity 

f luids could we l l  be based on shearing stres ses deve loped 

in turbul ent f l ow .  The turbu lence is reduced when s a l iva 

is added but in low visco s i ty f luids the e f fect is not 

completely removed . Such f luids would seem more viscous 

in the mouth than they actu a l ly are . There is a sugges tion 

tha t because min ima l sal iva is secreted during the swa l low

ing of low viscos ity f lu ids there is a better corre lat ion 

with ob j e c tive measurements than there migh t otherw i s e  be , 

turbul en t  f low a f f ecting both mea surements ( P arkinson 

and Sherman 1 9 7 1 ) . 

2 . 3  Re l a t ionships between Objective and Subjective 

Measurements 

The r e l a t ionships between obj ective measurements and sub

j ec t ive a s se s sments are , as  yet , imperfectly understood . 

Th i s  may be due, in part , to important d i ff e rence s  b etween 
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numerc i a l  aspec t s  of ob j ec t ive measurements and de scrip

tive aspects of s ensory eva lua t ion . The association between 

ob j ec t ive and sub j ective mea surements is a ' covar i a t ion ' 

caused by underly ing common e f f ects rather than a d i re c t  

relation s h ip between two di f ferent type s o f measurements 

of the s ame property ( Krame r and S z c z e sniak 1 9 7 3 ) . 

Me thods for study ing the relationships between ob j ec tive 

and sub j ective variables inc lude corre lat ion techn iques .  

A high corre lation coe f f ic ient ( r va lue ) is  requi red b e f ore 

a sing l e  instrumenta l  measurement can be used with conf idence 

ins tead of the sensory a s s e s sment . However , in prag-

matic terms , an ins trumental mea surement with a lower 

corre l a t ion coe f f icient may be an adequate indic a to r  of 

the unde rlying change s occurring in s amples i f  the 

relative cost o f  an instrumental mea surement is much 

lowe r than the c o s t  o f  a sensory pane l . Kramer ( 1 9 7 6 )  

be l ieved tha t  0 .  9 4  rat):ler than 1 .  0 ind icated prac tical ly 

perfect agreement between any ob j ec t ive and sub j ec t ive 

tes t . Kramer ( 1 9 7 6 )  s tated tha t  a corre lation coe f f i c i ent 

o f  0 . 9  o r  better was an exc e l lent indicator of the qua l i ty 

a ttr ibute . A coe f f ic ient o f  0 . 8  to 0 . 9  was cons idered sat

i s factory a l though a highe r  corre lation coe f f ic i en t  wa s 

desirab l e . I f  the coef fic ient f a i l ed to reach 0 .  8 ,  

then the method was cons idered unsati s fac tory and that 

sensory qua l i ty could not be predicted with su f f i c ient 

accuracy by the proposed ob j ec tive tes t .  

Thus , the actual value of the corre lat ion coe f f icient i s  

importan t , the f ac t  that i t  i s  s tat i s tical ly s ign i f icant 

may not be o f  great value . Hhen a l a rge number o f  data 

points ·are invo lved in a corre l at ion , a high corre lation 

i s  not requ ired b e f ore the coe f f ic ient become s s t a t i s t i ca l ly 

s ignif i cant . Th i s  was true of the present s tudy i n  wh ich 

approx imate ly a thou sand data points (when all the sensory 

e s t imates were u se d )  were involved in each corre l a t ion . 
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S t e e l  and Torrie ( 1 9 6 0 )  have a l so emph a s i sed the d i s t inct ion 

b e tween s ignif icanc e and meaningfulne s s  in corre lation 

coe f f ic ient s . Sma l l  values o f  r may be s ignif icant but 

the corr e l ation may be quite usel e s s . 

S tat istical ana lys i s  make s  po s s ib l e  the prediction o f  

o n e  var iab l e  f rom va lues of the other variables , with in 

c e rtain con f idence l imit s . Partial regre s s ion coe f f i c ients 

indicate the rel at ive importance o f  each o f  the ob j ec tive 

me thods wh i l e  the coe f f i c ient of determi nation indicates 

the extent to wh ich the selec ted me thods predict the sensory 

a ttr ibute ( Kramer 1 9 7 2 )  . Wh i l e  ins trumenta l  measuremen ts 

are a imed at replac ing s ensory evaluation , i t  mu s t  be 

remembered that s ta t i s t ic a l  procedure s ,  l ik e  mu ltiple 

regress ion , are de s c r i p t ive rather than predictive . There

f ore , predic tions f rom instrumental data to sensory 

p ropert ie s demand tha t  s uch procedures be supplemented 

w i th a thorough know l edge of the underly ing mechani sms 

( Kramer and· S z c z e sn i ak 1 9 7 3 ) . 

I n  the present s tudy sensory es timates o f  c o lour and texture 

were made by a trained pane l on one hundred and twe lve 

milk powders through out a nine month dairy ing sea son . 

The sensory data were then s tudied in r e l a t ion to ins trum

enta l measurements of c o l our and texture made on the s ame 

powders . 

3 .  COHPARISON OF SENSORY AND OBJECT IVE MEAS UREMENTS FOR 

PART ICLE S I ZE 

S e ns ory a s s e s sments o f  particle s i z e  were s tudied in 

r e l ation to measurements of particle s i z e  di stribution ( se e  

Methods 4 . 2 . 2 . )  made o n  the same powders . There were two 

phys ica l ly dis tinct groups of powders eva luated for the i r  

particle s i z e  dis tribu t i on , non-agglomerated powders and 

agglomerated powders . Becaus e  d i f ferent s i z ed s i eves were 
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u sed to mea sure the partic le s i z e  dis tr ibutions o f  the s e  

two group s , data f rom each group were s tudied f i r s t  a s  

a s eparate entity . Sensory scores f o r  each o f  the s e  two 

g roups o f  powder s  were corre l ated with ins trumenta l mea su re

ments made on the same powde r s . 

3 . 1  Re l a t ion ships between S ieve Ana lys i s  Data and Sensory 

E s t imate s o f  P article S i ze in the Powders 

From eac� s i eve analy s i s , s ix mea s urements were obta ined . 

There was a measurement for the powde r reta ined on e ach 

of the f ive s ieve s and in the pan ( a l l  expre s s ed as a 

percentage ) .  To begin with , the sensory data were corre l 

a ted , i n  tu rn , with the data f rom each of these measurements 

( see Tabl e  1 9 ) . 

Table 1 9 : Resul t s  of direct corre l at ion betwee n  the s en sory 
e s timates of partic l e  s i z e  and data f rom indiv
idual s ieve measu rements made on both agg lomer
ated and non-agg l omer ated whole milk powders . 

Correlation Coe f f ic ient 
Powder Ty.ee r 

Non-agg lomerated : 1 8 0  micron s i eve 0 . 8 0 0  * * *  

1 2 5  mic ron s ieve 0 . 8 3 3  * * *  

9 0  micron s ieve 0 . 0 6 6  NS 
6 4  micron s ieve - 0 . 7 9 0  * * *  

4 5  micron s ieve - 0 . 8 0 1  * * *  

P an - 0 . 7 6 5  * * *  

Agg lomerated : 5 0 0  micron s ieve 0 . 2 7 2  * * *  

2 5 0  micron s ieve 0 . 6 7 1  * * *  

1 2 5  mic ron s ieve 0 . 2 3 6  * * *  

9 0  micron s ieve - 0 . 5 9 2  * * *  

6 4  micron s ieve - 0 . 6 2 2  * * *  

Pan - 0 . 4 5 6  * * *  
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Data f rom the non-agg lomerated powder s  indicated a h igh ly 

s ig n i f icant ( a t the 0 . 1 % leve l )  corre lation between the 

percentage powde r reta ined on the first ( 1 8 0  mic ron ) and 

second ( 1 2 5  micron ) s ieves and the sen sory e s timate o f  

part i c l e  s i z e . T h i s  wa s a direct relationship , as  more 

powder was reta ined on e i ther of the se s ieve s , the sensory 

e s t imate s o f  part icle s i z e  in the powder increased . 

The corre lat ion with data for the percentage powder 

reta ined on the th ird ( 9 0 mic ron ) s ieve indicated no 

s ig ni f icant relationsh ip with the sen sory e s timate of par

t i c l e  s i ze . Howeve r ,  c orre lations wi th the percentage powder 

reta ined on the f ourth ( 6 4  mic ron ) s ieve , f i f th ( 4 5  mic ron ) 

s ieve and in the pan correl ated s igni f icantly ( at the 0 . 1 % 

leve l )  with the sensory e s t imate s . The corre l ations with 

data from the s e  last three mea surements indicated an inverse 

r e l a t ionsh ip . As the s e  values became h igher , the pane l 

perce ived the powder a s  f iner in par tic l e  s i z e . 

I n  the agg lomerated powder , corre lat ion of the sensory 

data with data f rom each of the s ix s ieve analy s i s  measure

men t s , indicated a s im i lar pattern to tha t  shown by the 

non-agg lomerated powder ( see Tab l e  1 9 ) . However ,  the 

correlation c oe f f ic ients were not as h igh , indic ating that 

r e l a tionships were not as c lose as those with tne non

agg lomerated powders . Aga in the data from the f i r s t  ( 5 0 0  

mic ron)  and second ( 2 5 0  mic ron ) s ieves corre l ated s igni f 

i c an t l y  with the sensory data but the coe f f icients were 

not as high as those for s imilar data in the non-agg lom

erated powder s . For thi s  group o f  powders , data f rom the 

th i rd s ieve d id corr e l ate s ign i f icantly with the sensory 

data but the corre lation coe f f i c ient was s t i l l  the lowe s t  

for these measurements . Once more , corre l ations wi th data 

f rom the fourth ( 9 0  m i c ron ) s i eve , f i f th ( 6 4  micron ) s i eve 

and f r om the parr· were s ign i f ican t . An inverse r e lation

s h i p  was indicated again , as  the percentage powder retai ned 

increased the s en so ry e s timate decreased . 
- -
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Corre lations made with both sets of data indicated s ign i f 

icant correla tions with the two coa r s e s t  f raction s and 

with the three f inest f rac tions of each powder . I n  

both case s , the c orrelat ion coe f f ic i ent f o r  the midd l e  

f rac t ion ( th i rd s ieve ) wa s the lowe s t  f o r  al l s ix measure

men ts made . The very coarse parti c l e s  and the very f ine 

par t i c l e s  in mi lk powder appear to be the key to the 

evaluation of i t s  part i c l e  s i z e  and could hold the key to 

con sumer acceptance of th is attribu te . in the marketp l ac e . 

Baldwin ( 1 9 7 7 )  b e l i eved that the inf luence of the larger 

pa�t i c les1  in particular , was due in part to the r e s o lu

t ion o f  the human eye ( about 0 . 2  mm ) . Wh i l e  th i s  wi l l  

undoubtedly inf luence the percept ion o f  partic l e  s i z e , i t  

i s  interest ing to note that the third s ieve for the non

agg lomerated and agglome rated powders (which showed a l ow 

corre l a tion in both sets of data ) was not the s ame me sh 

s i z e  for these two groups o f  powder . In the non- agg lomer ated 
powders it wa s a 9 0  mic ron s ieve wh ich showed a h ighly 

s igni f icant corre lation with sensory e s timates in the 

aggl omerated powders . I n  the agg lomerated powder ,  i t  

was a 1 2 5  mic ron s ieve which s imi l a r ly showed a high l y  

s igni f icant corre l ation with sensory e s t imates f o r  the 

non-agg lomerated powde r s . Although the perception o f  
parti c le s i z e  mu s t  b e  i n f l uenced b y  t h e  r e s o lution o f  the 

eye , i t  would a l so appea r  to be influenced by the range 

of particl e s i z e  presented in each powder . McBr ide ( 1 9 8 0 )  

has  shown that the response of a pane l i s t  i s  affected by the 

range o f  intens i ty pre s ented to h im o r  her .  Thi s  k ind o f  

range e f fect appea red to occur i n  the a s s e s smen t  o f  par t i c l e  

s i z e  i n  whol e  m i l k  powders . 

• 
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3 . 2  Re l a tionships between I ndices of Particle S i z e  

D i s t r ibution and Sensory E s tima te s  of P arti c l e  S i z e  

i n  Whole Milk Powde r s  

The dire c t  corre l ation o f  appropr iate sensory d a t a  with 

data from the individual s ieve mea surements gave some 

indica tion of wha t  a f fec ted the sen s ory e s t imates o f  

partic l e  s i ze . However , dividing the data into two groups 

in th i s  fa shion gave no ove ra l l  mea sure of the tota l data 

nor did it give a very sati s factory mea sure of the 

agglomerated powders , in particu lar . The values determined 

by a s ieve ana l y s i s  repre s ent only a few i solated points 

on the partic l e  s i z e  curve . B ecau s e  of th i s , it i s  

usual t o  plot the individua l  values in the form o f  a 

graph . Jo ined to form a smooth curve , thi s  graph 

depic t s  the relationsh ip of partic l e  s i z e  throughout the 

entire rang e ,  giv ing an overal l s i z e  curve . Cumul ative 

under s i z e  curve s are commonly u sed wh ich ind icate the sum 

of the we ight percent of a l l  f ractions from zero to the 

s i z e  concerned . 

For such a graph , the l inear scale o f fers the greate s t  

s imp l ic ity . However , th i s  s c a l e  suf fers the disadvantage 

that the r egion representing the f in e s t  partic l e s  i s  

compres s ed and cannot be accurately read . B ecau s e  o f  thi s , 

a logari thmic s c a l e  i s  u sua l l y  used for par t ic l e  s i z e  

along the Y axi s  and a l inear s ca l e  a long the X ax i s  

for percentage under s i z e  ( Lauer 1 9 6 6 ) . A l ogar ithmic 

tran s formation wa s app l ied to the data from each s i eve 

( expre s s ed a s  grams retained on each s ieve ) . Fol l owing 

th is , a probit tran s format ion ( Paradine and Rivett 1 9 6 0 )  

wh ich c a l cu lated maximum l ik e l ihoods was appl ied to the 

cumulat ive weight percentage under s i z e . A l inear l e a s t  

squares regre s s ion l ine wa s then f i tted t o  the data f rom 
each s i eve anal ys i s . From the regre s s ion equation , the 

median par t ic l e  s i z e  ( M' ) and s lope ( o g )  wer e  c a l c u l ated 



and the mean surfac e  vo lume parti c le s i ze ( ds v ) derived 

from the equation ( I rani and Cal l i s  1 9 6 3 ) : 

2 ln d = ln r1 ' - 0 . 5 ln og 
SV 

1 3 0 .  

Sensory es timates o f  par t i c l e  s i z e  f rom a l l  the powders 

were corre lated with each of the se calcu lated va lues in 

tur n . The corre lation coe f f i c ients ( sh own in Table 2 0 )  

ind icated that the re were h ighly s igni f ican t  corre lations 

be tween the sensory data and both the median par ti c le s i z e  

and t h e  mean s ur face vo l ume o f  the particles . Of  the two 

measur ements , the mean surface vo lume gave a very s l igh tly 

higher r value . The corre l a t ion between the sensory 

e s t imate for the partic le s i ze and the standard deviat ion 

of the par ticle s i ze d i s tr ibution ( og )  ·was not s ignif icant . 

The corre l ation coe f f ic ients for bo th median particle s i z e  

and mean surface vo lume o f  the particles were h igh . E i ther 

o f  the se mea surements cou ld be used to indi cate change s in 

the p artic le s i z e  of powders perceptib le to the pane l i s ts . 

Table 2 0 : Res ults of direct corr e lations b e tween s ensory 
estimates o f  particle s i ze and c a J.cu lated 
indi ces of part i c l e  s i ze di stribution in 
who l e  mi lk powders . 

Med i an parti c l e  s i ze (M ' ) 

S lope o f  regres s ion l ine ( og ) 

Mean s ur face volume ( d  ) sv 

Corre lation Coe f f icien t  

r 

0 . 8 8 8  * * *  

0 . 0 5 2 NS 

0 . 8 9 0  * * *  

Mul tip le regres s ion techniques were the n  us ed to f i nd the 

combi nation of these c a l cul ated indices wh ich best 

de s c r ibed the perception o f  partic le s i z e . I n  c arry i ng 

out the s e  regres s ion analys e s  it \vas found tha t  two o f  

the s e  ca lculated indices ,  median p article s i ze and mean 
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surface vol ume , were very h igh ly correlated ( r = 0 . 9 9 2 ) . 

I f  b o th sets o f  data were inc luded in the regre s s ion equation , 

the coe f f ic ients of the equat ion cou ld no longer be 

treated a s  parti al der ivat ive s .  Becau s e  of th i s , both 

s e t s  o f  data were not inc luded in the same equat ion . The 

sen sory data for parti c l e  s i z e  were regres sed f i r s t  on 

data for median partic l e  s i z e and the slope o f  the regre s s 

ion l ine , then on data for mean surface volume and the 

s lope of the regres s ion l ine . The equat ion which best 

de s c r ibed sen sory e s t imat e s  of particle  size  in  terms o f  

the s e  c alcu l a ted indic e s  o f  par t i c l e  s i z e  d i s tribut ion 

was a s  fol low s : 

P artic l e  S i z e  = 0 . 5 8 + 2 4 . 6 6 * * *dsv + 1 . 9 5 og 
( Sensory E s timate ) 

where dsv = Mean surface volume 

o g  = S lope of regress ion l ine . 

D e s p i t e  th� inclu s ion o f  the s e  two measurements , the 

equ ation was not much c lo ser ( r 2  = 0 . 8 0 6 )  in its expl an

a tion o f  panel e stima te s than the s ing l e  calcul a ted va lues 

of  median partic l e  s i z e  or mean surface volume . One o f  

the ca lcu l at ed' va lue s , such a s  the mean surface volume , 

wou l d  be an adequate measure o f  th i s  sensory property 

wi thou t resorting to the more compl ex regre s s ion equation . 

4 .  COMPARI SON OF SENSORY AND OBJECTIVE MEASUREMENTS FOR 

FREE -FLOWING PROPE RT I E S  IN WHOLE MILK POWDERS 

T r ad itiona l ob j ec tive mea surements o f  f ree- f l owing propert i e s  

i n  whole m i l k  powder s  inc lude t e s t s  such a s  the ang l e  o f  

repos e  and the f l ow rate through a funne l . A l though none 

of these te s t s  were u sed in the present s tudy , it was o f  

intere st t o  see whe ther the sen sory e st imate s o f  f ree- f l ow

ing propert i e s  related to measurements o f  partic l e  s i z e  
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wh ich had been made . Becaus e  o f  the d i f f erent way the 

agglome ra ted and non-agglomera ted powders had been trea ted 

in the s ieve ana l y se s , data from the agg lomerated powders 

and data f rom the non-agg lomerated powders were studied 

a s  two separate entities . 

4 . 1  Relationsh ips b e tween S ieve Ana lys i s  Data and S ensory 

E s t imates o f  Free-Flowing Properties in Whole Milk 

Powde rs 

S ensory es timates for free- f l owing proper ties in the powder 

were correlated directly with data f rom e ach of the six 

measurements made in the s ieve analyses ( see Methods 

4 . 2 . 2 . )  The resu l ts of the s e  direct correlations are 

s hown in Tab le 2 1 . 

Table 2 1 : Resu l t s  o f  the d i rect corre l a t ions between 
·sensory e s tima te s  of free- f l owing properties 
in whol e  milk powders and data from individual 
s i�ve mea surement s  made on both agg lomerated 
and non-agglomerated powder s . 

Correlation Coe f f i c ient 
r 

P owde r  Type 

Non-agglomerated : 1 8 0  micron s i eve 0 . 7 4 3  * * *  

1 2 5  mic ron s ieve 0 . 6 9 0  * * *  

9 0  mic ron s ieve 0 . 1 4 3  * *  

6 4  microh s ieve - 0 . 6 4 1  * * *  

4 5  micron s ieve - 0 . 7 5 1  * * *  

Pan - 0 . 7 3 3  * * *  

Agglome ra ted : 5 0 0  micron s i eve 0 . 3 8 2  * * *  

2 5 0  mic ron s ieve 0 . 4 3 5  * * *  

1 2 5  micron s ieve 0 . 1 1 8  * *  

9 0  micron s ieve -0 . 4 2 2  * * *  

6 4  micron s i eve - 0 . 4 2 6  * * *  

P an - 0 . 2 4 2  * * *  
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The correlation coe f f ic ients for data f rom these sensory 

e s t ima te s of free- f lowing propertie s showed simi lar trends 

to the correlations between sensory e s t imate s of partic l e  

s i z e  and the same ob j ec t ive measurements ( see Tabl e  2 0 ) . 

As in the partic l e  s i ze data , the h i gh e s t  correla tions were 

between the sen s ory estimates and the two coarse s t  and 

three f inest frac tions in each powder .  The correlat ion 

with the middle f rac tion ( th ird s ieve ) was s igni f ic ant 

in thes e  data but was the lowe st for a l l  the se measurements . 

The very coarse part ic l e s  and the very f ine part i c l e s  

appeared t o  have the greate st inf luence on the perception o f  

free - f lowing propertie s . 

Baldwin ( 1 9 7 7 )  c onc luded that large partic l e s  were requ i red 

in a powder to impart granu lar , free - f l owing properties . 

There wa s a direct relationsh ip between the amount o f  

powder retained o n  the f i r s t  two s ieves ( the two coar s e s t  

frac t ions ) and the perceived free - f lowing properties o f  

the powde r . As t h e  quant i ty reta ined on the sieve increased , 

so did the sensory score . However , a s  in the data for 

sensory e s timate s o f  part icle s i z e , the s i z e  of the 

fract ion s varied depend ing on the type of powder .  The 

th ird s i eve (wh i ch showed the lowe s t  correlation s with 

sensory estimate s o f  free-f lowing properties )  was a 

d i f ferent mesh s i z e  in each group . I n  the non-agg l omerated 

powder s , i t  wa s a 9 0  mic ron s ieve , data from wh ich showed 

a h ighly s igni f icant correlat ion w i th s ensory e st imat e s  in 

the agglomerated powders . I n  the agg l omerated powders 

it wa s a 1 2 5  micron sieve , data f rom wh ich showed a 

highly signi f icant corr e lation w i th sensory e stimates for 

the non-agglome ra ted powders . The range o f  partic l e  s i z e  

presented to the pane l i st appeared t o  inf luence the 

judgement of free- f l owing propert i e s  in the powder . 

None o f  these corre l a tion coe f f i c ients were as h igh a s  tho s e  

f o r  sensory e st imates o f  parti c l e  s i z e . T h i s  sugges ted 
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tha t  other fac tor s invo lved in the sensory a sses sment o f  

free-flow ing properties were n o t  accounted f or in mea sure

men t s  o f  s i ze di stribu tion alone . The quan t ity o f  

powder reta ined on the s econd s ieve ( 1 2 5  mic ron and 2 5 0  

micron s i eves for non-agg lomerated and agglomerated powder s  

respe c tive l y )  was the b e s t  s ingle indica tor of sensory 

e s t imates of part ic l e  s i ze . These ins trumental data 

rema ined the best indicator of partic l e  s i z e  in the evalu

a t ion o f  agglomerated powder s  but in the eva luat ion of 

non- agg lome rated powder s , instrumenta l data from the 

f i f th ( 4 5 _ micron ) s ieve wa s a better ind i c a tor . Thus , 

i n  the non-agg lomerated powder s ,  th is very f ine f rac t ion 

was the key to the pane l i s t  1 s percept ion of f ree - f l owing 

p ropertie s .  

4 . 2  Re l at ionships between I ndices of P a r t i c le S i ze 

D i st r ibution and S ensory E st imate s o f  Free-Flowing 

P roperties in Whol e  Mi lk Powders 

Sensory e s timates o f  f ree- f l owing proper t i e s  were then 

correl a ted with calcul a ted values of median partic l e  s i z e , 

s lope o f  the regre s s ion l ine ( a g )  and mean surface volume 

( dsv ) 
· 

T ab l e  2 2 : Resu l t s  o f  direc t correlations between sensory 
e stimates of free- f lowing properties and 
calculated indices of partic l e  s i ze di s tr ibut ion 
in whol e  mi lk powders . 

Medi an parti c l e  s i z e  ( M  1 )  

S lope o f  regress ion l ine (cr g )  

Mean sur f ac e  volume ( dsv ) 

C orre lation Coe f f ic ient 
r 

0 . 7 1 7  * * *  

0 . 2 5 4  * * *  

0 . 6 9 1  * * *  
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The res u l ts of the se c orre lation s ( see Tab le 2 2 )  showed 

h ighly s ign i f icant correlations (a t the 0 . 1 % leve l )  

between the sensory e s t imates for free- f l owing propert i e s  

and both the medi an partic l e  s i z e  and the mean surface 

vo lume ( dsv ) .  O f  the two measurements , the med ian 
parti c l e  s i ze gave the sl igh t ly h igher correlation co-

e f f ic ient . I n  these data , the corre l a t ion between the 

sen sory data and the s lope of the regre s s ion l ine ( o � ) 

wa s a l s o  s ign if icant a t  the 0 . 1 % l evel whe reas they were 

not s igni f icantly c orrelated with sen sory estimate s of 

partic l e  � i z e . The c orrelation coe f f i c ients showed tha t  

a l though c a l cula ted indice s  o f  partic l e  s i ze d i s tr ibut ion 

were important , other factors were involved in the sensory 

perception of free- f l ow ing propertie s .  

Analy s i s  of the sensory data for free - f l owing properti e s  

showed tha t a l though partic l e  s i z e  wa s rel ated to the 

sen sory score , another fac to r  wa s invol ved . Among s t  the 

agg lomerated powde r s , the l e c i th inated powders were seen 

by the pane l as l e s s  f ree-f l owing ( more s ticky ) than 

non- lec i th i nated agg lomerated powders . I t  was bel ieved 
that thi s  could be one reason why the sensory s core did 

not correl a te more c l osely with mea sure s of partic l e  

s i z e  d i s tr ib tuion . To i l lu s trate thi s , a computer f i l e  

w a s  made i n  wh ich agg l omerated non- lec i th inated powders were 

g iven a score of 4 ,  agg lomerated l e c i th ina ted powders a 

score o f  3 and non-agg lomerated powder s  a score of 2 .  

Thus , the powder s  were arb i trari ly scored such tha t  the 

mos t  free- f l owing powders had the high e s t  score and the 

least f ree- f lowing the lowes t  scores .  The scores o f  4 ,  

3 and 2 were chosen because o f  d i f f ic u l t i e s  in the s ta t i s t i c 

e a !  ana l y s i s  when t h e  more obvious score s o f  3 ,  2 and 1 

were u sed . ( these l a tter scores c aused the matrix to s ingu

l at e )  . The sensory e s timate s for free- f l owing prope r t i e s  

were then corre l a ted with the s e  arbitra ry data . The 

c orre l a ti on coe f f i c ient ( r = 0 . 7 0 0 )  f o r  these two sets o f  
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data was highl y  s igni f icant ( at the 0 . 1 % l evel ) , a l though 

aga in it did not explain sen sory e s t imates of f ree - f l ow

ingne s s  prec i s e ly . Th i s  corre l ation did sugges t  that more 

wa s invo lved in the sensory e st ima tion of f ree- f lowing 

properties than those indice s  whi ch described the par t i c l e  

s i z e  distribut ion alone . 

Mu l ti p l e  reg r e s s ion technique s were again u s ed with the s e  

data . Sensory e s t ima tes f o r  f ree- f l owing properties 

were regre s sed on data from the c a l cu lated indices of 

the particle s i z e  distribut ion ( me d i a n particle s i2 e , 

s lope o f  the reg r e s sion l ine and mea n  surface volume ) and 

on to the data from the arb itrary scores for powder type . 

The equation wh ich best described the sensory e s timates 

o f  f ree-f lowing properties in  mi l k  powder s  ( r 2 = 0 . 6 7 9 )  

was found to b e  a s  fol lows : 

Free-flowingness = - 4 . 5 6 * * *  + 7 . 7 3 * * *o g + 8 . 7 3 * * *  d 
( Sensory Es timate s )  + 9 . 4 8 * * *T 

s v  

where og = Slope of regr e s s ion l ine 

dsv = Mean surface vo lume 

T = Powder type ( arb itrary score ) 

Th i s  equation included the standard deviation o f  the par

ticle size d i s tr ibution ( a g ) , the mean sur face volume ( ds v > 

and the arb i trary scor e s  for powder type . The regre s s ion 

coe f f i c ient f rom thi s  equation indicated that a sign i f icant 

port ion o f  the sensory e stimates wa s explained by the s e  

three sets o f  data . The regres s ion c oe f f ic ient wa s s t i l l  

not h igh enough for th i s  equation to be c ons idered an exac t 

express ion o f the panel ' s  perception o f  free-f lowing p rop

e r t i e s  in milk powders . None of the exp7es s ions f rom the s e  

correl ation s , s ingle and mul t ip l e  c ou ld be cons idered 

c lo s e  expre s s ions of the sensory e s timation of free - f lowing 

prope rties in milk powder s . Median partic l e  s i z e  cou l d  
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be u sed a s  a s ing l e  indicator of these change s ,  p rovided 

it wa s understood that other unexpl a ined factors may a f fect 

sensory perception of f ree- f l owing properties in who l e  

m i l k  powders .  

5 .  COMPARISON OF SENSORY AND OBJECTIVE MEAS UREMENTS 

FOR COLOUR 

Beta - caro tene has been imp l ic ated as the ma j or natural 

colorant responsible for the colour of mi lk and milk 

powder s  and sensory es t imate s were studied in relation 

to th� total colou r  of the powder , expre s sed as � g  

8 -c a rotene ( se e  Methods 4 . 1 . 4 ) . The tota l colour measure

ments were expres sed both as �g 8 -carotene /g fat and a s  
� g  S -carotene /g powder . The sensory data were a l s o  

studi ed in relation t o  r e f l e c tance measurements made o n  the 

powder s  u sing a Hunterlab D 2 5  colorimeter ( see Methods 

4 . 1 . 2 ) . The ref lectance mea surements inc luded measurement s  
of the L ,  a and b values f o r  e ach powder toge the r ·Hi t h  the 

1 Ye l l owne s s  I ndex 1 (ca lcu l ated as 1 2 5  ( X% - Z % )  / Y )  and 1 hue. 1 

( ca lc u l a ted a s  arc tan a/b ) . Al l these Hunterlab re f l e c tance 

mea surements were made with a wh ite background s imilar to 

that us ed by the pane l for the i r  evaluation . 

5 . 1  Rel ationsh ips between Total Co lour and Sen sory 
E s t imates o f  Colour i n  the Powder s  

Sensory estimates of c ol ou r  were corre lated directly w i th 

data f rom the total colour measurements . The resul ts o f  

the s e  s ingl e  correlat ions were : 

Tota l Colour ( � g 8 -carotene /g f a t )  

Tota l Colour (� g 8 -caroten e /g powde r )  

Corre l ation Coe f f ic i en t  
r 

0 . 1 8 8  * * *  

0 . 2 6 5  * * *  
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The correl at ion c oef f ic ient for the sen sory data and the 

total c olour ( expressed as � g  s -carotene/g f a t )  wa s 

s ign i f ic ant but the coe f f ic ient wa s not h igh ( r = 0 . 1 8 8 ) . 

As mentioned previou s ly , becau s e  a large number o f  data 

points wa s invol ved in these correlations , a h igh 

corre l a t ion was not required be fore the coe f f i c ient 

bec ame stati stic a l ly sign i f i c ant . The corre lation of 

sen sory data with the tota l colour (� g B -caroten e /g 

powder )  data was s l ightly h ighe r  ( r = 0 . 2 6 5 ) . However , 

al though the correlation coe f f ic ients for both s e t s  of 

da ta were s ign i f icant ( at the 0 . 1 % leve l )  they wer e  not 

h i gh enough to indicate a c l o s e  relationship with the 

sensory data . I n teresting l y , the month ly means for the 

sensory data and the data f rom both total colour measure

ments showed remarkab ly s imi lar seasona l pattern s ( see 

Table 2 3 )  . 

Tabl e  2 3 : .Monthl y  mean s for total colour mea su rements and 
s ensory estimates o f  colour made on who l e  mi lk 
powders 

MONTH 

.1\Ug Sep Oct Nov Dec Jan Feb Mar Apr 

Total Colour 
(� g s-carotene 

/g fat ) 16 . 0  1 3 . 9  1 3 . 3  1 2 . 0  9 . 0  9 . 5 8 . 8  8 . 3  9 . 9  

Total Colour 
(�g B - carotene 

/g powder)  4 . 5  3 . 9  3 . 8  3 . 4  2 . 5  2 . 7  2 . 5  2 . 3  2 . 8  

Sensory 
Estimates 5 . 8  5 . 0  4 . 7  4 . 5  4 . 7  4 . 5 4 . 3  4 . 6  5 . 2  

The low correl a t ion between sensory and tota l co lour data 

might h ave been predicted s ince the total co lour ( expre s sed 

as B - carotene ) of a milk powder is independent of the 

powder ' s  physical character i s t ic s . Powders might have the 

same c arotene c on tent but di f f e r  markedly f rom each other 
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in terms o f  phy s ical s tructure , in par ticular the i r  par

tic le s i z e . T h i s  phys ical struc tur e  of the powder has a 

con siderab l e  e f fect on the perce ived colour . The l arger 

the partic l e  s i z e , the br ighter the powder colou r  appears .  

Thi s  aspec t o f  perce ived colou r  i s  not accounted for in 

the measurements for total colou r . 

Carotenoid p igments are concentrated in the mi lkfat o f  a 

milk powder .  When total colour i s  calculated a s  

� g s -carotene / g  powder ,  th is doe s  a l low for the e f f e c t  

tha t  differing fat content i n  the powder s  h a s  o n  the per

c e ived colou r . Therefore , the corre lation of the sen sory 

data with total colou r  data ( expre s sed as � g s -carotene / g  

powder ) might b e  expec ted to b e  h igher than with the 

s -carotene data ( expr e s sed as � g / g  fat) . Th is is c ertainly 

true for the data reported here . However , the e f f ec t  

wh ich the phy s i c a l  s truc ture o f  the powder has on perce ived 

col our is not accounted for in e i ther set of data . Henc e , 

nei ther coef f ic i ent indicates a c lo s e  relationship w i th 

perceived colou r . 

The e f fect tha t  part i c l e  s truc ture has on perce ived colou r  

can be shown u s ing mu l t ip l e  regre s s ion techn iques .  The 

sensory colour data were regres se d  on data from the 

s - carotene mea s urement s  and on to c alcul ated indi c e s  of 

partic le s i z e  d i s tribut ion . Thes e  i ndices ( described 

fu l ly earl ier ) were c a l culated f rom s ieve analy s i s  mea sure

ment s  made on the same powders .  They are a means o f  

representing t h e  partic l e  s i z e  d i s tribut�on o f  a powder i n  

o n e  or two mea s urement s . The f o l l owing equation 

( r 2 = 0 . 6 6 7 )  was found to best d e sc r ibe the sen sory 

e s t imates o f  c o l our in terms of the s e  measu rements . 

Colour = - 2 . 2 6 * + 9 . 5 2 * * *TC + 2 4 . 0 8 * * *d + 4 . 0 0 * * *6g . ) sv 
( Sensory E s t 1mate 

where TC = Total colour ( mg 8 -carotene/g powder ) 
dsv = Surface mean volum e  
ag = Slope o f  reg re s s ion l ine . 
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Thi s  equat ion , wh ich inc luded measurement s  of part i c l e  s i z e , 

was con s iderably c loser in des c r ibing sen sory e s t imates o f  

colour than the mea surements o f  total colour had been 

a lone , indic ating the sign i f ic an t  part that partic l e  

s truc ture played i n  the perception o f  colour . 

5 . 2  Rel a t ionships between Re f l ectance Measurements and 

Sensory E s t imate s of P owde r  Co lour 

The sensory data f or colour we re a l so corre lated with data 

from the re f lectance measurements made u s ing the Hunter l ab 

colorime te r . The Hunterlab L , a , b  va lues measure the three 

dimens ions wh ich make up perceived co lour . The L value 

indicates the wh i tene s s  or brightne s s  of an ob j ec t ,  the a 

value the red-green component o f  colour and the b va lue 

the b l ue -ye l low component of c o lou r . Because the Hunter l ab 

L ,  a ,  b s c a l e  approximate s perce ived colour , it wa s hoped 

that the rel ationships between the sensory data and thes e  

instrumental data would prove c loser than those with the 

total c o l our mea surements . To beg in with , sensory data 

were c orrel ated with data f rom each of the refl ectance 

measurements ( see Tab le 2 4 )  . 

Table 2 4 : Resu l t s  of direc t c orre l a t ions between the 
sensory e s timate s o f  colou r  in whole milk 
powders and Hunterlab r e f l ec tance measuremen t s . 

Hunter lab L value 
Hunter l ab a va lue 
Hunter lab b value 
Hunter l ab ' Ye l lowness 
Hunter lab ' hue ' value 

Index ' 

Correl ation Coe f f i cient . 
r 

- 0 . 5 2 9  * * *  

- 0 . 3 5 8  * * *  

0 . 7 7 0  * * *  

0 . 8 0 2  * * *  

0 . 4 4 6  * * *  
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Corre l a t ion coe f f i c ients for the L and a value data 

( r = - 0 . 5 2 9  and r = - . 3 5 8  respe c tive l y )  indicated an 

inverse rela tionship between these va lues and the 

perce ived colour . As powders became wh iter and tended 

towards green they were scored lower . Neither mea surement 

wa s a c lo s e  approx imation of the total change in c o l our . 

Corre l a t ion o f  the s en sory data with the b va lue data and 

then wi th the ' Ye l lowness I ndex ' data ( r = 0 . 7 7 0  and 

r = 0 . 8 0 2  respec t ively )  showed that as these va lue s increased 

the sensory score increased a l s o . The colour o f  who l e  

milk powd� r s  range s f rom cream through t o  pale ye l l ow 

and the s e  particular measurements were expec ted to be 
good indicators o f  colour changes in the powders .  The s e  

mea surements were made direc t l y  on m i l k  powder s amp l e s  and 

there fore took into account the e f f e c t  phys ical s truc ture 

had on c ol our , which the 8 -carotene mea surement s  had 

f a iled to do . Calcul ated va lues for ' hue ' a l so correlated 

s igni f i c antly with the sensory data ( r = 0 . 4 4 6 )  but 

not a s  h ighly as the b value data or the Y e l lowne s s  I ndex 

data . ' Hu e ' wa s ca lculated from both a and b value s . 

S ince the a val ue data were not highly correlated with 

the sen sory data , thi s may have accounted for the l ower 

c orre l at ion co� f f i c ient o f  the sensory data with the 

c alcu l ated ' hue ' va lues . 

Multiple regres s ion techniqu e s  were then used to f ind the 

c omb ination of measurement s  which b e s t  described perce ived 

c olour . In carry ing out the s e  regre s s ion analyse s ,  i t  

was f ound that the Hunter lab b va lues and the Hunte r l ab 

Yel lownes s  Index were very c l osely corre lated ( r = 0 . 9 9 2 ) . 

As in the partic l e  s ize data , two regress ion ana l y s e s  were 

made . I n  one regress ion analy s i s , the s en sory data were 

regre s sed on a l l  the Hun te r l ab data excluding the Hunterlab 

Yel lown es s  Index data and in the o ther analy s i s  the 
sensory data were regressed on a l l  Hunterlab data exc l ud ing 

the b va lue data . The equ a tion �1ich be s t  described the 



s e n sory e s t imates of  c o lour in terms of  the reflec tance 

mea sureme n t s  made u s ing the Hunter lab colorimete r wa s  a s  

follows : 

1 4 2 . 

Colour = 7 . 3 5 * * *  + 2 0 . 5 9 * * *Y I - 8 . 5 2 * * *  L + 2 . 4 2 *  a 
( S ensory E s t imat e )  

where YI = Hunterlab ' Ye l lowne s s  I ndex ' 
L = Hunterlab L va lue 
a = Hunterlab a value 

Th i s  equat ion inc luded data from three measuremen t s , the 

Hunter lab • Ye l lowne s s  I nd ex ' , Hunter lab L va lue and 

Hunterlab a value . The r 2 va lue (r 2 = 0 . 7 1 7 )  indicates 

tha t  a s i g n i f icant portion of  the s ensory e s t imates of 

c o l our was expl ained by these ins trumental measurements . 

The Hun ter l ab c olorimeter mea surements were made d irec tly 

on the whole milk powders and should have taken into 

account the ef fect partic l e  s i z e  had on c o l our . 

The s en sory data were then regres sed on r e f l ectance data 

. and data f rom. the c a l c u l a ted Lndices des c r ib ing the part i c l e  

s i z e  d i s t r ibution ( as was done with the tota l colour 

d a ta ) . The fol lowing equation ( r 2 = 0 . 7 6 1 )  best described 

the sen sory e s t imates of co lour : 

Colour = 4 . 7 5 * * *  + 1 1 . 7 0 * * *Y I - 4 . 7 2 * * *£ + 5 . 3 1 * * * a 
( Sen s ory E s timate ) + 6 . 5 3 * * *d 

S V  

where Y I  = Hunterlab ' Ye l lowne ss I ndex ' 
L = Hunterlab L va lue 
a = Hunterlab a value 

d sv = Surface mean volume 

Th i s  was a c loser exp re s s ion of the sensory estimates for 

c o l our than any comb ination of re f lec tance measurements 

had been . Both sensory and reflectance mea surements were 

made on the same powder samp l e s  pre sente d in exactly the 

same way . However , the mean surface vo lume (dsv) measure

ment s  rel a ted to some aspect of perc eived co lour which the 

re f l ec tance measurements alone were unab l e  to measure . 
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5 . 3  D i scuss ion 

The results of these corre lations and mu l tiple regres s ion 

techni q ue s  rei nforce the work of previous re searchers 

in the f ield o f  c ol our evaluation . The i n s t rumental 

mea su rements do not exactly f o l l ow the sensory e s t imat e s  

of  colou r . There a r e  obviously s ome f ac tors which are 

not accounted f o r  by the in strumental measurement s which 

are important in the perc�r tion o f  c o l our by the pane l i s t s . 

L i t t le ( 1 9 7 3 )  po i n ted ou t that the v i sual pro ces s  i s  a 

synthe tic - one , co l our b eing perce ived in i t s  tota l i ty 

by the s ub j ec t .  T h i s  worker con s idere d  ins truments to be 

analytical too l s  only , not ' e lec tron ic eye s ' .  At be s t  

they could mea sure dime n s ions important i n  the consumer ' s  

perception o f  c olour . The ins trumen t  is  u s e ful on ly to 

the degree tha t  it is  imita tive of what the con s umer 

perc e ive s . The reasons for the ins trumen t ' s deviation 

f r om what is perce ived may be var i ou s . One of  the c ommon

e s t  is that an i n s trume n t  may be more accurate than a 

pan e l i s t  in ide n t i fying sma l l  di f fe r ences b e tween samp le s . 

I n  genera l thi s  wa s found to occur w i th a l l  the instrumental 

mea su rements made in the present s tudy . 

When analysis o f  the data was carried out to show the e f f e c t  

tha t  seasonal changes had on the c o l ou r  o f  m i l k  powde r s , 

i t  wa s found tha t  mon th e f fects were h ighl y  sign i f ican t f o r  

a l l  instrument a l  mea surements . R e l at ively sma l l  chang e s  

occurring between the mon ths wer e  s ig n i f ic an t .  However ,  

anal y s i s  of  the s e nsory data showed that only the gros s  

changes in colou r  occurr ing a t  the beg inning and the very 

end o f  the dairying sea son were s e e n  as s ignif icant by 

the panel . F o r  example ,  the mon th l y  means for the Hunterlab 

' Ye l l owness Index ' (which had the h ighest corre lation 

coe f f i c ient wi th the sensory data ) indicated tha t  the 

f ir s t  f ive mon th s  were s ign i f icantly d i f f e rent f rom each 

other but tha t  the l a s t  four mon th s  did not di f fe r  s igni f i c 

ant l y . In  the s e nsory data , the f ir s t  two mon ths and the 
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l a s t  mon th only d i ff e red sign i f ican t l y  f rom the rest o f  the 

s e a son . Change s through to the mid - s e a s o n  period we re 

measured more acc urately by the Hun te rlab ' Ye l lown e s s  

I ndex ' measureme n t s  than by the sensory pane l . However ,  

th i s i n s trurnental mea surement fa i l ed to d i f ferentiate l a te 

s e a son powders which the pan e l  perce ived a s  being s igni f i c 

antly more yel low ( fo l lowing the total col ou r  trends shown 

in Tab l e  2 3 ) . F rom this , it appears tha t some of  the 

corre l a t ion coef f i c ients w i th the i n s t rumental measurement s  

may n o t  have been h i gher becau s e  o f  the g reater sens i tivity 

o f  the i n strumen t s . 

None o f  the instrumental mea surement s  o f  colour of fered a 

c omp l e t e  sub s ti tu t e  for perce ived c o l our in who le mi l k  

powde r . However ,  the re f l ec tance mea s u r ements were the 

b e s t  indicators o f  change s in the perce ived colour o f  

whole mi lk powde r s . O f  the s e  r e f l e c tance measurement s , 

the Hunter lab ' Ye l l own e s s  Index ' o f f e r s  the best s ingl e  

measure of  perc e i ved colour . Thi s  measuremen t  doe s not 

change i n  exact l y  the same fashion as the sen sory score s 

but woul d  be an a dequate mea sure o f  the u nderlying change s  

i n  c o l ou r .  Colour tolerance l imits c o u l d  b e  set ( the 

amount of change requ ired in the i n s t rumental measuremen t  

b e fore a s igni f ic a n t  change i n  the perce ived colour o f  

whole m i l k  powder s  occur s ) t o  make th i s  ins trumental meas u r e 

ment more imi tative i n  i t s  mea su reme n t  o f  perce ived c o l ou r . 

6 .  COMPARISON O F  S EN SORY AND OBJECT I VE MEASUREMENTS 

FOR VI SCOS ITY 

A numbe r  of mea su rements of v i s cos ity were made i n  the 

recon s t ituted mi lk s .  I t  was hoped tha t  the s e  mea sureme n t s  

wou l d  r e l a te t o  t h e  sens ory perception o f  v i scos i ty b y  

t h e  pane l . I n strume n ta l  mea surements were made u s ing a 

c api l l ary viscome t e r  ( see Methods 4 . 3 . 2 ) th i s  be ing a 
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measure o f  absolu te v i sc o s i ty of  the m i lk s . Measureme n t s  

o f  vi s c o s i ty were a l so made u s ing a Ferranti-Shir ley cone 

and p l a te v i scometer ( see Methods 4 . 3 . 3 ) a t  nine d i f ferent 

shear rate s . In the evaluation of v i s co s i ty , s tudies 

have s ugge s ted tha t  the shear rate operating in the mou th 

during the a sses sment of f lu ids var i e s  wi th the visco s i ty 

( Park inson and Sherman 1 9 7 1 ) . Low v i scos i ty f luids , such 

as recon s ti tuted m i l k  powde r s , are sub j ec ted to qu ite high 

shear rate s between the pa l a te and tongue . Because o f  

th is , i t  wa s hoped that the u s e  of  the Ferranti -Shir ley 

v i scometer might more nearly approx imat e  the percep t ion 

o f  vi scos i ty in the mouth than the cap i l l ary vi scomete r . 

6 . 1  Correla tion o f  S ensory E s t imate s o f  Visco s i ty w i th 

C api l lary Vi s c ometer Measurements 

Correl ation of sensory data w i th data from measurements 

made u s ing the c ap i l l ary viscometer showed a s tati stica l ly 

s igni f icant corr e l a ti on (r  = 0 . 2 4 8 ) a t  the 0 . 1 % level . A s  

the v i s c os i ty of  t h e  recon s t i tuted m i l k  increased , the 

s en sory score incre a s ed . However , a c lo s e  rela tionship 

b e tween the sensory e s t imates o f  v i s c os i ty and the instrum

ental d a ta was not ind icated . S ince th i s  wa s an absolute 

mea su rement of v i s c o s i ty , it had not b e en expec ted to 

r e la te c lo s e ly w i th s ensory perception o f  visco s i ty which 

involves qu ite h igh shear rates between the tongue and 

hard pa late . 

6 . 2 C orre lation o f  Sensory E s timate s o f  Visco s i ty w i th 

F erranti-Sh i rley Vi scometer Measurements 

S e nsory e s t imate s for yisco s i ty were correlated with data 

f r om each o f  the n in e  mea surements made u s ing the F errant i 

S h irely cone and p la te viscometer ( se e  Table 2 5 ) . 
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Tab l e  2 5 :  Results of direct corre lations b e tween s en s ory 
e s t imates of viscosity in recon stituted samp l e s  
and in s trumental mea surements o f  v i s co s i ty 
made us ing a Ferranti-Shirl e y cone and plate 
viscometer . 

Ferrant i - Shirle y viscometer :  5 0 0 s- l  
l O O O s= i 
1 5 0 0 s_

1 2 0 0 0 s_ 1 2 5 0 0 s_ 1 5 0 0 0 s  
l O O O O s= i 
1 5 0 0 0 s_ 1 1 8 0 0 0 s  . 

Correlation Coe f f i c i ent 
r 

- 0 . 1 3 9  * * *  

0 . 0 2 3  NS 
0 . 0 3 3  NS 
0 . 0 1 7  NS 
0 . 0 2 6  NS 
0 . 0 3 6  NS 
0 . 1 2 5  * * *  

0 . 1 6 0  * * *  

0 . 0 7 8  * *  

The s ensory data were found to correlate s igni f i cant ly w i th 

measurements made u s ing the Ferranti-Shirle y v i s c ome ter 

at a shear rate o f  5 0 0 s- 1 . Thes e  data very strangely 

indic ate an inverse relationship , as the ins trumental 

va lue increa sed the sensory score for viscos ity decreased . 

At these very low shear rate s , data f rom the Ferranti 

Sh i rl e y viscometer were not very accurate . The errors in 

the readings were almos t  as great a s  the readings them

s e lve s . Th i s  s ignif icant correl ation coe f f ic ient points to 

some o f  the dangers when correl at ions are be ing made with 

a l arge number of data points .  I t  i s  pos s ib le for data 
to become s i gn i f icantly correlated even when the val idity 

o f  the data i s  doubtful . 

O f  the rema ining measurements made us ing the Ferranti 

Sh i rl ey cone and pl ate v i s c ometer , on ly correl a t ions o f  

t h e  sensory e st imates with measurements made a t shear rates 

o f  1 0  0 0 0  s- 1 , 15  O O O s- l  and 18 O O O s- l  showed s ta t i s t ica l ly 

s igni f i cant corre l ation s . The correlation coe f f i c ients 

for a l l  three of these instrumenta l measurement s  indicated 
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d i rect relationsh ips b e tween the s e nsory e s t ima tes and 

the instrumental mea surements . As the instrumental ly 

mea sured visco s i ty increased , the s e nsory score f o r  

v i s c o s i ty increa sed . Measureme n t s  made at 15  0 0 0s
- 1

gave 

the highes t  s in g l e  correl a tion w i th the sensory data . 

I t  had been hoped tha t  the Ferran t i - Shirley measurement s 

woul d  be a good approx imation o f  the sen sory da ta becau s e  

o f  the reportedly high shear rat e s  ac ting in the mou th 

during the evaluation o f  l ow vi s c o s i ty f luids . However ,  

none o f  the c orre lation coe f f i c i e n t s  for these ins trumental 

data was very h i gh . Thu s , the r e l a t ionship between the 

in strumenta l mea surements and the s ensory e s tima te s o f  

v i scos i ty wa s n o t  a c l o se one for any o f  the s e  s e t s  o f  

data . I t  i s  interes ting t o  note tha t  the h ighe s t  corr

e l ations between sensory and in s trumenta l data were 

obta ined at h igh shear rate s . I t  a ppears that at the s e  h igh 

shear rate s , the in strument began to approach the proc e s s  

occurring in the mouth during the evaluation of  v i s c o s i ty . 

None o f  thes e  s ingle c orrela t i on c oe f f i c ients approached 

a level at which one cou l d  con s i de r  them as a s in g l e  in

d icator of change in samples . There were obvious l y  many 

o ther unexpl a ined factors wh ich had a s ig i f icant e f f e c t  

on the perception of  v i sc o s i ty i n  recon s t i tuted m i lk s . 

The use of  mul t iple regres s ion techniqu e s  was exp lored 

w ith the v i s c o s i ty data . As i n  the ref l ec tance and 

particle s i z e  d a ta , i t  was f ound that the read ing s made 

u s ing both the Ferrant i- Sh irley v i scometer and the 

capil lary v i scome ter were a l l  s ig n i ficantly corr e l a ted w i th 

e ach. othe r .  C on s equently , when s everal s e t s  of these data 

were included in the regress ion equation , the coe f f i c ients 

o f  the equ a tion cou ld no l onger be treated as par t i a l  

derivative s . B ecau se o f  th i s , t h e  use of  regres s io n  

techn iques t o  f ind the b e s t  exp re s s ion of  sensory e s t imat e s  

o f  visco s i ty wa s con s idered inappropriate . 
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6 . 3  D i scu s s ion 

From tiiese correlation s , it appeared that the pane l ' s  

pe rception o f  vi scos i ty in the recon s t i tuted mi lks was not 

at a l l  c lo s e ly related to v i scos ity as  mea sured by the 

i n s t ruments . Machines c annot appreci ate tex ture a s  

a huma n b e ing doe s , they c an only mea sure relevant phy s ical 

character i s t i c s  which are impl ica ted in the percept ion 

of texture . People a re endowed w i th phys iol og ical and 

p sychic equ ipment which makes it  pos s ib le to ' know • 

nuance s  of texture . D i f f i c u l t i e s  arise only when they 

w i sh to de scr ibe the s e  f orces further e i ther in qua l i ta tive 

o r quanti ta tive terms . O f ten the description of a degree 

of s ome textural mou th f eel reduce s  to a communication 

p roble m ,  the e f f ectivene ss of an adj ectival des c r i p t ion 

tran smi t ted f rom one person to another ( Corey 1 9 7 0 )  . 

The pre sent s tudy reinforc e s  the s e  views . A relat ively 

s impl e  tex tural attribute , such as visco s i ty , might be 

expec ted to corre l ate s ign i f icantly w i th .mea sured v i sc o s i ty . 

I t  i s  c lear tha t  there are ma j or d i f feren c e s  i n  wha t  the 

panel terrned ' vi s cos i ty • and the we l l -def ined phys ic a l  

v is c o s i ty measured b y  the ins trument . I t  i s  pos s ib l e  

tha t s ensory perception o f  visco s i ty re lated t o  such 

things as mouth f eel , the fat content of  the recon s t i tu t ed 

mi l k s  and the d i s tribution of  the fat g lobu le s . These 

factors migh t  we l l  g ive r i se to a rich , ' th ick ' feel to 

the milk wi thou t chan g i ng its instrurnenta l ly measured 

vi s c o s ity . Becau se the re were too many unknown f a c tors 

i n  the sensory percept ion of v i s c o s i ty , none o f  the 

i n s trumental measurements for vi sco s i ty cou ld be cons idered 

as a sub s t i tu te f or the sensory e s t imate s . 



7 .  CONCLUS IONS 

Correlation s were made between sen sory e s t imates of  
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part i c l e  s i z e  and mea surements o f  the particle s i ze d i s 

tr ibut ion . I n  both agg lomerated and non-agg lomera ted 

powders the va lue s f rom the s econd s i eve ( one of  the 

coa rser fract i on s )  had the greate s t  i n f luence on percept ion 

of  particle s i z e . I n  agglomerated and non- agg lomerated 

powders , th i s  fraction conta ined s l ightly d i f ferent par t i c l e  

s i z e s  and i t  appeared that the range of  partic l e  s i z e  in 

a powder inf luenced the j udgeme n t  o f  the panel is t .  

S e nsory data were a l so corre l ated wi th ca lculated ind i c e s  

des c r ib ing t h e  part i c l e  s i z e  d i s tribution . High c orre l a tions 

wer e  found b e tween s en sory e s t imate s of partic l e  s i z e  and 

c a l culated values of  med ian part i c l e  s i ze ( r = 0 . 8 8 8 )  

and mean su rface volume ( r = 0 . 8 9 0 ) . Mul t iple regre s s ion 

techniques were c arried out w i th the se data but the 

regre s s ion equation d id not expl a i n  much more of the sen sory 

e stimates of par t ic l e  s i ze than the s ingle corre lations 

o f  change s i n  the particle s i z e  o f  whole milk powder l ik e l y  

to a f fect c on sumer acceptance . 

Mea surement s  made to describe the particle s i z e  d i s tribution 

of the powde rs were a l s o  correl a ted w i th the :sensory 

e s t imates o f  free- f lowing properties in the powders . 

Thes e  corre lations f o l lowed a s im i l a r  pattern to tho s e  

corre lation s made w i th the par t ic l e  s i z e  data . The 

corre lation c oe f f icients were not as high as  in the 

particle s i z e  data i ndicating that o ther f actors i n f luenced 

the percepti on of fre e - f lowing properties .  As in e s tima t e s  

o f  particle s i ze , values from t h e  s econd s ieve ( one o f  the 

coarser frac t ions ) were important in the perception o f  

f ree- f l owing propertie s .  I t  was the mos t  important s in g l e  

va lue in percept ion o f  this a t t r ibute in agg lomerated 

powders but i n  the non-agglomerated powders values f rom 

the f i f th s ieve ( one of the f in e s t  f ractions ) were more 

important . S en sory e s t imates were agai n correlated w i th 



c a l c u l a ted indic e s  of  the partic le s i z e  d i s tribu t i on . 

Of  the three calcu l a ted indice s ,  the medi an par t i c l e  

s i z e  gave the h ighe s t  s ing l e  corre l ation coe f f ic ient 

( r = 0 . 7 1 7 ) . Thi s  was the h ighe s t  s ingle indic a tor 

of  change for the agg lomerated powders but the value 

from the f i f th ( 4 5  micron ) s i eve was a better i nd ica tor 

1 5 0 . 

of change in the non-agg l omerated powders ( r = - 0 . 7 5 1 ) . 

For the s e  data , the regres s io n  equat ion � 2 = 0 . 6 7 9 )  wa s 

a much c loser expression of  the pane l ' s  perception of  

free- f l owing properties than the s ingle mea suremen ts . Th i s  

regre s s i on equat ion inc luded c a l cu l a ted va lues f or the 

slope o f  the regre s s ion l ine ( o g )  , the mean surface vo lume 

( d  ) and an arb itrary score for powder type . 
sv 

I n strumental mea surements o f  c olour a l l  showed s ta t i s t ical ly 

s ign i f icant corre lation s w i th sensory e s t imates o f  colour 

f or the same powders . Data f r om the Hunterl ab D 2 5  

colorimeter gave the high e s t  s ingle correlation s w i th sensory 

data . The _Hunter lab ' Yel lown e s s  I ndex ' gave the h ighe s t  

correl ation coe f f ic ient w i th the sensory data and cou l d  

be cons idered· a s a t i s fac tory measure of  s en s ory change s 

in the co lour o f  milk powde r s . However , thi s  mea surement 

was s t i l l  not an exact expres s ion of perceived c o l our . 

I t  i s  pos s ible that these two s e t s  o f  data were not c l oser 

becau s e  o f  the greater acc.uracy of  the instrumen t  in 

determin ing sma l l  d i f ference s  between samp l e s . A mu l ti p l e  

regres s ion equ a t ion d i d  not exp l a in much. more of t h e  sensory 

e s timate s of c ol our than the s ing l e  corre lation coe f f i c ient s  

had don e . 

Re l at i onsh ips were a l so s ought between sensory e s t imat e s  

o f  v i s co s i ty in t h e  recons t i tu ted m i l k s  and the i n strumental 

measurements of v i scos ity . Corre l a tions between the 

instrumental mea surements and sensory e s tima te s o f  v i s c o s i ty 

were n o t  h igh . Measurements made w i th a capi l l ary visco

meter gave the b e s t  corre l a t i o n  ( r = 0 . 2 6 4 )  w ith s ensory 

e s t imates o f  viscos i ty . Thi s  correl ation coe f f i c i en t , 

a lthough s ta t i s t ical ly s ign i f ican t , was not h igh indicating 
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tha t  o th e r  unexp l a ined fac tors inf luenced the sensory 

j udgemen t  o f  v i s c o s i ty . The s e  data showed that wha t  the 

panel mea su r ed as ' vi scos i ty ' was in a l l  probab i l i ty com

po sed o f  a number o f  factors re lated to mouth feel , f a t  

c ontent e tc . ,  a n d  n o t  nece s sa r i l y  re lated t o  instrumenta l ly 

measured v i s co s i ty . None o f  the i n s trumental measurement s  

o f  visc o s i ty could be con s idered as  a direct sub s t i tute 

for the perce ived viscos i ty of the recons t i tuted m i lk s . 

To summa r i s e ; the ins trumenta l mea surements genera l ly d i d  

not rel ate c l o s e l y  t o  many of  t h e  s e nsory attribute s .  

The Hunt er l ab ' Ye l lownes s  I ndex ' and the mean surface 

volume of the particles were the only good indices o f  

colour and parti c l e  s i ze respe c t ive l y . Because o f  

th is , d a t a  from th ese two mea surements were u s e d  to s tudy 

the e f f e c t s  of s ea sonal chang e s  on the sensory propert i e s  

o f  whol e  mi l k  powders in add i tion t o  the sensory da ta . 



CHAPTER VI I 

SEASONAL EFFECTS ON SEN S O RY P ROPE RTIES 

1 .  INT RODUCT ION 

OF WHOLE MILK POWDERS 
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The New Zea land ' s  da iry indus try re l ie s upon thi s  country ' s  

equab le c l ima te . The indus try i s  b ased on the land ' s  

abi l ity t'o produce pas ture o f  suf f i c ie n t  qua l i ty to f e e d  

our dairy herds f o r  approximate ly n i n e ·  months o f  t h e  year 

wi thout the need for extra feeding o u t . Because the 

economics of the i ndus try depend upon the cheap production 

of m i l k , the industry is a seasona l one , re lying upon the 

g r owth of p a s ture from spring through to autumn to s upport 

th e dairy herds . 

Al though New Z e a l and h a s  a very moderate cl imate , 

pa s ture growth f rom spring through to autumn shows some 

d i s t inct changes .  There is a period o f  very f a s t  growth 

dur i ng the s p r i ng , the so-called s p r i ng ' f lush ' . Th i s  i s  

f o l l owed b y  a r e latively s table mid-season per iod 

l eading to a dry i ng up o f  the p a s ture in the late s umme r . 

Then beg ins another per iod o f  g rowth dur ing the e a r ly 

autumn before the winter sets i n . As the pas ture change s  

s o  doe s the m i l k  and the products mad e  f rom thi s  mi l k . 

The s e  changes l ead to the so-cal l ed ' seasonal e f f e c t s ' .  

One comp li c a t ing fac to r  is  tha t  i t  i s  d i f f icult to 

d i s t ingui sh between true c l imat i c  or seasonal e f fects 

and lactational e f fects . Cows are b rought into lactation 

to s ynchroni s e  wi th the pas ture g rowth and Do lby ( 19 6 9 ) 

obse rved th at i t  is o f ten d i f f i c u l t  to d i s tinguish b e twee n  

l a c ta tiona l  changes and those due to s easonal change s i n  
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p a s ture or o ther c o nd i t ions . However , e spe cia l ly when 

there are d i f ference s  in the intens i ty of change between 

one seas o n  and anoth e r , the obs erved e f fe c ts can be 

reason ab l y  a s s umed to be seasonal e f f e c ts only . 

Seasonal changes i n  the co lour o f  New Z e a l and mi lk f a t  

a re probably among the mos t  obvious and h ave been s tudied 

by several workers . Overseas workers , s uch as Buma e t  

a l .  ( 1 9 7 7 ) , have noted that mi lk produced f rom pas ture 

f ed cattle conta i n s  much h igher leve l s  of S -carotene , 

r e s ul t ing_ in a more ye llowi sh co lour , than mi lk from 

s ta l l  fed cattl e .  Because dairy cows i n  New Zealand are 

s ubs tant i a l ly pas ture fed , th is re s u l t s  in milkfat 

wh ich a t  certain t ime s of the season contains a marked 

ye l low co louration due to the pr esence o f  h igh concentrations 

o f  carotenoid pigme n t s  ( Keen and Udy 1 9 8 0 ) . lvorke r s , 

s uc h  a s  McDowe l l  ( 19 5 6 ) , have shown that the caro tene 

content of New Z e a l and mi lkfat decre a s e s  f rom a maximum 

in the early spr i ng to a min imum in the l ate summer 

( February ) with a s ubs equent increas e  through the autumn . 

McDowe l l  ( 1 9 5 6 ) found that this r i s e  i n  the carotene 

content in the autumn a l  period was not obs erved in a l l  

season s . Thui , i t  wa s assumed that thi s  was a s e a s on a l  

rather than a lactat ional e f fect . H e  b e li e ved tha t  the s e  

s easona l d i f ferences in the carotene were due to the 

avai lab i l i ty of c a ro tene in the pas ture . However ,  

McGi l l ivray ( 1 9 5 6 ) f ound that ava i l ab l e  carotene was 

h igh throughout the s eason . Thi s  worker believed that 

the lower caro tene conte nt i n  the produ c t s  re sulted f rom 

decreased ut i l i z a t i o n  of carotene f rom s ummer pas tur e s  

r a ther than from a d e f ic iency of  carotene in the d i e t . 

I t  was thought that d uring the late s ummer period s ome

thing int� r fe r ed wi th the uptake o f  carotene . 



Other seasonal chang e s  in the mi l k f a t  have not bee n  

s tudied i n  such de tai l .  Do lby ( 19 6 9 )  s tated that 

c h anges in the mi l k f a t  compos i tion f o l low the ch ange s 
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i n  the pas ture gras s e s . The l ip i d  content of  the g ra s s e s  

i s  h i gh and uns a turated i n  the spr ing but changes to a 

l ower and more s aturated lipid content a s  the gra s s  

matures . McG i l l ivray ( 19 56 )  po inted out that ove r the 

s ea s onal per iod there was decreas ed up take of pas ture 

f a t s . Whether this resulted from a decreased uti l i z ation 

o f  fats and f a t - s o lub l e  mater i a l s  or from decreased 

leve l s  o f _ f a t  i n  the mature pas ture was not known . 

The s e  seasona l changes in the p as ture mus t be r e f l e c te d  

in the mi lk and mi lk products . How the s e  seasonal 

changes a f f e c t  who le mi lk powder had not previous ly b e e n  

s t udied . I n  particu lar , it  was o f  i ntere s t  to see how 

they a f fected the sen s ory prope r t i e s  of who l e  mi l k  powder s .  

Bec ause who l e  mi lk powder is  a f at - containing produc t ,  

o ne would exp e c t  th at s easona l change s seen in mi l k f a t  

products wou ld b e  r e f lected i n  thi s produc t  also , i f  t o  

a l e s ser degree . Thus , one ob j ec t  o f  the present s tudy 

was to mea sure chang e s  in the sensory propertie s of who le 

mi l k  powders d ue to seasona l var iation . To attain thi s  

o b j e c tive , commercial samp l e s  o f  who le mi l k  powder were 

tes ted by a trained sensory pane l throughout the 1 9 7 9 / 8 0  

and 1 9 8 0/ 8 1  dairying season . 

2 .  BACKGROUND T O  1 9 7 9 / 8 0  AND 1 9 8 0 / 8 1  DAI RYING S EASONS 

The New Z e a l and dairy ing s eason has a d i s tinctive p a ttern 

wi th a spr i ng ' f lush ' , a re lat ive ly s table mid- season 

per iod and then a per iod o f  change i n  the autumn . However , 

the pre c i s e  t iming and inten s i ty o f  the se changes are 

dependent o n  the c l imat i c  changes i n  a particular s e as on . 
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The 1 9 7 9/ 8 0 and 1 9 8 0 / 8� d airy ing seasons were qui te 

d i fferent c l imatic a l ly . The spr ing o f  1 9 7 9  was ve ry dry , 

de l ay ing the e f fects o f  the spr ing ' f lush ' . There wa s 

the n  a relatively stable mid- se ason period fol lowed by 

d i s tinct changes in the f inal month of the s eason . 

Autumn came rathe r l at e  i n  the season but when i t  came 

change s i n  the pas ture we re quite abrup t . 

On the o ther hand , the spring o f  1 9 8 0  was both ear ly and 

very wet . The e f fe c t s  o f  the spr i ng ' f l ush ' occurred 

r e la t ive ly ear ly . The d i fferences in the ear ly s eason 

e f fects were exacerb a ted by the timing _of the f i r s t  s amp le 

te s ted . Dur i ng the 1 9 7 9/ 8 0  season , powd e r s  were t e s ted 

f rom the end of the f i rs t  week i n  August onwards . During 

thi s  season , the spr ing ' f lush ' came r e l atively l ate , so 

the s e  samples s howed the ear ly s eason e f fects very 

c learly . In  the s e cond season , the f i r s t  p owders tes ted 

were proces sed in the th ird wee k  of Augus t .  Thus , there 

w a s  a d i f f erence o f  two weeks· between the f i r s t  powders 

t e s ted i n  the 1 9 7 9/ 8 0  s e ason and the f i r s t  powd e r s  te s te d  

i n  the 1 9 8 0/ 8 1  season , a cons iderab l e  pe r iod of t ime duri ng 

t h i s  critical per iod . Not only was there a fortnigh t ' s  

d i f f erence in the t ime for the proces s i ng o f  the f i r s t  

who le mi l k  powder s  b u t  a l s o  the w e t  spring o f  1 9 8 0  made 

th i s  lag time longe r ( in c l imat i c  term s ) . Consequently , 

the f ir s t  powder s t e s te d  in the s ec ond s eason were cons id

erab ly late r  i n  the s e a sona l p attern than the corre sponding 

powders i n  the f i rs t season . 

The mid -s eason period f or the 1 9 8 0/ 8 1  dairy ing s eason 

was again re l atively stable , as  i t  h ad been in the previous 

s e a son . However , the autumna l  change s were not near ly a s  

marked a s  they had b e e n  the s e ason be fore . The l a te s ummer 

a nd autumn o f  the 1 9 8 0/ 8 1  season were unusua lly we t ,  

e s pecia l ly in the Waikato - a region where three o f  the 
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par t i c ipating f a ctories are s i tuate d . There was much 

lusher p a sture avai lable throughou t  the late summer a nd 

ear ly autumn tha n  i s  usua l . Thus , there were no marked 

changes in the p as ture during thi s  period , as  wou l d  o ccur 

with the onset of autumn rains a f te r  a re lative ly dry 

s ummer . 

There we re s ign i ficant s easona l e f f e c t s  in d ata from 

bo th se asons . A l though the patterns for the two s ea s o n s  

were simi lar t h e  degree o f  change was dif ferent , be ing 

a r e f lection of c l imatic d i f feren c e s  between the two 

s ea s ons . 

3 .  MET HODS 

3 . 1  Sampl ing Me thods 

Dur ing the
-

f ir s t  season , samples of who le mi lk powder 

were obtained week ly from participating f ac tor ie s  ( as 

d e s cribed i n  Methods 2 . 2 ) and eval uated by the pane l . 

I n s t rumental mea s urements o f  colour , parti c le s i z e  and 

v i s cos ity were a l so made on both powders and reco ns ti tuted 

m i l k s . One hundred and twe lve mi l k  powder samp l e s  were 

tes ted during the 19 7 9/ 8 0  season . Ana lys i s  of the data 

from the se powd e r s  showed s igni f icant s e asonal e f f e cts 

occurring , part icularly dur ing the early and l ate s ea s o n  

p er iod s . Howe ve r , on ly a few f ac tori e s  were p rodu c i ng a 

l imited number o f  powder spec i f ic ations during the s e  

earl y  and l a t e  se ason periods . Becau s e  o f  thi s , t h e  d a t a  

f rom these pe r io d s  in the f ir s t  s e as o n  were very s p a r s e  

and gave on ly a h int o f  po s s ible trends . 

During the se cond season , the aim was to s tudy as many 

who le milk powders as  p o s s ible f rom the beginning and 

e nd o f  the dairy season ( where mos t  change appeared to 

occur) . The a im of thi s  work wa s to determine whe ther 
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s igni f icant s easonal changes did occur in the aroma , 

f l avour and texture o f  who le mi lk powder during the f i r s t  

a nd l a s t ten weeks o f  the dairy season . Participating 

f actor ies were asked to supp ly samp l e s  o f  powders every 

s e cond day f rom mid - Augus t to late October and aga i n  

f rom mid-February to the e n d  o f  the s eason . During the 

mid - season period who l e  mi lk powders were tes ted once 

a fortnigh t ,  to give i n formation supporting the data 

f r om the 1 9 7 9 / 8 0  da iry ing s ea s on . 

Two hundred and seve nty e ight powders were tes ted dur ing 

the 1 9 8 0 / 8 1 da irying s eason . One hundred a nd twenty two 

o f  these powders tes ted were proces sed dur i ng the f i r s t  

ten weeks o f  the season , one hundred and twenty two powders 

during the l a s t  ten weeks of the s eason . The maj or change s 

wh ich occurred in s amp l e s  te s ted dur i ng the 1 9 7 9/ 8 0  s e a s on 

were in the s ensory proper ties . Te s ting for thes e  powders 

f r om the 1 9 8 0 / 8 1  season concentrated on the s e nsory pan e l  

work . Powders were evaluated f o r  characte r i s t i cs o f  

sweetne s s , butterine s s , cooke�/carame l i s e d , lactone , 

oxidi s ed , feedy , tai n t , age- re l a ted and vitami n i z e d . 

The texture o f  the recon s t i tu te d  mi l k s  was a lso eva luated 

for attribute s of  v i s c os i ty and a s tr ingency . A l imited 

number o f  i n s trumental meas urements for c o l our , par t i c l e  

s i ze and v i s cos ity we re a ls o  made . 

3 . 2 Me thod o f  Stat i s tica l Ana lys i s  

I n  s e tting up thi s s tudy , i t  had been de cided that a s t udy 

o f  commerc i a l  who l e  m i l k  powders wou l d  be o f  mos t  va lue to 

the dairy i ndus try . However , thi s  posed considerab le 

pro b l ems i n  the ana ly s i s  of the data . Who le mi lk powder is 

not a commod i ty product i n  New Z e a land . It i s  a product 

whi ch is  made to New Z e a land Dairy Board non s tandard 

purchase orders . Thi s  means that who l e  mi lk powder i s  

made only to meet spe c i f i c  customer orders . Powders a r e  not 
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made a t  s teady i n terva l s  throughout the season . Consequent

ly , there was no contro l  over wha t  was made at a certain 

point of the s ea s on , nor wa s there any c ontrol ove r whe n  

produc tion s tarted o r  ceased . 

Becau s e  of  a l l  the s e  limitations , the data f rom th e two 

s easons were very s cattered . This p l aced severe r e s t r i c 

t ions on th e type o f  stati s tical analys i s  which could b e  

u sed . To analyse a l l  the data a DS I R  S tats Pac prog ram 

c a l l ed Anovar ( App l ied Mathematics D i v i s i on , D S I R ,  P a lmers ton 

North ) was used . Thi s  program wi l l  carry out an analy s i s  

o f  variance o n  ve ry s ca ttered data for the main e f fects 

only . Al though th i s  program wi l l  ana l y s e  the data for the 

main e f fects , conf ounding s ti l l  remai n s  in the s e  mai n  

e f fe c t s . Thus , i f  there i s  a s igni f i cant s eason or month 

e ff e c t  this may be i n f l uenced by other e f fects if they 

too are s igni f icant . For examp l e , i f  a certain powder i s  

perceived a s  very i n tense for a certa i n  characteri s ti c , 

the month e f fe c t  w i l l be i n f l uenced by when the s e  powd e r s  

were te sted . Con s equent ly a l l  s igni f icant ef f ec t s  h a d  to 

b e  treated wi th s ome caution and with c areful s tudy of 

o ther f actors which s ig n i f i cant ly af f e c ted the s ame 

a ttribute . 

I n  ana lys ing the s en sory data , i t  was not pos s ib l e  to s how 

how i nd ividual p a ne l i s t s  were responding to di f ferent 

s ampl e s . However , in the ana l y s i s  of each sensory attribute 

the p a ne l i st s co r e s  were used a s  the s ub - samp l e s  s o  tha t  

a l l  e f fects were c le ar o f  any pane l var i anc e .  In addit io n , 

by us ing the pane l i s t  scores a s  s ub - s amp les , i t  was 

pos s ib l e  to e s t imate the ' lack of f i t '  in the data . Thi s  

' lack o f  fit ' f igure i n  the analys i s  o f  vari ance t ab l e  

ind i c a ted whether an a ttribute wa s be ing ful ly exp l ained 

by the three mai n  e f fects o f  f actory , speci f ication and 

month . A s ign i f i ca n t  ' lack of f i t '  f ig ure could i nd i c a te 

interactions o f  the s e  f ac tors or unknown e f fects . Mor e  
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importantly i n  the sensory data , i t  indicated that the 

pane l i s ts ' r e sponse s to s amp l e s  were not the s ame , that 

there was a s igni f icant amount of pane l variance oc curring . 

The Anovar program u s e s  adj us t e d , rather than true , 

mean s  to carry out t e s t s  o f  the means . Adj us ted me ans 

have been reported throughout to show the change s occur r i ng 

in the d i f ferent attributes wh ere 

True Mean = Covar i ant Hean + Adj us ted Me an 

A l though .the adj usted means show the d ir e c ti on and s ig n i f 

i c a nce of the changes o ccurri ng , they c a n  become minus 

f igur e s . It mus t be remembered that it is the r e l ative 

change be tween means whi c h  is  important , not the actual 

v alue o f  the mean . 

There were some d i f f e rences between the 1 9 7 9 / 8 0  and 1 9 8 0/ 8 1  

se a s o n s  i n  the way i n  whi ch the data from the ' other ' 

c h arac ter i s t ics were analyse d . The ' other ' categories 

were optional. in the f ir s t  s ea s on , each attribute h ad to 

be spe c i f ied by the panel is t  and scored . I t  had not been 

t hought that this was a very important aspect o f  the 

p owders when this que s ti onnai re was devised . However , 

contr ary t o  expecta t i o n , the s e  categor i e s  became very 

impor�ant ,  especial l y  in def in i ng the e f fects of certain 

p roce s s ing changes . Whe n  the data were c o l late d  from the 

1 9 7 9 / 8 0  season , it  was f ound that the ' other ' categori e s  

wou l d  divide readily i n to f ive catego r i e s  - l a c tone , 

o�idised , feedy , t a i n t  and age - r e l ated . Because pane l i s t s  

h a d  h ad to s?ec ify a t t r i bute s , i t  was n o t  f e l t  j us ti f ied 

to u s e  unspec i fied characte r i s tics as  though they were a 

z e r o  score . I t  was f e l t  that to do that would g ive an 

u n j u s t i f ied number of degree s o f  freedom to the a n a ly s i s  

which might make e f f ec t s  seem s igni f icant which were not . 

I ns t ead , the total s c o r e  for each attribute in each powde r  
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was used for the s e  ana lyse s .  Thus , the s ign i f icance o f  

e f fects was due t o  to tal var iance i n  the powders . Because 

the total var iance in the powders was u s e d , the adj u s ted 

means in the se particular analys e s  d i d  s ometime s exceed 

lO ( a  o � l o scale being in us e by the sensory pane l )  . 

Be fore the 1 9 8 0 / 8 1 season began , thi s  ' other ' category 

was re-de f i ned by the panel . Because i t  had proved so 

important during the l 9 7 9 / 8 0  season , i t  was decided to 

d e f i ne the s e  characte r i s t i c s  more f u l ly . Ins tead of 

leaving i_t to the p ane l i s t s  to spe c i f y  the character i s ti c , 

the re were now s ix de f i ne d  character i s t i c s  of : lactone , 

oxidi sed , feedy , v i tamini z e d , taint a nd age- related . The 

v i tami n i zed charac ter i s t i c  was added i n  the second s ea s o n  

s ince i t  wa s found during the 1 9 7 9 / 8 0  sea son that powder s  

contai n i ng added v i tamins h ad character i s t ic aroma and 

f l avour attribute s .  Becaus e these charac teristics were 

n ow de f i ned , it was pos s ib l e  i n  the s econd season to 

a naly s e  the se data i n  the norma l way , u s i ng pane l i s t  scores 

a s  the s ub - samp l e s . Thi s  res u l ted in adj u s ted me ans 

which were much sma l l er than thos e  from the 19 7 9 / 8 0 season 

by a p ower of  ten ( the numbe r  o f  pane l i s t s ) .  So  that 

c omp ar i sons be tween the two sets of means cou ld be made 

more eas i ly , a l l  the adj us ted means for the ' other ' or 

' addi t i on a l ' categories in the second s eason have been 

mult ip l ied by ten .  

4 .  SENSORY P RO PE RT I ES UNAFFECTED BY S EASONAL CHANGES 

Data from each o f  the sensory attributes evaluated duri ng 

the 1 9 7 9/ 8 0  season were ana lysed separate ly . Whi le the 

colour of the powders was s ignif i ca n t ly a f f ec ted by 

s easo na l change s ,  i t  was f ound that the particle s i ze 

and f r ee - f lowing p rope r t i e s  o f  the powders were a f f e c te d  

o n l y  b y  proce s s i ng condi tions . Thes e  two appearance 
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charac t er i s ti c s  were dependen t  on the phy s i c a l  s tructure 

of the p owder ( whether i t  was agg l omerated or non - agg lom

erate d ) but not on c l imat i c  ch ange s during the s ea son . 

Ind i c e s  o f  the partic l e  s i z e  d i s tr ibution were a l s o  

analys e d  because of  the i r  c l o s e  corre lation with s e nsory 

percept i on o f  the se attribute s . Ana ly s i s  o f  the s e  

data a l s o f a i l ed t o  show any s easona l e f fects , proces s ing 

var i ab l e s  being the key to change s i n  the s e  meas urements . 

. 

Seasona l e f fects we re very important in the swee t ,  

buttery and cooked/carame l is e d  notes wh i ch made up the 

' bas i c ' pro f i l e  of the who l e  m i lk powder aroma and 

f l avou r . Howeve r , seasona l e f fects were very wea k  or 

disappe ared enti re l y  in the ' other ' or ' addi tiona l '  

catego r i e s  o f  aroma and f lavour . These categori e s  were 

found to be crucial in eva luating the e f fects of vi tamin 

and i ron addi tion . Any s l ight seasonal e f f ects in the s e  

attr ibute s  we re overshadowed by p rocess ing e f fe c ts . 

5 .  S EASONAL EFFECTS ON P HYS ICAL P ROPE RT I E S  OF MILK POWDERS 

Ana ly s i s  of the s easona l data showed s trong seas on a l  

e f f e c t s  occurri ng in who l e  m i l k  powders , e specia l ly i n  the 

phy s i c a l  properti e s , s uch as the co lour o f  the powders . 

Thes e  s e a sonal e f fects were a l s o  evidence d in th e  texture 

o f  the r econs tituted mi l k s , in the eva luation o f  vi scos ity 

a nd a s tr ingency . 

5 . 1  Co l our - Sensory Data 

Analy s i s  of  s ensory data for co lour in who l e  mi lk powders 

( shown i n  Appendix 3 )  showed a h i ghly s ig n i f ic ant season a l  

e f fe c t .  There was a l s o  a s ign i f icant ' lack o f  f i t ' value 

whi ch s ugges ted that the panel re sponse to thi s  attribute 

was no t uniform . 
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Ther e  was a sharp drop i n  the perce ived colour at the beg

i n n i ng o f  the seas o n , co lour then s tabi l i sed mid- se a s on , 

only to r i s e  agai n  in the last month o f  the season ( see 

Tabl e  2 6 ) . The s e  month e f fects wi l l  have been inf luenced 

by the powders te s ted during a particul ar month . However ,  

the genera l trend fo l lows the s e a s o n a l  pattern i n  the 

colour of New Zea land mi lkfat repor ted by previous worke rs 

( McDowe l l  1 9 5 6 ) . Because the s e a s o n a l  pattern shown 

by the s e  data mere ly conf irmed the observations of previous 

workers , only l imited evaluations of colour were made on 

who le milk powders d uring the 1 9 80 / 8 1 season . The s e  

eva lua tions were made t o  s upport the hypothe s i s  o f  a 

re l a t ively s table mid - season p er iod . I n  f ac t ,  the monthly 

means ( see Table 26 ) showed s ig n i f i cant di f ference s .  

These d i f ferences did not f o l low any obvious seasonal 

p a t tern and w i l l  have been due to the type s of  powders 

te s ted within each month ( non-agglomerated powders wer e  

scored s igni f icantly lower than agg lomerated powders ) .  

Table 2 6 : Month ly means from the 1 9 7 9 / 8 0  and 1 9 8 0/ 8 1  
s easons f or co lour in who l e  milk powders 

HON'l'H 

Aug S ep Oct Nov Dec Jarf Feb Mar Apr 

19 79/80 s eason 5 . 8  5 . 0  4 . 7  4 . 5  4 . 7  4 . 5  4 . 3  4 . 6  5 . 2  

1980/81 s eason 5 . 3  5 . 1  4 . 3  5 . 4  4 . 4  

- indicates no powders testing during that month 

* * *  

* * *  

Data from the 1 9 7 9 / 8 0  season were s p l i t  into data f rom 

v i tamini z e d  and non-vitamini z ed p owder and re-ana ly s e d  ( see 

Appendix 3 ) . The s easonal trend f o l lowed the s ame p a t te rn 

i n  both v i t aminized and non-vi t aminized powders . Thi s  

e f fect was not changed b y  the addi tion o f  vitami n s , 

a l though the phys i c a l  s truc ture o f  the powder had a con

s idera b le e f fect on the perce ived co lour . The month ly 



means f o r  the two groups o f  powders fo l lowed a very 

s imilar p at tern to that shown by the comp l e te 1 9 7 9 /8 0 

s easonal data ( see Tab le 2 6 ) . 

The spr ing o f  l9 7 9  was very dry and the spring ' f lush ' 
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c ame r e lative ly late . Thi s  may have accentuated the 

s easonal e f fect o f  c o l our in whole m i l k  powders . Total 

co lour de terminations made d ur ing thi s  period of the 1 9 7 9 / 8 0  

dairying season i nd i c ated very much higher ( 19 � g 

S -caro tene/g f a t )  total c o l our in the p owders th an i n  the 

s pring o f  the 1 9 8 0 / 8 1 season ( 1 5 �g S - carotene/g f a t ) . 

Thus , a lthough thi s  s e asonal pattern certainly exi s t s , i t  

may we l l  be intens i f ied b y  the c l imat i c condi tions o f  a 

particu lar seaso n .  Where co lour i s  important to the 

consumer ( in certain marke tp laces ye l low dairy produc t s  

are cons idered i n f e ri or ) i t  wou ld s e em that who le mi l k  

powder from the mid- s eason pe riod shoul d  be marketed 

rather than powder f rom ear ly or late se ason periods i n  

which the co lour may we l l  b e  s igni f i c an t ly ' ye l lower ' 

and become obj ec tionable to the cons umer . 

5 . 2  Co lour - Hunter lab ' Y e l l owne s s  I nde x '  

Re f lec tance measurements made us ing the Hunterlab 0 2 5  

co lori meter for the ' Ye l lown'es s  I ndex ' i n  who le mi lk 

powders were the closes t instrumental approximation o f  

perc e i ved co lour . Analys i s  o f  data from these measure

ments ( se e  Appen d i x  3 )  showed a high ly signi f i cant seasona l 

e f f ec t .  

The month ly means ( shown i n  Table 2 7 )  i ndicated a s te ady 

decrease i n  the ' Ye llown e s s  Index ' as  the s eason p rogre s sed . 

The mos t  marked changes occurred i n  the f irst f ive mon th s , 

thes e  f i r s t  mon ths be i ng s igni f i ca n t ly dif ferent from the 

rest of the s ea s on . I nteres ting ly , the means for the f i r s t  



two mon ths . were not s igni f ican t ly d i f ferent from each 

other , a l though very d i f ferent from the res t o f  the 

s e a s on . Di f ferences be tween powders from the s e  f i r s t  

two months h a d  been perce ived b y  the pan e l  a s  h igh ly 

s ig n i f i can t .  The l a s t  four months of the s eason 
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s howed l i t t l e  change i n  the ' Ye l lowne s s  I ndex ' .  There 

was no sign in these i n strumenta l d ata of the s igni f i cant 

i ncrease in c o lour perceived by the pane l in Apri l ( the 

f in a l  month o f  the s e a s o n ) . 

Table 2 7 : Month ly means from the l 9 7 9/ 8 0 season for the 
Hunter lab ' Yel lowne s s  I ndex , . in the who l e  
mi lk powders 

Aug S ep Oct 

M O N T H  

Nov Dec Jan Feb Mar Apr 

1979/80 Season 3 6 . 5  3 5 . 6  3 4 . 4  3 3 . 1  3 2 . 4  3 0 . 4  3 0 . 7  3 0 . 9  3 0 . 1  * * *  

The s e  ins trumental d a ta showed a s imi l ar seasonal trend to 

that o f  the sensory co lour data . Ther e  was a general 

downward trend from a h igh point at the begi nning o f  the 

s e a so n ,  the ' Ye l lowne s s  Index ' s lowly decreasing to the 

e nd of  the s eason . However ,  there were also d i f ferences 

between whi c h  months were seen as  di f f er ing signi f i cantly 

f rom each other by the instrument a l  and sensory d a ta . Thi s  

s uggested s ome reasons why the correl a tion coe f f i cient 

between the two s e ts of  data ( r = 0 . 8 0 2 )  was not h igher . 

5 . 3  Vi sco s i ty 

Analy s i s  o f  data f rom the 1 9 7 9/ 8 0  dairying season f o r  

viscos i ty showed a highly s ig n i ficant seasonal e f fe c t  ( see 

Append i x  5 ) . The month ly me ans for these data ( sh own i n  

Table 2 8 )  showed a s li gh t  r i se i n  t he perce ived v i s c o s i ty 

during September . Perceived v i s co s i ty appeared to increase 
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through the l a s t  f our months of  the s eason but the greate s t  

increas e i n  thi s  a ttribute occurred i n  Apr i l  ( the las t 

mon th o f  the s e a s o n )  . Th i s  s igni f i cant s ea sonal e f fe c t  

occurred in both non-v i t amini zed a n d  vi tamini z ed powders 

b e i ng una f f e c ted by the addi tion of vitamins and miner

a l s . There was no s igni f icant spe c i f ication e f fe c t  in 

the s e  data and it appe ared that the perce ived viscos i ty of 

the recons ti tuted milks was una f f e cted by the phys i c a l  

s tructure o f  the powder . 

Table 2 8 : Month ly me an s f rom the 1 9 7 9 / 8 0  and 19 8 0 / 8 1  
s e a s o n s  for viscosity i n  recons tituted mi lks 

MONTH 

Aug S ep Oct Nov Dec Jan Feb Mar Apr 

19 79/80 Season 3 . 5  3 . 9  3 . 6  3 . 8  3 . 6  4 . 0  4 . 0  4 . 0  4 . 7  

1980/81 Season 3 . 6  3 . 8  3 . 8  4 . 2  4 . 2  4 . 0  4 . 2  4 . 2 4 . 1  

Vi scos i ty data f rom the 1 9 8 g/ 8 1  s e as on showed a h ig h ly 

s igni f icant seasonal e f fect ( s ee Append ix 6 ) . Ana ly s i s  

* * *  

* * *  

o f  data from the early and late s ea son periods f a i led to 

s how any change occurring ( see App e ndix 6 ) . The month ly 

means for the complete data f rom the 1 9 8 0/ 8 1  season ( shown 

i n  Table 2 8 ) s ugge s t  the reasons f o r  thi s  lack o f  e ar l y  and 

l ate season e f fects . The perce ived vis cos i ty o f  the 

recons titute d  m i lk s  was low a t  the begi nn i ng of the season . 

I t  ros e i n  November ·and was r e l a t ively s table for the re s t  

o f  the season d ropp ing back s l ight ly i n  the f i na l  mon th . 

Thus , the ten-week period at e i th e r  end o f  the season was 

r e latively s table . 

The vi scos i ty o f  the reconst i tuted mi l k s  was s i gn i fican t ly 

l ower dur ing th e early season p er i od than later i n  the 

s eason . V i s c o s ity appeared to change abrup tly r a ther 

than gradu a l ly over s everal mon th s . Thi s  change i n  the 



1 6 6 . 

visco s i ty occurred in January o f  the 1 9 7 9 / 8 0  season and in 

Novembe r  of the 1 9 8 0 / 8 1  season . The precise timing of 

this change wi l l  have bee n  influenced by the c l imatic 

conditions of the individual seasons . There was no s ign 

in the sec ond sea son ' s  data o f  the sharp inc rease in the 

perce ive d  visco s i ty of the reconstituted milks which 

occur red in the last month o f  the 1 9 7 9 / 8 0  dairying season . 

This marked change in visco s i ty appe ared to be as sociated 

with the late season changes i n  the composition o f  the 

mi lk . These change s are quite dramatic during the late 

autumn , in pa rticular changes in the protei n : lac tose 

ratio ( o f ten almo s t  overnight ) .  Dur ing the 1 9 8 0 / 8 1  season , 

the partic ipat ing factories made certain proce s s i ng ad j u st

me nt s which may have he lped to minimize the late season 

e f fects . These ad j u stments were not made during the 1 9 7 9 / 8 0  

dairy ing season . I n  addi tion , the second se aon was very 

d i f fe rent cl imatica l ly , the l ate summe r and early autumn 

we re unusua l ly wet and th is may a l s o  have af fec ted the 

seasonal trend . 

5 . 4  Astr ingency 

Ana ly s i s  of data f rom the 1 9 7 9 / 8 0  dariy ing season for 

astringency showed that in this textural attribute there 

wa s a l s o  a h ighly signif icant sea sonal ef fect ( see Appendix 

7 ) . Month l y  means ( shown in Tab le 2 9 )  showed a s ign i f icant 

r i s e  ln astringency during the s ixth month but the 
greate s t  r i s e  in astr ingency oc curred during the last month 

of the season , coinc iding with the r i se in the perce ived 

v i s c o s i ty of the recons ti tuted mi lks . Data f rom the 

vitamini zed and non-vitami n i zed powde rs showed s ig n i ficant 

seasona l e f fects  also . T re nds shown by the monthly means 

for these powd e r s  we re s imi lar to tho se shown by the comp lete 
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seasonal data . Th i s  e f f e c t  was apparently a phys ical one 

whi ch was not af f e c ted by the add i tion of vi tamins and 

minera l s . 

Tab le 2 9 : Honth ly means f rom the 1 9 7 9 / 8 0  and 19 8 0/ 8 1 
seasons for a s tringency i n  recon s t i tuted mi lks . 

MONTH 

Aug Sep Oct Nov Dec Jan Feb Mar Apr 

197 9/80 S eason 2 . 6  3 . 6  3 . 2  3 . 5 2 . 9  4 . 0  3 . 2  3 . 0  4 . 8  * * * 

1980/81 S eason 2 . 9 3 . 2  3 . 5  3 . 9  3 . 5  3 . 9  3 . 8 3 . 8  3 . 5  * * *  

Data f rom the 1 9 8 0 / 8 1  dairy season again showed this highly 

s igni f icant s e a s ona l e f f ect in the as tringency of the 

reconsti tuted mi l k s  ( see Appendix 8 ) . The monthly me ans 

for the 1 9 8 0/ 8 1  dairy ing season ( shown in Table 2 9 ) 

s howed a steady increase in astring ency during the f i r s t  

three months o f  the season , a sharp r i s e  i n  November b e f ore 

d ropp i ng bayk on ly to rise aga i n  during the las t months 

o f  the seaso n . There was a s l ight drop again duri ng the 

f ina l month o f  ' the season . Ana l y s i s  of data from the 

early and late s e asonal pe riods s howed a s igni f i cant 

seasona l  e f f e c t  i n  the e ar ly season data only ( see Appendix 8 ) . 
The means for these d a ta ( s ee Tabl e  3 0 )  i ndic ate d  that 

a s tr i ngency was s igni f ican tly lower during the f ir s t  mon th 

o f  produc tion ( e nd o f  August and beginning of September )  

tha n  later i n  the season . 

Table 3 0 : F o r t night ly means from the 1 9 8 0/8 1 ear ly s e as o n  
d a ta for as tri ngency in recons tituted mi l k s  

Late Aug 

1980/81 Season 2 . 7  

Early Sep 

2 . 9  

MONTH 

Late S ep Early Oct Late Oct 

3 . 2  3 . 3  3 . 4  * *  
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The a s tr i ngency o f  the reco n s tituted mi l k s  w a s  p l a i n ly 

a f fected by sea sona l change s .  F rom the 1 9 7 9 / 8 0  dairy 

season ' s  data i t  appeared to be mos t  s trong ly af f ec te d  by 

end o f  s eason e f fects . C omp o s i t ional chang e s  do occur 

during this period of  the sea son which could a f f e c t  this 

attr ibute . The type of s e ason may we l l  a f f e c t  thi s  

attribute . The autumn o f  the 1 9 7 9 / 8 0  season was re l a t ive ly 

l a te and change s in the m i l k  occurred quite abruptly at 

the e nd o f  the season . In the 1 9 8 0 / 8 1  season , the l ate 

summer and autumn periods were very wet and changes 

occurring may not have been as sudden or as  dis t i n c t  as  

i n  the previous season . 

6 .  SEASONAL EFFECTS ON THE AROMA OF THE WHOLE MILK POWDERS 

Ana lys i s  of sensory data f or character i s t i c s  o f  the powder 

aroma showed that the mo s t  s igni f icant seasonal change s 

occurred i n  the ' ba s ic ' notes . These attributes o f  sweet

nes s ,  butterine s s  and cooked/ carame l i sed had been de f ined 

by the pan e l  a s  making up the ' ba s ic ' or ' norma l ' pro f i l e  

o f  mi lk powder aroma . I t  was i n  the se attribute s ,  rather 

than in the ' other ' or ' additional ' categories of aroma 

i n  which seasonal e f f e c t s  cau sed most change . 
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6 . 1  Seas onal E f fects on ' Bas i c ' Aroma Characte r i s t i c s  in 

the Who le Milk Powders 

The swee t ,  buttery and cooked/carame l i sed notes in the powde r 

aroma showed h igh ly signi fi cant s easonal e f fects ( s ee 

Append ix 9 ) . The seasona l e f fe c t  was d i s tinct for a l l  

three o f  thes e  ch arac ter i s tics . The swee t ,  buttery and 

cooked/carame l i sed notes a l l  inc reased in Sep tember ,  fe l l  

aga in during mid-season and rose again i n  Apr i l , the last 

month of the se ason . Th is s easonal pattern can be seen 

c lear ly in the month ly me ans for the se three charac ter i s ti c s  

( see Table 3 1 ) . The s e  character i s tics p l a i n ly fo l low a 

s imi l ar pattern and wou ld appear to be re lated to each 

o the r . 

Tab le 3 1 : Monthly me ans f rom the 1 9 7 9 / 8 0  and 19 8 0/ 8 1 
s easons f or the sweet , buttery and cooked/ 
carame l i s e d  notes i n  the aroma o f  who le mi l k  
powders 

Aug 

Sweetness : 
1 9 7 9/80 Season 3 . 5  
1980/81 Season 4 . 0  

Butteriness : 
1 9 7 9/80 Season 4 . 0  
1980/81 Season 4 . 3  

Cooked/Caramel ised : 
197 9/80 Season 1 . 8 
1980/81 Season 2 . 6  

S ep 

4 . 5  
4 . 4  

4 . 8  
4 . 2  

3 . 0  
2 . 3  

MONTH 

Oct Nov Dec 

3 . 9 
4 . 4  

4 . 2  
4 . 2  

2 . 0  
2 . 5  

4 . 0  
4 . 7  

4 . 0  
4 . 4 

4 . 7  4 . 7  
4 . 4 4 . 4  

2 . 7  
2 . 3 

2 . 7  
2 . 7  

Jan 

4 . 2  
4 . 5 

4 . 8  
4 . 7  

2 . 3  
2 . 3  

Feb Mar 

3 . 7  
4 . 6  

4 . 1  
4 . 2  

2 . 8  
2 . 6  

3 . 9 
4 . 6  

4 . 6  
4 . 3  

2 . 8  
2 . 5  

Apr 

4 . 8  * * *  

4 . 5  * * *  

5 . 4  * * *  

4 . 1  NS 

3 . 1  * * *  

2 . 7  * *  

When data for the non-vi tamini zed and vitamini z e d  powder s  

were analysed separate ly the seasonal trend i n  the s wee t , 

but tery and cooked/carame l i sed not e s  o f  the aroma was s t i l l  

f ound t o  be high ly s igni f icant ( at the 0 . 1% leve l ) .  Thus , 

this seasona l trend was i ndependent o f  the e f fects o f  

vitamin and minera l addi tion . 
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Ana ly s i s  of  data f o r  the swee t ,  but tery and cooked/carame l 

i se d  notes in the aroma of  the powder tes ted during the 

1 9 8 0/ 8 1 season showed ( see Append ix 1 1 )  a s ignif ican t  

s e a s on a l  e f fect i n  both the swe e t  and cooked/carame l i s ed 

charac ter i s t ic s . The s easonal trends i nd i cated for the 

s econd season ( shown i n  Tab l e  3 1 )  were n o t  as dramat i c  as 

those occurring during the f i r s t  season . Th is fol l owed 

trends shown in the s e a sonal var iation o f  the phys i ca l  

properties , s uch a s  the viscos i ty and a s tringency o f  the 

recon s t i tute d  mi lks . The two s easons we re quite d i f ferent 

c l imati c a l ly and thi s  was ref lected i n  the data.  The 

1 9 7 9 / 8 0  season showed qui te abrupt c l imatic chang e s  wh i ch 

appe ar to have been r e f lected i n  the powder s .  

I t  i s  d i f f icul t to exp lain why the highly signi f i cant 

seasonal e f fect ( at the 0 . 1 % leve l )  f o u nd in the buttery 

note o f  the aroma i n  the 1 9 7 9/ 8 0 season disappeared com

pletely in the 1 9 8 0 / 8 1  seasonal data . The buttery note 

in the pow der aroma fo l lowed many o ther aroma and f lavour 

charac ter istics i n  the 1 9 7 9 / 8 0  season , increasing sharply 

in September (when the spring ' f lush ' arrived ) d ropping 

back mid- s eason only to r i s e  sharp ly i n  Apr i l  w i th the 

onset of autumn . I t  s ho u ld be noted that there was a 

s ig ni f i cant ' lack o f  f it ' f igure for this attribute d ur i ng 

the 1 9 7 9/ 8 0  s e a s o n , s igni fying that the pane l i s t s  were 

not uni form in the ir response to thi s  attribute and that 

there was s ign i f i c ant pane l var ianc e . This ' lack o f  f i t ' 

ceas ed to be s ig n i f icant i n  the 1 9 8 0 / 8 1  data , s ugge s t ing 

that the pane l was much more uni f orm in its re sponse to thi s  

a t tr ibute d uring the s econd season . 

From the adj u s t e d  mean s cores ( se e  Table 3 1 ) , i t  c an b e  

seen that the s cores f or the f i r s t  three months o f  the 

1 9 8 0/ 8 1  season were somewhat s imi l a r  and rather l ower than 

s c ores for powders during the l a te s eason period . However , 
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the early and late s e ason periods were rather s imi lar 

with i n  thems e lve s . This was evident i n  the analy s i s  o f  

data f rom the se two periods ( s ee Appendix 1 2 ) .  The s e  

analyse s showed o n ly a weak se asonal e f f ect i n  the e ar l y  

season data f o r  the sweet charac teri s ti c  in t h e  powder 

aroma . I n  the mean scores for the swee t note ( shown i n  

Tab l e  3 2 ) , the i ntens ity o f  the note appears to b e  

increas ing from a low p o i n t  l ate i n  Augus t .  

Table 3 2 : For tnightly means from 1 9 8 0/ 8 1  early s ea s on 
data for the sweet note i n  the aroma o f  who le 

_ mi lk p owders . 

Sweetness 

FORTNIGHT 

La te Aug Ear l y  S ep 

4 . 0  4 . 3  

Late S ep Early Oct 

4 . 4  4 . 4  

Late Oct 

4 . 1  * *  

Thi s  f o l l ows trends i n  the me an s cores from the 1 9 7 9/ 8 0  

season which indicated a low inten s i ty o f  this attribute 

at the very beg i nning of the season . However ,  it  i s  c le ar 

when the mean s cores for Augus t f rom the two s e asons are 

compared , that . the powders tes ted i n  Augus t 1 9 7 9  were 

proces sed i n  wha t  was ' early spr i ng ' whereas those tes ted 

i n  Augus t 1 9 8 0  were proces sed i n  what was ' late s p r i ng ' .  

Changes at thi s time i n  the season occur very quic k ly and 

it was qui te c l ear that no powd e r s  tes ted in the early 

p ar t  o f  the s econd s eason showed the attribute s o f  the 

very early powde rs f rom the 1 9 7 9/ 8 0  season . The change s 

were much mor e  gradua l in the l 9 8 0 / 8 1  s eason , re f lecting 

the very wet spr ing and even growth o f  the pas ture . 
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6 . 2  Seasonal E f f e c t s  on ' Other ' Aroma Characteri s t i c s  i n  

the Who le Mi lk Powde rs 

The - ' lac tone- l ike ' , ' oxid i sed ' and ' ag e - r e lated ' notes i n  

the p owder aroma a l l  i ndicated s l ight mon th e f f ects i n  

d ata f r om the 1 9 7 9 / 8 0  season ( see App e nd i x  1 3 )  . Me ans 

for the dif ferent months ( shown in Tab l e  3 3 )  varied 

s l ight l y  but there was no clear seasonal pattern . When 

d ata from the 1 9 7 9 / 8 0  season were s p l i t  i nto data for 

v i tam i n i zed and non-vitamin i zed powd e r s  and re-an a ly s ed , 

these seasonal e f fects a lmo s t  enti rely d i s appe ared ( see 

Appendix i 4 ) . The se s ig n i f icant s e a s o n a l  e f fects d i s 

appeared entirely i n  data from the 1 9 8 0/ 8 1  season for the 

same at tribute s ( s ee Append ix 1 5 ) . The adj usted means 

( s ee Table 3 3 )  showed an erra t i c  p a t te r n  throughout the 

season . Thes e  a ttr ibutes were typ i c a l  of certai n spe c i f 

ication powders . The te s ting of  a n umber of  the s e  

powders i n  a c e r t a i n  month wi ll  have a f fec ted the adj us ted 

mon th l y  means ( s ee 3 .  2 for exp lana t i o n  of s ta t i s t i c a l  analyses ) .  

The s easona l e f f e c t s  found i n  the d a ta from the 1 9 7 9 /8 0  

season w i l l  undoubtedly have been i n f l uenced by the se 

spec i f ication e f f ects . The fact that thes e  seasonal 

e f fe c ts d i s appeared i n  the s econd s e ason , casts some doubt 

upon their importa nce . 

Tab l e  3 3 : Mon th ly means from the 1 9 7 9 /8 0  and 1 9 8 0/ 8 1 
s ea sons for the ' lac tone- l ike ' ,  ' ox i d i sed ' and 
' age-re lated ' notes in the aroma of  who l e  m i lk 
powde r s . 

MONTH 

Aug S ep Oct NOV Dec Jan F eb Mar Apr 

Lactone- like : 
1979/80 S eason 2 . 6  3 . 2  0 . 7  2 . 0 2 . 7  1 . 2  3 . 1  3 . 6 1 . 5  
1 980/8 1 S ea�on 5 . 8  5 . 7  6 . 8  7 . 3  4 . 0  9 . 0 5 . 6  4 . 6  5 . 4  

Oxidis ed :  
19 79/80 Sea son 3 . 4  1 . 0  1 . 2  3 . 5  1 . 0  2 . 3  1 . 4  1 . 8  0 . 4  

1 980/81 S eason 5 . 2 4 . 7  3 . 1 3 . 4  4 . 6  3 . 5  6 . 1  4 . 4  4 . 1  

Age-related : 
1 979/80 Season 2 . 3  2 . 2  2 . 8  2 . 2  0 . 3  4 . 6  6 . 4  6 . 9  1 . 3  

1 9 80/81 S eason 1 . 7  2 . 1  3 . 3  1 . 4  3 . 7  2 . 7  2 . 1  1 . 6  3 . 5  

* *  

NS 

* 

NS 

* 

NS 
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Ana ly s i s  o f  the d at a  from the 1 9 7 9/ 8 0  s eason for the 

' taint ' aroma characte r i s t i c  indi cated ( see Appendix 1 3 )  

a s l ight mon th e f f ec t . The means ( s ee Table 3 4 )  varied 

but the e f fect was probably i n f l uenced by the type o f  

powders b e i ng tes ted during a p articular month . For 

example , a note as soc iated with mi lk powders conta i n i ng 

added v i tamins was included i n  thi s  ' taint ' category during 

the f i r s t  s eason . Thus , the tes ting o f  a r e l a tive ly high 

numbe r  o f  vitam i ni zed powders during a month wou ld force 

the mean up , as happened in January and February . 

Table 3 4 : Mon th ly means from the 1 9 7 9 / 8 0  and 19 8 0 / 8 1  
seasons for the ' ta int ' characte r i s t i c  i n  the 
aroma of who l e  mi l k  powders . 

1979/80 Season 

1980/8 1 Season 

Aug 

3 . 0  

3 . 2  

S ep Oct 

2 . 6  

2 . 8  

0 . 4  

1 . 8  

MONTH 

Nov 

1 . 4  

2 . 6  

Dec 

4 . 0  

6 . 4  

Jan Feb 

4 . 7  

5 . 2  

6 . 3  

3 . 5  

Mar 

3 . 3  

3 . 6  

Apr 

2 . 9  * 

3 . 0  * 

When data f rom non-vitamin i z ed and vitami n i z ed p owder s  were 

analysed separately ( s e e  Appendix 1 4 )  it  was f ound that thi s  

seasonal ef f e c t  occurred i n  vitamini zed powde rs only . The 

month ly means ( shown in Tabl e  3 5 )  for the s e  two groups 

show a rather erratic p atte rn , no clear trend be ing vi s ib l e . 

Thi s  s ugges ted that the s e asonal e f fect found i n  the comp lete 

s e a sona l data was af f e c ted by the powder s  be ing tes ted at 

any p ar tic u l ar time . 

Tab l e  3 5 : Month ly means f rom the 1 9 7 9 / 8 0  season f o r  the 
' taint ' character i s ti c  in the aroma of  non
vitaminized and vi tamini z ed who le mi lk powders .  

Aug S ep 

Non-vitaminiz ed 2 . 5  2 . 9  

MONTH 

Oct Nov Dec Jan F eb 

1 . 4  2 . 9  

V itami n ized 2 . 6  1 .  7 - 1 . 7  - 1 . 0  

2 . 9 

2 . 5  

7 . 7  

1 . 2  

5 . 8  

5 . 5  

Mar 

2 . 0  

Apr 

3 . 5  NS 

1 . 0  * 
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Ana lys i s  of  data f rom the 1 9 8 0/ 8 1  dairying s eason ( sh own 

in Appendix 1 5 ) a l so s howed a s l i ght s e a sonal e f f ec t  i n  

thi s attribute . The vitamini z ed note was not inc luded 

in thi s  c a tegory during the s e cond s eason ( there was a 

s eparate c a tegory for i t )  s o  t ha t  the vitamin i z ed powders 

s hould no longer h ave a f f e c ted this characteris tic . Aga i n , 

i t  is  rathe r dif f i c ul t  to s e e  any particular trend i n  the 

adj usted mon th ly means ( s ee Tab l e  3 5 ) . When the e a r ly and 

l ate s e a son data were ana lysed s eparate ly , a s igni f i cant 

s easona l e f f ect was found in the ear ly s eason data on ly 

( se e  Appendix 1 6 ) . The fortnightly means for the s e  data 

( shown i n  Table 3 6 )  showed a r a ther erratic pattern , no 

c lear trend be ing vis ible . 

Tab l e  3 6 : Fortnight ly means f r om the 1 9 8 0 /B l  ear ly se ason 
data for the ' taint ' charac ter is tic in the 
aroma of whole mi lk powders . 

Taint 

Late Aug Ear l y  S ep 

3 . 1  1 . 7  

FORTNIGHT 

Late Sep 

3 . 9 

Early Oct 

1 . 2  

Late Oct 

4 . 7  * 

I t  sho u ld be re�embered that thi s  particular cate gory was 

a ' ca tch a l l ' one to repres e n t  odd aroma and f lavour 

chara c t e r i s t i c s  which were o f ten i nexp licable and d e f i ed 

c lear des crip tion . Because the category was very i l l

def ined , the s easonal e f f e c t s  s ho u l d  be viewed w i th some 

caution . 

The ' vi tamin i z ed ' characte r i s t i c  which had been inc l uded 

in the ' taint ' category dur i ng the 1 9 7 9 / 8 0  season , showed 

a s igni f icant ( at the 1% l e ve l )  s easonal e f fe c t  in data from 

th e 1 9 8 0/8 1 season ( se e  Append i x  1 5 ) . The monthly means 

for the se data ( see Tabl e  3 7 )  s howed a rather errati c 

pattern , no c le ar seasonaf trend b e i ng apparent .  There 

were no s igni fi c ant ear ly and l a te seasonal trends ( se e  

Appendix 1 6 )  and i t  i s  f e l t  that , as in data for t h e  ' ta in t ' 
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charac te r i s tic , the s igni f i cant seasonal e f f e c t  found in 

the s e  data was i n f luenced by the powders eva luated d uring 

any par t icular month . 

Tab l e  3 7 : Mon thly means from the 1 9 8 0/ 8 1  s eason for the 
' vitamini z e d ' char acte r i s tic in the aroma of  

who le mi lk powders .  

Aug Sep 

1980/81 Season 8 . 3  8 . 5 

MONTH 

Oc t Nov 

9 . 0  8 . 6  

Dec 

4 . 1  

Jan 

3 . 9  

Feb Mar 

5 . 9  6 . 1 

Apr 

5 .  4 * * 

The s easona l e f fects found i n  the s e  ' othe r ' or ' additional ' 

ch aracter i s tics in the powder aroma were not as s trong or 

as cons i s tent a s  thos e  found in the ' bas i c ' character i s ti c s  

o f  sweetne s s , butte r i ne s s  and cooked/carame l ised . 

7 .  SEASONAL EFFECTS OU THE AROI1A OF THE RECONST ITUTED MI LKS 

As in the aroma of  the powde r s , the '.aroma of the reconsti tuted 

mi lks wa s divided into ' ba s i c ' characte r i s tics of swee tnes s , 

butte r i ne s s  and cooked/carame l i s ed with ' other ' lac tone- l i ke , 

oxidise d , feedy , vi tamini zed , taint and age-re l a ted 

charac te r i s tics . 

7 . 1  S e a sona l  E f f e c t s  on ' Ba s i c ' Aroma Charac t e r i s t i c s  o f  

the Recons t ituted Mi l k s  

As i n  the powder aroma , the swe et , buttery and cooked/ 

carame l i s e d  notes a l l  showe d  high ly s ig n i ficant seasonal 

e f fects during the 1 9 7 9 / 8 0  d a i rying season ( s ee Appendix 

1 7 ) . Month ly means for thes e  three a ttribute s  ( shown in 

Table 3 8 )  followed very s imi lar pattern s . Swe e t , buttery 

and cooked/carame l i sed aroma cha r a c te r i stics rose i n  the 
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se cond month o f  the season , fe l l  i n  October and stab i l i s ed 

mi d- s e a son only to r i s e  again sharply dur ing April ( the 

l as t  month o f  the s e a s o n )  . 

Tab l e  3 8 : Month ly means f rom the 1 9 7 9/ 8 0  and 1 9 8 0 / 8 1  s easons 
f or the swe e t , buttery and cooked/carame l i s ed 
notes in the aroma of  the reco n s t i tuted mi l k s . 

MONTH 

Aug Sep Oct Nov Dec Jan Feb Mar Apr 

Sweetness : 
1 9 7 9 / 8 0  Season 3 . 2  3 . 7 3 . 4  3 . 8  3 . 9  4 . 1  4 . 0  3 . 6  4 . 4  * *  

1980/81 Season 4 . 0  4 . 0 4 . 0  4 . 1 4 . 1  4 . 0  4 . 3  4 . 4  4 . 2  * *  

Butterine s s : 
1979/80 Season 3 . 0  3 . 4  2 . 7  3 . 1  3 . 1  3 . 2  3 . 0  2 . 9  3 . 5  * * *  

1 9 80/81 Season 3 . 2  3 . 2  3 . 2  3 . 4  3 . 4  3 . 3  3 . 2  3 . 6  3 . 4  * * *  

Cooked/Caramel ised : 
1 9 7 9/80 S eason 2 . 6  3 . 6  2 . 6  2 . 8  3 . 0  2 . 8  3 . 0  3 . 1  3 . 1  * * *  

1980/81 Season 2 . 6  2 . 7  2 . 8  2 . 4  2 . 8  2 . 6 2 . 8  2 . 8  2 . 8  NS 

When the data were s p l i t  i n to data f rom non-vi tamini zed 

and vitamini z ed powders ,  the non-vitamini z ed powder showed 

s igni fi cant seasona l e ffects in each o f  the three attributes 

( s ee Appe ndix l 8 ) . Month ly means for the s e  non-vitamin i zed 

p owders ( shown in Tabl e  3 9 )  indicated s imi l ar trends to 

those f ound in the comp lete s e asonal data for 1 9 7 9/ 8 0 . 

I n  each o f  the s e  three attribute s , there was an increase 

i n  inten s i ty in September and then a s ig n i f i cant drop in 

i nten s i ty i n  Octob e r . There was then a gradua l  rise i n  

e ach of  the s e  three attr i butes towards the end o f  the season � 

The sha rp i ncreas e in the s e  attribute s i n  September 

c orresponded wi th the l a te onset o f  spring in 1 9 7 9 . Th is 

was f o l lowed by a r e l a tive ly s tab le mid- s eason period before 

a per io d  o f  change with the onset o f  the autumn r a i ns . 

The s e  c hanges we re not a s  marked in the non-vitamini z ed 

powders a s  they had been i n  the complete sea s ona l data . 
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Tabl e  3 9 : Mon th ly me ans from the 1 9 7 9 / 8 0  season for the 
swe e t , buttery and cooked/carame l i se d  notes i n  
the aroma o f  non-vi tami n i z ed and vi tami ni ze d  
r e co n s t i tuted mi lks . 

MONTH 

Aug Sep Oct Nov Dec Jan Feb Mar Apr 

Sweetnes s :  
Non-vitaminiz ed 3 . 2  3 . 9  3 . 4  3 . 5  4 . 2  4 . 0  4 . 0  4 . 3  * *  

Vitaminized 3 . 3  3 . 7  3 . 4  3 . 9  3 . 8  4 . 1  3 . 9  3 . 6  4 . 5  * *  

Butteriness : 
Non-vitamin ized 2 . 7  3 . 5  2 . 5  3 . 0  3 . 3  3 . 2  3 . 0  3 . 4  * * *  

Vitamin ized- 3 . 2  3 . 4  2 . 9 3 . 2  3 . 0  3 . 2  2 . 9 3 . 0  3 . 7  NS 

Cooked/Caramel i sed : 
Non-Vitaminized 2 . 4  3 . 6  2 . 6  2 . 5  3 . 1  3 . 1  3 . 2  3 . 5  * *  

Vitaminized 2 . 7  3 . 8  2 . 5  2 . 8  2 . 8  2 . 4 2 . 8  3 . 1  2 . 9  * * *  

Data from the vitamin i zed powders ( s ee Appendix 1 8 ) s howed 

that the s e a sonal e ffect remained s igni f i cant in the sweet 

a nd cooked/car ame l i s ed aroma char a c ter i s tic s . The s eason a l  

e ffect i n  the s e  attributes f or the vitamini z ed powder s  

was rather un9 lear . As d i sp layed i n  the monthly means for 

the s e  powd e r s  ( see Table 3 9 ) , the r e  was a sharp increase 

i n  thes e  two notes dur ing the s econd month . The means for 

sweetne s s  i n  the aroma then i nd i c ated a gradua l ( bu t  rather 

erratic ) r i s e  towards the end of the season . However ,  the 

means for the cooked/carame l i s ed note indicated tha t  the 

intens i ty o f  thi s  a ttribute was s een to tai l o f f  towards the 

end of the s e ason . Both of thes e  at tributes were s igni f 

i cantly a f fe cted by spe c i f ication . The tes ting o f  partic-

ular spec i f i c ation powders may wel l  have inf luenced the se 

monthly mea ns due to confounding o f  the main e f f e c t s . Although 

s easonal e f f ects are s ti l l  s ig n i f icant in two of the s e  

attribute s , the add i t ion o f  v i t amins t o  the powd e r s  appe ared 

to mas k , at lea s t partia l ly , the seasonal patter n . 
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Analy s i s  of data from the 1 9 8 0 / 8 1  season ( shown in 

Appendix 1 9 ) showed s i gni fi cant s easonal e f f ects in both 

sweet and buttery aroma charac t e r i s ti c s . The month ly 

mean s for the second sea son ( see Tabl e  3 8 )  indi cated that 

season a l  changes were not as dramatic in the se attr ibutes 

as  they had been dur ing the f i r s t  sea son . The s e  three 

attributes were gener a l ly pe rce ived as being l e s s  intense 

at the beginning of the seas on . There wa s a gradual r i s e  

in the intens i ty o f  these aroma characteristics  toward s 

the end o f  the s eason , means for Ma rch be ing quite 

s i gn i f i c antly higher than other me ans . A s l ight drop back 

occurred in the f inal month o f  the sea son . The fact 

that the s e  ch anges were gradual was ref lected in  the 

analy s e s  of the early and late season data ( s ee Appendix 

2 0 ) . On ly in the attribute of swee tne s s  for the late 

s eason data was there a s igni f i cant change . The fortnightly 

means for the s e  data ( s ee Tab le 4 0 )  showed a di s t inc t 

r i s e  in s weetnes s dur ing March fol lowed by a decrease 

in intens ity during Apri l .  

Tabl e  4 0 :  For tni gh tly means from the 1 9 8 0 / 8 1  l ate s easonal 
data f or the sweet note in the aroma of the 
recon s ti tuted mi lks . 

Late Feb 

Sweetne s s  4 . 2  

FORTN IGHT 

E a r l y  Mar Late Mar 

4 . 4  4 . 6 

Early Apr 

4 . 2  

Late Apr 

4 . 0  * *  

Over the entire s eason , i t  appeared that the s e  attr ibute s 

were genera l ly lower in i ntens ity dur ing the f i rs t three 

months of the s eason than later in the s eason . Changes 

s h own in the 1 9 8 0/ 8 1  s e a s on data are very gradual . Spe c i f 

i c a t ion e f fects  were h igh ly s igni f icant ( at the 0 . 1 % 

l eve l )  in a l l  three o f  thes e  a ttribute s . The tes ting 

of certain s pe c i f icat ion powder s during a particular month 
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wi l l  have further confused the seasona l e f fects ( due to 

confound ing o f  the main e f fects ) . 

7 . 2  S easona l E f fects on ' Other ' Aroma Character i s ti c s  

i n  the Reco n s t i tu ted Mi lks 

The ' oxidised ' note in the aroma o f  the recons tituted m i l k s  

a l s o  showed a s ign i f icant seasona l e f fect during the 1 9 7 9 / 8 0  

season ( s ee Appe nd i x  2 1 ) . Th is note varied i n  certain 

powders o f  di f ferent spe c i f ication , powder s  containing high 

level s  o f  iron being cons idered to have quite strong 

oxidi sed charac te r i s t i cs in the aroma . Th is spe c i f i c a t i o n  

e f fe c t  may we l l  have i n f luenced the s easonal ef f e c t . The 

variation between months was quite irregular ( se e  Tab l e  4 1 )  

s ugges ting that th i s  e f fect was outs lde the norma l 

e a r ly and late season c l imatic e f f e c t s  which we re s igni f ic 

a nt in the swe e t , buttery and c ooked/ carame lised notes o f  

the aroma . 

Tab le 4 1 :  Horith ly means from the 1 9 7 9 / 8 0  and 1 9 8 0/ 8 1 s e a sons 
f o r  the ' oxidised ' note in the aroma of the 
recons tituted milks . 

Aug 

1979/80 S eason 2 . 4  

1980/81 Season 5 . 0  

Sep 

1 . 2  

5 . 3  

Oct 

2 . 5  

5 . 0  

MONTH 

Nov 

0 . 4  

4 . 6  

Dec Jan Feb 

0 . 7  

6 . 0  

0 . 4  -0 . 7  

4 . 3  6 . 7  

Mar 

3 . 3  

5 . 9  

Apr 

0 . 6  * *  

6 . 3  NS 

Whe n  the data were s p l i t  into vitamini zed and non-vitamini z ed 

p owders , the seasonal e f fect became much weaker and was 

o n ly s ign i f ic ant i n  the vitamini z ed powders ( se e  Appendix 

2 2 )  . The spe c i f i c at ion e f fe c t  bec ame much more s igni f i cant 

and w i l l  u ndoubtedly have i n f l uenced the seasona l e f fe c t . 

The patte r n  o f  the month ly means ( see Table 4 2 )  i s  again 

very errat i c  and appears to be outs ide the genera l  s e a s o n a l  
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trend o f  other aroma notes in the recons t i tuted mi l k . 

Table 4 2 : Month ly mea ns from the 1 9 7 9 / 8 0  s eason for the 
' oxidi sed note ' in  the aroma o f  non-vitamini z ed 
and vitamini zed recon s t i tuted mi lks . 

Aug 

Non-vitaminized 2 . 4  

Vitamin i zed 2 . 4  

S ep 

0 . 9  

1 . 7  

Oct 

2 . 5  

2 . 6  

MONTH 

Nov 

0 . 4  

0 . 6  

Dec 

0 . 4  

0 . 5  

Jan F eb 

0 . 4  0 . 4  

0 . 3  - 1 . 5  

Mar 

3 . 5  

Apr 

0 . 2  NS 

1 . 1  * 

Ana lys i s  o f  data from the 1 9 8 0/ 8 1  dairy i ng season ( se e  

Appendix 2 3 )  showed that spec i f i catio n �n ly had a s ig ni f 

i c ant e f f e c t  on thi s  attr ibute . The month ly means 

( shown in Table 4 1 )  showed no parti c u l a r  trend . Scores 

f or thi s  attribute were higher dur ing the second season , 

p o s s ibly ind icating be tter d e f i n i tion o f  thi s  attribute . 

These r e s u lts sug g e s ted that the seasonal ef f e c t  found in 

the f ir s t  season may we l l  have been caused by the type s 

o f  powders being t e s ted at a particular t ime in the s eason . 

The ' fe edy ' note i n  the aroma of  the r econs ti tuted mi lks 

a ls o  indicated ' a s igni f i c ant seasonal e f fect during the 

1 9 7 9 /8 0 da iry ing s eason ( s ee Appe ndix 2 1 ) . Al though a 

season a l  e f fect was ind i cated , thi s  was probably a f f e c ted 

by the signifi cant f ac tory and spe c i f i c ation e f fe c ts . The 

month ly means f o r  these data ( shown i n  Table 4 3 ) indicated 

tha t  ' feedy ' note s  were s tronger a t  the beginning and 

end o f  the s e as o n , when p a s tu re growth i s  greates t .  

Tabl e  4 3 : Monthly means f rom the 1 9 7 9/ 8 0  and 19 8 0 / 8 1  s e a sons 
for the ' feedy ' note in the aroma o f  the 
recons t i tuted mi lks . 

Aug Sep 

1979/80 Season 7 . 3  10 . 2  

1980/81 Season 9 . 0  9 . 0  

MONTH 

Oct Nov 

4 . 7  

9 . 0  

5 . 0  

9 . 9  

Dec 

2 . 9 

6 . 1 

Jan Feb Mar Apr 

2 . 8  

7 . 3  

7 . 4 9 . 4  5 . 1  * *  

7 . 2  10 . 4  11 . 6  NS 
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When the data were s p l i t  into data from vitamini zed and 

non-vitamini z ed powders , the seasona l  e f fect di sappeared 

enti r e ly ( see Appendix 2 2 ) . Thi s  s ugg e s ted that the 

seasonal e f f ec t  found in the comp lete data was , in part , 

i n f luenced by the tes ting o f  certa in spec i f i cation powder s  

dur ing a part i c u l a r  month . 

Data from the 1 9 8 0 / 8 1  dairying season ( s ee Appendix 2 3 )  

s howed no s igni f icant seasonal e f fe c t  for this charac ter

i s ti c  of the aroma . The ad j usted monthly means for the s e  

d a t a  ( s ee _Tabl e  4 3 )  again s ugge s te d  tha t ' feedy ' no tes 

we re s tronger dur ing the early and l a te season periods . 

Thi s  ' feedy ' note was ofte n  con f u s e d  with a dis tinctive 

note in cer t a i n  vitaminized powders and more study i s  required 

to de termine whe ther there is  a true seasonal ef fect in 

thi s charac ter i s tic . 

A wea k  seasonal e f f e c t  was ind i c ated in the ' lactone - l ike ' 

note dur ing - the 1 9 8 0 / 8 1  s eason ( se e  App endix 2 3 ) . Thi s  

s easonal e f f e c t  had not been present i n  data f rom the 

1 9 7 9 / 8 0  s ea s on ( see Appendix 2 1 ) . The monthly means f o r  

this attr ib ute ( see Table 4 4 )  showed a rather errat i c  

p attern and th�re were n o  s igni f i c ant early o r  late season 

e f fects ( s ee Append i x  2 4 ) . Thi s  ' lactone- like ' ch aracter

i s tic was a s s o c iated with certain vi tamini z ed powders and 

there were s t r ong spec i f ication e f fects in data f rom both 

s e asons . Th i s  weak seasonal e f fe c t  w i l l have been i n f lu

enc ed by the te s ti ng o f  certain v i tamini z ed powders during 

a partic u l ar month . 



Table 4 4 : Honth ly me ans from the 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1  
s ea s ons for the ' lac tone- like ' note i n  the 
aroma of the recons ti tuted mi lks . 

Aug 

197 9/80 Season 4 . 9  

1980/81 S e ason 7 . 0  

S ep 

4 . 5  

6 . 6  

Oct 

2 . 7  

6 . 9  

MONTH 

Nov 

6 . 9  

6 . 3  

Dec 

6 . 0  

8 . 9  

Jan 

5 . 7  

3 . 5  

Feb Mar 

5 . 6  

4 . 5 

4 . 4  

4 . 6  

1 8 2 . 

Apr 

8 . 6  NS 

5 . 6  * 

8 .  SEASONAL EFFECTS ON THE F LAVOUR OF THE RECON S T ITUTED HI LKS 

As in the a roma of both powd e r s  and recons ti tuted mi lks , 

the f lavour o f  the recons t i tu ted mi l k s  was d ivided into 

' bas i c ' character i s tics o f  s weetne s s , creamine s s  and 

cooked/ca r ame l i s ed with ' othe r ' l a c tone- l i ke, oxi d i sed , 

feedy , vi tamini ze d , taint and age -related characteri s ti cs . 

8 . 1  S e a s ona l · E f f ects on the ' Bas i c ' Character i s t i c s  

i n  the F l avour of the Recon s t i tuted M i l k s  

The swee t , creamy and cooked/caramel i sed f lavou r s  i n  the 

recons tituted mi lks showed s igni f i cant sea s onal ef f e c ts 

dur ing the 1 9 7 9/ 8 0  season ( see Appendix 2 5 ) . The month ly 

mean s f o r  the s e  three attr ib ute s ( se e  Table 4 5 )  showed 

s imi lar patterns for a l l  three a ttr ibutes . The swee t , 

creamy a nd cooked/carame l i s ed notes rose i n  the second 

month o f  the season o n ly to f a l l  i n  the th ird month and 

to s tabi li s e  mid- season . There was a sharp r i se again 

d ur ing the f inal month o f  the s e ason . These trends were 

very s imi lar to tho s e  found in the aroma and s eemed to 

fo l low c l imat i c  changes i n  the s ea s on . 
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Table 4 5 : Month ly means from the 1 97 9 / 8 0  and 1 9 8 0/ 8 1  
seasons for the sweet , creamy and cooked/ 
carame l ised notes in the f lavour o f  the r e -
cons t i t uted mi lks . 

MONTH 

Aug Sep Oct Nov Dec Jan F eb  Mar Apr 

Sweetne s s : 
1979/80 S eason 3 . 7  4 . 0  3 . 9 3 . 9  4 . 4  4 . 4  4 . 6  4 . 1 4 . 7  * *  

1980/81 Season 4 . 5 4 . 4  4 . 3  4 . 5 4 . 4  4 . 6  4 . 7  5 . 0  4 . 7  * * *  

Creamine ss : 
1979/80 Season 3 . 2  3 . 6  3 . 3 3 . 6  3 . 8  4 . 0  4 . 0  3 . 6 4 . 3  * * *  

1980/81 S e ason 3 . 3  3 . 5  3 . 5  3 . 9 4 . 0  4 . 0  4 . 2  4 . 2  4 . 1  * * *  

Cooked/Caramel ised : 
1979/80 S ea son 2 . 6  3 . 7  2 . 5  3 . 0  3 . 1 " 2  . 9  3 . 3  2 . 7  3 . 3 * * *  

19 80/81 S ea son 2 . 8  2 . 7  2 . 8  2 . 6  2 . 6  2 . 6  2 . 8  2 . 7  2 . 8  NS 

Data f or the s e  three f l avour attr ibutes were sp l i t  into 

da ta f rom non-vitaminized and vitamini zed powde r s . 

Ana ly s e s  of  the se data shmved ( s ee Appendix 2 6 ) that 

seasonal ef fe c t s  remained s ign i f icant in all  but the sweet

ne s s  of  the non-vitami n i z ed powder s .  The monthly means for 

the s e  a ttributes in the two groups o f  powders s howed ( see 

Table 4 6 ) rather s imi lar patterns to the means for the 

c omp lete seasonal data . I n  the non-vi tamin i z ed powder ,  

there was a s harp r i se in intens i ty dur i ng Sep tember for 

a l l  three a ttributes . The sweet f lavour then showed a 

rather erratic pattern to the end o f  the s eason , tending 

to r i s e  towards the e nd o f  the season . Cream i ne s s  and 

cooked/carame l i s ed f lavour s  dropped back in the thi r d  

month , creamines s  then tend ed t o  rise towards the e nd o f  

t h e  s eason . The cooked/carame l ised f lavour note a l s o  

i n c re ased i n  intens ity towards the end o f  the season , 

droppi ng back during the f inal month . The v i tami n i zed 

powders showed a sharp rise in f lavour i nte n s i ty during 

September then a re l a tive ly s table mid- season period 

f o l l owed by a sharp r i s e  in the f inal month . 
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Tab l e  4 6 : Monthly means from the 1 9 7 9 /8 0 season for the 
swee t , creamy and cooked/carame l i s e d  note s i n  
the f l avour of non-vi tami n i z ed and vitamin i z e d  
recons ti tuted mi lks . 

MONTH 

Aug S ep Oct Nov Dec Jan Feb Mar Apr 

Sweetne s s : 
Non-vitaminized 3 . 9  4 . 3  4 . 2  4 . 2  4 . 8  4 . 7  4 . 9  4 . 8  
Vitaminized 3 . 6  3 . 9  3 . 8  3 . 8  4 . 1  4 . 2  4 . 5  3 . 9 4 . 7  

Creaminess : 
Non-vitaminized 3 . 4  3 . 6  3 . 4  3 . 7  4 . 5  3 . 9  4 . 1  4 . 2  
Vitaminized 2 . 9 3 . 5  3 . 1  3 . 5  3 . 4 3 . 9 3 . 7  3 . 4 4 . 2  

Cooked/Carame lised : 
Non-vitaminized 3 . 3  4 . 2  2 . 9  3 . 2  3 . 7 3 . 0  3 . 6 3 . 5  
Vitaminized 2 . 5  3 . 7  2 . 5  3 . 1  3 . 0  3 . 0  3 . 3 2 . 8  3 . 5  

Data from the 19 8 0/ 8 1 season showed ( s ee Appendix 2 7 )  

that there was a highly s igni f ic a n t  s ea s onal e f f e c t  i n  

both swee tne s s  and creamine s s . 

NS 
* 

* *  

* *  

* * *  

* * *  

The mon th ly means ( s hown i n  Tc·.b l e  4 5 )  f or the s e  th ree 

attributes i ndic ated that , a s  i n  the attribute s o f  the 

aroma , s e a s o nal trends during this s ea s on were much - less 

marked th an in · the 1 9 7 9 / 8 0  s e a s o n . I n  genera l , the 

intens i ty of these attribute s during the f i rst three months 

was l ower th an dur ing the r e st o f  the s e ason , the r e  being 

a grad ua l r i se in intens i ty towards the end o f  the season . 

The g r adua l seasona l chang e s  seen i n  the comp l e te s easona l 

data f rom tne 1 9 8 0/ 8 1 season were r e f l e c ted i n  the analys i s  

of  the e a r ly and late s e a s o n  d a ta ( se e  Appendi x  2 8 ) . 

Thes e  s howed s ig n i f icant s ea s o na l  e f f ects in the l a te s e ason 

data for the sweet note o n l y . The f ortnightly me ans for 

the s e  d a t a  ( shown in Tab l e  4 7 )  indicated tha t  there was a 

d i s ti nc t  r i s e  in sweetn e s s  dur ing March which dropped away 

aga i n  in Apr i l . 
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Tab le 4 7 : Fortnight ly means f rom the 1 9 8 0 / 8 1  late season 
data for the sweet note in the f l avour of the 
recons ti tuted m i lks . 

FORTNIGHT 

Late Feb Early Mar 

Swe etness 4 . 6  5 . 1  

Late Mar 

5 . 0  

E arly Apr 

4 . 6 

Late Apr 

4 . 7  * *  

8 . 2  Seasona l E f fe c t s  o n  ' Other ' Charac ter i s tics i n  the 

F l avour of the Rec ons t i tu ted Mi lks 

One attribute in whi ch a seasonal e f fe c t  h ad been exp e c ted 

was in the ' f eedy ' note in the f lavour o f  recon s t i tuted 

mi l k  powders . I t  h a s  long been though t tha t  products 

p ro ces sed very early i n  the s eason wi l l  tend to h ave ' feedy ' 

c harac te r i s t i cs not present later in the d airy season . 

I t  h ad been hoped that who le milk powder s  would show th is 

e f f ec t .  However , analys i s  o f  the data f rom the 1 9 7 9 / 8 0  

s e a son for this p ar t ic u lar f l avour note showed o n l y  

f ac tory and spec i f i c ation e f fects . Dur i ng the f i r s t  season 

there was some confus ion over thi s  note , it  being a s s oc ia ted 

w i th cer tain spe c i f ication powder cont a i n ing added vi tami n s  

a nd mine ra l s . The month ly means for th i s  attr ibute ( see 

Table 4 8 )  show a very erra t ic patter n ,  the types o f  powder s 

e va luated a t  a particular time inf luenc i ng these means . 

Table 4 8 : Mon th ly means f rom the 1 9 7 9 / 8 0  and 19 8 0 / 8 1  
sea son f o r  the ' feedy ' note i n  the f l avour 
of  the r econst i tu ted mi lks 

Aug 

1979/80 Season 2 . 6  

1980/81 S eason 5 . 2  

Sep 

2 . 2  

2 . 9 

MONTH 

Oc t Nov 

2 . 0  

3 . 3  

3 . 4  

2 . 3  

Dec 

2 . 6  

1 . 6  

Jan Feb 

2 . 0  

1 . 9  

2 . 1  

1 . 4  

Mar 

2 . 3  

3 . 5  

Apr 

2 . 0  N S  

3 . 3  * *  
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Be fore the 1 9 8 0 / 8 1  season began , this char a c teri s t i c  was 

re - d e f i ned by the pane l and notes associated w i th vi tamin

i zed powders put into a separate ca tegory . Thus , i t  

wa s hoped that much o f  the confusion over this par t i cular 

attr ibute wou ld be removed . Anal y s i s o f  the data f rom the 

1 9 8 0/ 8 1 season showed tha t  there was in fact a s ign i f icant 

( at the 1% l eve l )  seasonal e ffect i n  this a t tr ib ute ( see 

Append i x  3 1 ) . The adj us ted monthly means ( see Tab l e  4 8 )  

s howed tha t  powders proce s sed in Augus t were s igni f icantly 

more ' feedy ' in f l avour than any other time in the s eason . 

Detai led analy s i s  o f  the e ar ly s eason data ( s ee Appe ndi x  3 2 )  
s howed tha t  there wer e  s ti l l  s igni f ic�nt f�c tory , 

s p e c i f ication and season a l  ef fects . The f ortnigh t ly 

mean s  ( s ee Table 4 9 )  indi cated that the p owders proces s ed 

in l ate Augus t were cons idered to have a s trong ' feedy ' 

note whi ch dropped away i n  September and early Oc tober . 

Thi s  ' feedy ' note inexp l icably rose agai n  in late October . 

Th is ef f e c t  wi l l  have been i n f l uenced by the factory and 

spe c i f ication e ffects ( due to confoundi ng of the main e f fects ) . 

Tab l e  4 9 : Fortnig h t ly means f rom the 1 9 8 0/ 8 1 ear ly s e a s o n  
data f o r  the ' feedy ' note i n  the f l avour o f  the 
recons ti tuted mi lks . 

Late Aug 

Feedy 5 . 7  

FORTNIGHT 

Ear ly S ep Late S ep Early Oct 

3 . 7  2 . 9  3 . 0  

Late Oct 

6 . 0  * 

Gen er a l ly , the data s ugges ted tha t  who l e  mi lk powders 

proce s s ed at the very beg inning o f  the s e a son were more 

' feedy ' than at any other time duri ng the seas o n . The re 

was s ome con fus ion i n  that certain powders containing high 

l evel s  of vi tami ns and miner a ls were ' feedy ' a l s o . 

Should powders pro c e s s ed dur i ng thi s  very early per iod b e  

o b j ectionab le to the consumer , the production o f  certain 

vitami n i zed spec i f ication powder s  a t  thi s  time woul d  
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e f f ective ly mas k  any ' f eedy ' notes due to seas ona l e f f e c t s . 

Sea son also had a s ig n i f icant e f fe c t  on the ' ta i n t ' f l avour 

charac ter is t i c  dur i ng the 1 9 7 9 / 8 0  s e ason ( s ee Appendix 2 9 ) . 

The adj us ted month l y  means ( s ee Table S O ) showed a 

r a ther errat i c  p attern , increas i ng mid- season and again 

l at e  sea son . �vhen data from the 1 9 7 9/ 8 0  season were s p l i t  

i n t o  data from non-vitamini zed a nd v i tam i n i z ed powder s , 

i t  was found tha t thi s  seasona l e f fe c t  was common to bo th 

groups o f  powder s  ( s ee Appendix 3 0 ) . This ' taint ' charac

ter i s tic showed no s e asonal e f f e c t  during the 1 9 8 0 / 8 1  

s e a s on ( see Appendix 3 1 )  a lthough there. were signi f ic a n t  

f a c tory and s p ec i f ic a t ion e f fects in thes e  data . 

Tab le 50 : Month ly means from the 1 9 7 9 / 8 0  and 19 8 0 / 8 1  
s e a s ons for the ' ta i n t ' ,  ' vitamini zed ' ,  
' ox i d i sed ' and ' ag e - r e l a te d ' f lavours i n  the 
recons tituted mi lks . 

MONTH 

Aug S ep Oct Nov Dec Jan Feb Mar Apr 

Taint : 
1979/80 Season 2 . 3  0 . 4  1 . 2  3 . 9  4 . 1  2 . 3  4 . 8  7 . 8  6 . 2  
1980/81 Season 0 . 8  2 . 9  2 . 3  3 . 9 1 . 8  2 . 1  3 . 1  2 . 9  2 . 3  

Vitaminized : 
1980/81 Season 2 1 . 3  2 1 . 1  2 1 . 5 2 1 . 7 1 5 . 8  17 . 3  1 5 . 7  17 . 3  16 . 1  

Oxidised : 
19 79/80 Sea son 4 . 5  3 . 2  4 . 0  4 . 0  2 . 6  4 . 7  2 . 6  9 . 8  3 . 1  
19 80/81 Season 5 . 0  7 . 0  8 . 7  10 . 8  8 . 4  5 . 9  9 . 8  10 . 7  10 . 8  

Age-related : 
197 9/80 Sea son 1 . 0 0 . 8  0 . 3  0 . 7  0 . 5  2 . 1  0 . 3  -0 . 5  2 . 9  
1980/81 Season 0 . 6  0 . 6  0 . 2  1 . 4  0 . 7  - 0 . 5  1 . 6  1 . 4  0 . 7  

* *  

NS 

* *  

NS 
* * *  

NS 
* 

Cer tain dis tinctive f l avour charac te r i s ti c s  a s soc i a ted w i th 

vi tamini zed powder s  were p laced i n  the ' ta i n t ' category 

dur ing the 1 9 7 9 / 8 0  season . Dur i ng the 1 9 8 0 / 8 1  sea s on 

the s e  character i s ti cs were put i nto a s eparate category a nd 

thi s ' vitami ni z e d ' f l avour showed a s ig n i f i cant seasonal 
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ef f e c t  ( see Appendix 3 1 ) . The ad j us ted mon thly me ans for 

thi s  a ttr ibute showed a rathe r erratic pattern ( s ee Table 5 0 ) . 

Simi l a r ly , the ' oxidised ' a nd ' age -related ' f l avours 

showed s igni f i c ant seas ona l e f fects during the 1 9 8 0/ 8 1  

season ( s ee Appendix 3 1 )  but the mon thly me ans showed no 

c l ear s ea s ona l patterns ( s ee Tabl e  5 0 ) . Analy s i s  of  the 

early and late s eason da ta from the 1 9 8 0 / 8 1  season showed 

that s ome of the se seasonal e f fects rema ined sign i f i c ant 

( see Appendix 3 2 )  but the me ans indi cated no c l e a r  season a l  

trends ( s ee Table 5 1 ) . 

Table 5 1 :  Fortnigh t ly means f rom 1 9 8 0/8 1 early and late 
sea son data for the ' ox i d i s ed ' , ' vitamini z ed ' 
and ' age- related ' f lavo u r s  in the recons ti tuted 
mi l k s . 

FORTNIGHT 

Early Sea son Data : 

Lat e Aug Ear ly Sep Late Sep Early Oct Late Oct 

Ox idi sed 4 . 8  5 . 5  8 . 2  9 . 1  12 . 1  * 

Vitaminiz ed 2 0 . 3  19 . 2  2 2 . 9  2 1 . 8  2 0 . 6  NS 
Age -related 0 . 7  0 . 9  0 . 4  0 . 3  0 . 3  NS 

Late Season Data : 

La te reb Ear ly l1ar Late Mar Early A-;>r Late Apr 

Oxidi sed 1 0 . 1  1 0 . 6  1 3 . 3  1 5 . 3  10 . 8  * 

Vitami n i zed 1 5 . 2  21 . 1  1 7 . 4  14 . 7  1 7 . 7  * 

Age- related 2 . 4  1 . 5  1 . 8  1 . 9  0 . 8  NS 

The ' t aint ' ,  ' vi tamini z ed ' ,  ' ox i d i s e d ' ,  and ' age-re lated ' 

f lavours were al l a s s oci ated w i th cer tain spec if i c a t i o n  

p owder s .  Data from each o f  the s e  f l avour attribut e s  ind i c 

a ted s trong spe c i f i cation e f f e c t s  a n d  the seasonal e f f e c t s  

w i l l  undoubte dly have been in f l ue nced b y  the types o f  powde rs 

t e s ted at any par t i cular time . I t  become s que stionab le as 

to how much impor tance shou ld be at tached to the seasonal 

e f fects i n  these attributes . In  addi tion , the ' taint ' 
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cha r ac ter i s t i c  was a ' catch- a l r  ca tegory for i l l -d e f i ned 

f l avours , which cas ts f ur ther doubt upon the importance 

o f  th i s  s e asonal e f fe c t . None of the seasonal e f f ects 

show � in the ' o ther ' f l avour characteris t i c s  we re as 

cons i s tently strong a s  tho s e  found i n  the sweet , creamy 

and cooked/c arame l i sed f l avours which made up the ' bas i c ' 

p ro f i le of  the recon s t i tu ted m i l k s . 

9 .  D I S CU S S I ON AND CONCLUS I ONS 

McDowe l l  and Creamer ( 19 7 0 )  have shown that because New 

Z e a la nd depends on a s e a s o n a l  pas ture as f eed for i ts 

dairy cattle , marked change s  occur in dairy products 

pro c e s sed a t  d i f ferent time s during the d a i ry se ason . 

Thi s  h a s  been shown to be p ar t i cu l ar ly true of  dairy products 

p ro c e s sed dur i ng the early spr i ng ' f lush ' and in the late 

auturn�al per iod . 

Seasonal changes were found to a f f e c t  cert a i n  phy s i ca l  

p roperties o f  the powde r s , s uch a s  the co lour . Previous 

s tu d i e s  of New . Zealand dairy products had shown that the 

c o l our o f  the mi lk f at , due to i t s  8 -caro tene content , 

drops s harp ly a t  the beginning o f  the season from a very 

high level to s tabi l i s e  dur i ng the midd l e  of the seaso n ,  

only t o  r i s e  again at the e n d  o f  the season ( McDowe l l  

1 9 5 6 ) . Sensory data f rom the 1 9 7 9 / 8 0  dairying s ea s on 

showe d  that thi s change in c o l our was perceptible in who le 

mi l k  powders . Powders p roduced a t  the very beginn i ng and 

very end of the s eason were s ig n i f i c antly br ighter i n  

co lour than p owder s p ro c e s s ed mid - season . The perce ived 

visco s i ty and a s tring�ncy o f  the recons ti tuted mi lks were 

a lso s trongly a ffected by s e a sona l  change s . The greate s t  

changes i n  the s e  two properties occurred l ate i n  the s eason , 
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both viscos ity and a s tringency increasing l ate in the 

s ea s on . During the l ate seasonal per i od a numbe r of  

changes i n  both compos i t ion and f unctional p rope rties o f  

the mi lk occur . I n  particu l ar , there a r e  changes in the 

p rotei n : lactose ratios and it is thought that s uch changes 

may be a s sociated with the s e  changes in the perceived 

v i scosity and astringency of the recons t i tu ted mi lks . 

The s en sory data for attribute s in the aroma and f lavour 

o f  the who l e  mi lk powde r s , indicated that se ason had a 

h ighly s igni f i cant e f fect on the ' bas i c ' notes in the 

a roma and f l avour o f  who le mi l k  powders . These swee t ,  

b uttery and cooked/carame l i s ed notes had been def ined by 

the p ane l a s  making up the ' ba s i c ' or ' normal ' pro f i le 

o f  who le mi lk powde r s . The ad j us ted month ly means for 

th ese attr ibute s showed c lear seasonal p atte rns in the se 

s e nsory a ttributes . The s e  s e asonal pa tterns were not 

exact ly the s ame for the two da irying s e asons but appe ared 

t o  re f lect c l imatic changes occurring dur ing the s e  seasons . 

The spring o f  1 9 7 9  was very dry and the onse t  o f  the spring 

' f l us h '  was late . Thi s  was re f l ected i n  marked change s i n  

the sweet , buttery and cooked/carame l i s e d  notes i n  the 

a roma and f l avour dur ing September 1 9 7 9  corresponding to 

the spr ing ' fl ush ' . Sensory attributes the n indi cated 

a r e l atively . s table m id- s eason period be fore a sharp increas e  

i n  a roma and f lavour notes duri ng Apri l  ( the las t month of 

the season ) . The onse t  o f  autumn was qui te sudden i n  the 

1 9 7 9 / 8 0  dai ryi ng se ason and thi s was re f lected in abrupt 

changes in the sensory prope r t i es . Cha nges in both compos 

i t ion and f unc tion a l  propert i e s  o f  mi l k  occur dur ing thi s  

p e r iod but the ef f e c t  o f  the se late season changes o n  the 

sensory p roper ties o f  who le milk powder s  had not p revious ly 

b e e n  r ecorded . 



Because data f rom the se c r i t i c a l  early and late season 

period s  had been very sparse i n  the 1 9 7 9 / 8 0  season , as 

many s amp l e s  a s  p o s s ible were te sted f r om the se two 

periods i n  the 1 9 8 0/ 8 1  dairying season . Ana lys is of  
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data f rom the 1 9 8 0/ 8 1  season again showed signi f ic ant 

se aso nal e f fects in the ' ba s ic ' aroma and f l avour character

i s ti c s . I n  genera l , the trends in the second season were 

much l e s s  marked than those found in the 1 9 7 9 / 8 0  s eason . 

Thi s  seemed m be a re f l ec tion of  di f ferences in the c l imat i c  

p attern o f  the 1 9 8 0/ 8 1  season . The s p r i ng o f  1 9 8 0  was 

very wet and the spring ' f lush ' was very e arly . The ear l i e s t  

p owders proce ssed i n  the 1 9 8 0/ 8 1  season were proces sed 

s ome two weeks later than i n  the previous season . Thi s  

l ag time , together with d i f ferences i n  the onset o f  the 

spr ing ' f lush ' , meant tha t  very early s ea sona l e f f e cts 

were not we l l  ' caught ' in data from the 1 9 8 0/8 1 season . 

Gener a l ly ,  the aroma and f lavour not e s  were low i n  

i n tens ity during the f ir s t  three months o f  the 19 8 0 / 8 1  

s eason and then ros e gradual ly towards the end o f  the 

s ea s on . The l a te s e a sonal pe riod showed very gradual 

change s rather th an the abrupt changes shown in the 1 9 7 9 / 8 0  

s ea son . Thi s  was thought to be a r e f le c t i o n  of  an unus ual ly 

wet late summer and autumn a l  period ensur i ng even pas ture 

growth . The f ac t  tha t  these changes wer e g radua l meant that 

detailed s tudy o f  the e arly a nd l ate s ea s o n  pe r iods did 

no t make the form of the s e  changes much c l e arer . 

I t  h ad been thought tha t  changes in the pas ture might be 

re f lecte d  in change s i n  the f lavour o f  the who le mi lk 

p owders . Kinse l la ( 1 9 6 9 ) has pointed out that the l ip id 

c omponents of  mi l k  ( wh i c h  change as the pa s ture mature s ) · 

a re undoubtedly the mos t  impor tant source o f  f l avour in 

da i ry products . Mi l k fa t ,  because o f  its complex compos ition , 

c an generate a multitude o f f l avour compound s , some o f  wh ich 

a re des i rabl e , s ome unde s irab l e . Many of the se compounds 

are produced by oxidative proce s se s . Not a l l  such compounds 
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produce obj ectionab l e  flavours . For examp l e ,  the compound 

c i s - 4 -heptenal , wh i ch a r i s e s  f rom the o x idation of  

l ino l e i c  ac id , imparts a ' c reamy ' f lavour to mi l k f a t . 

Aldehyd e s , such a s  c i s - 4 -heptena l ,  are the res ult of  bre ak

down o f  the unsaturated f at s  i n  the mi lk . I t  has been 

found th at measurement of the total a ldehyde content of 

milkfa t  g ives s ome indication o f  the i ntens ity of  this 

' creamy ' f lavou r .  Kee n  ( 1 9 8 1 , persona l c ommun i cation ) 

has sl:"lown that the_ tota l  a ldehyde content o f  mi lkfat increa ses 

f rom a low level at the beginning of  the s eason , s tabi l i s i ng 

mid- s ea s o n  and decr e a s i n g  again during the late s ummer 

a nd ear ly autumn . I t  i s  i ntere s t i ng to note that the ' creamy ' 

f lavour i n  the reconsti tuted m i l k  powders appeared to 

f o l low th is seasonal pattern . There was a g radual increase 

i n  the i n tens ity of this f l avour i n  the e a r ly part o f  the 

s eason before a s tab le per iod o f  approximately three 

months was reached . Creami nes s  then increa s ed again ( some 

what inexp l icably ) a t  the very end o f  the s eason . However , 

i n  the 1 9 8 0 / 8 1  seasona l data c reamine s s  tai l ed away at 

the end of  the season ( fo l lowing the s eason a l  pattern for 

tot a l  aldehyde conte nt ) .  

Seasonal e f fects shown i n  data for the ' o the r ' aroma and 

f lavour a ttributes in who le mi lk powders were not as 

marked or as con s i s tent as thos e  f ound in the ' bas ic ' 

a roma and f lavour note s . The ad j us ted month ly means 

s h owed no p articular pattern and changes between month s  

appeared to b e  rather errati c . I t  was fe l t  that the s e  were 

i n f luenced by the spe c i f i c a tion powders tes ted in a par

t icular mon t h  ( due to confounding of the mai n  ef fects ) . 

One excep t i o n  to thi s  genera l  trend was the f e edy note i n  

t he f lavour o f  the recon s ti tuted mi lks . Duri ng the 1 9 7 9 / 8 0 

s e a so n  thi s  attribute showed no s ea s ona l e f fec t ,  mer e ly 

a s pe c i fic a t i o n  e f fec t .  However , i n  the 1 9 8 0/ 8 1  season 

whe n  thi s  a ttribute had bee n  re-de f i ned there was a 

s igni f icant se asona l  e f f e c t  (as had been expec ted } . I n  
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this a t tr ibute , the s easonal e f fe c t  became apparent onc e  

the p ane l had re - de fined their terms . 

Data f rom the 1 9 8 0 / 8 1  season , when these terms were b e t ter 

d e f ined , sugg e s te d  that many of  the ' o ther r or ' ad d i t iona l ' 

attributes were s trongly a f fec ted by the addit ion 

o f  vitamins rather than by seasonal e f fects . I t  is  f e l t  

that the sea s on a l  e f fects o n  the se particular attributes 

are extreme ly doubtful , except perhap s for a s l ight ly 

e ar ly se ason e f f ec t  on the feedy note in the flavour o f  

recons t i tuted mi l k s . 

To summarise ; the data co llected dur i ng two dairying 

seasons c learly showed that season had a s igni f i cant e f f e c t  

on a number o f  s e n s ory properties in w hole mi lk powde r s . 
I 

The se s e a sona l  e f f e c ts were highly s ig n i f i cant in the 

c o l our o f  the p owders and textura l  attri butes of the 

recon s t i tuted m i l k s . In  the aroma and flavour of  the 

who le m i l k  powd e r s , the ' ba s i c ' aroma and f lavour note s 

o f  sweetness , butter ines s and cooked/c a r ame l i sed w·ere mos t  

a f f ec ted by s e a s o n . These three attribute s fol lowed 

s imi lar patterns th roughout the s e ason . Thus , the 

attributes whi ch make up the ' bas i c ' p r o f i l e  of thi s  

product were a l l  a f fected by season . The ' additiona l '  

aroma and f l avour a ttribute s , wh i le showing s light 

seasona l e f fects , were more s igni f i c an t ly a f f ected by 

proce s s i ng chang e s , such as the add i tion of vitamins .  



CHAPTER VI I I  

EFFECT OF CERTAIN P ROCES S ING VARIABLES ON 

SEN SORY P ROPERTIES OF WHOLE MI LK POWDERS 

1 .  INTRODUCT I ON 
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When the pres ent s tudy was set up , it wa s expected that 

s easonal e f fects wou ld cause ma j or changes in who l e  m i l k  

p owde r s  but tha t  s ome s l ight d i f f e rences might b e  caused 

by d i f ferent factory regime s and equipment . The treatment 

o f  the · mi lk from when i t  was f i r s t  received at the f ac tory 

unti l it was conver ted into who l e  m i l k  powder , d i f fered 

in i ndividua l  f ac tories . Among the f ive p articipa t i ng 

f actorie s , there we re s evera l d i f fere nt types of spray 

driers and the l ayout o f  the dry i ng ope ration d i f fered . 

Thi s  meant that there were d i f ferences between f ac tor i e s  

i n  the evaporation , drying , agg l omeration and lecithination 

o f  powders .  

During the 1 9 7 9 / 8 0  dairying s eason , i t  became increas ing ly 

c l ear that d i f f e rent specif ication mi lk powders had 

charac ter i s t i c  sensory properties . D i f fe rences were not 

l imi ted to phys i c a l  propertie s ,  s uch a s  c o lour and p a r t i c l e  

s i z e . I n  a dd i t ion , there were d i f ferences i n  both the 

aroma and f lavour o f  the who l e  mi l k  powde r s . The s e  d i f f

erences i n  the aroma and f lavour o f  powders and recon s t i tuted 

m i l k s  were qui te unexp e c ted , a s  the y  had not previously 

been docume n ted . The data from the 1 9 7 9 /8 0 dairying season 

s ho wed c lear ly that ?OWder spe c i f i c a tions c ontaining vi tami ns 

and iron had d i f ferent se nsory characte r i s tics . Chara c ter i z 

ation o f  the s e  powder s  containing v i tamin preparations was 

c o ntinued during the 1 9 8 0 / 8 1  dairy i ng s e a s on as part o f  the 

continuing eva l uation of commerc i a l  who le mi lk powde r s . 
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Be fore the 1 9 8 0 / 8 1 season began , the ' other ' or ' addi t iona l ' 

categor i es , so important i n  the character i z at i o n  o f  thes e  

p owders , were re-def ined i n  greater detai l .  The se add i tional 

catego r i e s  were d ivided i nto : ' lac tone - l ike ' ,  ' ox i d i s ed ' ,  

' feedy ' , ' ta i nt ' , ' age-re lated ' and a new category c a l l ed 

' vitami n i z e d ' .  A commerc i a l  powder spec i f i cation contai ning a 

preparation of Vi tamins A ,  B 1 , C and 0 was de f i ned as 

h aving a typ ica l ' vi tamini zed ' aroma and f l avour . 

2 .  METHODS 

2 . 1  Sampl i ng Me thods 

The study o f  the proces s i ng e f f e cts on commerc i a l  who le 

milk powders was carr ied o ut on the s ame powders used 

to study the e f fe c t  of  seasona l change s .  The s amp l e s  

were thos e  taken for the seasonal work ( a s  described i n  

Method s 2 . 2 ) . 

The f ive p a rticipating facto r i e s  p roduced milk p owde r s  o f  

three maj o r  type s : non- agg lome ra ted , agg lomerated and 

agg lomera ted/ lec ithina ted ( re f erred to in the s ubsequent 

text as ' ins tant i z ed ' ) . These three ma j or powder type s 

cou ld be fu rther d iv i ded into tho s e  mi l k  powder s  whi c h  were 

v i tamin f o r t i f ied and those whi ch were not ( s ee Table 5 2 ) . 

No fac tory made a l l  the se s ix groups o f  powders . Twe n ty 

three powd e r  spec i f ica tions were te s ted dur ing the 1 9 7 9 / 8 0  

a nd 19 8 0 / 8 1 d airyi ng season s . The s e  spe c i fications 

i nc l uded powders f or t i f ied w i th v i tami n s  and iron , a s  shown 

i n  Table 5 3 . The attributes of these i ndividua l powder 

s pe c i f i cat ions are d i scussed u s i ng the spe c i f ication 

numbers i n  thi s  tabl e . 



Table 5 2 : Maj or who le mi lk powder type s proce ssed by 
p ar t i c ipat ing factorie s during the 19 7 9 / 8 0  
and 1 9 8 0 / 8 1  da irying s e a s on . 
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Non-Agg lomerated Agglomerated 
Agglomerated/ 

Lecithinated 

No 
Factory Vitamins 

+ 

Vi tamins 
No 

Vitamins 

+ No 
V itamins Vitamins 

+ 
Vi tamins 

1 

2 

3 

4 

5 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

2 . 2  Methods of  S t a t i s t i c a l  Analys i s  

X 

X 

X 

X 

The statis tica l analys i s  o f  the s easona l data ( de s c r ibed 

in the previous c h ap ter ) also showed the s ig n i f i cance of  

p roce s s i ng ef fects . Thi s  meant that a l l  s igni ficant 

f ac tory and speci f i c ation e f fects could be i n f luenced by 

s easonal e f fects . For example , a spe c i f ication e f fect 

could be inf luenc ed by the seasonal per i od i n  which tha t  

p articular powder was proce ssed . 

I n  add i tion , the r e  were several facto.rs bound up in any 

X 

X 

X 

X 

o f  the f a c tory e f f e c t s . The parti c i p a t i ng f a c torie s are 

s i tua ted i n  three d i s tinc t  c l imat ic r e g ions . I t  i s  pos s i b l e  

that c l imatic factors may i n f luence thi s  e f fec t , powders 

p roduced in a certain region being s ig n i f i c an t ly d i f ferent 

throughout the s e a so n .  Herd e f fects may a l s o  i n f l uence the 

f a c tory e f fe cts . Keen and Udy ( 19 8 0 )  h ave shown s i gni f i c

an t breed di fferences between mi lk from Jersey and Fri e s i a n  

cow s , the two ma j or breeds found in New Z ea l and dairy herds . 

The predomi nant b reed varies from region to r egion and 

s uch breeds d i f ferences wi l l  a l s o  i n f l uence the factory 
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Tab l e  5 3  Who l e  mi l k  powd e r s  te s ted during the 1 9 7 9 / 8 0 
and 1 9 8 0 / 8 1  s e a sons indicating f a t  content 
and powders wh i c h  a re f o r t i f ied w i th v i tami n s  
and i ron . 

F a t  Vitami n s  

S pec i f i c a t ion Conten t A B
1 

c 0 I RON 

N on-agg l ome rated powde r s : 

1 2 6 %  

2 2 6 %  

· 3  2 6 %  

4 2 6 %  

5 2 8 %  

6 2 6 %  X X 

7 2 6 %  X X 

8 2 6 %  X X X X X 

9 2 6 %  X X 

1 0  2 8 %  

1 1  2 8 %  

Agg l ome r a t e d· powde r s : 

1 2  2 8 %  X X 

1 3  2 7 %  X X 

1 4  2 6 %  

Agg l ome r a te d / l ec i th i nated powd e r s : 

1 5  2 8 % X X 

1 6  2 8 %  X X X X 

1 7  2 7 %  X X 

1 8  2 8 %  X X 

1 9  2 8 %  X X 

2 0 2 8 % 

2 1  2 6 %  X X 

2 2  2 8 %  X X 

2 3  2 6 %  X X X X X 
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e f fec t . I n  add i t ion , equipment d i f f e r s  among f ac tor i e s  

and t h i s  may a l s o  inf luence the fac tory effec t . I t  mus t  

a l s o  be remembered that , depend ing o n  the characte r i s ti cs 

o f  indiv idual powders , fac tory e f fe c ts may be the r e s u l t s  

o f  cert a i n  spe c i f ication powder s  be i ng proce s sed a t  

one f ac tory only ( due to confounding o f  the mai n  e f fe c ts ) . 

The i nterpretation o f  the s e  s ig n i f i cant spec i f i cation and 

factory e f fects was there fore approached with s ome caution , 

with c a r e f u l  study of  oth e r  f a c tors s igni f ican t ly a f f e c t

i ng the s ame attribu tes . 

3 .  EFFECT OF CERTA I N  P ROCES S I NG VARIABLES ON THE PHYS I CAL 

P ROPE RT I E S  OF WHOLE MILK P OWDERS 

Certain process i ng variab l e s  wer e  found to have a s ig n i f 

ic ant e f fe c t  on the phy s ic a l  properties o f  the powders 

but not on phys i c a l  propertie s of the recons tituted mi lks , 

s uch as v i s cos ity and astr i ngenc y . 

3 . 1  Colour 

Data from the 1 9 7 9 / 8 0  season for c o l our i n  who le mi lk 

p owders ( s e e  Appendix 3 )  showed that powders from d i f ferent 

f ac torie s d i f fered i n  co lour . Powder s  f rom Factory No . 3 

were s ig n i f i cantly paler in c o lour than powders f rom 

other f ac to r ie s . Fac tory No . 3 made no agg lomerated 

powders wh i c h  we re gener a l ly highe r i n  co lour ( due to the 

l arger partic le s i z e ) than non-agg lomerated powders . 

P owders f rom F actory No . 4 had a h igher overal l s core 

than any o the r fac tory . Agg l omer ated powders from this 

p articular f a c tory had a larger mean p a r t i c l e  s i z e  than 

tho s e  from o ther f a c torie s . Powders wi th a larger 

p ar ti c le s i ze were b r ighter in co l our . Because of the 



larger par t i c l e  s i ze i n  a l l  powde rs from Fac tory No . 4 ,  

the s e  powders _ _ _ were brighter in co lour th an powd e r s  

f rom o ther f a c tories . Factory No . 4 has a d r i e r  wh ich 

is uniq ue i n  New Zea land . Whe ther the greater degree 

1 9 9 . 

o f  agg lomerat ion which th i s  fac tory was ab le to achi eve 

was a d irect result of the drier type or some o ther 

unique f actor in the i r  proc e s s i ng reg ime was unc lear . 

There w a s  a l s o  a s igni f i c a n t  spe c i f ication e f fe c t  in the 

co lour o f  who l e  milk powde r s  ( s ee Appendix 3 ) . The 

means indicated that d i f ferences in co lour were a s s o c ia ted 

with the par t i c l e  s i ze . Powders with _a larger partic l e  

s i z e  were more y e l low or b r i ghter i n  co lour than tho s e  

with a sma l l  p article s i ze . The agg lomerated powd e r s  

and tho s e  whi c h  were part i a l l y  agg lomerated were s imi lar 

i n  co lour and more ye l low th an non-agglomerated powder s .  

There were some s l ight d i screpanc i e s  i n  this general 

tre nd . Thes e  were caused by confounding of  the mai n  e f f e c t s . 

I f  an agglomer ated powder was proce s sed only late i n  the 

seas on , when - co l our was p a l e r  th an in the early s e ason 

per iod , the ove r a l l  mea n  for s uch a powder was lower than 

for powders p roces sed throughout the s eason . Thus , high ly 

s igni f icant s easonal chang e s  i n  co lour i n f l uenced 

certa i n  speci f i c ation e f f e c t s . 

3 . 2  Free- f lowing Properti e s  

Powders f rom d i f ferent f ac tor i e s showed d i f ferent free

f lowi ng p rope r ti e s  d uring the 1 9 7 9/ 8 0  season ( see Appendix 4 ) . 

Factory No . 3 produced powders wh i ch were s igni f ican t ly 

l e s s  f r e e - f lowi ng than other powde r s . As di scu s s ed 

p r eviou s ly ,  thi s  f a c tory made only non-agglomerate d  powde r s . 

Powders f rom Factory No . 4 were s igni f i cantly more f ree

f lowi ng than other powders . Powder s  f rom thi s  f a c tory 

h ad a h i gher mea n  partic le s i ze than o ther powde r s . S i nce 



par t i c l e  s i ze was found to i n f lue nce the percep t i o n  o f  

free - f lowing prope rtie s , th i s  wi l l  have inf luenced the 

f actory e f fect . 

Powder s p e c i f i c a t ion had a s ig n i f i c ant e f fect on the 

free- f l ow i ng properties in who l e  mi l k  powder s  ( s ee 

Appendi x  4 ) . The me ans s howed tha t  these d i f feren ce s 

were a s s o c iated with the phy s ic al s tructure o f  the 

p owder .  Powders with a l arger par t i c l e  s i ze were more 

free- f lowing tha n  those w i th a sma l l  particle s i z e . 

However ,  i n  th i s  attr ibute there were a ls o  dif ferenc e s  

between agg l omer ated and i ns tan t i z ed powders , both o f  

wh ich had a large particle s i z e . The · agglomerated 

p owders were con s i dered to be the mos t  free - f lowing 

of all p owders te s ted . The ins tanti z e d  powders were 

c ons idered l e s s  free - f lowing , ' s tickier ' than the s e  

p owder s .  The addi ti on of 0 . 2 % l ecith i n  to the s e  

' ins tant i z ed ' powders caused a perceptible change i n  

their f re e � f lowi ng p ropertie s .  The non-agglomerated 

powders we re cons idered to be the le a s t  free- f lowi ng 

o f  the three . powder types . 

3 . 3  Partic le S i z e  
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Speci ficat i o n  had the only s i g ni f i c ant e f fect on the 

p ar ti c le s i z e  o f  who l e  milk powders ( s ee Appendix 4 ) . 

Th i s  spe c i f i c ation e f fect was due to the phy s ica l 

s truc ture o f  the powder .  Agg lome rated powder had a 

s igni f i c an t l y  larger particle s i ze than non- agg lomerated 

p owders . P a r ti a l ly agg lomerated p owder s  were s imi l a r  

in part i c l e  s i ze t o  the aggl omer ated p owders . 
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4 .  EFFECT OF CERTAIN P ROCESS ING VARIABLES ON THE AROMA 

AND F LAVOUR OF WHOLE MILK P OWDERS 

Certain process ing variab les had a s igni f i cant e f f e c t  on 

the sweet , buttery and cooked/carame l i sed notes whi ch 

made up the ' ba s ic ' p ro f i l e  o f  who le mi lk powde r s . The 

r e l a t i onship be tween proc e s s i ng variable s ,  such as the 

add i tion of i ron , and the s e  attributes was often an 

inve r s e  one . The se three notes tended to be l e s s  intense 

whe n  ' o th er ' intense notes were present . No longer did 

thes e  ' bas i c ' aroma and f lavour attributes character i z e  

the changes taking p lace a s  they had i n  the seasona l 

e ff ec ts . I n s te ad , the ' othe r ' s e nsory attribute s were 

vital i n  describing the e f f ects which vitamin and i ron 

addi t ion h ad on the s ensory properties of  who l e  mi l k  

powde r s . 

4 . 1 Aroma o f  Powder 

Data f rom the 1 9 7 9/ 8 0  and 1 9 8 0 / 8 1  seasons showed s ign i f ic

ant f a ctory and spe c i f i cation e ffects in sweet and buttery 

note s  o f  the p owder aroma . However ,  data from these two 

s eas o ns indicated that ne i ther f a c tory nor spe c i f ic ation 

had a s ig n i f i cant e f fe c t  on the cooked/carame l i s ed 

no te i n  the powder aroma . 

Ana lys i s  of  the d ata f rom the 1 9 7 9 / 8 0  season for the swee t 

note i n  the powder aroma (see Appendix 9 }  showed s ig ni f

i cant f ac tory ( at the 5 %  leve l }  and spe c i f i cation ( at 

the 1 %  leve l } e f fects . There was s ome variation in the 

swe e t ne s s  of  p owders among factor ies . Powders produced 

by F a c tory No . 5 were s ig n i f i cant ly sweeter than powders 

f rom o th e r  fac tories . I ndividual p roce ss ing regimes w i thin 

the f actorie s , particul ar ly in the preheat treatment o f  

the mi l k , may h ave a f fe c ted this r e s ul t . 
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There was a l so a s ig ni f ic an t  spec i f i ca tion e f f e c t  ( s ee 

Appendix 9 ) , d i f ferent spe c i f ic a t ion powders vary ing in 

s wee tne s s . Speci f i cation No . 9 was s ig n i f ican t ly 

s weeter and Speci f ication No . 1 3  s ig n i f i cantly l e s s  swe e t  

than other p owders . Both powders contained addi tion a l  

Vi tamin A a nd D ,  a s  d o  severa l other powder spe c i f i c a tion s . 

Specificat ion No . 9 contains only a l ow level o f  Vitamins 

A and D .  At this l ow leve l of addition , the swee tne s s  

o f  the aroma was apparently enhanced . Spe c i f ication No . 

l 3 ,  however ,  co nta ins a very high leve l o f  Vi tamin A and 

D .  Th is h i gh leve l o f  addition decre a s ed the swee tne s s  

o f  the powders . 

S igni f i cant f a c tory and spec i f i c a t ion e f fects on the 

s we e t  note i n  the p owder aroma wer e  a l s o  found during 

the 1 9 80 / 8 1 s e a son ( see Appendix 1 1 )  . Powders p roduced 

by Factor i e s  No . 2 and No . 5 we re s l ightly less sweet than 

those from other f a ctories dur i ng the 1 9 7 9/ 8 0  se a s on . 

The f luctua t i o n  in this f actory e f f e c t  from season to 

s eason , s ugge s t s  that i t  was i n f luenced by the particu l a r  

s pe c i f ic at i on powder s  proce s s e d  i n  a f a c tory ( due to 

confounding o f  the main e f fects ) . Data f rom the 1 9 8 0 / 8 1  

s e as on ( s ee App endi x  1 1 )  showed a s li gh t  speci f i c a tion 

e f fe c t  a l s o , specif ication No . 23 being s l ightly l e s s  

sweet than o ther powde r s . Thi s  powder contained a high 

level of  v i t amins and i ron . The e f f e c t  o f  thes e  add i tions 

was to mask the more ' bas ic ' note of  the mi lk powder 

p r of i l e .  

The buttery note in the powder aroma s howed a high ly 

s igni f icant ( at the 0 . 1 % l eve l }  speci f ication e f f e c t  

dur ing the 1 9 7 9/ 8 0  s e ason ( see Appendix 9 ) . Powder 

speci fication No . 23  was s igni f i c an t ly l e s s  butte ry 

than other powders . Powder spe c i f ication No . 9 ,  whi c h  

conta ined o n l y  a very low leve l o f  Vi tamins A a n d  D ,  w a s  

s ig ni f icantly more buttery tha n  o ther powders . Thi s  l ow 

l ev e l  o f  vi tamin addi tion again enhanced this aroma 
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charac te r i s tic . Ana l y s i s  o f  data from the 1 9 8 0/ 8 1  season 

s howed a s ign i f i c an t  ( at the 0 . 1 % leve l )  f ac tory e f fe c t  

b u t  n o  speci fication e f fect ( shown in Appendix 1 1 ) . The 

aroma o f  powders f rom F ac tory No . 2 wa s less buttery 

d ur ing th e 1 9 8 0/ 8 1  season . The se e f fects wi l l  have been 

i n f luenced by the spec i f ica tion powder s  proces sed by thi s  

particu l ar factory , due to confoundi ng o f  the ma i n  e f fects . 

However , i t  is  a l s o  pos s ible that some f a c tor i n  thi s  

f actory ' s  proces s i ng reg ime a f fected th is particular 

a t tribute . 

The ' ta i n t ' charac ter i s tic i n  the powder aroma showed highly 

s i gnif i can t ( at the 0 . 1 % leve l } e f fects only in data from 

t he 19 8 0 / 8 1 s eason , when terms had been more c le a r ly 

d e f ined ( see Appe ndix 1 5 ) . Powder spe c i fi c ation No . 15  

was con s i dered to be markedly more ' tainted ' than o ther 

powders .  Powder spe ci f i cation Nos . 1 7  and 2 1  we re 

s l igh t ly more ' ta i n ted ' than other powde r s . Al l three 

p owders conta ined Vi tamins A and D ,  as do several other 

powder spec i f i cations . None of these spe c i f ications were 

p rocessed by .more than one factory and it was not pos s ib l e  

t o  s eparate speci f i c ation a n d  pos s ib le f a c tory e f fects . 

The ' age-r e lated ' note i n  the aroma o f  whole mi l k  powders 

s howed a s i gni f i c ant spe c i f i c ation ( at the 5% leve l )  

e f fe c t  duri ng the 1 9 7 9 / 8 0  season ( see Appendix 1 3 ) . The 

a d j u s ted means showed tha t the aroma of spec i f ic a tion 

No s .  1 5  and 2 3  was s ig n i f icantly more ' s t a l e ' and ' o ld ' 

than that o f  other powders . Analys i s  o f  data from the 

1 9 8 0 / 8 1  season for the s ame characteri s tic ( see Appendix 1 5 )  

a l s o  showed a s igni ficant ( a t  the 1 %  leve l )  S?ec i f i c

a t ion e f f ec t . The a d j us ted means for the d i f ferent powders 

s howed tha t  spe c i f i c a tion Nos . 1 5 , 1 7 , 2 1  and 2 3  had a 

more ' s tale ' aroma than o ther powders . Spec i f icat ion Nos . 

1 5 , 1 7  and 2 1  had a more ' ta i nted ' aroma than other 

powders .  Certain of  the v i tami n i zed powders had an aroma 



which was var iou s ly d e s c r ibed as ' s tale ' , ' o ld ' and 

' tobacco ' .  The se powde r s  c le a r ly had an aroma wh i ch 

d i f fered f rom other powders b u t  the pane l had s ome 

d i f f ic u l ty in defin ing i t  c le a r ly . The s e  parti cular 

spe c i f i c a t i ons were a l l  i nstanti zed powders . 

4 . 2  Aroma of  the Recons ti tuted Milk 

Spe c i fication had a s igni f i c ant ( at the 0 . 1 % leve l )  
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e f f e c t  on the sweet note in the a roma o f  the reconsti tuted 

mi lks dur ing the 1 9 7 9 / 8 0  s ea s on ( see Appe ndix 1 7 ) . 

The a roma o f  spe c i f i cation No . 8 was s igni f ic antly 

l e s s  sweet than that o f o ther recons tituted mi lk s . Thi s  

p a r t icular spec i f ication contained a high leve l o f  

both v itamins and iron . The only other spe c i f i cat ion 

which was s imi l ar to thi s powder ( spe c i f i c ation No . 2 3 )  

was a l s o  scored lower than the over a l l  mean for the 

p owders . The ana lys i s  of data from the 1 9 8 0/ 8 1 se ason 

( se e  Appendi x  1 9 )  for the sweet note i n the aroma o f  

the mi l k  showed that i n  the se data , spe c i f ication No . 2 3  

w a s  very much l e s s  sweet than o ther recon s t i tuted mi lks . 

I n  add ition , specifi cat ion No . 1 6  (whi ch had been d e f i ned 

by the pan e l  a s  be ing the typ i c a l  ' v itami n i z ed ' powder ) 

was cons idered s igni f i ca n t ly sweeter than other recon

s t i tuted mi lk s . 

Data from the l 9 7 9/ 8 0  s e a s o n  for the buttery no te i n  the 

a roma o f  the recons ti tuted mi lks showed ( see Appendix 1 7 ) 

no s ig n i f i cant f ac tory or s pe c i f i c ation e f fe cts . Analys i s  

o f  data from the 1 9 8 0/ 8 1 s eason ( see Appendix 1 9 )  showed 

a s ig ni f icant ( at the 0 . 1 % leve l )  spe c i f i cation e f fe c t  

o nly . Powder speci f ication No . 2 3  was s i g n i f i cantly le s s  

buttery than o ther powde r s . 
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Powd e r  s pe c i f i cation had a s igni f i cant e f f ect on the 

cooked/carame l ised aroma of the reconsti tuted mi lks during 

both the 1 9 7 9 / 8 0  season ( s ee Appendix 17 ) and the 1 9 8 0 /8 1 

s e a s o n  ( see Appendix 19 ) . The spe c i f i cation means f o r  both 

seasons indi cated that spe c i f i cation No . 1 6  was s ig n i f ic

antly more cooked/carame l i sed than o ther powders , spe c i f i c 

ati on No . 2 3  s igni f icantly l e s s  cooked/carame l i s e d  than 

other powders .  These powder s  showed s igni f i cantly d i f f 

erent characte r i s tics i n  data f rom both s easons . Thi s  

sugge s ted th at there was a n  enhanc ing o f  these ' ba s i c ' 

no te s in powder s  fortif ied with c e r tain vi tamin prepar

ations , s uch as spe c i f i cation No . 1 6 . However ,  in other 

spe c i f ica tions conta ining add itiona l vi tamins and iron , 

such a s  spec i f i cation No . 2 3 , the se note s were h idden . 

Changes i n  the cooked/carame l i sed no te might be expe c ted 

to ari se f rom d i f ferences i n  p roc e s s ing condi tions , par

t i c u l a r ly the h eat trea tment . No s uch proce s s ing e f f e c t s  

were o bv ious i n  the s e  data . Spe c i f ic a tion No . 1 6  was 

proces sed by three of the parti cip at i ng f actories and 

had s imi l a r  aroma and f lavour attributes wherever i t  

was proces sed . Th i s  powder had o n ly a medium prehe at 

tre a tment , the more i ntense cooke d/carame l i s ed note was 

not the result o f  high heat treatment . Speci f i cation No . 

2 3  was processed by only one f actory . However ,  th i s  spec

i f ication powder ha s a s tandard preheat treatment and there 

is no r eason to be lieve that the p reheat treatmen t  s igni f 

i cantly a f f ec ted the inte ns i ty o f  t h e  cooked/carame l i s ed 

note in thi s powder .  

Data f r om the 1 9 7 9/ 7 0  season f o r  the ' lactone - like ' aroma 

i n  the reconstituted milks , indicated high ly s ign i f icant 

( at the 0 . 1 % leve l ) spec i f i ca tion e f f ec ts ( see Appe ndix 2 1 ) . 

Ad j usted means for thi s  attr ibute showed that spe c i f i cation 

Nos . 6 ,  1 3 , 1 9  and 22  we re more ' la c tone- l ike ' than other 

recons t i t uted mi lks . All the s e  who le milk powder s  contained 
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Vitamins A and D .  Some o f  the p owders containing the s e  

v itami n preparations had a sweet ' la c tone- like ' note i n  

the aroma a n d  f lavour . Ana l y s i s  o f  data from t h e  1 9 8 0 / 8 1  

s e ason ( shown i n  Appendix 2 3 )  a l s o  s howed a sig n i f i c a nt 

spe c i f i c a tion ef f e c t  in thi s  attr ibute . The adj u s te d  

means from these data showed that spe c i f ication No . 2 2  on ly 

was mor e ' l ac tone - l ike ' than oth e r  recons ti tuted m i l k s . 

During the 1 9 7 9 / 8 0  season , the s e  attr ibute s  of aroma and 

f lavour we re not we l l  de f ined . There was no separate 

c ategory �o descr ibe the aroma and f lavour of  v i t am ini zed 

mi lk powde r s . Because of thi s , the s e  powders tended to 

be described in terms of attributes s uch as ' lac tone- l i ke ' .  

The aroma o f  spe c i f ication No . 2 2  was cons idered to be 

d i stinct ly more ' l actone- l i ke ' d ur i ng both the 1 9 7 9 / 8 0  

a nd 19 8 0 / 8 1  dairy ing s eason s . Th is specif ication i s  an 

instanti z e d  powder containing Vi tami ns A and D ,  at  a 

s imilar level to o ther powde r spe c i f i c ations . Th i s  powder 

was proces sed by one f actory only , so it is  not pos s ib le 

to distinguish between the e f fe c t s  o f  vi tamin addi tion 

and thos e o f proces s ing cond i t io n s  ( such as the manne r of 

v i tamin add i tion ) . This powder doe s have some unique 

phy s i c a l  p ropertie s .  It  is  pos s ible that in changing i t s  

phy sica l properti e s  s l ightly , there h a s  been some a l ter ation 

i n  the aroma charac ter i s tic s . 

The ' ox id i se d ' aroma in the reconstituted mi lks showed a 

s igni f i c an t  speci f i cation e f f e c t  during the 19 7 9 / 8 0  s eason 

( see Appendix 2 1 ) . The adj us te d  me ans showed that powder 

speci f ic at ion No s .  8 and 9 had a more ' oxidised ' aroma 

than other recons t i tuted mi lks . Spe c i f ication No . 8 

c ontains added i ro n  wh ich has been a s so ciated w i th a n  

oxid ised note in whole mi lk powders , even a short t ime 

a f ter p ro c e s s ing . However , spec i f i c ation No . 9 doe s  not 

c ontain a dded iron . This spe c i f i ca tion was te s ted only 

twice dur i ng the 1 9 7 9 / 8 0  season and more data wou l d  b e  

required b e fore i;t c o u l d  be e s ta b l ished that the aroma o f  

this spe c i f ic ation had a characteri s ti c  ' oxidised ' note . 



Be fore the 1 9 8 0/ 8 1  dairying s e a son began , the pan e l  

re-de f ined the s e  attr ibute s . D a t a  from this season 

r e f lects this ( see Append xx 2 3 ) . The data again s howed 
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a signi f icant spec i f i c ation e f f e c t , the adj usted me ans 

i ndi cating th at spe c i f i cation No . 8  was s ignifica n t ly more 

' oxidi sed ' than other powders . However i n  the se data , 

s pe c i fication No . 2 3 was signi f i cantly more ' ox i d i s ed ' 

than a l l  other p owde rs inc lud ing spe c i f i c ation No . 8 .  Both 

spe c i f i cation No s .  8 and 2 3  conta i n  iron . Spe c i f i cation 

No . 8 was a non- agg lomerated powder , spe c i f i cation No . 2 3  

an i nstanti z ed powder . Add i t ion of i ron to an ins tant

i zed powder c learly had a much grea ter . e f fect than the 

s ame addit ion to a non-agglomera ted powder . Spe c i f ication 

No . 9 was no t s igni f icantly d i f ferent from other 

powders dur i ng the 1 9 8 0/ 8 1  season . This s ugge s ts tha t 

the results from the 1 9 7 9 / 8 0  season were perhap s no t 

character i s t i c  o f  the powder and cou ld have res ulte d  from 

atypical s amp le s .  

Both f actory and spe c i f ication had a s ig n i f icant i n f luence 

on the ' feedy ' aroma o f  recons t i tuted mi lks in data f rom 

the 1 9 7 9/ 8 0  s e ason ( s ee Appe ndi x  2 1 ) . Powders proce s s ed 

by factory No . 5 we re s igni f i cantly ' feed i e r ' than o ther 

p owders .  Th i s  f actory e f f ec t  wi l l  h ave been inf luenced 

by the par t i c ul a r  spe c i f i cations proces sed during the 

s eason . Adj u s te d  me ans for the d i f f erent powder spe c i f 

i cation showed that the aroma o f  spe c i f i cat ion No s . 7 ,  9 

and 2 3  was ' fe ed i er ' than that o f  other reconsti tuted mi lks . 

On the other hand , spe c i f i cation Nos . 1 3  and 17  were s igni f

i cantly les s  ' fe edy ' than other reconsti tuted mi lks . 

The ' feedy ' note in the aroma and f lavour o f  who le mi l k  

p owder was exp e cted t o  r e s u l t  f rom certain cattle f ee d i ng 

regimes , parti cular ly i n  the very e a r ly s e asona l per iod 

when c attle are s ti l l  rece iving feed s upp leme nts to avai la b le 

p a s ture . Howeve r , there was s ome confusion amongs t the 



pane l i sts d uring the f ir s t  season and thi s  ' feedy ' note 

was a l s o  a s socia te d  with certain of the vi tamini z ed 
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who le mi l k  powder s .  In the 19 8 0/ 8 1  season , when attributes 

a s sociated with ' vitamin i z ed ' powders were bet ter de f i ned , 

thi s spe c i f i cation e f fect was no longer s igni f i cant . 

During the 1 9 7 9 / 8 0  s eason the ' ta i nt ' aroma in the 

recons ti tuted mi lks showed o n ly a signi f i cant ( at the 1 %  

l eve l )  spe c i fi cati on e f fect ( s ee Appendix 2 1 ) . Ad j us ted 

means showed that the aroma of spe c i f ication No . 16 was 

s igni f i c an t ly more ' t ainted ' than that of any other recon

s tituted m i l k s . Dur ing the 1 9 7 9/ 8 0  s eason i t  was found 

tha t vitamin fort i f ied powder s  had a d i s t inc tive aroma and 

f lavorir . These d i s t i nctive notes were included in the 

' taint ' ca tegory . Be fore the 1 9 8 0 / 8 1  s e ason began , a 

s eparate category for a ' vi tamin i z ed ' note was created . 

Specification No . 1 6  ( which had s u ch d i s tinc tive attr ibute s ) 

was used a s  the typ i ca l ' vi tamini z e d ' powder . Data f rom 

the 1 9 8 0/ 8 1 .  s ea son for the s ame ' ta i n t ' characte r i s t i c  

again show e d  a sign i f i cant speci f i c ation e f fect ( shown i n  

Appendix 2 3 ) . Howeve r ,  f rom the a d j usted means i t  was 

c lear that d u r i ng the 1 9 8 0/ 8 1  se ason the category was 

b eing used by the p ane l for d i f fe rent aroma notes . The 

a roma of powder spe c i f ication Nos . 8 and 2 3  was s igni f i c 

a nt J y more ' ta inted ' than other spe c i f i cation powde rs . 

The s e  two s p e c i f icat ions contai ned vi tami ns and iron and 

had displayed r athe r  comp l ex aroma attribute s . Both powders 

h ad a dis tinc tive ' ox idised ' aroma but there were o th e r  

notes pres e n t  wh ich the pane l  had more di f f i culty in 

d e f i n ing . 

Data for the ' vitamini ze d ' aroma i n  the reconsti tuted m i l k s  

showed only a h i gh ly s igni f i cant ( a t the 0 . 1% leve l ) 

spec i f ication e f fect ( see Appendix 2 3 ) . The adj us ted 

means showed th at spe c i f ication Nos . 6 ,  8 ,  1 6  and 2 3  h ad 

a s tronger ' vi tami n i zed ' aroma than other recons ti tuted 
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milks . Speci f i ca tion Nos . 8 and 2 3  had already p roved 

markedly d i fferent from other p owders . These two s p e c 

i fications contained Vi tamins A ,  s 1 , C and D a n d  added 

i ron . Spec i f i c a tion No . 16 contained the same v i t amin 

mix and had been used as the s tandard ' vi tami ni z ed ' 

powder . Th e three powders wh ich contained this s ame 

v itamin mix were more ' vitam i n i z ed ' ,  even th an other 

vi tami n i z ed powde r s . Spe c i f ic a t i o n  No . 6 contains 

Vi tamins A and D only , as do several other powder spec

i f ications . However ,  of a l l  the powder speci f i c a t i on s  

tested , spe c i f i c a tion No . 6 contains the highe s t  l eve l 

o f  these two vitamins . Thi s  h i gh leve l o f  vitamin 

addition resu lted in a stronger ' vi taminized ' aroma i n  

the recons t i tuted mi lks . 

Powder spe c i f i c a t ion had a s ign i f i cant e f f ect on the 

' age-rel ated ' arom a  in the recon s ti tuted mi lks dur i ng both 

the 19 7 9 / 8 0  and 1 9 8 0/ 8 1  seasons ( shown in Appendi c e s  2 1 . and 

2 3 ) . Both s e ts o f  adj us ted means for the d i f ferent s pe c i f i c -

ications showed that the aroma o f  spec i f ic ation No . 2 3  

was s ign i f i cant l y  more ' s ta l e ' than that o f  o th e r  

r econsti tuted mi lk s . Spe c i f icat ion No . 2 3  was the o n ly 

i n s tan ti z e d  po"wder which contained both vi tamins and iron . 

I t  appeared that the se addi tions i n  an instanti zed powder 

p roduced a charac teris tic ' s ta le ' note pre sent only a few 

d ays a fter proce s s ing . I t  i s  pos s ible that thi s  ' s t a le ' 

note is  the resul t  o f  changes i n  the powder which cause a 

' cardboard ' note i n  this spe c i f i c ation powder . 

4 . 3  F l avour o f  the Recons t i tuted Mi l k  

Both facto ry and spe c i f ication h a d  a s ig n i f icant e f f e ct 

o n  the swe e t  f l avour in recons tituted m i l k s  during the 

1 9 7 9 / 8 0  s e as o n  ( se e  Appendix 2 5 ) . The adj us ted mea n s  

i ndi cate d  tha t  powders from Factory No . 5 were s igni f icantly 
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swee ter than those f rom other f actorie s .  P owder spec i f 

i cat ion a l so had a s ig n i fi cant e f fect on t h e  sweetness 

o f  r econ s t ituted mi lks . Powder spec i f i cation No . 1 1  was 

s ig n i f i cantly sweeter th an other powders . On the o ther 

h and , spe c i f i cations No . 1 3  and 2 3  were cons idered s igni f

i cant ly l e s s  sweet than o ther p owders .  Speci fication No . l l  

was a 2 8 %  fat powder containing no add i t ional vi tami ns 

and mine r a l s . Its  h igh fat content may have i n f luenced 

o th e r  ' ba s i c ' note s in the f l avour , s uch as swe e tne s s . 

Th is powder was proces sed only once dur i ng the season . 

More data - would be req u i red to be s ure that thi s  i s  a 

t rue spec i f i cat ion e f fe c t  and not conf used by factory 

or month e f fects . Both powder speci f ication Nos . 1 3  and 2 3  
conta ined high addit ions o f  vi tamins . Speci f i cation 

No . 2 3 ,  in particu lar , with its high l ev e l s  of v i t amins 

a nd i ron was s igni f i c a n t ly le s s  intense in these ' ba s i c ' 

a t t r ibute s .  

F a c tory a nd spe c i f ication e f fe c t s  on the swee tne s s  o f  

r econs t i tuted . .  mi lks were aga i n  high ly s ig n i f icant i n  

d ata from the 1 9 8 0/ 8 1  se ason ( s ee Appendix 2 7 ) . The 

adj u s ted means for the f ive f ac tories ind i c a ted that powd e r s  

f rom Factory No . 3 were s l ight ly sweeter a n d  powders from 

Factory No . 4 less swe e t  than those from o ther f a c tories . 

The s e  factory e f fects wi l l  undoubtedly have been i n f luenced 

by the powders proces sed in ind ividual factories , due to 

confounding of the mai n  e f fect s . There was also a highly 

s ig n i f icant speci f i c a t ion e f fect in the s e  data . The 

a d j u s ted means ind icated that p owder spe ci f i cations Nos . 1 5 , 

1 6 , 2 1  and 2 2  were a l l  s l ightly sweeter than o ther 

recon s t i tuted milks . Al l the s e  spe c i f i c a t i o n  powders 

c o n ta ined v i t amins A and D .  Addi tion of the se v i t amins 

e nhanced the sweetne s s  of the r econsti tuted mi lk s . Con

ver s e ly , s p e c i f ication No . 2 3  was again s ig n i fican tly l e s s  

s we e t  than the othe r recons ti tuted mi lk s . 
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Cream i n e s s  was another o f  the ' ba s i c ' f lavour attr ibutes 

in the r econs t i tuted mi lks . Dur i ng the 1 9 7 9 / 8 0  s eason , 

th i s  attr ibute showed highly s i g n i f i cant ( at the 0 . � %  

level ) factory a nd spec i f i ca t ion e f f ects ( shown i n  

Appen d i x  2 5 ) . M i l k  powders proce s sed by Factory No . 5 

were s igni fi cant ly creamier than other powder s .  Thi s  

f ac to ry e f fect wi ll have been inf luenced by the p a r ti cular 

spec i f i cation powders proce s s ed a t  this fac tory dur i ng 

the 1 9 7 9 / 8 0  season . There was a l so a highly s ign i f i cant 

spec i f i ca tion e f fec t ,  some powder s  be ing s igni f i c an t ly 

creamie r  than o thers . Powder spec i f ication Nos . 1 2 , 1 6  

and 1 9  were a l l  perceived a s  s igni f i cantly cream i e r  than 

o ther powder s .  A l l  the se powder s contained vitam i n  

preparations . I n  the se spe c i f ications , the add i tion o f  

vi tamins appea re d  to have enhanced the ' bas ic ' notes 

o f  the who le mi l k  powder prof i le .  P owder spec i f ic a tion 

Nos . 8 ,  13  and 1 7  were pe rceived a s  s ignif icantly l e s s  

creamy . These p owder speci f i c ations a l s o  contained 

vitamin preparations . Addi ti o n  of v itamins in the s e  

particular powde r s  made t h e  f l avour perceptibly l e s s  

creamy . 

Fac tory and spe c i f i cation both had a highly s igni f i cant 

( at the 0 . 1 % leve l )  effect on the creamines s  of  reco n s tituted 

milks during the 1 9 8 0/8 1 s e ason ( see Appendix 2 7 )  . Powders 

p roduced f rom F actories Nos . 3 and 5 were s l ight ly more 

creamy than other powders . There was a lso a h igh ly s igni f 

ican t  spe ci fication ef f e c t . Powder spec i f i c a t ion Nos . 1 5 , 

1 6  , 2 1  and 2 2  were s ig n i f icantly creamier tha n  o th e r  

powde r s . All the se powder s  containe d  vi tamins A and D 

which appeared to have enhanc e d  the creamy f lavou r . On 

the o ther h and , s pe c i f ication No . 2 3  which conta ined both 

vi tamin s  and iron was cons idered s ig n i f ican t ly l e s s 

creamy than other recons t i tuted mi lk s . 

When d a ta f rom the 1 9 7 9 / 8 0  s e a son f o r  the cooked/carame l i s e d  
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f l avour i n  the recons tituted mi lks were s tudie d  ( se e  

Appendix 2 5 ) , a h ighly s igni f i c ant ( at the 0 . 1 % leve l ) 

spec i f ication e f f ect was indic ated . The adj us ted me ans 

i nd i c ated that spe c i f i cation N o s . 15 and 16 were s ig n i f i c 

a n.tly rrore cooked/carame l i sed than other powde r s . Data 

from the 1 9 8 0/ 8 1  season ( shown i n  Appendix 2 7 ) a l so i nd i c 

ated a h i ghly s ig n i f icant ( at the 0 . 1 % leve l )  spec i f i ca tion 

e f fec t .  Adj us ted means indic a ted tha t  speci f i c ation 

Nos . 2 1  and 22  were s l igh t ly l e s s  c ooked/carame l i se d  tha n  

other recons titute d  mi lks . Both contained Vi tam i n s  A 

and D .  However , the se par t i c u l a r  spe c i f i cations we re 

proces s ed by one f ac tory only and i t  i s  not pos s ib l e  to 

separate the e f f e c t s  of  the f ac tory reg ime and the e f fe c t s  

o f  the vitamin addi tion . Spec i f i cat ion No . 2 3  w a s  per

ceived as very much les s cooked than any other recons ti tuted 

mi lks . 

Spe c i f ica tion had a h ighly s i gn i f icant e f f ect on the 

' la ctone- l ike ' f l avour in the reconsti tuted mi l k s  during 

the 19 7 9/ 8 0  season ( see Appendix 2 9 ) . Adj usted mea n s  for 

the d i f ferent spe c i . f ication powde r s  ind i cated that 

spec i f ication Nos . 6 ,  8 ,  13 and 2 2  we re s igni f i c an t ly more 

' lactone - l i ke � than other recons t i tuted mi lks . All  the se 

s pe c i f i ca t ions were vitami n i z e d  p owders ,  mos t  contain ing 

a mixture of Vi tamins A and D .  Analy s i s  o f  data f rom the 

1 9 8 0 /8 1 s e a son for the s ame attribute a ls o  indicated a 

s igni f icant spec i f i c ation e f f e c t  ( shown i n  Appendix 3 1 ) . 

The ad j us te d  means showed that s p e c i f i cation Nos . 6 ,  1 2 , 

1 5 , 2 1  and 2 2  were more ' lactone - l ike ' than other r e con

s ti tuted mi lk s . Data for both s e a sons showed that powder s  

wi th a s trong ' lac tone- l ike ' f lavour were a l l  vitam i n  

forti f ied . Th i s  f l avour was as s oc i ated with powder s  

c onta ining only vi tamins A and D rather than with tho s e  

containing more comp lex v i tami n  p reparations . 
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Ana l y s e s  o f  data from both the 1 9 7 9 / 8 0  and 19 8 0 / 8 1  s easons 

for the ' oxidi s ed ' f l avour in the reconsti tuted mi lks 

showed ( see Appendices 29  a nd 3 1 )  a high ly sign i f icant 

spec i f ication e f fect ( at the 0 . 1 % leve l ) . The ad j usted 

me ans showed th at spe c i f i c a tion Nos . 8 and 2 3  were s is n i f i c 

antly more ' ox idised ' than other recons ti tuted mi lks . 

Both the se specif ications contai ned additional i ron , o f te n  

a s s o c i a ted with a n  oxid i s ed ' cardboard ' f l avour in milk 

products .  The adj us ted me ans for the se two spec i f i cations 

ind i ca ted that specification No . 8 was less ' ox i d i sed ' than 

spe c i f i c ation No . 2 3 . Bo th the s e  powder specif i cations 

were forti f ied w i th the s ame vitamin and i ron preparations . 

Data f rom both s easons showed tha t  the e f fects o f  th i s  

add i tion were much greater on an ins tanti z e d  powder 

( spe c i f i cation No . 2 3 ) than on a non-agg lomerated powder 

( spe c i f ication No . 8 ) . 

Factory and spec i f ica tion had s ig n i fi cant e f fects o n  the 

' feedy ' f lavou r  in the reconsti tuted milks during the 

1 9 7 9 / 8 0  s ea s o n  ( see Appendix 2 9 ) . The ad j us ted means for 

the f ac tories· showed that the f lavour of powder s  f rom Factory 

No . 2 were s ig n i f icantly more f ee dy than those f rom other 

f ac to r i es . Th i s  e f fect wi l l  have been i n f luenced by 

the s pe c i f ication powder s  proce s se d  by Fac tory No . 2 .  

I t  should be noted that Factory No . 2 is  s uppl ied by 

herds wh ich are predomi nantly made up of Jer sey dairy 

cows . Mi lk from this breed has been known to impart a 

' feedy ' note to dairy products . The adj us ted means for 

d i f fe re n t  powder s  showed that spe c i f ic ation No . 8 was 

s igni f icantly mor e  ' feedy ' than other recons tituted milks 

but s i gn i ficantly les s ' fe edy ' than speci f ication No . 2 3 . 

Both the se spe c i f ications contained high levels o f  

vitamins and iron . Dur ing thi s f i rs t  season the pane l 

a s s o ci ated a ' feedy ' note w i th s ome o f  the vitamin i z ed 

powde r s . Thes e  a ttribute s were re-defined before the 1 9 8 0 / 8 1  

dairying season . Ana ly s i s  o f  the data from the 1 9 8 0/ 8 1  

dai rying season for the ' feedy ' no te i n  the recons t i tuted 



mi lks showed no signi f i c ant spe c i f ication ef f e c t s  ( see 

Appendix 3 1 )  . 
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The ' tainted ' charac ter i s t i c  in the f lavour o f  the 

reconsti tuted mi lks showed a s igni f icant spe c i f ication 

e f fe c t  i n  d a ta from the 1 9 7 9 / 8 0 season ( s ee Appendix 2 9 ) . 

The adj usted means indicated tha t thi s was a nega t ive 

e f f ec t , spe c i f i cation Nos . 12 and 15 be ing s igni f i c ant ly 

l e s s  ' tainted ' than oth e r  p owder s .  Both the se spe c i f i c

a t ion were vi tamin i zed powde r s , characte r i z ed a s  h aving 

a s trong . ' la c tone- lik e ' f l avour . Perhaps because o f  

wel l-def ined f lavour char acter is tics , they were less 

' ta inted ' ( a  rather i l l- d e f ine d  f l avour character i st i c ) 

than other r e constituted mi lks . 

Data f rom th e 19 8 0/ 8 1  da iry i ng season showed tha t  both 

f ac tory and speci fication had a s igni f i cant ef f e c t  on thi s 

' ta i nt ed ' attr ibute ( shown i n  Appendix 3 1 ) . Powders from 

Factory No . · 3 were s igni f i c antly more ' ta inted ' than other 

p owder s . The ad j usted mea n s  for the d i f f e rent powder s  

s howed that specifi cation N o . 8 wa s  s igni f icantly more 

' t a i nted ' than o ther powde r s . Th i s  powder , whi ch contai ne d  

h igh l evels o f  vi tamins and iron , had already d i s p layed 

d i s t inc tive f lavour char a c te ri s t ic s . Spe c i f i cation No . 8 

was a non-agg lomerated powder whi ch was not so s trongly 

' ox i d i sed ' or ' vi tami ni zed ' as the instanti zed powder 

conta i n i ng the same addi tive s ( sp e c i f ication No . 2 3 ) .  There 

were c le arly o ther f lavour characteristics in thi s powder 

wh i c h  the p ane l had some d i f f ic u l ty in de f i ning precise ly . 

Spe c i f ication h ad a highly s igni f i cant e f fe c t  on the 

' vi taminized ' f lavour in the recon s ti tuted mi lks ( see 

Appendix 3 1 ) . The adj u s t ed means for the d i f ferent 

powders showed that spe c i f i c ation Nos . 6 ,  8 ,  16 and 2 3  

were s ig n i f icantly more ' vi t amini z e d ' than other r econ s tit

ute d  mi l k s . S imi lar trends had been d i s p l ayed i n  the aroma 
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of  the recons tituted milk s . Spec i f ication Nos . 8 ,  1 6  

and 2 3  a l l  contained a mixture. o f Vitamins A ,  B
1

, C and 

D which h ad been used to repre s e n t  the typ i c a l  

' vitami n i z ed ' note . Spe c i f i c a t i on N o  6 contai ned 

Vitamins A a nd D ( as do many o ther spe c i f ication s ) but at 

a highe r leve l than any other who le milk powders . Th is 

very high level of  add ition res u l ted i n  a s igni f i cant ly 

s tronger ' vi t amin i z ed ' f l avour i n  the recons t i tuted milk . 

Data from the 1 9 8 0 / 8 1  season only showed a s igni f i cant 

factory and spec i f ication e f fe c t  o n  the ' age-re l a te d ' 

or ' s tale ' f l avour in the recons t i tuted mi lks ( sh own i n  

Appendix 3 1 )  . The ad j us ted means showed that powder s  

f r om iactory No . 5 were sign i f i ca ntly more ' s tale ' than 

p owders from o ther f a c tor ies . Adj us ted means for the 

various powder s  ind icated tha t  the f lavour of  spec i f i ca tions 

N o . 5 and 2 3  was ' s taler ' than other recon s ti tuted mi l k s . 

Spe c i f ication No . 2 3 ,  an instanti z e d  powder con ta i n in g  

a high level o f  vitamins and iron , had already d i s p l ayed 

a characteri s ti c  ' s t a le ' aroma . Thi s  ' stale ' n o te was 

characteri s t i� o f  the f l avour a ls o . Spe c i f ication No . 5 

i s  a 2 8 %  f at non-agg lomerated powder with no added 

v i t amins or mineral s . More data is required to b e  s ure 

that this ' s tale ' f lavour is  charac t e r i s t i c  o f  the powder 

and not due to atypi cal s amp les . 

5 .  DI SCUS S I ON AND CONCLUS IONS 

The processing vari ab le s whi ch appeared to have the mos t  

e f fe c t  o n  the co lour , p article s i z e  a nd free- f lowing 

properties were those which changed the phy s ic a l  s tructure 

o f  the powder . The phy s ic a l  powder type was important 

i n  the e s tima tion of  the se three attr ibute s , whether 

p owder s  we re no n-agg lomerated , agg lomerated or ins tanti z e d . 
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S igni f i cant f a c tory e f f ects we re genera l ly found to r e s u l t  

f rom vari ations i n  the se powder type s .  Where a factory 

processed o n ly non- agg lome rated powders , the powder score s 

f or thi s factory were s igni f icantly d i f ferent f rom score s 

for powders f rom other f actories . One factory did a ch i eve 

a greater degree of agg lomeration in its powders than any 

o f  the o ther parti cipating factor i e s . This had a s igni f i c -

a n t  e f fect o n  the co lour , free - f lowing prope rties and 

p ar tic le s i z e  of i ts powders .  Howeve r ,  whether thi s degree 

of agg lomeration was due to a unique dr ier or s ome othe r 

factor i n  the p rocess ing reg ime was unkown . 

The sweet, butter y and cooked/carame l ised note s , which made 

up the ' ba s i c ' prof i le o f  whole mi lk p owders , showed 

s igni fi cant fac tory e f fects . Powder s  produced by F a c tory 

No . 5 dur ing the 1 9 7 9 / 8 0  s eason were sweeter and more 

buttery than other mi l k  powders . Powders from thi s 

fac tory did not s tand out as clear ly i n  data from the 1 9 8 0/ 8 1  

seaso n , a l th ough p owde r s  f rom Factory No . 3 we re s l ight ly 

sweeter and mor e  b uttery than other p owde r s . Thes e  

f a c tory e f fects were not cons istent through the two s easons 

which sugges t s  tha t  powders from individua l fac torie s d o  

not d i f fe r  con s i s tently one from another . Thes e  e f f e c ts 

were undoubtedly i n f luenced by the powder spec i f ications 

individual facto r i e s  proc e s sed . For examp le , Factory No . 3 

proces sed mor e  powders with no added v i tami ns than any 

o ther factory . Thes e  particular powder s , a l though not 

s ig n i f icantly d i f fe rent f rom mos t  powde rs , tended to be 

scored as s l i ghtly more sweet and buttery than other 

spe c i f ications . P rocess ing a large number of thes e  powders 

wi l l  have i n f l uenced the overa l l  mean for this f actory 

( due to confoundi n g  o f  the main e f fects ) . Gener a l ly , i t  

is  f e l t  that the e f f ects o f  proces s ing condi tions i n  

d i f ferent facto r i e s  a r e  n o t  as important as the e f fects 

o f  s e asonal ch ang e s  or o f  the add i t ion of  vitamins and 

mine r a l s . 
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Speci f ication e f f e c t s  we re a l s o  s igni f i cant in the a s se s s 

ment o f  the sweet , buttery and cooked/carame l i sed note s 

in the aroma and f l avour o f  whole milk powders . In  s ome 

powders contai n i ng certain vitamin preparations , the swe e t , 

buttery and cooked/carame l i sed note s were accentuated . 

Data f rom both the 1 9 7 9 / 8 0 and 1 9 8 0 / 8 1  seasons indicated 

that aroma and f l avour notes were enhanced in powder 

spec i f i ca t ion No . 1 6 . In  o ther spe c i f i c ation powde rs , 

the ' ba s i c ' or ' no rma l ' aroma and f lavour attribute s were 

masked by the p r e s e nce o f  othe r f lavour notes . Powder 

s peci f i cation No . 2 3  was a f fected in th i s  way , espec i a l l y  

during the 1 9 8 0 / 8 1 d a iry i ng season . Thi s  powder contained 

a high leve l o f  v i tamins and iron . Thes e  additions 

appear to have changed the aroma and f l avour o f  the powde r , 

s uch that the swee t ,  buttery and cooked/carame l i s ed notes 

were no longer a s  i ntense a s  in other powders . The swee t ,  

b uttery and cooked/carame l i sed note s had been mos t  

important i n  char a c te r i z ing changes c aused by seasonal 

e f fects . These a t tribute s were no longer so important 

when s tudy ing the e f f ects wh ich the addi t ion of  vi tamin s  

h a d  on whole mi l k  p owders . Changes i n  these three 

a t tributes r e f l e c ted change s occurring i n  other aroma and 

f l avour characte r i s t i c s . 

Changes i n  the ' ot her l or ' additiona l '  categories o f  aroma 

and f l avour were very important in s t udy ing the e ffects 

whi ch the addition o f  vi tamins and iron h ad on who le mi l k  

p owde r s . Data f rom these attributes showed evidence o f  

both factory and spe c i f ication e f fects . The facto ry e f f e c t s . 

i n  thes e  data were not as s igni f icant nor as cons i s tent 

a s  they had been i n  data for the swe e t , butte ry and cooked/ 

c a r ame l i s ed attribute s . Thes e  f actory e f f ects we re 

undo ubtedly inf luenced by the charac teristics of  p arti c u l a r  

s pe ci f i c at ion powders p roces sed i n  a f a c to ry . 



Powd e r s  containing certain vi tamin mixes were f ound to 

have d i s tinc tive aroma and f l avour charac ter i s t i c s . 

Thes e  attributes were s omewhat confused dur i ng the 
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1 9 7 9 / 8 0  season , s i nce the s e  chang e s  were tot a l ly unexp e c ted . 

S ome p owders which contained Vi tami ns A and D were 

cha r a c teri z e d  as  ' lactone- l ike ' . This a ttribute i n  the 

a roma and f lavour o f  who l e  mi lk p owders was chara c teri s tic 

of  cer tain powders con t a i n i ng very h igh l eve l s  o f  Vitam i n s  

A a n d  D and instantized powders containing s l ight ly lower 

l eve ls o f  the se vi tamins . During the 1 9 7 9 / 8 0  s e a s on , 

the d i s ti.nc t i ve aroma and f l avour notes a s soc i a ted wi th 

the ' vitamin i z ed ' powders were included in the ' ta int ' 

ca tegory . Be fore the 1 9 8 0 / 8 1  s e a son began , a separate 

' vi t amini zed ' category was formed and a speci f ic ation 

containing Vitamins A ,  B
1

, C and D used a s  the s tandard . 

Powder s  containing th i s  par ticular mixture were more 

' v itamin i z ed ' than other powde r s , as was a powder spec i f

i c a t io n  containing a very high leve l o f  Vitami n s  A and D .  

Cer t a i n  vit
-
amin i z ed powders were described as  ' s t a l e ' , 

' ta in te d ' and ' feedy ' , e spec i a l ly during the 1 9 7 9/ 8 0  

s e a so n .  I t  was b e lieved tha t  the u s e  o f  these terms 

was due , in p ar t , to a certain amount of  confusion amo ng s t  

pane l i s ts when f a ced with the se unexpe cted attributes i n  

the powders . Mos t of  the se terms ceased to be s igni f i cant 

in data f rom the 1 9 8 0/ 8 1 season . 

Two p owder spe c i f ications wh i ch contained both vi tamin s  

and i ron were f ound to b e  s igni f i ca n t ly more ' ox i d i s ed ' 

than other powders ( even one week a fter production ) . The 

inte n s i ty of thi s  oxidation appe ared to be greater i n  

an ins tant i z ed p owder than i n  a non-agg lomera ted p owder 

contai ning the s ame leve l of  iron . During the f i r s t  s e ason , 

the r e  was some confus ion w i th the se powder s  and they were 

con s i dered ' fe e dy ' , ' st a l e ' and ' ta inted ' . After the 

p ane l had re-def ined thei r  terms , the s e  powders were 

char a c ter i zed a s  ' oxidi sed ' and ' vi tami n i z e d ' .  
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To summar ise ; i t  was found that proce s s ing e f fects had a 

s ig n i f icant i n f luence on the sensory a ttribute s o f  who le 

mi l k  powde r s . Proce s s i ng e f fects on the phys i c a l  prope r t i e s  

o f  the powde r s  were re lated t o  the phy s i ca l  s tructure o f  the 

p owder , whether i t  wa s agg lomerated or non- agg lome r a te d . 

However ,  in the sens o ry attributes o f  aroma and f l avour , 

i t  wa s found tha t the addition o f  vi tamins and mine r a l s  

h a d  the mos t  s ig n i f i c ant ef fect o n  the s e  sensory char a c ter

i s t i c s . I t  was the ' other ' or ' add itiona l ' attribute s 

o f  aroma and f l avour wh ich were mos t  impor tant in 

de s c r ibing the se proc e s s ing e f f ects . A ' la ctone - l i k e ' 

note in the aroma and f l avour was a s s o c�a te d  wi th many p owders 

conta�ning Vi tamins A and D .  A term de f i ne d  as ' vi t ami n i z ed ' 

was used by the p ane l to describe the typ ical aroma and 

f l avour of powder s  contain ing a mixture o f Vi tamin s  A ,  B 1 , 
C and D .  The add ition o f  iron was as sociated with a 

' ca rdboard ' oxidi sed note in the a roma and f lavour o f  the 

r econstituted mi lks . The e f fe c ts of  the se vitamin and 

i ro n  additions we re apparently enhanced i n  the i n s tanti z ed 

powde rs . 



CHAPTER I X  

EFFECT OF VITAMIN fu�D I RON ADDITION ON 

SENSORY PROPERT I E S  OF WHOLE MILK POWDERS 

1 .  INTRODUCT ION 
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I t  had b ecome c l ear during the 1 9 7 9 / 8 0  sea son that cha r a c 

ter i s tic d i f f e rences ex i s ted between d i f ferent spec i f ic a tion 

who l e  mi lk powde r s . Many of  the s e  d i f ferences appeared to 

be the resu l t  of vitamin and mineral add i t ion to the s e  

who l e  mi lk powde r s . Powder s  conta i n i ng v i tamin s  and i ron 

c learly had d i f ferent aroma and f l avour charac te r i s t ic s . 

Because o f  c on f ounding o f  the main e f f ec t s  in the 

s e a s onal data i t  was not pos s ib l e  to s ay that the se 

changes in the sensory . properties wer e  a d irect resul t 

o f  these additive s . I n  addi tion , i t  was impo s s i b l e  f rom 

the s e  data to d i f f eren t i a te between c hang e s  due to the 

vi tamins thems e lve s , the proce s s ing conditions or a c omb in

ation of  both� 

To e s tab l i sh the prec i s e  e f fect that these addit ions had 

on the s ensory propertie s of  who l e  milk powder s ,  some 

control led exper imenta l work wa s c a r r i ed out at the New 

Zealand Dairy Research I n s ti tute dur i n g  the 1 9 8 0 / 8 1  da iry ing 

season . The a im of th i s  experimenta l work was to e s tab

l i sh the e f f ec t s  that addi tion of  a v i tamin preparation 

and/ o r  iron had on the aroma and f lavour o f  who le mi l k  powde�s . 

A series of  whol e  milk powders , wh ich c onta i ned c ontro l l ed 

l eve l s  o f  vitamin s and i ron , were d r i e d  a t  the New Z ea l and 

Da iry Research I n s titute . Vitamin s  a n d  iron were added 

such that · the h ighest l evel of  add i t io n  was that found i n  

one o f  the c ommer c i a l  powders evaluated dur i ng the 1 9 7 9 / 8 0  

season . Thi s  powder was cho s en beca u s e  i t  had exhibi ted 

the mos t  marked changes in aroma and f lavour of any 



spec i f icat i on powder te sted dur ing th e 1 9 7 9 / 8 0  s ea son . 

2 .  BACKGROUND TO EXPERI�lliNTAL WORK 

Much of the documented research on the for tif icat ion of 

milk powde r has been done on sk im mi lk powder rath er 

than on who l e  mi lk powder . Fort i f icat ion of milk and 

mi lk products  wi th vi tamin s and i ron has been carried 

out for a number o f  years . When mi lkfat i s  removed 
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from mi lk , the fat- soluble vi tamins ( i ncluding Vi tamin A )  

are al so removed . Because o f  th i s ,  i t  ha s become s tandard 

practice to return Vi tamin A and other fa t-solub l e  v itamin s  

t o  skim m i l k  o r  skim mi lk powder , especially when the s e  

products a r e  f e d  t o  infants . Bauern f e i nd ana Cor t ( 1 9 7 4 )  .s tated 

that one of the princ ipal probl e ms a s soc ia ted w i th the 

add i tion of Vi tamin A to mi lk produc t s  wa s the fl avour . 

However , t hey bel ieved that by u s ing spec ial produc ts prepared 

for the nu tri ficat ion of mi lk , these problems had been 

so lved . 

Fort i f icat ion of sk im milk powder with iron has al s o  been 

carr ied out for some years . The addi t ion of iron h a s  a l so 

cau sed some f l avour prob l ems but the use of su itab l e  iron 

s a l t s  has J. argely overcome these . Mos t  of th e documented 

work on the f orti f ic a t ion of sk im mi lk powder h a s  c entred 

around th e s tabi l i ty and ava i l ab i l ity o f  the vi tamin s  and 

iron . Howeve r ,  Bauern fe ind and Cort ( 1 9  7 4 )  did i nd i c a te that 

over process i ng cou l d  l ead to o f f - f l avours . 

Who l e  milk powders for use in i n f ant feeding have been 

fortif ied with vi tamins and i ron for 3 0 - 4 0  yea r s , s ince the 

produc t ion of rol l er-dried baby powder s .  Forti f i c a t ion o f  

who l e  milk powde r s  f or general u s e  h a s  on ly been done f o r  the 
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l a s t  1 0  years . Addition o f  v i tamins to these powd e r s  

h a s  b e e n  done to meet cu s tomer requi rements . T h e r e  i s  

l i tt l e  documented l i tera ture on the e f fect the s e  a dd i tions 

o f  vitamin s and minera l s  have on who l e  milk powde r s . Some 

work h a s  b een pub l i shed on the s tab i l ity and nutr i t ional 

ava i l ab i l i ty o f  such add i t ion s . As far as can b e  ascer

ta ined , there i s  no mention in the l i terature tha t  the se 

additions a l ter the aroma and f l avour of whol e  m i l k  powders . 

3 .  MET HODS 

3 . 1  Expe riment a l  De sign 

During the 1 9 7 9 / 8 0  season , powder spec if ications N o s . 8 

and 2 3  ( de s c ribed in the previous chapter ) had shown 

markedly d i f ferent aroma and f l avour a ttribute s f rom thos e 

o f  other whole m i l k  powders . Both spe c i f ication powders 

c ontained the s ame leve l of v itamins a nd iron , one was 

a non - agg lomerated powder the other an i n s tanti zed p owder . 

Because o f  the very d i stinc t ive s en sory properties the s e  

two powders exh ib i ted , it  was dec ided to u s e  the s e  l eve l s  

o f  vi tam i n  and i ron addi tion i n  the experimenta l  powders .  

F our exper imental fac tors were s tudied , in a 2 x 2 x 2 x 3 

f ac torial des ign . The f i r s t  experimental fac tor was the 

l eve l of v itamin preparation in the powder . Th i s  v i tamin 

p repara tion , (which c on s i s ted of a mixture of  Vitami n s  A ,  

B
1

, C and D )  was added at a very low level and a t  the 

l eve l used i n  making the commerc i a l  powder . The s e c ond 

experimental factor wa s the lev e l  o f  iron addition to the 

powder . The iron ( in the form o f  f errous ammon ium 

c i trate ) wa s added a t  a very low l evel and the level u s e d  

i n  c omme rc ia l  powd e r s . The low l eve l for both iron a nd 

v i tamin preparation was chosen arbitra r i ly to give a roma 

a n d  f l avour chara ct e r i s t i c s  which were d i s tinct but n o t  
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i n tense . The leve l cho s en wa s 1 5 %  of the addi tion level 

f or c ommerc ial powde r s . The th ird experimental 

f a c tor was the pos i t ion a t  wh ich the vi tamin preparat ion 

and i ron were added to the m i l k . This addition is usua l ly 

made pre-evaporator in mo s t  commercial powder plants . 

However ,  i t  has been sug g e s ted that pos t - evaporator 

a dd i t ion may be a means of preventing v i tamin los s in 

the s e  powders . To see exactly what e f fect the po s i tion 

of add i t i on had on the s e nsory propertie s ,  addi t ion of 

vi tamins and iron wa s made both pre- and pos t- evaporator . 

The f ourth f actor i n  the exper iment was the powder type . 

I t  had been noted that the e f fects of vi tamin and i ron 

add i t ion were d i f ferent in d i f ferent powder type s . To 

s tudy thes e  e f f ects fu rthe r ,  each of  the exper imental run s  

was dried t o  give three d i s tinc t powder type s : non

aggl omerated , agg lomerated and ins tant i z ed powders . The 

concentrate f or each of  the s e  experimental runs was dried 

in two spray dr iers to produce non-agglomerated and agglom

erate d  powders . Some of the agg lomerated powder wa s 

l a t e r  l ec ithinated to produce an instanti z ed powder . 

Th i s  gave a tota l of twenty four experimental powders 

proc e s sed . Table 5 4  indica tes these four exper imental 

f ac to r s  and the leve l s  for each f actor . 

T a b l e  5 4  

F a c to r  

Vi tami n s  

I ron 

P o s it i on for 
Addi t i on 

P owde r  Type 

Factors and levels for experimental work on 
addi tion of vi tamins and iron to who l e  milk 
powder . 

Low Level 

Low Leve l 

Leve l s  

High Leve l 

High L evel 

Post-evapo r a tor P re -Pvaporator 

Non-agglomerated Agglomerated I n stanr. i z ed 



2 2 4 . 

3 . 2  P roce s s ing o f  Expe rimental Powders 

Experimental powder s  c ontaining add i t ional leve l s  of  

vi tamins and minera l s  were dr ied at the New Z e a l and Dairy 

Res earch I n s titute . The powders were dried du ring the 

he ight of the da iry s e a son , to minimi z e  any s e asonal 

fac tors . The exper imen t wa s repeated to minim i z e  any 

pos s ib l e  e f fects wh ich the base mate r i a l  ( the milk ) had 

on the f inal produc t .  A total of  twenty f our experimental 

powders were proc e s sed . The s e  powder s  wer e  eva luated by 

the p an e l  for the i r  s e n s ory characteri s t i c s  between 7 and 

14  days a fter proce s s ing . I n  th i s  way i t  was hoped to 

iden t i f y , in grea ter detail than wa s pos s ible dur ing the 

1 9 7 9 / 8 0  dairying s e a son , the characte r i s t i c s  of powders 

c on ta ining added vitam i n s  and i ron . 

Who l e  milk was obta ined from the Manawatu Co-operative 

Da iry Company and s tored in r e f r igerated s i lo tank s .  The 

mi lk was separated a nd the c ream and s k im recombined to 

g ive a f a t : sol ids-non - f a t  ratio of  2 6 . 5 : 7 1 .  The s tandard i z e d  

m i l k  wa s preheated to 1 0 0 °C b y  direct s team in j ec t ion and 

held for 1 0 s . The mi l k  was concentrated i n  a Wiegand 

three e ff e c t  fa l l ing- f i lm evaporator (Wiegand Kar l s ruhe 

G . m . b . H . , Kar l s ruhe , Germany ) . The target dens i ty of the 

c oncentrate was l l O Okgm- 3 ( equivalent to 4 8 %  solids at S 0 °C ) . 

The vi tamin preparat ion a nd the iron ( in the form o f  f errous 

ammon ium c i trate ) were added at two d i f f e re n t  po ints i n  the 

s y s tem . P re -evaporator addition wa s made to the f eed 

tank f or the evaporator . Post-evaporator add ition was 

made t o  a b a l ance tank located between the evaporator and 

the driers . Both preparat ion s were d i s s o l ved in approximat e l y  

2 0 0  m l  warm water , added t o  the tank and s t i r red v igorou s ly . 

Each batch o f  conc entrate was d ivided into two portions and 

d r i e d  on two spray drie r s . The agglome rated powders were 



produced on a D e  Lava l ta l l - form sp ray drier ( The De 

Lava l Separa tor Co . ,  Dryer D i v i s ion , USA)  f i tted w i th a 

pre s sure noz z l e atomi z e r . The drier a nd the evapora tor 
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are control led by an IBM System / 7  proc e s s  con tro l compu ter . 

The c oncentra te wa s pumped to the d r i e r  by a h igh pre s su r e  

pump a t  2 4 0  1 /h ,  g iving a nomin a l  powder produc tion r a t e  

of 1 2 5  kg /h . The drier w a s  opera ted wi th a n  i n l e t  a i r  

temperature o f  1 6 0 °C and a n  out l e t  tempera ture of  7 6 °C .  

The powde r wa s di scharged from the chamber at a moi s ture 

content of  5 - 6 %  on to a f l u i d i z ed bed s econdary d r i e r  

and coo l e r . T h e  f lu idi z ed b e d  dr ier wa s operated a t  

i n l e t  tempera tur e s  o f  1 3 0 °C ,  1 1 8 °C and 1 0 °C f o r  · the f i r s t , 

s econd and thi rd sec t ions respec t ive ly . F ine powder 

partic l e s  were removed from the chamber via a bu s t l e  

and a l so from the f lu idi z e d  bed hood spac e .  Thes e  f ine 

part i c l e s  were then transported by pneuma tic conveyor to 

the top of the d r i e r  and introduced c l ose to the noz z l e to 

agglome rate with f re s h l y  atomi zed dropl e t s . 

The non- agg l ome ra ted powders were dried i n  a pi l o t  sca l e  

Anhydro spray dr i e r  ( Anhydro A / S ,  Denmark ) f i tted w i th a 

1 5 9  mm diame ter d i s c  a tomi z e r . The concentrate wa s 

homogen i z ed at 1 0 / 3 . 5  MPa a t  5 0 °C and pumped to the drier 

at a feed rate o f  1 1 4  l /h g i v ing a nominal powde r  produc t i on 

o f  6 2  kg / h . The drier was operated at an inlet tempe rature 

of l 7 7 °C ,  an out l e t  tempe rature of 9 6
°C and a disc speed of 

- 1  
2 9 2 s  . The powde r  wa s d i s c harged from the base o f  the 

drier . 

The instan t i z ed powd e r s  were produc ed by l e c i th i na ting 

a gg l ome rated powders i n  the laboratory . A ba tch of  agg lom

e r ated powder ( o f  approx ima t e l y  5 0 0  g )  was p l aced in the bowl 

of a Mode l 7 0 1A Kenwood Mixer ( Kenwood P e e r l e s s  P ty L td . , 

S o u th Austra l ia ) . The b owl wa s equ ipped w i th a cover to 

keep dus t  away from the powde r .  The powder wa s mixed 

s lowly with an eccent r i c  K-beater wh i l e  a mea su red quan t i ty 

o f  Centrolene S ( C e n t r a l  Soya , Chicago , USA) / anhydrou s 



mi l k f a t  mixture was sprayed from a pneuma tic a tomi z ing 

no z z le ( chromatography spray ) through a sma l l  ho l e  in 

the cove r . Lec i th in and anhydrous m i l k f a t  were added 
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i n  2 : 1  p roportions a t  a 0 . 5 % rate of addi tion ( to give 

0 . 2 % l e c i thin in the f inal produc t) . The powde r was then 

tran s f erred to a l aboratory f luidized bed dri e r  ( G l at t , 

H a l tingen-B inzen / Baden , Germany ) and hea ted with a ir , a t  

an inl e t  temperatu re o f  B 0°C ,  f o r  1 0  minute s . 

3 . 3  Me thods of S t a t i st ic a l  Analys i s  

Ana lys i s  o f  the experimenta l data wa s done u s ing a DS I R  

S ta ts -Pac program c a l led ' Fac t l ' (App l ied Mathemat i c s  

D i v i s ion , D S I R , Pa lme r s ton North ) . T h i s  program i s  

de s igned spec i fica l ly f or f u l l  facto r i a l  d e s igns with even 

numbers of sub- samp l e s . Data from each sen sory attr ibute 

were ana ly sed separate l y  to f ind the s ign i f ic ance of  the 

ma i n  e f f e c ts and the f ir s t  order interactions . 

4 .  EFFECT S OF. VITAMIN AND I RON ADD IT I ON ON THE SENSOR 

PROPERT IES OF WHOLE MI LK POWDERS 

The twen ty four exper imental who le mi lk powders conta i n ing 

controlled l evels o f  vitamin s and iron were eva lu a ted by 

the pan e l  for sensory a t tributes of  aroma and f l avour . Data 

f rom each of these sensory attributes we re ana lysed 

s eparately to f ind factors respon s ib l e  for chang e s  in the 

a r oma and f l avour . A s ummary o f  resu l ts , indicat i ng the 

s ig n i f ic a n t  factors i n  thes e  changes , is g iven i n  Tab l e  5 5 . 

Each of  the ma in exper imenta l f ac tors was s tudied in turn , 

t o  s e e  wha t  e f fect each f a c tor had on charac teri s ti c s  of  

a roma and f l avour . The s ign i f icant interac t ions between 

thes e  f ac to r s  were then s tudied . 
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4 . 1  E f fec t o f  Vitamin Add i tion 

The r e s u l t s  showed that the addi tion of a vitamin prep

aration containing Vi tami n s  A ,  B 1 , C and D ,  had a h igh ly 

s ig n if i cant e f fect on c e r t a in attributes of  aroma and 

f lavour ( se e  Table 5 5 ) . In the aroma of  the powder , the 

leve l o f  vi tamin add i t ion had a s ign i f icant e f f e c t  ( at 

the 5 %  leve l )  on the ' ta i n t ' cha racteris tic only ( se e  

Appendix 3 4 ) . The means showed that as the level of  

vi tamin addi tion increased , the intens i ty of th i s  ' ta i n t ' 

charac teri s t i c  dec reased . S cores for the two l eve l s  o f  

vi tamin add i t ion were very l ow and d i f f erenc e s  appeared to 

be q u i t e  sma l l . The leve l of vi tamin add i t ion a l s o  had a 

h ighly s ign i f icant ( a t  the 0 . 1 % leve l )  ef f e c t  on the 

' vi tami n i z e d ' aroma in the reconst i tuted milks ( see Appendix 

3 6 ) . As the l evel of  vi tamin add i t ion increa s e d , the 

inten s ity of thi s  note increased . 

Data f o r  creamy and cooked / c arame l ised f lavour n o t e s  i n  

who l e  milk powders showed tha t  vi tamin addi t ion h a d  a s ig

n i f icant ef f e c t  on the se a t t r ibute s a l s o  ( shown in 

Appendix 3 7 )  . Means for the s e  two attribut e s  s h owed that 

th i s  was an inverse relation s h i p . As the l eve l of vi tamin 

addit ion inc re a sed , the inten s ity of  these f l avours 

decrea sed . Da ta for the ' vi t amin i zed ' f l avour a l so showed 

tha t the l eve l of vitamin add i tion had a h igh ly s igni f i c ant 

( at the 0 . 1 % l eve l )  e f f e c t  on thi s  a ttribute ( se e  Appendix 

2 8 ) . A s  the l eve l of  vitamin addi tion increased , the 

intens i ty of  thi s  ' vitamin i z e d ' f l avour in the recon st i tuted · 

milk s i nc rease d . Thi s  e stab l i shed that addi tion o f  a v i tamin 

preparation d i d  change the aroma and f l avour of  the who l e  

m i l k  powders s i gn i f ic an t ly . Th is change w a s  a d i s tinctive 

one whi ch the pane l  def ined as a change in the ' vi tamin i z ed ' 

aroma and f l avour of recons t i tuted milk s . 
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4 . 2  E f f e c t  of  I ron Addi t ion 

The addi t ion of  iron t o  the p owders also had a h igh ly 

s ignif icant ef fec t on many aroma and f l avou r  a t tr ibutes 

( se e  Tab l e  5 5 ) .  Data f or swee t  and b u ttery notes in the 

aroma of the exper imental who le mi lk powders ( see Appendix 

3 3 )  showed that i ron addition had a s ig n i f icant ( at the 

5 %  leve l ) ef fect on the se a t t r ibute s . I ron addi t ion a l s o  

had a h ighly s ign i f ic a n t  ( at the 0 . 1 % leve l )  e f fe c t  on the sweet 

and buttery notes in the aroma of the recon s t i tu ted mi lks 

( se e  Appendix 3 5 )  . I n  both the aroma o f  the powders 

and of the recons t i tu te d  mi lk s , the inten s i ty o f  the s e  

charac te r i s t i c s  dec reased a s  t h e  leve l o f  i ron in the 

powder i ncrea sed . The l eve l of iron add i t i on had a s imi lar 

e f f e c t  on the ' lac tone - l ik e ' note in the aroma of  the 

r e c on s t i tu ted mi lks ( se e  Appendix 3 6 ) . As the leve l o f  

i ro n  addi t ion increased , the ' lac ton.e - l ik e ' note i n  the 

a r oma dec reased . It appeared that as other aroma 

c h aracteri stics became d ominant ,  th i s  rath e r  mild character

i s t i c  became ' weake r ' . 

T h e  ' oxidi sed ' aroma i n  the mi l k s  was h igh ly s ign i f ic a n t l y  

a f f ec ted ( a t  the 0 . 1 % level ) by the level o f  i ron add i t i on 

( see Appendix 3 6 ) . As the leve l of iron i n  the powder 

i nc reased , the ' oxidised ' note in the a roma of the recon

s t i tu ted milks inc rease d . Addi tion of  i ron to the powders 

a l so inc reased the ' vi tamin i z e d ' aroma in the recon s t i tu ted 

m i l k s ( see Appendix 3 6 ) . Addi t ion of  i ron t o  the s e  powder s  

c le a r ly c au sed a d i s t inc t ' ox i d i sed ' note and a l s o  inten s i f ie d  

the ' vitami n i z ed ' n o t e  i n  the aroma . I t  i s  not k nown 

p re c i sely wha t  compounds make up th is ' vi tamin i z ed ' 

charac ter i s t i c . I t  i s  pos s ib l e  that s ome of them cou l d  

b e  breakdown produ c t  o f  t h e  v i t amins thems e l ves . Add i ti on 

o f  i ron ma·y c ataly s e  the breakdown of  the s e  compounds 

caus ing a more inten s e  ' vitamin i z ed ' note . 
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The l evel of iron add i tion a l so had a hi gh ly s i gnif icant 

( at the 0 . 1 % l eve l ) e f f ec t  on the sweet and c reamy 

f l avou r s  in the recon s t i tu ted mi l k s  ( see Appendix 3 7 )  

A s  the l evel o f  i ron addi t i on increa sed , the intens i ty of 

these f l avours decrea se d .  Data for the ' lac tone - l ik e ' 

f l avour in the recon s t i tuted mi l k s  showed tha t i ron 

addit i on had a s i gn i f i c ant ( at the 5 %  l eve l )  e f f ect on 

th i s  attr ibute ( s ee Appendix 3 8 ) . This e f f ec t  wa s s imi l ar 

to tha t  on the swe e t  and creamy f l avour s . As the l evel of  

i ron add i t ion incre a s ed , the ' l ac tone - l ik e ' note 

decreased in inten s i ty . Addi tion of i ron has been as sociated 

w i th an ' oxidi sed ' f l avour in da i ry produ c t s  and in the s e  

data the l eve l of i ron addi tion had a high l y  s ignif icant 

( at the 0 . 1 % l eve l ) e f f ec t  on the ' oxidised ' f l avour in 

the r e ccn s t ituted m i l k s  ( see Appendix 3 8 ) . As the leve l of  

i ron in the powder i nc r e ased , the inte n s i ty of the ' ox idi sed ' 

f l avour increased . 

4 . 3  E f f e c t  of Pos i t ion of Add i t ion 

The pos i t i on at wh ich the vi tamin and min e r a l  addi tion was 

made had a s igni f i cant e f f e c t  ( at the 5 %  l eve l ) on the 

b u tterin e s s  of the powd e r  aroma only ( see Appendix 3 3 ) . 

P owde rs in wh ich vi tamin and i ron addition was po s t - evapora t o r  

w e r e  sign i f icantly mor e  b u t t e r y  than those in wh ich add i t i on 

was pre- evaporator . P re -evaporator addit ion of i r on c aused 

a s trong e r  ' oxidised ' note than pos t - evaporator add i t i on . 

I nc reases i n  attribu tes ( such a s  the ' oxidi s ed ' note ) w i th 

p r e - evapora tor add i tion of iron may be the reason f or th is 

s igni f icant pos i t ion e f fe c t  i n  the but te r i n e s s  of  the powder 

a roma . As o ther a t t r ibutes became s tronger , the · ' ba s i c ' 

b u t te ry note in the prof i le was ma sked . 
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4 . 4  E f fec t  o f  Powder Type 

The experime n ta l  data showed tha t  the powder typ e s  had a 

highly s ign i f ic an t  e f f ec t  on the aroma and f l avour of  the 

expe r imenta l who l e  mi lk powders . Powder type had a 

s igni f ic ant ( a t  the 5 %  l eve l ) e f fe c t  on both the swe e t  and 

buttery notes in the powder aroma ( see Appendix 3 3 ) . The 

means indicated that swee tne s s  and butterine s s  were highe st 

in non-agglome rated powders and lowe s t  in in s tan t i zed 

powde r s . Data for the ' ox id i se d ' note in the powder aroma 

showe d  the reverse e f f e c t  ( see Appendix 3 4 ) . The powder 

type aga i n  had a s igni f i c an t  ( at the 5 %  level ) e f fe c t  on 

thi s  attr ibu te . The means showed that non-agg l ome r a ted 

powder s  we re s i gn i f icantly more ox i d i sed than i n s tanti z ed 

powde r s . Mean s cores for a l l  the s e  powders were very 

low and the d i f f erences between s amp l e s  were sma l l . 

The powder type a l s o  had a h ighly s ig n i f icant e f f e c t  ( at 

the 0 . 1 % l eve l )  on the sweet ,  but tery and cooked / c arame l i sed 

note s i n  the aroma of  the recons t i tu ted mi l k s  ( se e  Appendix 

3 5 ) . E ac h  of  the s e  charact e ri st i c s  was sign i f i c a n t l y  

' weaker ' i n  the ins tanti zed powders than i n  e i th e r  non

aggl omerated or agg lomerated powde � s . Many aroma and 

f lavour attributes were f ound to b e  much stronge r  in 

instanti z ed powder s  than in e i ther non-agglome rated 

or agg l ome rated powders . The swe e t  a nd buttery note s were 

no longer perceptible as other attribute s became 

dominan t . 

Data for the ' l ac t one- l ik e ' a roma i n  the recon s t i tuted 

mi lk s a l s o  showed a s igni f icant (at the 5 %  leve l )  powder 

type e f f ec t  ( shown in Appendix 3 6 )  . The means showed that 

agglomera ted powders had the s t rong e s t  and instan t i z e d  

powders the weake s t  ' lac tone - l ike ' a roma . Th i s  m i l d  

a ttribute was rather eas i ly ' ma sked ' by other aroma 

characte r i s t ics . I n  ins tan t i z ed powde r s , which had a 

more dominat ing a roma , th i s  charac te r i s tic was not s o  
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intens e . Data for the ' oxidi s ed ' aroma in the recons t i tuted 

mi lks showed the oppo s i t e  e f f ec t . Powder typ e  agai n  had a 

highly s ig n i f icant ( at the 0 . 1 %  leve l )  e f f ect . The means 

showed that ins tanti zed p owders had a signi f i ca n t ly more 

t oxid i se d ' aroma than e i ther non-agg lomerated or agg lomerated 

powder s .  

There were a l so s ig n i f i c a nt d i f f erences be tween the powder 

type s in the ' feedy ' aroma in the recons ti tuted mi lks ( see 

Append ix 3 6 ) . Non-agg lomerated and agg lomerated powders 

were s igni f ican t ly more � feedy ' than ins tanti z ed powders . 

The ' feedy ' note was as soc i ated w i th the ' ba s i c ' or 

' no rma l ' notes in who le mi l k  powders .  I n  non-agg lomerated 

and agg lomer ated powders , these ' basic ' notes were 

more intense than in the i n s tanti zed powders . However , 

me an 'S c ores for this attribute were a l l  very low and 

d i f ferences were rather sma l l . Data for the ' vi t ami n i z ed ' 

aroma i n  the reconsti tuted m i l k s  showed that d i f ferences be

tween powder types were highly s ignif icant ( see Appendix 3 6 ) . 

I ns tanti zed- powder s were s igni f icantly more ' vi tamin i zed ' 

th an e i ther non-agg lomerated or agglomerated powders . Pane l i s t s 

had used an i n s tanti zed powd e r  as the s tandard ' vi tamini z ed ' 

who l e  mi lk powder . Some o f  i ts d i s t inctive prope rtie s wou l d  

appear t o  result from powd e r  type rather th an from v i t amin 

add i t io n . 

As was f ound in data for the aroma , powder type had a high ly 

s ig n if ic ant ( at the 0 . 1 % l e ve l )  e f fec t on sweet ,  creamy 

and c ooked/carame lised f lavours in the recons tituted milks 

( s ee Appendix 3 7 ) . The means s howed that i n s tant i z ed 

powder s were l e s s  sweet , creamy and cooked/c arame l i se d  than 

e i ther non-agglomerated or agglomerated powders . Data from 

the ' lactone- l ike ' f l avour i n  the recon s t i tu ted milks ( see 

Appendix 38 ) showed a s im i l a r  trend . The means showed 

tha t  i ns t a nt i z ed powders were sign i f i cant ly less ' lactone

like ' than e i ther non- agglomerated or agg lomerated 

powders . As o ther f l avour s , such a s  ' oxidi s ed ' ,  
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The ' ox id i s ed ' f l avour in th e recon s t i tuted mi l k  wa s s i gn i f 

i c an t � ( a t  the 0 . 1 % l eve l )  af f e c ted by the powder type 

( s ee Appendix 3 8 ) . The i n s tan t i z ed powders were a l l  s i g n i f 

i c antly more ' ox id i s ed ' than e i ther non-agglome rated o r  

agg l omerated powder s .  Data f o r  the ' vi tamini z ed ' f l avour 

i n  the recons ti tuted mi lks ( s e e  Appendix 3 8 ) s h owed a s imi lar 

e f f ect . I n  these data a l so ,  i n s tant i z ed powders were 

s ig n i f icant l y  more ' vi tamin i z ed ' tha n  the other powder type s . 

I t  had been ob se rved during the s e a s onal work that the 

e f f ect of c e r ta i n  v i tamin and i r on add i t i ons was much 

greater in i n s tanti z e d  powders than i n  other powder type s . 

B a l dwin and Humphri e s  ( 1 9 7 6 )  showed that l e c i th ination o f  

whol e  mi lk powders ( to produce i n s tanti z ed powder s ) d i d  

n o t  s i gni f i c a n t l y  change the f l avour of whole mi l k  powd e r s . 

When data from the f i r s t  experimenta l powders were ana l y sed , 

i t  was clear that the i n s tant i zed powders were s i gn i f i c ant l y  

d i f f erent from o ther powder type s . T o  c l a r i fy the s e  apparent 

anoma l ies , four extra experiment a l  powders were proc e s s e d  

when the exper imenta l des ign wa s repeated . The se fou r  

powders con ta ined no add i tional v i tpm i n s  and i ron ( added 

pre- and pos t - evapora tor ) .  Two powd e r s  were i n s tan t i z ed , 

two were non - agg l omer a ted powders . Ana l y s i s  of data f r om 

the s e  four extra powd e r s  was done separa t e l y  and showed a 

s i gn i f icant d i f fe rence ( at the 5 %  l eve l )  on l y  in the buttery 

note of the powder aroma . The i n s tant i z ed powders we re 

c on s i dered to b e  s l ighQy l e s s  buttery than non- l e c i th i n a ted 

powders . These analyses c l ea r l y  demonstrated tha t  the v e ry 

ma rk ed d i f f erences between i n s t an t i z e d  powders and o th e r  

powder types occurred on l y  i n  the pre s ence of  a v i tamin 

preparation and i ron . 
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mi l k s  showed a s ig n i f icant ( at the 5 %  leve l )  interaction 

between the l evel o f  i ron addi tion and the po s i tion o f  th i s  

addi tion ( pre- or post-evaporato r ) . ��hen iron addi tion 

wa s made post- evaporator , the intens i ty of the ' lac tone -

l ik e ' note increa s e d  with incre as ing i ron i n  the powde r s . 

However ,  when a dd i t ion wa s pre-evapora tor , th is note decreased 

with increas ing iron add i tion . Addi t ion of  iron pre

evaporator tended to give a s tronger ' oxidi sed ' note than 

po st-evaporator addi tion . I t  is  pos s ib le that a s  th i s  

oxidised note bec ame more dominan t ,  the mi ld ' lac tone-

lik e ' note was ' ma s k ed ' . 

4 . 6 I ron x Powder Type I nteractions 

There were a number o f  h ighly sign i f ican t interac tions 

between the leve l o f  iron addi t ion and the powder type . 

Exper imenta l data f o r  sweet , buttery and cooked / carame l i s e d  

notes i n  the aroma o f  the recons tituted m i l k s  showed ( se e  

Appendix 3 5 )  s ig n i f icant i ron b y  powder type interaction s . 

The i n teraction mea n s  for a l l  three aroma character i s ti c s 

s howe d  s imilar trends . At the high l evel of iron addition , 

instan t i zed powder s  were very much l e s s  sweet , buttery and 

c ooked / c arame l i se d  than e i ther non -agg l omerated or agg lom

e rated powde rs . 

Data f o r  ' oxidised ' and ' vi tamin i zed ' notes in the aroma o f  

recon s t i tuted m i l k s ( see Appendix 3 6 )  showed high ly s ign i f

icant ( a t  the 0 . 1 % l eve l )  interactions be tween the leve l o f  

iron add i tion and the three powder type s . The interaction 

means showed that the d i f ferences between i n stanti zed powd e r s  

and oth e r  powder types we re m uch greater a t  the high than 

a t  the low l eve l of  addition . I n s tant i z ed powder s  were 

a l l  more ' ox idised ' and ' vi tamini zed ' than other powder 

types . However ,  a t  the h i gh level of  iron addition the 
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d i f ferenc e s  in i nten s i ty between i n s tanti zed p owd e r s  a nd 

other p owders were much greater . 

There wer e  also s ign i f icant i n tera c t ions be tween the level 

o f  i ron add ition and powder type in data for swee t , creamy 

and cooked/carame l i sed f l avours in the recons ti tuted mi l k s  

( see Append ix 3 7 ) . The means showed s imi lar trends in 

each c a s e . Ins tantized powd e r s  were much l e s s  swee t ,  creamy 

and cooked/carame l i sed th an other powders at the h igh than 

at the low l eve l o f  addit ion . As i n  data for the aroma , 

there was a s igni f icant interaction be tween leve l o f  i ron 

addition a nd powder type in the ' oxidi s ed ' f l avour of  the 

recons tituted mi lks ( s ee Appe nd ix 3 8 ) . Means for thi s  

interaction indicated that d i f f erences between p owder type s 

were much greater at the h i ghe r lev e l  o f  iron add i tion than 

at the lowe r leve l . Again , i n s ta nti z ed powders were s igni f ic

antly more ' ox idi sed ' than other powder types but d i f ferences 

were muc h  greater at the high level of iron add i t ion . 

4 . 7  P o s i tion of Addition x Powder Type Interactions 

There were s evera l s ignif i cant interact ions between the 

pos i tion a t  which the vitamin p r eparation and i ro n  were 

added and the powder type . Data for the cooked/carame l i s e d  

note i n  the a roma o f  the recons t i tuted m i lks ( see Appe nd i x  

3 5 ) showed a s ig n i f icant interact ion be tween the s e  two 

f a c tors . The means i nd i cated tha t  i ns tant i z ed powders were 

very much le s s  cooked when vitami n and i ron addition was 

made post-evaporator rather than pre-evapora tor . Ana lys i s  of 

data for the ' vitami n i zed ' note in both aroma and f lavour 

o f  recons ti tuted mi l k s  a lso showed s ig n i f icant interactions 

between the pos ition of  add i tion and powder type ( se e  Append i ce s  

3 6  and 3 8 )  • The interac tion means for both attri bute s showed 

s imi l ar trend s . When addition o f  the v i t amins and iron was 

made post-evaporator , the i ns tanti zed powders were s i g n i f i c

a n t ly more ' vi tamini zed ' th an when add i tion was made pre

evaporator . These s igni f icant i nteractions may r e f le c t  o ther 

changes in thes e  ins tant i z ed powders .  Ins tan t i z ed powders i n  whi ch 
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addition was pos t - evaporator tended to be l e s s  ' ox i d i sed ' .  

I t  is  pos s ib l e  tha t  when add ition wa s post-evapora tor and 

the ' ox i d ised ' note wa s weak e r , the l e s s  dominant ' vi tamin

i zed ' note wa s more readily perce ived by the pane l . 

There was a s ign i f icant interaction between the pos i t ion 

o f  the v itamin and iron addi t ion and the powder type in 

data for the ' ox i d i sed ' f l avour i n  the recon s t i tu ted mi l k s  

( see Appen d ix 3 8 ) . The means showed tha t d i f f erenc e s  

between the instan t i zed and other powders were much g re ater 

when addi t ion was pre-evaporator than when it wa s po s t 

evaporator .  A l l  i nstanti zed powders were s ig i f icant ly mo re 

' ox idised ' than the other powder type s . However , the d i f f 

e rences were g reater when add i tion was pre- evaporato r .  I t  

h a s  been sugge sted that when add i t ion i s  pre-evaporator i t  

a l lows a l onger per ied in wh ich the iron can reac t in the 

milk prior to dry in g . I t  was c l e a r  f rom th is data tha t  thi s  

pre-evapora tor addi t ion doe s make a s ig n i f icant d i f f e rence 

but only i� the i n s tanti z ed powde r s . 

5 .  D I SCUS S ION' AND CONCLUS IONS 

Evaluation of some experimenta l powder s  conta in ing con

tro l l ed l eve l s  of vi tamin and i ron showed highly s ign i f ic 

an t e f fec t s  due to these proce s s ing var i ab l e s . The level 

of iron and vi tamin addition had very s ig n i f icant e f f e c t s  

on the sweet , buttery and cooked / c a rame l ised note s in the 

aroma and f l avour of the whole milk powders . There wa s 

an inverse re lat ionship between the leve l of  vi tamin and 

iron addit ion and the intensity of  the s e  three a ttribute s .  

As other aroma and f lavour character i s t i c s  became more 

dominant , the s e  ' ba s i c ' attributes decreased in inten s i ty . 

The gross c omp o s ition o f  th ese ' vi tamin i zed ' milk powders 

was s·imilar to powder s  c ontain ing no vi tamins . There 

is no reason to be l i eve. tha t dra s t i c  chang e s  had occurred 

i n  the compone n t s  wh ich g ive milk powder its charac ter i s ti c  
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aroma and f l avour . Consequently , it wa s bel ieved tha t the 

mild ' ba s i c ' notes of the pro f i l e  were ' ma3ked ' by other 

more dominant aroma and flavour attribute s .  

The addition o f  iron had a highly s ig n i f icant e f f e c t  on 

both aroma a nd f l avour . In particula r , the addi tion o f  

iron was a s s oc iated with an ox idi s ed ' c ardboard ' aroma 

and f lavour characte r i stic . Th is ox idi sed note was 

not the c l a s s ic ' ta l l ow '  note found in very old , ox idi sed 

milkf a t .  I n s tead it wa s the ' c ardboard ' flavou r o f ten 

a s soc iated w i th metal catalysed ox idation in mi lk . Add i t i on 

o f  the vitamin preparat ion was a s so c i a ted with an increa s e  

i n  the ' l actone - l ik e ' and the ' vi tamin i z ed'  character i s tic s 

in the aroma and fl avour of  the recon s t i tuted mi lk s . The 

'lac tone- l ike ' n ote was a sweet , perfumy and of ten ' coconu tty ' 

charac ter i s t i c . Al though not exac tly the same note f ound 

in whole mi l k  powder s  high in lacto nes , it wa s very s imi l a r  

and described a s  such . During the 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1  

season s , th i s  note wa s a s socia ted w i th certain powders 

containing Vitamins A and D .  I n  the experimental powde r s , 

i t  was shown to be a s sociated with i ncreases in the leve l 

o f  vitamin addition . However , the i ntens i ty of th i s  

characte r i s t i c  decreased a s  iron addition increased . T h i s  

rather m i l d  ' lac tone - l ik e ' charac ter i stic wa s ' ma sked ' a s  

the ' ox id i s ed ' charac terstics became more dominant w i th 

increas ing l eve l s  of  i ron . 

H igh leve l s  o f  v i tamin addition we re a l s o  a s soc iated w i th 

a n  increase i n  the ' vi tamini zed ' charac ter i s tic Th i s  

' vi tamini zed ' attribute had been ca l led ' oi ly ' , ' f i shy ' 

and ' ha l iborange ' by the panel . Al though some o f  the s e  

descriptions are of ten u sed for oxi d i sed f l avou r s , pane l i s t s  

were adamant tha t  th i s  sensory characte r i stic cou l d  n o t  b e  

c ategorised a s  ' ox id i s e d ' .  Other descriptions u s ed for the 

' vi tamin i zed ' powder s  were ' gr a s sy ' , ' mealy ' ,  ' beany ' and 
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' legumey ' .  The a s sociation o f  the s e  particu l a r  character

i stic s is thought � arise out of  a powder type e f f ec t  

wh ich h a d  been h igh ly s i g n i f icant i n  the experime n t a l  

powders . T h e  powder u s e d  to d e f ine the ' vitamin i z ed ' 

note in whol e  mi l k  powder s  dur i ng the 1 9 8 0 / 8 1  season wa s 

a l ec i th inated o r  instant i zed powder ( c ontaining a pprox imately 

0 . 2 % s oybean l e c i thin ) . Data f rom the experime n t a l  powders 

showed that in these instan t i z ed powder the ' vitami n i z ed ' 

note was very much stronger than in the other powde r  type s . 

L itman and Numrych ( 1 9 7 8 )  have described the s oybean 

revers ion _ f lavour ( which occurs on oxidation of  soybean 

produc t s )  as ' be any , buttery, p a inty , f i sh � gra s sy or hay 

l ike ' . I t  wou l d  appear tha t  s ome o f  the aroma and f lavour 

charac ter i s ti c s  a s s ociated w i th ' vi tamin i zed ' powd e r s  are 

possibly c aused by ox idation of the s oybean lec i th i n . 

The powder type had a high ly s i g n i f ic ant e f fect on the 

aroma and f lavour character i s t ic s . The e f f ec t s  o f  vi tamin 

and i ron addition were gener a l l y  very much stronger in 

the instan t i z�d powder s  than in ei ther the non-agg l omer a ted 

or agg l omer a ted powde rs . Ba l dw i n  and Humphries ( 1 9 7 6 )  have 

shown tha t l ec i th i nation does n o t  s ign i f icantly change the 

f l avour o f  whole m i l k  powde r s . Experimental powder s  wh ich 

c onta ined no add i t iona l v i tami n s  and minera l s  c on f irmed 

this work . However the ef f e c t  o f  l e c i thination in the 

presence of other additives had not p reviou sly been s tudied . 

The expe r imental data showed c l e a r ly tha t  in the p r e s ence 

o f  a vi tamin preparation and added iron , the ins tan t i z e d  
' 

powde rs d i s p l ayed much more intense aroma and f l avour charac-

ter i s t i c s  than any o f  the o ther p owde r s . 

The pos i t ion of  v i t amin and iron add i t ion did have s ome 

e f f ect on .the aroma and f l avour o f  who l e  milk powd er s . When 

i ron was added pre-evaporator , the ' oxidised ' charac ter i s 

t i c s  i n  the aroma and f l avour tended to be strong e r  than 

when addi t i on was p o s t- evaporato r .  The ' lactone- l ik e ' and 
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' vi tamin i z e d ' notes tended to be stronger w h e n 

addi tion was pos t -evaporator . These pos i tion e f f e c t s  had 

l e s s  e f f ect on the powders than the vitamin and i ron 

addi tion or the dif f erent powder type s . I t  was conc luded 

that the add it ion of vitamin s  and iron changed the aroma 

and f lavour charac ter i s t ic s  o f  whole mi lk powde r s  qu i te 

markedly . These changes were much greater in i n s tanti zed 

powders than in e i th e r  non-agg lomerated or agg l omerated 

powders . 
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CHAPTER X 

DI SCUSS I ON AND CONCLUS IONS 

A s e nsory pro f i le was s ucce s s f u l ly estab l i s hed which gave 

a comprehens ive desc ription o f  the s e nsory properties 

of New Z e a land whole mi l k  powders . Thi s  me thod of  eva l 

u ation took into account a l l  the sens ory p roperties 

wh ich the panel thought a consumer might eva lua te . It  

was pos s i b le to obta in a detai led descr iption o f  the 

sensory attr ibutes o f  a spe c i f i c  powder us i ng thirty 

two des c r ip tors of appe arance , aroma , f lavour and texture . 

A detailed sensory p ro f i le had not been previous ly es tab

l i s hed for whole mi l k  powder and i t  was necess ary to 

e s tab l i sh the mos t  s ui table s c a l ing method for use with 

this pro f i le . A 0 - 1 0 l i near s cale , a s emi - s truc tured 

l i near s c a l e  and magni tude e s t imation sca l i ng were a l l  

u s e d  in a s s ociation with the sensory prof i l e . Des p i te 

the fact that mag n i t ude es timation had bee n  the choice o f  

many sens ory workers in recent years , i n  this particular 

p r o j ect i t  was the least sens i tive s ens ory scale and the 

mos t  di f f icult to u s e . The s emi - s tructured linear s c a l e  

was e a s y  t o  u s e  but n o t  very e f fective at d i f ferentiating 

between s amples . The 0 - 1 0 l i near scale was both easy to 

u s e  and e f f ective i n  d i f ferentiating betwe e n  samp le s .  

The compari son o f  the three s e nsory s c a l e s  made in the 

p r esent s t udy showed that care should be taken to avoid 

the use of ' popular ' or ' fa s hionab l e ' s ensory scales , when 

they are not appropr iate for the work being undertaken . 

A s e ns ory scale shou l d  be chos en which i s  the mos t  s ui table 

for the work in progre s s . Where pos s ible , it i s  b e l ieved 

that a tr i a l  compari s ion between s c a l e s  should be made . 

Magn itude es timation s c a l i ng has provided a very powe r f u l  
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research too l whe n  used in as soc iation with contro l le d  

exper ime nta l d e s i gns . From the r e s u l ts of  the pres e n t  

s tudy , magni tude e s tima tion scal i ng i s  not a good cho i c e  

o f  sensory s c a le f o r  long term pro j ec ts , s uch as s torage 

t r i a l s  or se asonal s tudies . There are many u s age prob l ems 

as s o c i ated whe n  this sca le is used over a long per iod , 

such as ' moving basel ine ' .  The s co r i ng o f  unforeseen 

attributes not or iginal ly present i n  the standard , s uch 

a s  a re fere nce m i l k  powder , a l s o  cause s prob lems . One 

of the category s c al e s  would appear to work more e f f e ct ive ly 

in long te rm s tudi e s , de spite the dep e nd e nce on ' memory 

s tandards ' .  

Th is sensory p ro f i l i ng me thod could be used to re late 

consumer requirements with the s ensory prope rtie s o f  a 

spe c i f ic powder .  I f  i t  is  known that certain attributes 

are preferred in a particular marketp l ace , the se pre f e rences 

coul d  be matched with the attributes o f  i nd ividual powde r s . 

For examp le·, ' feedy ' f lavours are much d i s l iked i n  many 

As i an marketp laces . Powders without these ' feedy ' charac

te r i s ti c s  could be p laced on such markets . The matchi ng 

o f market with s u i t able products wou ld be a ided cons iderably 

i f  the da iry d1v i s ion grad ing sys tem i ncluded a s imp l i f ie d  

form of  this p ro f i l ing method . The prese nt grading s y s tem 

uses a single s co r e  to i ndicate the q u a l i ty of the p roduc t .  

Workers , s uc h  a s  McBride and Hal l  ( 19 7 9 )  have found that 

s ing le s core grades do not r e l ate we l l  to consumer a c c ep 

tance . A pro f i l i ng me thod would not only i ndicate the 

qua l ity of the p r oduct but also give s ome description o f  

spe c i f i c  powder p roperties . I t  i s  be l i eved that thi s wou ld 

o ff e r more ·f le x i b i l i ty in the evaluation o f  commerc i a l  m i l k  

powders than the g rading sys tem p r e s e n t ly i n  use . 

Re l ationships b e tween certain sensory attributes in mi l k  

powders and i n s t r umental measureme nt s  for co lour and 

texture were a l s o  s tudied . I t  was f ound that mea s urements 



2 4 2 .  

o f  colour a nd p article s i ze only could be made s a t i s f a c to r 

i ly b y  instrumenta l methods . I f  the s e  properties are o f  

importance to the u l t imate consumer , i t  would b e  p o s s ible 

to determine the phy s i c a l  l imits o f  a product , according 

to co lour a nd partic le s i z e , wh ich the consumer wou l d  

accept . The s e  cons t itute the ' tolerance limi ts ' for that 

p ar ticular a t t r ibute in the product for that marketp l a c e . 

Hav ing e s t ab l i shed the s e  ' tolerance limi ts ' u s i ng s ensory 

te chn iques , i t  would the n be pos s ib l e  to monitor the 

product spe c i f ic ation for the s e  properties using ins trument

al mea s ureme nts . 

I t  was c lear f rom this study that the perceived vi s c o s i ty 

o f  recons ti t u ted milks was not re l a t ed to i ts phys i c a l  

vi s co s i ty . S ome other chemical or phys i c a l  meas uremen t  

might have re l ated c lo s e ly wi th perce ived viscos i ty but 

more s tudy i s  required i n  this area . I t  i s  pos s ible that 

perception o f  thi s proper ty is re l ated to mouthfee l . 

Factors a f f e c ti ng this mouth fee l may include the f a t  

g lobule dis tr ibution a n d  pos sibly the protein : lactose 

ratio , s i nce vi s c o s i ty appeared to be re l ated to end o f  

s eason e f fects whi ch include chang e s  i n  thi s  rat io . No 

a ttempt was made in thi s study to r e l ate f l avours perce ived 

by the pane l  to c hemic a l  analys e s  o f  f lavour compounds .  

I t  was considered to be outs ide the s cope o f  the p r e s e n t  

s tudy t o  carry o u t  detai led chemic a l  analy s e s  of thi s  

n ature . 

Seasonal changes h ad a h i ghly s igni f i c ant e f fect upon the 

s ensory prope r t i e s  of who le mi'lk powd e r . These s easona l 

e f fects were very s ig n i f i cant i n  the ' phys ical ' propert i e s , 

s uch a s  the c o l our of the powder s and textural attributes o f  

the recon s t i tuted milks . I n  the aroma and f lavour o f  

who l e  mi l k  powders , the 'bas ic ' aroma a nd f lavour note s o f  

sweetne s s , butt erines s and cooked/carame l i s ed were mos t  

a f f e c ted by s e a s on . A l l  three attr ibutes tended to fo l low 



2 4 3 .  

s imi lar patter ns th rough the s e a s o n . The ' other ' aroma 

and f lavour attribute s , such as ' oxidised ' and ' feedy ' , 

s howed s ome s light seasonal e f fects but were more s ig n i f 

i cantly a f f e cted b y  proces s ing changes . 

I n  addition to natura l ly occur r ing sea sonal changes ,  d i f f 

e rent proc e s s i ng cond itions a l s o  a f fected the propert i e s  o f  

who le m i l k  powders s igni f icantly . It  was found th at 

p roces s i ng var i ables had a s igni f i cant e f fect on the ' phys ic a l ' 

a ttribute s , s uch a s  the colour and particle s i z e . The s e  

e ffects were re lated t o  the phy s i c a l  s tructure o f  the 

powder , whe ther it was agg lomerated or non- agg lome r a ted . 

The phy s i c a l  s tructure o f  the powd e r  may inf lue nc e  con s umer 

a cceptance o f p roperties , such a s  c o lour . The b igger the 

p artic le s i z e , the br ighter the co l our appeared . Thus , 

agglomerated and i nstanti zed powder s  we re very much brighter 

in co lour than non- agg lomerated powders . In countr i e s  

where yel low- co loured dairy produc t s  are obj ec tionab le thi s  

s hould be g iven due cons ideration i n  the marketing o f  who l e  

mi lk powde r s . I f  t h e  functional properties o f  an agg lom

e rated or instanti z ed powder are required , it may b e  

necessary to s p e c i f y  a se asonal p e r i od in wh ich c o lour i s  

a t  i ts lowes t ,  s o  that the co lour i s  the palest pos s ib l e  

f o r  these parti c ular powde r type s . 

Data from the comme r c i a l  milk powd e r s  showed that the 

add ition of v i tamins and i ron to who le m i l k  powder s  caused 

d i s t inc tive changes in the aroma and f lavour attribute s . 

Th i s  was con f i rmed by data from exper imental mi l k  p owders 

c ontaining contro lled leve l s  o f  vi tamins and iron . The 

• other ' or addi tional attr ibute s o f  aroma and f lavour we re 

mos t importan t i n  des cr�bing the s e  proces s ing ef fects . A 

' lactone- like ' note i n  the aroma and f l avour was a s s oc ia te d  

with many powders containing Vi tamin s  A and D .  A term 

de f ined as ' vi t amini z ed ' was u s ed by the p anel to de s c ribe 

the typical aroma and f lavour of powders containing a 
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a mixture o f  Vi tamins A ,  B 1 , C and D .  The addi t ion o f  

i r o n  w a s  a s sociated with a ' cardboard ' oxid i s e d  note i n  the 

aroma and f l avour o f  recons ti tuted mi lks . The e f f ects 

of  these v i tamin and iron add i t ions were very much greater 

in the ins tanti zed powde r s . The greater i ntens i ty o f  

the s e  attr ibute s i n  the lec i th i nated powders appe ared to 

be a s soc i a ted with oxidation o f  the s oybean lec i thi n . 

P r ev ious worke rs had shown that the l e c i thination o f  who le 

m i lk powder did not a l te r  the f lavour of  the powde r s . This 

is  true , provided no vi tami ns or minera ls are present . 

Whe n  there are additives prese n t ,  leci thi nation has a 

h ighly s igni ficant e f fec t on the powder wh ich may we l l  be 

important in consumer acc eptanc e . 

The s e  data showed c learly th a t  addi tion o f  vi tami ns and 

i ron for nutrit iona l purpos e s , s ig n i f i c an t ly a l ters the 

s en s o ry properties o f  who l e. milk powders . Thes e  changes 

w i l l  be much greater in instant i z ed powder s . Cus tomers 

must c l e ar ly unders tand that if the se proce s s i ng change s 

are spec i f ied � there wi l l  be a l t erations i n  the sensory 

p rope r ties which cou ld a f f e c t  consumer acceptance o f  the 

p roduc t .  

Although thi s s tudy produced a g reat dea l  o f  i nformation 

a bout the s e ns ory prope r t i e s  of New Zealand who le m i l k  

powde r s , i t  l e f t  a number o f  unaaswered question s . A sensory 

p ro f i l e  for New Zealand who le m i l k  powder s  was e s ta b l i shed 

and f ound to work we l l  in d e s c r i bing 4 0 0  c ommercia l ly 

p roduced powde rs . However , thi·s was not re l ated to the 

needs o f  the u l timate consumer . Thi� �aboratory pane l 

p ro f i le of the commerc ial p roduct needs to be r e l a ted 
e 

to the consumer i n  the market p lace to p roduce relevant 

i n f ormation for the industry . Once consumer demands c a n  

be l i nked t o  t h i s  desc ript ive pro f i le , i t  should the n b e  

pos s ib le t o  match products with marketplaces in a much 

more e f f i c ient way than has been . po s s ib l e  previous ly . 
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The marked e f fect whi ch the addi tion o f  vitamins and 

mine r a l s  had on the aroma and f l avour of who le milk powders 

was tota l ly unexpe c ted . As f a r  as can be ascertained , 

the s e  e f f e c t s  have n o t  been reported previous ly . More 

work is requ ired to show the prec i s e  e f fe c t  wh ich the 

s eparate v i t amins have and how the s e  e f f e c ts d i f fer i n  

t h e  d i f feren t powder types . I t  is  s us p e c ted tha t s ome o f  

the s o- c a l led ' vitamini zed ' a ttributes may be a s s oc i a ted 

w i th breakdown of the s oybean le c i th i n  in ins tan ti z ed 

powders . More work i s  required , both sensory and chemi ca l , 

to e s tab l i s h  whe ther these d i s t i nc ti ve aroma and f l avour 

a tt r ibutes are c aused by the add i t ives th emselves or the i r  

e f f e c t  o n  t h e  powder types . 

Th is proj e c t  showed that i t  was pos s ib l e  to def ine a 

de t a i led sensory pro f i le for New Z e a l and whole mi lk 

powders .  Th i s  p ro f i l e  described s ea s onal and proce s s i ng 

changes in commercial who le mi l k  powder s .  Know ing both 

the e f fects of s easona l and proce s s i ng changes and the 

requirements ? f the marketplace , i t  should be pos s ib le 

to s e nd products with acceptable sens ory p roperties to 

a spec i f ic marke t . S l ight mod i f ic a t ion and simp l i f i ca t i o n  

o f  the pro f i l ing method could be used to match products to 

mark e t  requirements far more succes s f u l ly than the pres e nt 

s ingle score grad ing sy s tem . 
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Appendix 1 :  Quest i onna ire used during f ir s t  da i ry ing season 
( s emi - s t ructured l inear s c a l e )  . 

S ample Nos . 

Name Date -----------------------

MILK POWD E R  PAN E L  

I n  f ront o f  you are a number o f  m i l k  powder samp l e s . Pl ease eva l ua t e  

the s e  f o r  the f o l lowing character i s t ic s  a n d  i nd i c a te , with a mark , 

the inten s i ty o f  each character i s t i c . 

Powder Charac te r i s t i c s :  

C o lour 

Free- f low i ng 
prope r t i e s  

P a r t i c l e  D e s c r i pt ion 

Aroma : 

1 .  Swee tnes s 

2 .  Butte r ine s s  

3 .  Cooke d / Ca rame l -
i sed 

4 .  Other 

COMMENT S : 

C reamy-wh ite 

Very cohes ive 

F i n e  

Not swee t  

A b  seAt 

Ab s e�t · 

Ab sent 

Ab sent 

Absent 

Y e l l ow i s h  

Very f ree- f l ow i ng 

G r a n u l a r  

Very sweet 

Very strong 

Very strong 

Very strong 

Very strong 

Very S trong 



Appendix 1 ( co n t i nued) 

Recon s t i tu ted M i l k  Characte r i s t i c s  

Aroma : 

1 .  Sweetne s s  

2 .  Butter ine s s  

3 .  Cooked /Ca rame l -
ised 

4 .  O ther 

F l avour : 

1 .  Sweetn e s s  

2 .  Creamine s s  

3 .  Cooked / C a r ame l -
ised 

4 .  Other 

Texture : 
· 

1 .  Visco s i ty 

2 .  As tringency 

COMMENTS :  

Not sweet 

Ab sent 

Absent 

Ab sent 

Ab sent 

Ab sent 

Not swee t 

Ab sent 

Ab sent 

Ab sent 

Ab sent 

Ab sent 

Thin 

Ab sent 
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Very swe e t  

V e r y  s trong 

Very s t rong 

Very s trong 

Very s trong 

Very s trong 

Ve ry s wee t 

Very s t rong 

Very s trong 

Very s t rong 

Very s t rong 

Very s trong 

T h i ck 

Very s t rong 
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Appendix 2 :  Q u e s t i onnaire used dur ing f i r s t  da i rying s e a s on 
( magni tude e s t imation sca l i ng ) 

MAGN ITUDE EST IMAT ION SCAL ING 

Name ------------------- Date 

MILK POWDE R  PANEL 

In f ront o f  you are a numbe r of m i l k  powder s amp l e s . P le a s e  eva l uate 

these f o r  the f o l lowing cha rac ter i s t i c s  in te rms o f  the Ref erence 

sample wh ich h a s  been provided . T h i nk in mu l t i p l e s , i . e .  lx , 2x , 

J.,x , 3 / 4x etc . 

Powder Characte r i s t i c s :  

R e f e rence 

C o l our l 
( C reamy-wh i te -+ Yel l ow i s h )  

Fre e - f lowing prope r t i e s  l 
( Ve ry cohes ive -+ Very f r ee - f lowing ) 

P a r t i c l e  D e s c r iption 
( F ine -+ G ranu ] a r )  

Aroma : 

l 

l .  Sweetn e s s  1 
( Not swe e t  -+ Ve ry swe e t )  

2 .  Butte r i ne s s  
( No t  but tery -+ 

1 
Very buttery) 

3 .  Cooked /C arame l i sed 1 
( Not cooked -+ Ve ry c ooked

_
)

_ 

4 .  O ther a .  

b .  

c .  

COHMENTS :  

Samp l e  N o s . 



Appendix 2 ( c ontinued) 

Recon s t i tu ted Milk Cha rac te r i s t i c s  

Re f erence 

Aroma 

1 .  Sweetness 1 
( N o t  sweet + Very swee t )  

2 .  B u t t e r i n e s s  1 
( Ab s e n t  ..,. Ve ry s trong ) 

3 .  Cooked / Carame l i sed 1 
( Ab s e n t  + Ve ry s trong ) 

4 .  Other · a .  

F l avour : 

1 .  Swee tne s s  1 
( N o t  sweet ..,. Ve ry swee t )  

2 .  Creamin e s s  1 
( N o t  creamy + Very c reamy

_
) __ 

3 .  Cooked / Carame l i sed 1 
{ Ab s e n t  ..,. Very s trong ) 

4 .  Other a .  

Texture : 

1 .  V i s c o s i ty 1 
( Th in + Thick ) 

2 .  A s t r ingency 1 
( Ab s e n t  ..,. Ve ry S t ronq ) 

COMMENTS : 

2 5 8 . 

Samp l e  N o s . 



Appendi x  3 :  Resu l t s  of ana l y s e s  o f  variance made on d a t a  
( se n s o r y  a n d  i n s t rume n ta l )  f rom the 1 9 7 9 / 8 0  

2 5 9 . 

and 1 9 8 0 / 8 1  s e a s o n s  for c o l ou r  i n  who l e  m i l k  powde r s . 

SENSORY DATA 

Comple t e  Data ( 1 9 7 9 / 8 0  Season ) 

SOURC E  s s  O F  

Factory 9 6 . 5 2 4 
Spec i f i c a t i o n  3 0 4 . 7 8 1 8  
Month 1 2 6 . 9 5 8 
L a ck .  o f  F i t  2 1 2 . 9 7 8 1  
E rror 1 4 3 1 . 4 3  9 9 5  

Non-Vi tamin i z e d  P owd e r s  ( 1 9 7 9 / 8 0  S e a son ) 

Factory 8 0 . 8 5 4 
Spec i ficat i on 1 1 2 . 4 7 4 
Month 4 9 . 1 3 7 
Lack o f  F i t  7 1 . 0 2 2 9  
E rror 5 5 7 . 9 6 3 9 9  

V i tami n i z e d  P owder s  ( 1 9 7 9 / 8 0  S e a son ) 

Factory 5 9 . 2 6 4 
Spec i f ic a t i o n  1 2 7 . 1 6 1 1  
Month 7 1 . 0 6 8 
Lack o f  F i t  1 3 1 . 1 2 4 3  
E rror 8 7 3 . 4 7 5 9 6  

Complete Data ( 1 9 8 0 / 8 1 Seaso n )  

Factory 
S pec i f ic a ti o n  
Mon th 
Lack o f  F i t  
E rror 

I NSTRUMENTAL DATA 

Y e l l owne s s  I ndex 

F a c tory 
S pec i f i c a t i on 
Month 
E rror 

1 0 . 4 6  
5 5 . 0 9 
3 7 . 1 8  
3 5 . 0 3  

4 2 7 . 0 4 

6 3 . 4 1  
2 5 6 . 6 0  
3 6 8 . 1 4 
1 7 5 . 5 3  

4 
1 0  

4 
1 1  

2 6 6  

4 
1 8  

8 
8 1  

MS 

2 4 . 1 3 
1 6 . 9 3 
1 5 . 8 7 

2 . 6 3 
1 .  4 4  

2 0 . 2 1  
2 8 . 1 2 

7 . 0 2 
2 . 4 5 
1 .  4 0  

1 4 . 8 1  
1 1 . 5 6 

8 . 8 8 
3 . 0 5 
1 .  4 7  

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

1 5 . 8 5 
1 4 . 2 6 
4 6 . 0 2 

2 . 1 7 

F 

1 6 . 7 7 * * *  
1 1 . 7 7 * * *  
1 1 . 0 3 * * *  

1 .  8 3  * * *  

1 4 . 4 5 * * *  
2 0 . 1 1 * * *  

5 . 0 2 * * *  
1 .  7 5  * 

1 0 . 1 1 * * *  
7 . 8 9 * * *  
6 . 0 6 * * *  

2 . 0 8 * * *  

1 .  6 8  N S  
3 . 4 3  * * *  
5 . 7 9 * * *  
1 .  9 8  * 

7 . 3 2 * * *  
6 . 5 8 * * *  

2 1 . 2 4 * * *  
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· Appendix 4 :  Results o f  a n a l y s e s  of variance made on s e n s ory 
data from the 1 9 7 9 / 8 0  season for f re e - f lowing 
properties and par t ic le s i z e  in who l e  mi lk 
powders . 

FRE E - FLOWING P ROPERT I E S  

S OURCE s s  OF MS F 

Fac tory 7 2 . 2 9 4 1 8 . 2 0 8 . 1 6 * * *  
Spec i f i c ation 4 2 2 . 3 0 1 8  2 3 . 4 6 1 0 . 5 1 * * *  
Mon th 3 1 . 6 9 8 3 . 9 6 1 .  7 8  NS 
Lack of F i t  3 3 5 . 8 6 8 1  4 . 1 5 1 .  8 6  * * *  
Error 2 2 1 8 . 3 4 9 9 5  2 . 2 3 

PART ICLE S I ZE 

Factory 8 . 6 0 4 2 . 1 5 1 .  0 2  N S  
Spec i f ication 6 7 3 . 4 0 1 8  3 7 . 4 1  1 7 . 6 7 * * *  
Month 3 1 . 2 7 8 3 . 9 1 1 .  8 5  N S  
Lack o f  F i t  2 0 4 . 6 9 8 1  2 . 5 3 1 . 1 9 N S  
Error 2 1 0 7 . 4 8 9 9 5  2 . 1 2 
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Append ix 5 :  Re s u l t s  o f  a n a l y s e s  of variance made on 
sensory data f rom the 1 9 7 9 / 8 0  s e a son for 
viscos i ty in recon s t i tuted mi l k s . 

C omple te D a ta 

SOURCE s s  

F a c to ry 1 1 . 6 2 
Spe c i f icat ion 3 4 . 3 9 
Mon th 6 3 . 2 5 
Lack o f  F{ t 7 4 . 6 5 
E rror 1 7 7 6 . 5 8 

Non V i tamini zed P owde r s  

F a c tory 
Spec i f ication 
Month 

· 

Lack o f  F i t  
Error 

V i tami n i zed P owders 

Fac tory 
Spec i f i c ation 
Month 
Lack o f  F i t  
Error 

9 . 9 9  
4 . 7 9 

2 6 . 9 0 
2 7 . 3 9 

6 9 6 . 3 0 

6 . 7 7 
1 9 . 3 1 
4 1 . 2 1 
4 2 . 8 6 

1 0 8 0 . 2 8 

DF 

4 
1 8  

8 
8 1  

9 9 5  

4 
4 
7 

2 9  
3 9 9  

4 
1 1  

8 
4 3  

5 9 6  

MS 

2 . 9 1  
1 .  9 1  
7 . 9 1  
0 . 9 2  
1 .  7 9  

2 . 5 0 
1 .  2 0  
3 . 8 4 
0 . 9 4 
1 .  7 5  

1 .  6 9  
1 .  7 6  
5 . 1 5 
1 .  0 0  
1 .  8 1  

F 

1 .  6 3  N S  
1 .  0 7  N S  
4 . 4 3  * * *  
0 . 5 2 N S  

1 .  4 3 N S  
0 . 6 9 N S  
2 . 2 0 * 
0 . 5 4 N S  

0 . 9 3 N S  
0 . 9 7 NS 
2 . 8 4 * *  
0 . 5 5 NS 
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Appendix 6 :  Resul t s  o f  ana lyses of variance Qade on 
sensory d a ta f rom 1 9 8 0 / 8 1  season for viscos i ty 
in recon s t i tuted milks . 

C omplete D a ta 

SOURCE 

Fac tory 
S pec i f ica t ion 
Mon th 
Lack o f  F i t  
E r r o r  

E ar ly S ea son D ata 

F a c to ry 
S pec i f ication 
Fortn igh t  
L a c k  o f  F i t  
Error 

L a te S eason Data 

Fac tory 
Spec i f ication 
Fortnight 
Lack of F i t  
Error 

s s  

2 4 . 2 9 
3 5 . 1 3 
8 0 . 4 3 

3 1 1 . 7 0 
4 0 5 2 . 8 7 

6 . 2 1 
1 8 . 0 3 

4 . 1 5 
1 3 7 . 6 6 

1 5 3 6 . 0 0 

1 8 . 7 9 
9 . 0 5  
9 . 0 7 

1 2 1 . 1 3 
2 0 6 3 . 2 0 

DF 

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 1  

4 
1 0 2  

1 0 9 4  

4 
1 3  

4 
l O O  

1 0 9 3  

MS 

6 . 0 7 
2 . 5 1 

1 0 . 0 5 
1 .  2 4  
1 .  6 3  

1 .  5 5  
1 .  6 4  
1 .  0 4  
1 .  3 5  
1 .  4 0  

4 . 7 0  
0 . 7 0 
2 . 2 7 
1 .  2 1  
1 . 8 9  

F 

3 . 7 3 * *  
1 .  5 4  NS 
6 . 1 7 * * *  
0 . 7 6 N S  

1 . 1 1 N S  
1 . 1 7 NS 
0 . 7 4 NS 
0 . 9 6 NS 

2 . 4 9  * 
0 . 3 7 N S  
1 .  2 0  NS 
0 . 6 4 N S  
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Appendix 7 :  Re s u l t s  o f  a nalyses o f  var iance made on 
s e n sory data from the 1 9 7 9 / 8 0  season for 
a s tr i ngency in recon s t i tu ted mi lk s . 

Compl e te Data 

SOURCE s s  

Factory 2 . 8 8  
Spec i f icat ion 5 1 . 7 8 
Month 2 4 4 . 2 4 
Lack o f  F i·t 1 9 6 . 8 0 
Error 2 9 0 2 . 5 3 

Nbn Vi tami n i zed Powders 

Fac tory 
S pec i f i c at ion 
Month 
Lack of F i t  
E rror 

Vi tamini z ed 

Factory 

Powde r s  

Spec i f icat ion 
Month 
Lack of  F i t  
E r ror 

2 . 4 9 
8 . 0 1  

1 0 2 . 7 0 
5 5 . 6 8 

1 1 0 2 . 0 1 

0 . 7 1 
3 4 . 4 2  

1 4 0 . 9 8 
1 2 8 . 3 0 

1 8 0 0 . 5 2 

DF 

4 
1 8  

8 
8 1  

9 9 5  

4 
4 
7 

2 9  
3 9 9  

4 
1 1  

8 
4 3  

5 9 6  

MS 

0 . 7 2 
2 . 8 8 

3 0 . 5 3 
2 . 4 3 
2 . 9 2 

0 . 6 2 
2 . 0 0 

1 4 . 6 7 
1 .  9 2  
2 . 7 6 

0 . 1 8 
3 . 1 3 

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

F 

0 . 2 5 N S  
0 . 9 9 N S  

1 0 . 4 7 * * *  
0 . 8 3 N S  

0 . 2 3 N S  
0 . 7 3 N S  
5 . 3 1 * * *  
0 . 7 0 N S  

0 . 0 6 NS 
1 .  0 4  NS 
5 . 8 3 * * *  
0 . 9 9 NS 



Appendix 8 :  Res u l t s  o f  ana ly s e s  o f  var ianc e made on 
sensory da ta f rom the 1 9 8 0 / 8 1  season for 
a str i ngency in recon s t i tuted mi lk s . 

C ompl ete D ata 

SOURCE s s  DF MS F 

Fac tory 6 . 4 7 4 1 .  6 2  0 . 5 4 
S pec i f ic a t ion 2 6 . 6 8 1 4  1 .  9 1  0 . 6 4 
Month 1 8 8 . 0 5 8 2 3 . 5 1 7 . 8 3  
Lack of F i t  5 4 7 . 3 1 2 5 1  2 . 1 8 0 . 7 3 
E rror 7 4 7 1 . 1 1 2 4 8 9  3 . 0 0 

E a r ly S ea son Data 

F a c tory 2 3 . 8 3  4 5 . 9 6 2 . 4 1 
Spec i f icat ion 3 5 . 9 2 1 1  3 . 2 7 1 .  3 2  
Fortn i ght 4 4 . 6 4 4 1 1 . 1 6 4 . 5 1 
Lack o f  F i t  1 9 0 . 0 1  1 0 2  1 .  8 6  0 . 7 5 
Error 2 7 0 8 . 7 8 1 0 9 4 2 . 4 8 

L a te S eason D ata 

Fac tory 7 . 2 7 4 1 . 8 2  0 . 5 2 
Spe c i f icat ion 2 1 . 5 1 1 3  1 . 6 6 0 . 4 7  
Fortni ght 7 . 6 9 4 1 .  9 2  0 . 5 5 
Lack o f  F i t  1 9 3 . 7 1 1 0 0  1 .  9 4  0 . 5 5 
Error 3 8 3 8 . 5 4 1 0 9 3  3 . 5 1 

2 6 4 . 

NS 
NS 
* * *  
NS 

* 
NS 
* *  
NS 

N S  
N S  
NS 
N S  
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Appendix 9 :  Res u l t s  o f  analy s e s  of  va riance made on sensory 
d a ta f rom the 1 9 7 9 / 8 0  season for the swee t , 
bu ttery and cooked / carame l i sed notes in the 
aroma of who le mi lk powders .  

SWEETNESS 

SOURCE 

Factory 
Spec i f icat ion 
Month 
Lack o f  F i t  
E r ror 

BUTTERINESS 

Fac tory 
S pec i f ication 
Month 
Lack o f  F i t  
E r ror 

COOKED /CARAME L I SE D  

Fac tory 
Spec i f ication 
Month 
Lack of Fit 
E r ro r  

s 

2 8 . 1 4 
8 4 .  1 4  
9 0 . 4 1  

2 1 8 . 6 9 
2 1 7 6 . 5 7 

2 0 . 4 8 
1 3 4 . 4 3  
1 2 4 . 8 9 
3 2 1 . 0 4 

2 6 0 3 . 1 1 

7 . 2 1 
3 7 . 9 2 

1 4 0 . 9 8 
1 3 5 . 2 5 

2 0 4 6 . 9 0 

DF 

4 
1 8  

8 
8 1  

9 9 5  

4 
1 8  

8 
8 1  

9 9 5  

4 
1 8  

8 
8 1  

9 9 5  

MS 

7 . 0 3 
4 . 6 7 

1 1 . 3 0 
2 . 7 0  
2 . 1 9 

5 . 1 2 
7 . 4 7 

1 5 . 6 1 
3 . 9 6 
2 . 6 2 

1 . 8 0 
2 . 1 1 

1 7 . 6 2 
1 . 6 7 
2 . 0 6 

F 

3 . 2 2 * 
2 . 1 4 * *  
5 . 1 7 * * *  
1 .  2 3  NS 

1 .  9 6  NS 
2 . 8 6  * * *  
5 . 9 7 * * *  
1 .  5 2  * *  

0 . 8 8  N S  
1 .  0 2  N S  
8 . 5 7 * * *  
0 . 8 1  N S  
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Appendix 1 0 : Resu l t s  of ana l y s e s  o f  variance made on 
sen sory data from the non-vi tami n i zed and 
vi tamin i z ed powders tes ted during the 1 9 7 9 / 8 0  
sea son for the swee t ,  buttery and cooked /  
ca rame l i sed notes in the aroma o f  who l e  
mi lk powder s .  

SWEETNESS 

Non-Vitamin i z ed P owders 

SOURCE s s  OF MS F 

Factory 3 2 . 8 2 4 8 . 2 1 3 . 7 7 * *  
Spec i f ica t ion 3 3 . 7 8 4 8 . 4 5 3 . 8 8 * *  
Month 6 2 . 4 4 7 8 . 9 2 4 . 1 0 * * *  
Lack o f  F i t  7 1 . 1 4 2 9  2 . 4 5  1 . 1 3 NS 
E rror 8 6 7 . 8 5  3 9 9  2 . 1 8 

V i tamini z ed Powders 

Factory 3 5 . 4 2  4 8 . 8 5 4 . 0 3 * *  
Spec i f ic a t i.,on 5 2 . 4 4 1 1  4 . 7 7 2 . 1 7 * 
Month 5 3 . 1 8 8 6 . 6 5  3 . 0 3 * *  
Lack of F i t  1 0 4 . 6 9  4 3  2 . 4 4  1 . 1 1 N S  
E r ror 1 3 0 8 . 7 2 5 9 6  2 . 2 0 

BUTTERINESS 

Non-Vitami n i z ed Powders 

Fac tory 1 6 . 6 2 4 4 . 1 6 1 . 6 1 N S  
Spe c i f icat ion 2 1 . 1 5 4 5 . 2 9 2 . 0 5 N S  
Month 7 9 . 3 5 7 1 1 . 3 4 4 . 3 9 * * *  
Lack o f  F i t  9 3 . 1 0 2 9  3 . 2 1 1 .  2 4  N S  
Error 1 0 2 9 . 6 2  3 9 9  2 . 5 8 

Vit aminized Powders 

F a c tory 6 9 . 9 1 4 1 7 . 4 8 6 . 6 2  * * *  
Spec i f ication 1 0 6 . 3 4 1 1  9 . 6 7 3 . 6 6 * * *  
Mon th 9 4 . 5 0 8 1 1 . 8 1 4 . 4 7  * * *  
Lack o f  F i t  1 7 4 . 3 9 4 3  4 . 0 6 1 .  5 4  * 

E rror 1 5 7 3 . 4 9 5 9 6  2 . 6 4 
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Append i x  1 0  ( continued)  

COOKED /CARAMELISED 

Non-Vi tamin i zed Powders 

SOURCE s s  DF MS F 

Factory 7 .  4 3 4 1 .  8 6  0 . 9 9 NS 
Spec i f ic a t ion 1 2 . 7 8 4 3 . 1 9 1 .  7 1  NS 
Month 4 8 . 6 8 7 6 . 9 5 3 . 7 2 * * *  
Lack o f  F i t  3 8 . 2 0 2 9  1 .  3 2  0 . 7 1 N S  
Error 7 4 5 . 7 5 3 9 9  1 . 8 7  

Vitami n i z ed Powd e r s  

Factory 2 0 . 3 8 4 5 . 1 0 2 . 3 3 NS 
Spe c i f i c a t ion 1 7 . 4 0 1 1  1 .  5 8  0 . 7 3 N S  
Month 9 2 . 2 9 8 1 1 . 5 4 5 . 2 8 * * *  
Lack o f  F i t  8 0 . 2 2 4 3  1 .  8 8  0 . 8 6 N S  
E rror 1 3 0 1 . 1 4 5 9 6  2 . 1 8 
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Appendix 1 1 : Re s u l t s  of ana lyse s  o f  variance made on 
sensory data f rom the 1 9 8 0 / 8 1  s e a son for 
the swee t , buttery and c ooked / ca r ame l i sed 
notes in the a roma of whole mi lk powder s .  

SWEETNE S S  

SOURC E  s s  O F  MS F 

Fac tory 2 3 . 4 8 4 5 . 8 7 4 . 3 9 
Spec i f icat ion 3 2 . 0 1 1 4  2 . 2 9 1 . 7 1 
Month . 5 0 . 4 8 8 6 . 3 1  4 . 7 1  
Lack o f  F i t  3 2 8 . 4 6 2 5 1  1 .  3 1  0 . 9 8 
E rror 3 3 2 6 . 7 2 2 4 8 9  1 .  3 4  

BUTTERINE S S  

F actory 3 8 . 6 8 4 9 . 6 7 4 . 7 6 
S pec i f ic a t i on· 4 7 . 0 7 1 4  3 . 3 6 1 .  6 5  
Month 2 0 . 2 8 8 2 . 5 3 1 .  2 5  
Lack of  F i t  4 3 7 . 6 8 2 5 1  1 .  7 4  0 . 8 6 
E rror 5 0 5 9 . 1 4 2 4 8 9 2 . 0 3 

COOKED/CARAMELI SED 

F ac tory 4 . 6 9 4 '  1 . 1 7 0 . 8 2  
Spec i fication 1 7 . 3 7 1 4  1 .  2 4  0 . 8 7  
Month 3 4 . 4 4 8 4 . 3 1 3 . 0 2 
Lack o f  F i t  2 7 4 . 9 1  2 5 1  1 . 1 0 0 . 7 7 
E r ror 3 5 5 4 . 1 7 2 4 8 9  1 .  4 3  

* *  
* 
* * *  

N S  

* * *  

N S  
N S  
N S  

N S  
N S  
* *  

N S  
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Appendix 1 2 : Resu l t s  o f  ana l y se s  o f  va riance made on early 
and l a te s e a son sensory data f rom the 1 9 8 0 / 8 1 
s e ason for the sweet and cook e d / c arame l i sed 
note s  in the aroma of whole mi lk powder s . 

SWEETN E S S  

Early S e a son Data 

SOURCE 

Factory 
Spec i f ic a t ion 
Fortnight
Lack o f  F i t  
Error 

La te S e a s on Data 

Factory 
Spec i f ic at ion 
Fortn ight 
Lack of F i t  
Error 

COOKED /CARAMELISED 

Early Sea son Data 

Factory 
Spec i f ic a t ion 
Fortnigh t 
Lack o f  F i t  
E rror 

Late S e a s on Data 

Factory 
Spec i f i c a t ion 
Fortnigh t 
Lack o f  F i t  
E rror 

s s  

1 6 . 6 8  
2 9 . 2 3 
2 2 . 6 9  

1 3 8 . 5 1 
1 4 0 2 . 8 5  

9 . 3 7 
3 4 . 1 3 

6 . 9 3 
1 0 5 . 0 6 

1 4 2 9 . 4 6 

2 . 5 7 
7 . 2 1 

1 1 . 5 5 
8 8 . 7 9 

1 3 6 7 . 7 6 

4 . 0 6  
1 6 . 0 0 
1 0 . 7 5 

1 4 0 . 2 7 
1 7 4 0 . 7 0 

OF 

4 
1 1  

4 
1 0 2  

1 0 9 4  

4 
1 3  

4 
l O O  

1 0 9 3  

4 
1 1  

4 
1 0 2  

1 0 9 4  

4 
1 3  

4 
1 0 0  

1 0 9 3  

MS 

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

2 . 3 4 
2 . 6 3 
1 .  7 3  
1 . 0 5 
1 .  3 1  

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

1 .  0 2  
1 .  2 3  
2 . 6 9 
1 . 4 0 
1 . 5 9 

F 

3 . 2 5 * 
2 . 0 7 * 

4 . 4 3 * *  
1 .  0 6  NS 

1 .  79  N S  
2 . 0 1 * 
1 .  3 3  N S  
0 . 8 0  N S  

0 . 5 1 N S  
0 . 5 2 NS 
2 . 3 1 N S  
0 . 7 0 l'1S 

0 . 6 4 N S  
0 . 7 7 N S  
1 . 6 9  NS 
0 . 8 8 N S  
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Appen d ix 1 3 :  R e s u l ts o f  ana lyse s o f  variance made on 
s e n sory d at a  f rom the 1 9 7 9 / 8 0  s e a s on for 
the lactone - l ik e , ox i d ised , f eedy , ta i n t  
and age- re lated not e s  in the aroma o f  
who l e  mi l k  powd e r s . 

LACTONE - L I KE 

SOURCE s s  OF MS F 

Factory 8 . 2 1 4 2 . 0 5 0 . 5 6 
Spec i f i c at i on 5 0 . 6 8  1 8  2 . 8 2 0 . 7 7 
Month 8 3 . 9 2 8 1 0 . 4 9 2 . 8 8 
Error 2 9 5 . 0 4 8 1  3 . 6 4  

OXIDISED 

Factory 1 4 . 2 1 4 3 . 5 5 0 . 7 8 
Spec i f ic a t ion 6 9 . 8 3  1 8  3 . 8 8 0 . 8 5 
Month 9 0 . 8 1  8 1 1 . 3 5 2 . 4 8 
E rror 3 7 0 . 8 9 8 1  4 . 5 8 

FEEDY 

Factory 2 1 . 2 0 4 5 . 3 0 0 . 7 5 
Spec i f i c a t ion 6 4 . 5 3 1 8  3 . 5 8 0 . 5 1 
Month 5 3 . 6 7 8 6 . 7 1 0 . 9 5 
E rror 5 7 3 . 6 5  8 1  7 . 0 8 

TAINT 

Factory 3 4 . 2 1 4 8 . 5 5 0 . 6 4 
S pec i f ication 3 2 3 . 3 1 1 8  1 7 . 9 6 1 .  3 4  

NS 
NS 
* *  

NS 
NS 
* 

N S  
N S  
N S  

NS 
N S  

Month 2 7 9 . 7 4 8 3 4 . 9 7 2 .  6 2 * 
E r ror 1 0 8 3 . 0 9 8 1  1 3 . 3 7 

AGE- RELATED 

Fac tory 3 0 . 4 7 4 7 . 6 2 0 . 5 8 N S  
Spec i f icat ion 4 1 4 . 1 6 1 8  2 3 . 0 1  1 .  7 6  * 
�1on th 2 8 5 . 3 1 8 3 5 . 6 6  2 . 7 3 * 

E rror 1 0 5 7 . 9 3 8 1  1 3 . 0 6 
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Appendix 1 4 : Res u l t s  o f  ana l y s e s  of variance made on 
sensory d a ta f rom the non-vi tamin i z ed and 
vitamin i z ed powders tes ted during the 
1 9 7 9 / 8 0  s e a son for the lac tone- l ike , ox idi s ed , 
ta int and age - r e la ted note s in the aroma o f  
whol e  mi l k  powders . 

LACTONE-LIKE 

Non-Vitamin i zed Powders 

SOURCE s s  DF MS F 

Factory 2 3 . 3 5  4 5 . 8 4  2 . 0 2 NS 
Spec i f ic a t ion 2 3 . 6 1 4 5 . 9 0 2 . 0 4 NS 
Mon th 5 4 . 8 9  7 7 . 8 4 2 . 7 1 * 

Erro r  8 3 . 8 1  2 9  2 . 8 9  

Vi tamini z ed Powder s 

Factory 2 6 . 4 4  4 6 . 6 1  1 .  5 6  N S  
Spec i f icat ion 5 4 . 8 6 1 1  4 . 9 9 1 . 1 8 NS 
Month 4 7 . 7 1 8 5 . 9 6 1 .  4 1  N S  
E rror 1 8 1 . 7 9 4 3  4 . 2 3 1 .  4 1  N S  

O X I D I S ED 
� 

Non-Vitam i n i zed Powders 

F a c tory 1 3 . 2 7 4 3 . 3 2 0 . 4 1 N S  
Spec i f icat ion 2 5 . 6 3  4 6 . 4 1  0 . 8 0  N S  
Month 8 5 . 0 4 7 1 2 . 1 5 1 .  5 1  N S  
E rror 2 3 3 . 1 0 2 9  8 . 0 4 

Vitamin i zed Powders 

Factory 7 . 3 3 4 1 . 8 3  0 . 6 1  N S  
Spec i f ication 2 6 . 9 6 1 1  2 . 4 5 0 . 8 2 N S  
Month 4 0 . 6 5 8 5 . 0 8 1 .  7 0  N S  
Error 1 2 8 . 3 2 4 3  2 . 9 8 
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Appendix 14 ( con tinued ) 

TAINT 

Non-Vi tami n i z e d  Powder s 

SOURCE s s  OF MS F 

F a c tory 3 0 . 0 5 4 7 . 5 1  0 . 4 3  NS 
Spec i f ication 1 0 6 . 5 6 4 2 6 . 6 4  1 .  5 1  N S  
Month 1 5 5 . 0 4 7 2 2 . 1 5 1 .  2 6  NS 
E rror 5 1 1 . 1 7 2 9  1 7 . 6 3 

V i t ami n i z ed Powders 

F a c tory 2 5 . 2 6 4 6 . 3 1 0 . 5 6 N S  
Spec i f ication 1 3 9 . 5 9 1 1  1 2 . 6 9 1 . 1 2 NS 
Month 2 1 1 . 4 9 8 2 6 . 4 4 2 . 3 3 * 

E r ror 4 8 8 . 8 2 4 3  1 1 . 3 7 

AGE- RELATED 

Non-Vitami n i z ed Powders 

Factory 1 .  3 7  4 0 . 3 4 0 . 0 4 N S  
Spec i f ication 1 8 . 2 3 4 4 . 5 6 0 . 5 8 N S  
Month 4 9 . 7 8 7 7 . 1 1 0 . 9 1 N S  
Error 2 6 6 . 7 5 2 9  7 . 8 2 

Vitamin i zed Powd e r s  

Factory 2 6 5 . 4 6 4 6 6 . 3 6 3 . 7 6 * 

Spec i f ic a t ion 2 4 4 . 3 6 1 1  2 2 . 2 1 1 .  2 6  N S  
Month 3 0 0 . 6 1  8 3 7 . 5 8 2 . 1 3 N S  
Error 7 5 9 . 3 3 4 3  1 7 . 6 6 
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Appendix 1 5 :  Re s u l t s  o f  analyses o f  var iance made on 
sen sory data from the 1 9 8 0 / 8 1  s eason for the 
l ac t one- l ik e , ox idi sed , feedy , vi tami n i z ed , 
taint and age-re la ted note s in the a roma 
o f  who l e  m i l k  powder s . 

LACTONE- LI KE 

SEN SORY s s  OF MS F 

Factory 2 . 1 4 4 0 . 5 3 0 . 4 0  N S  
S pec i f i c a t i on 2 8 . 4 5 1 4  2 . 0 3 1 .  5 3  NS 
Month 2 0 . 1 2 B 2 . 5 2 1 .  B 9  NS 
Lack of Fit 2 6 9 . 4 7 2 5 1  1 .  0 7  O . B l  N S  
E rror 3 3 1 6 . B 2 2 4 B 9  1 .  3 3  

O X I D I SED 

Factory 1 6 . 5 6 4 4 . 1 4 2 . 9 0 * 
Spec i f ication 2 6 . 2 6 1 4  1 .  B B  1 . 3 2 N S  
Month 1 B . 3 9 B 2 . 3 0 1 .  6 1  N S  
Lack o f  F i t  3 6 7 . 9 9 2 5 1  1 . 4 7 1 .  0 3  N S  
E r ror 3 5 4 9 . 5 0 2 4 B 9  1 .  4 3  

FEEDY 

Fac tory 7 .  B 5 4 1 . 9 6  1 .  7 1  NS 
Spe c i f ication 2 3 . 9 6 1 4  1 . 7 1  1 . 4 9 N S  
Month 8 . 3 9 B 1 . 0 5 0 . 9 1 N S  
Lack o f  F i t  2 8 6 . 5 8 2 5 1  1 . 1 4 0 . 9 9 N S  
Er ror 2 8 5 6 . 3 9 2 4 8 9  1 . 1 5 



2 7 4 . 

Appendix 1 5  ( con t i nued ) 

VITAMIN I ZED 

SOURCE s s  D F  MS F 

Factory 1 1 . 1 2 4 2 . 7 8 1 .  2 8  N S  
Spec i f icat ion 4 1 . 9 9 1 4  2 . 9 9 1 .  3 8  N S  
Month 4 5 . 5 2 8 5 . 6 9 2 . 6 1 * *  

Lack o f  F i t  4 5 1 . 4 9 2 5 1  1 .  8 0  0 . 8 3 NS 
Error 5 4 2 1 . 2 3 2 4 8 9  2 . 1 8 

TAINT 

Factory 5 . 4 1  4 1 .  3 5  1 .  2 8  N S  
Spec i f i c a tion 4 5 . 6 1 1 4  3 . 2 6 3 . 0 8 * * *  

Month 1 8 . 2 7 8 2 . 2 8 2 . 1 6 * 
Lack o f  F i t  3 0 6 . 8 9 2 5 1  1 .  2 2  1 . 1 6 N S  
E rror 2 6 3 3 . 5 3 2 4 8 9  1 .  0 6  

AGE-RELATED 

Factory 4 . 8 3 4 1 .  2 1  1 . 5 1 N S  
S pec i f i cat ion 2 6 . 4 2 1 4  1· . 8 9  2 . 3 6 * *  

Month 1 1 . 2 8 8 1 .  4 1  1 .  7 6  N S  
Lack o f  F i t  1 8 8 . 6 9 2 5 1  0 . 7 5 0 . 9 4 N S  
E r ror 1 9 8 8 . 2 8 2 4 8 9  0 . 8 0  
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Appendix 1 6 : R e s u l t s  o f  ana lyse s o f  variance made on 
e a r l y  and l a te season sensory data f rom the 
1 9 8 0 / 8 1  sea son for the vi tami n i z ed and 
ta i n t  notes in the aroma of whol e  mi l k  
powders . 

VITAHI N I ZED 

Early Season Data 

SOURC E  s s  OF MS F 

Fac tory 1 4 . 8 2 4 3 . 7 1 1 .  4 6  N S  
Spec i f ica t ion 4 0 . 2 4 1 1  3 . 6 6  1 .  4 4  N S  
Fortnight 8 . 8 8 4 2 . 2 2 0 . 8 8 N S  
Lack o f  F i t  2 2 0 . 5 2 1 0 2  2 . 1 6 0 . 8 5 N S  
E rror 2 7 7 6 . 1 4 1 0 9 4  2 . 5 4 

Late Season Data 

F ac tory 5 . 8 7  4 1 . 4 7 0 . 7 8 N S  
Spec i f ication 3 9 . 2 5 1 3  3 . 0 2 1 . 6 1  N S  
Fortnight 9 . 0 9 4 2 . 2 7 1 .  2 1  N S  
Lack o f  F i t  1 1 5 . 3 9 1 0 0  1 . 1 5 0 . 6 1  N S  
E rror 2 0 5 6 . 2 2  1 0 9 3  1 . 8 8  

TAINT 

E a r ly Season Data 

F a c tory 2 . 3 8 4 0 . 5 9 0 . 5 5 N S  
S pec i f icat ion 1 7 . 0 8 1 1  1 .  5 5  1 .  4 3  N S  
Fortnigh t  1 3 . 6 7 4 3 . 4 2  3 . 1 5 * 

Lack o f  F i t  1 2 6 . 6 3 1 0 2  1 .  2 4  1 . 1 5 N S  
E rror 1 1 8 5 . 4 0 1 0 9 4  1 .  0 8  

Late Season Data 

F a c tory 1 0 . 3 2 . 4 2 . 5 8 2 . 4 1 * 

Spec if i c a tion 2 9 . 7 3 1 3  2 . 2 9 2 . 1 4 * 

F o r tnight 3 . 3 3 4 0 . 8 3  0 . 7 8 N S  
L a c k  o f  F i t  1 2 1 . 3 3 1 0 0  1 . 2 1  1 . 1 3 N S  
E rror 1 1 6 8 . 5 6 1 0 9 3  1 . 0 7 



2 7 6 . 

Appendix 1 7 : Re su l t s  o f  analyses of  variance made on 
sen sory data f rom the 1 9 7 9 / 8 0  season for 

SWEETNE S S  

SOURCE 

Fac tory 
Spec i f i c ation 
Month 
Lack o f  F i t  
Error 

BUTTERINE SS 

Factory 
Spec i f ic a t ion 
Month 
Lack o f  F i t  
E rror 

the sweet , buttery and cooked / c arame l i sed 
notes in the aroma o f  the recon s t i tuted mi l k s . 

s s  DF MS F 

8 . 9 8 4 2 . 2 5 1 .  0 5  N S  
8 3 . 9 5 1 8  4 . 6 6 2 . 1 8 * *  
8 5 . 7 5 8 1 0 . 7 2 5 . 0 2 * * *  

1 2 7 . 3 0 8 1  1 . 5 7 0 . 7 4 N S  
2 1 2 5 . 0 1 9 9 5  2 . 1 4 

5 . 5 2 4 1 .  3 8  0 . 7 2 NS 
4 1 . 0 4 1 8  2 . 2 8 1 .  2 0  NS 
5 3 . 9 4 8 6 . 7 4 3 . 5 4 * * *  

1 1 9 . 2 7 8 1  1 . 4 7 0 . 7 7 N S  
1 8 9 6 . 8 9  9 9 5  1 .  9 1  

COOKED /CARAMEL I SED 

F a ctory 8 . 2 1 4 2 . 0 5 0 . 7 6 N S  
Spec i f ic a t ion 1 1 1 . 1 2  1 8  6 . 1 7 2 . 2 9 * *  
Month 9 8 . 7 6 8 1 2 . 3 5 4 . 5 8 * * *  
Lack of  F i t  1 8 3 . 6 4 8 1  2 . 2 7 0 . 8 4  N S  
E rror 2 6 8 2 . 6 7 9 9 5  2 . 7 0 

. 
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Appendix 1 8 : Resu l t s  o f  analyses of variance made on 
sensory data from the non -vitamin i z ed and 
vi tami n z ed powders tes ted dur ing the 1 9 7 9 / 8 0  
season f o r  the sweet , buttery and cooked / 
ca rame l i sed note s in the aroma o f  the 
recon s t i tu ted mi l k s . 

SWEETNES S  

Non-Vi tamin i z ed Powders 

SOURCE s s  OF MS F 

Factory 1 0 . 0 0 4 2 . 5 0 1 . 2 3  N S  
Spec i f ication 8 . 5 3 4 2 . 1 3 1 .  0 5  N S  
Month 4 6 . 0 2 7 6 . 5 7 3 . 2 3 * *  

Lack o f  F i t  4 6 . 5 6 2 9  l .  6 1  0 . 7 9 NS 
Error 8 1 2 . 0 5 3 9 9  2 . 0 4 

V i tamini z ed Powders 

Factory 1 . 1 5 4 0 . 2 9 0 . 1 3 N S  
Spec i f ic a t ion 5 6 . 0 2 1 1  5 . 0 9 2 . 3 1 * *  

Month 4 5 . 9 9 8 5 . 7 5 2 . 6 1 * *  

Lack o f  F i t  6 6 . 8 1  4 3  l .  5 5  0 . 7 1 NS 
E r ror 1 3 1 2 . 9 7 5 9 6  2 . 2 0 

BUTTERINESS 

Non-Vitami n i z ed Powders 

Fac tory 6 . 9 1  4 1 .  7 3  0 . 9 4 NS 
Spec i f icat ion 6 . 7 2  4 1 .  6 8  0 . 9 2 NS 
Month 4 8 . 2 0 7 6 . 8 9  3 . 7 6 * * *  

Lack o f  F i t  3 5 . 6 3 2 9  1 .  2 3  0 . 6 7 N S  
Error 7 3 0 . 9 9 3 9 9  1 . 8 3  

Vitamini zed P owders 

Factory 3 . 4 9 4 0 . 8 7 0 . 4 5  N S  
Spec i f ication 2 4 . 2 1 1 1  2 . 2 0 1 . 1 2 N S  
Month 1 9 . 0 4 8 2 . 3 8 1 .  2 2  N S  
Lack o f  Fit 6 9 . 6 9  4 3  1 . 6 2 0 . 8 3 N S  
Error 1 1 6 5 . 9 0 5 9 6  1 .  9 6  
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Appendix 18 ( continued )  

COOKE D / CARAMELI SED 

Non-Vi tamini zed Pow<;ier s  

SOURCE s s  OF MS F 

Fac tory 8 . 7 7  4 2 . 1 9 0 . 8 1 NS 
Spec i f ic a t ion 9 . 1 1 4 2 . 2 8 0 . 8 4  NS 
Mon th 6 2 . 8 0 7 8 . 9 7 3 . 2 9 * *  
Lack o f  F i t  4 7 . 5 8 2 9  1 .  6 4  0 . 6 0 N S  
E r ror 1 0 8 6 . 7 2 3 9 9  2 . 7 2 

Vi tamin i z e d  Powders 

Factory 8 . 0 7 4 2 . 0 2 0 . 7 5 NS 
Spec i f icat ion 1 0 2 . 0 6 1 1  9 . 2 8 3 . 4 7 * * *  
Mon th 7 2 . 0 2 8 9 . 0 0 3 . 3 6 * * *  
Lack of  F i t  1 1 2 . 5 5  4 3  2 . 6 2 0 . 9 8 N S  
E rror 1 5 9 5 . 9 4 5 9 6  2 . 6 8 
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Appendix 1 9 : Results o f  ana l y s e s  o f  variance made on 
sensory data f rom the 1 9 8 0 / 8 1  season for the 
sweet , buttety and cooked / carame l i s e d  n o t e s  
in the aroma of  t h e  recon s t i tuted mi lk s . 

SWEETNESS 

SOURCE 

Fac tory 
Spec i f ication 
Month 
Lack o f  F i t  
Error 

BUTTERINESS 

Factory 
Spec i f ication 
Month 
Lack of F i t  
Error 

COOKED /CARAHELI S E D  

Factory 
Spec i f i cat ion 
Month 
Lack of  F i t  
Error 

s s  

5 . 6 6 
1 6 6 . 3 0 

6 2 . 0 5 
2 8 0 . 1 4  

3 1 3 8 . 4 0 

5 . 6 3 
8 7 . 8 7 
4 7 . 7 0 

2 0 0 . 2 6  
3 2 0 0 . 1 6 

6 . 9 4 
1 6 8 . 2 8 

2 1 . 3 6 
3 3 9 . 0 8 

4 3 2 7 . 8 2 

O F  

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

MS 

1 .  4 2  
1 1 . 8 8 

7 . 7 6 
1 . 1 2 
1 .  2 8  

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

1 .  7 4  
1 2 . 0 2 

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

F 

1 . 1 1 N S  
9 . 2 9 * * *  
6 . 0 7 * * *  
0 . 8 7  N S  

1 .  0 9  N S  
4 . 8 8 * * *  
4 . 6 4 * * * 
0 . 6 2 NS 

1 .  0 0  N S  
6 . 9 1 * * *  
1 .  5 4  N S  
0 . 7 8 N S  
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Appendix 2 0 : Re s u l t s  o f  analyse s o f  variance made on 
ear ly and late season sen sory data f rom the 
1 9 8 0 / 8 1  seas on for the sweet and buttery 
no tes in the aroma of  the recon s t i tu ted 
m i l k s . 

SWEETNE S S  

Early S eason Data 

SOURCE ss DF MS F 

Fac tory 1 .  9 8  4 0 .  4 9 0 . 3 8 N S  
Spec i f i c a t ion 1 3 2 . 8 5 1 1  1 2 . 0 8 9 . 2 8 * * *  
Fortn igh t 1 .  3 5  4 0 . 3 4 0 . 2 6 N S  
Lack o f  F i t  1 3 5 . 1 6 1 0 2  1 .  3 3  1 .  0 2  N S  
E r ror 1 4 2 4 . 5 8 1 0 9 4  1 .  3 0  

Late Sea son Data 

Factory 4 . 8 0 4 1 .  2 0  0 . 9 6 NS 
Spec i f ication 1 7 . 3 2 1 3  1 . 3 3  1 .  0 6  NS 
Fortn i ght 1 7 . 5 9 4 4 . 4 0  3 . 5 1 * *  
Lack o f  F it 8 2 . 1 5 1 0 0  0 . 8 2  0 . 6 6 NS 
E r ror 1 3 7 0 . 3 3 1 0 9 3  1 . 2 5  

BUTTERINE S S  

E a r ly S ea s on Data 

Fac tory 0 . 8 9 4 0 . 2 2 0 . 1 9 NS 
Specif icat ion 6 1 . 6 3 1 1  5 . 6 0 4 . 7 6 * * *  
Fortnight 0 . 7 7 4 0 . 1 9 0 . 1 6 N S  
L a c k  o f  F i t  7 9 . 5 1 1 0 2  0 . 7 8 0 . 6 6 NS 
E rror 1 2 8 8 . 8 0 1 0 9 4  1 . 1 8 

L a te Season Data 

Fac tory 5 . 2 1 4 1 .  3 0  0 . 9 2 NS 
S pec i f ic a tl.on 2 0 . 1 6 1 3  1 .  5 5  1 . 1 0 NS 
Fortnight 1 1 . 5 5 4 2 . 8 9 2 . 0 5 NS 
Lack of F i t  8 5 . 27 1 0 0  0 . 8 5 0 . 6 1 NS 
E rror 1 5 4 0 . 9 2 1 0 9 3  1 . 4 1 
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Appendix 2 1 : R es u l ts o f  ana l y s e s  o f  varianc e made on 
sen sory d a ta f rom the 1 9 7 9 / 8 0  season for 
the lactone - l ike , ox idi sed , feedy , ta int 
and age- re l ated note s in the aroma o f  the 
recon s t i tu ted mi lk s . 

LACTONE - LI KE 

SOURCE ss O F  MS F 

Factory 5 7 . 4 6  4 1 4 . 3 7 0 . 8 2 
Spec i f ication 9 0 1 . 3 0 1 8  5 0 . 0 7 2 . 8 7 
Month 1 8 0 . 9 9 8 2 2 . 6 2 1 .  3 0  
Error 1 4 1 4 . 8 2 8 1  1 7 . 4 7 

OX I D I SED 

Factory 4 . 9 0 4 1 .  2 2  0 . 2 9 
Spec i f ica t ion 1 7 2 . 8 6 1 8  9 . 6 0  2 . 2 7 
Month 1 1 8 . 8 9 8 1 4 . 8 6 3 . 5 1 
Error 3 4 2 . 7 3 8 1  4 . 2 3 

FEEDY 

Factory 5 1 3 . 0 1 4 1 2 8 . 2 5 5 . 6 5 
Spec i f icat ion 1 0 1 2 . 1 4 1 8  5 6 . 2 3 2 . 4 8 
Mon th 5 2 9 . 3 1 8 6 6 . 1 6 2 . 9 2 
Error 1 8 3 7 . 6 8 8 1  2 2 . 6 9 

TAINT 

Fac tory 4 8 . 6 0 4 1 2 . 1 5 1 .  2 5  
Spec i f icat ion 4 9 0 . 2 2 1 8  2 7 . 2 3 2 . 8 1 
Month 3 5 . 9 4 8 4 . 4 9 0 . 4 6 
Error 7 8 5 . 0 9 8 1  9 . 6 9 

AGE- RE LATE D  

Fac tory 3 . 0 0 4 0 . 7 5 0 . 3 4 
Spec i f ication 8 0 . 4 8 1 8  4 . 4 7 2 . 0 1 
Mon th 1 1 . 1 9  8 1 .  4 0  0 . 6 3 
Error 1 8 0 . 1 7 8 1  2 . 2 2 

NS 
* * *  
NS 

NS 
* *  
* *  

* * *  
* *  
* *  

NS 
* * *  
NS 

NS 
* 
NS 

' 
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Appendix 2 2 : Res u l t s  o f  analyses o f  vari ance made on 
sensory data f r om the non-vi tami n i zed 
and v i tamini z ed powders t e s t ing dur ing the 
1 9 7 9 / 8 0  season for the oxidi sed and f e edy 
notes in the aroma of the re cons t i tuted mi l k s 

O X I D I S E D  

Non-Vi tamin i zed Pm.;ders 

SOURCE s s  DF MS F 

Fac to ry 3 2 . 7 7 4 8 . 1 9  3 . 2 4 * 
Spec i f ic a t ion 2 9 . 9 6 4 7 . 4 9  2 . 9 7 * 
Mon th 3 1 . 7 4 7 4 . 5 3  1 . 8 0  N S  
E rror 7 3 . 2 4 2 9  2 . 5 3 

Vi tami n i z ed Powders 

Facto r¥ 1 2 . 3 9 4 3 . 0 9  0 . 5 8 N S  
Spec i f 1c a tion 1 7 3 . 5 8 1 1  1 5 . 6 9 2 . 9 3 * *  
Month 9 6 . 3 6 8 1 2 . 0 4 2 . 2 5 * 
E r ror 2 3 0 . 2 5 4 3  5 . 3 5 

FEEDY 

Non-Vi tamini zed Powders 

Facto ry 8 1 9 . 5 3 4 2 0 4 . 8 8 7 . 6 2 * * *  
Spec i f ic a t ion 8 0 7 . 9 9 4 2 0 1 . 9 9 7 . 5 1 * * *  
Month 2 0 6 . 2 0 7 2 9 . 4 6 1 .  0 9  N S  
Error 7 8 0 . 2 3 2 9  2 6 . 9 0 

Vitami n i z ed Powd e r s  

Factory 2 3 . 4 7 4 5 . 8 7 0 . 4 3 N S  
Spec i f i c a tion 2 4 7 . 5 9 1 1  2 2 . 5 1 1 .  6 6  N S  
Honth 2 1 3 . 6 8  8 2 6 . 7 1 1 .  9 7  N S  
E rror 5 8 1 . 8 3  4 3  1 3 . 5 3 
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Appendix 2 3 :  Resul t s  o f  analyses o f  variance made on 
sen sory data f rom the 1 9 8 0 / 8 1  season for 
the lac ton e - l ik e , ox id i sed , f eedy , vi tamin 
i zed , t a i n t  and age-re l a ted notes in the 
aroma o f  the recon s t i tu ted mi lk s . 

LACTONE- L I KE 

SOURCE s s  DF NS F 

F a ctory 4 . 4 4  4 1 . 1 1 0 . 7 4 N S  
S pe c i f ic a t i on 4 6 . 2 2 1 4  3 . 3 0 2 . 1 9 * *  

Month 2 9 . 1 5 8 3 . 6 4 2 . � 2 * 

Lack o f  F i t  3 7 2 . 0 8 2 5 1  1 .  4 8  0 . 9 9 N S  
E rror 3 7 4 1 . 3 1 2 4 8 9  1 .  5 0  

OXI D I SED 

F a c tory 1 .  3 4  4 0 . 3 3 0 . 3 3 NS 
Spec i f icat ion 4 8 7 . 6 9 1 4  3 4 . 8 4 3 4 . 5 9 * * *  

Month 8 . 1 6 8 1 .  0 2  1 .  0 1  N S  
L a c k  o f  F i t  2 1 7 . 5 9 2 5 1  0 . 8 7 0 . 8 6 N S  
E rror 2 5 0 6 . 4 1  2 4 8 9  1 .  0 1  

FEEDY 

F a c tory 6 .  7 1 4 1 .  6 8  0 . 6 0 NS 
S pe c i f icat ion . 4 9 .  7 7  1 4  3 . 5 5 1 .  2 7  N S  
Month 4 0 . 2 9 8 5 . 0 4 1 .  7 9  NS 
Lack of F i t  4 5 1 . 0 5 2 5 1  1 . 8 0 0 . 6 4 N S  
E rror 6 9 9 1 . 6 6 2 4 8 9  2 . 8 1 
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Appendix 2 3  ( c on tinued) 

VITAMIN I ZED 

SOURCE s s  O F  MS F 

Fac tory 2 4 . 6 8 4 6 . 1 7 1 .  9 8  NS 
Spec i f ication 5 5 9 . 7 9 1 4  3 9 . 9 8 1 2 . 8 2 * * *  
Honth 3 9 . 2 8 8 4 . 9 1 1 . 5 7 NS 
Lack o f  F i t  7 0 2 . 8 0  2 5 1  2 . 8 0  0 . 9 0 N S  
Error 7 7 6 3 . 5 4 2 4 8 9  3 . 1 2 

TAINT 

Fac tory 1 .  6 7  4 0 . 4 2  0 . 9 5 N S  
Spe c i f ic a t ion 1 7 . 9 9 1 4  1 . 2 8 2 . 9 4 * * *  
Mon th 3 . 5 3 8 0 . 4 4 1 .  0 1  N S  
Lack o f  Fit .  8 5 . 9 6 2 5 1  0 . 3 4 0 . 7 8 NS 
Error 1 0 8 7 . 3 9 2 4 8 9  0 . 4 4  

AGE - RELATED 

Fac tory 0 . 2 5 4 0 . 0 6 0 . 6 9 NS 
Spe c i f icat ion 3 . 5 9 1 4  0 . 2 6 2 . 8 8 * * *  
Hon th 0 . 8 4 8 0 . 1 1 1 . 1 8 NS 
Lack of F i t  1 9 . 6 6 2 5 1  0 . 0 8 0 . 8 8 N S  
Error 2 2 1 . 5 0 2 4 8 9  0 . 0 9 
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Appendix 2 4 : Re su l t s  o f  analy s e s  of va r iance made on 
early and late season s en s ory data for the 
lac tone - l ike note i n  the aroma of the 
rec ons t i tu ted mi lk s . 

Early Sea son Data 

SOURCE ss D F  .NS F 

Fac tory 1 .  4 6  4 0 . 3 6 0 . 1 9 N S  
Spec i f ic a t ion 2 5 . 3 4 1 1  2 . 3 0 1 .  2 1  N S  
Fortnight 4 . 5 0 4 1 . 1 3 0 . 5 9 N S  
Lack o f  F i t  2 2 1 . 5 5 1 0 2  2 . 1 7 1 . 1 4 NS  
Error 2 0 8 2 . 8 9 1 0 9 4  1 .  9 0  

Late Season D a ta 

Factory 6 . 0 1  4 1 .  5 0  1 . 3 6 N S  
Spec i f ic a t io n  1 9 . 0 3 1 3  1 .  4 6  1 .  3 2  N S  
Fortn igh t 4 . 0 6 4 1 .  0 1  0 . 9 2 N S  
Lack of  F i t  7 2 . 9 4 1 0 0  0 . 7 3 0 . 6 6 N S  
E rror 1 2 0 9 . 1 7 1 0 9 3 1 . 1 1 
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Appendix 2 5 : Re s u l t s  of  analyses of  variance made on 
s e ns ory data f rom the 1 9 7 9 / 8 0  season for 
the sweet , c reamy and cook e d / c a rame l ised 
note s in the f lavour of  recons ti tuted 
mi lk s . 

SWEETNE SS 

SOURCE s s  DF HS F 

Fac tory 3 5 . 1 5 4 8 . 7 9 3 . 2 8 
S pec i f ication 9 3 . 4 8  1 8  5 . 1 9 1 .  9 4  
Month 8 1 . 5 6 8 1 0 . 2 0 3 . 8 1 
Lack o f  F i t  1 7 1 . 0 8 8 1  2 . 1 1 0 . 7 9 
Error 2 6 6 5 . 0 4 9 9 5  2 . 6 8 

CREAMINESS 

Factory 4 3 . 2 2 4 1 0 . 8 1  5 . 4 5 
Spec i f ication 9 4 . 5 9 1 8  5 . 2 6 2 . 6 5 
Month 7 8 . 9 8 8 9 . 8 7  4 . 9 8 
Lack o f  F i t  1 2 4 . 7 7 8 1  1 .  5 4  0 . 7 8 
Error 1 9 7 1 . 8 0 9 9 5  1 .  9 8  

COOKED /CARAMELISED 

Fac tory 2 0 . 0 9 4 5 . 0 2 1 . 8 7 
Spec i f ication 1 1 8 . 3 6 1 8  6 . 5 8 2 .  4 4 
Honth 1 4 4 . 4 5 8 1 8 . 0 6 6 . 7 1 
Lack o f  F i t  2 4 1 . 8 4  8 1  2 . 9 9 1 . 1 1 
Error 2 6 7 7 . 7 9 9 9 5  2 . 6 9  

* 
* 
* * *  
NS 

* * *  
* * *  
* * *  
NS 

NS 
* * *  
* * *  
N S  
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Appendix 2 6 : Resul t s  of  ana lyses of  var i ance made on 
sensory data f rom non-vi tamin i z ed and 
vitam i n i zed powders tes ted during the 1 9 7 9 / 8 0  
season for the swee t ,  c reamy and cooked / 
carame l i sed note s i n  the f lavour of the 
recons t i tu ted mi l k s . 

mvEETNES S  

Non-Vi tami n i zed Powders 

SOURCE s s  

F actory 3 3 . 6 0 
S pec i f i c a t i on 3 9 . 4 0 
Month 3 4 . 3 4  
Lack of F i t  4 1 . 5 0 
E rror 1 0 8 8 . 5 3 

V itamin i z ed Powder s  

Fac tory 1 4 . 1 2 
Spec i f ic a t i on 4 5 . 1 5  
Month 4 3 . 0 4 
Lack of F i t  1 2 1 . 4 9 
E rror 1 5 7 6 . 5 1 

C REANINES S  

Non-Vi tamin i zed Powders 

Factory 2 9 . 3 8 
S pec i f ic a t ion 2 7 . 6 9 
Mon th 3 6 . 8 1 
Lack of F i t  4 9 . 3 4  
E rror 7 4 4 . 0 3 

V itamini ze d  P owder s  

F a ctory 1 4 . 9 5 
Spe c i f ication 3 9 . 0 9 
�1onth 5 4 . 2 9 
Lack of F i t  5 7 . 0 6 
E rror 1 2 2 7 . 7 7 

O F  

4 
4 
7 

2 9  
3 9 9  

4 
1 1  

8 
4 3  

5 9 6  

4 
4 
7 

2 9  
3 9 9  

4 
1 1  

8 
4 3  

5 9 6  

MS 

8 . 4 0  
9 . 8 5 
4 . 9 1  
1 .  4 3  
2 . 7 3 

3 . 5 3 
4 . 1 0 
5 . 3 8 
2 . 8 3 
2 . 6 5 

7 . 3 5 
6 . 9 2 
5 . 2 6 
1 .  7 0  
1 . 8 7  

3 . 7 4 
3 . 5 5 
6 . 7 9 
1 .  3 3  
2 . 0 6 

F 

3 . 0 8 * 
3 . 6 1 * *  
1 .  8 0 NS  
0 . 5 2 NS 

1 .  3 3  NS 
1 .  5 5  NS 
2 . 0 3 * 
1 .  0 7  NS  

3 . 9 4 * *  
3 . 7 1 * *  
2 . 8 2 * *  
0 . 9 1 NS  

1 .  8 2  NS  
1 .  7 3  N S  
3 . 2 9 * *  

0 . 6 4 NS 
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Appendix 26 ( co n ti nued ) 

COOKED / CARAME L I SED 

Non-Vitamin i ze d  Powders 

SOURCE s s  DF MS F 

Fac tory 2 2 . 5 3 4 5 . 6 3 1 .  8 5  N S  
Spec i f ication 1 2 . 6 7 4 3 . 1 7 1 .  0 4  N S  
Nonth 7 9 . 2 5 7 1 1 . 3 2 3 . 7 1 * * *  
Lack o f  F i t  8 3 . 9 2 2 9  2 . 8 9  0 . 9 5 N S  -

Error 1 2 1 6 . 5 4 3 9 9  3 . 0 5 

Vi tamini zed Powder s  

Fac tory 1 5 . 4 6 4 3 . 8 7 1 .  5 8  N S  
Spec i f ication 8 8 . 1 1 1 1  8 . 0 1  3 . 2 7 * * *  
Mon th 7 3 . 2 7 8 9 . 1 6 3 . 7 4 * * *  
Lack o f  Fit 1 3 8 . 6 7 4 3  3 . 2 2 1 .  3 2  N S  
Error 1 4 6 1 . 2 4 5 9 6  2 . 4 5  
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Appendix 2 7 : Re s u l t s  o f  analyses o f  va riance made on 
s e nsory data f rom the 1 9 8 0 / 8 1  season f o r  
the sweet ,  creamy a n d  cooked / carame l i se d  
n o t e s  in the f l avour o f  the recons t i tu ted 
mi lks 

SWEETNESS 

SOURCE 

Factory 
S pec i f ication 
Month 
Lack o f  F i t  
E rror 

C REAHINESS 

Fac tory 
S pec i f ication 
Month 
Lack o f  F i t  
Error 

COOKED /CAR.AivlEL ISED 

F a c tory 
Spec i f ication 
Mon th 
Lack o f  F i t  
E r ror 

ss 

2 4 . 3 7 
2 1 2 . 1 9 
1 0 6 . 4 1  
4 0 4 . 6 8 

3 7 8 2 . 4 0 

3 4 . 7 2 
1 5 8 . 7 6 
2 0 5 . 0 9 
3 6 1 . 0 9 

4 4 8 1 . 3 2 

1 0 . 2 4 
1 2 6 . 3 7 

9 . 3 3 
4 2 5 . 1 4 

4 6 5 0 . 9 5 

DF 

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

MS 

6 . 0 9 
1 5 . 1 6 
1 3 . 3 0 

1 .  6 1  
1 .  5 2  

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

1 .  4 4  
1 .  8 0  

2 . 5 6 
9 . 0 3 
1 . 1 7 
1 .  6 9  
1 . 8 7  

F 

4 . 0 1 * *  
9 . 9 7 * * *  
8 . 7 5 * * *  
1 .  0 6  NS 

4 . 8 2  * * *  
6 . 3 0 * * *  

1 4 . 2 4 * * * 
0 . 8 0 NS 

1 .  3 7 NS  
4 . 8 3  * * *  
0 . 6 2 NS 
0 . 9 1  NS  
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Appendix 2 8 : Results o f  a n a ly s e s  of  vari ance made o n  early 
and late s e a son sensory data from the 1 9 8 0 / 8 1  
season for the sweet and creamy note s i n  the 
f l avour of  the recons t i tuted mi l k s . 

SWEETNESS 

Early S eason Data 

SOURCE s s  D F  MS F 

Factory 1 3 . 7 9 4 3 . 4 5  2 . 3 1 N S  
Spec i f ication 1 8 7 . 6 0 1 1  1 7 . 0 5 1 1 . 4 2 * * *  
Fortnigh t  1 2 . 5 5 4 3 . 1 4 2 . 1 0 NS  
Lack o f  F i t  1 5 2 . 3 5 1 0 2  1 .  4 9  1 .  0 0  NS  
Error . 1 6 3 4 . 2 3 1 0 9 4  1 .  4 9  

Late S ea son D a ta 

Factory 1 5 . 8 4 4 3 . 9 6 2 . 7 4 * 
Spec i f ic ation 2 8 . 2 1 1 3  2 . 1 7 1 .  5 0  NS  
Fortn ight 2 1 . 0 1 4 5 . 2 5 3 . 6 4 * *  
Lack o f  F i t  1 4 0 . 7 7 1 0 0  1 .  4 1  0 . 9 8 NS 
Error 1 5 7 7 . 3 3 1 0 9 3  1 .  4 4  

CREAMINE SS 

E a r ly S eason Data 

Fac tory 7 . 6 1  4 1 .  9 0  1 . 1 6 N S  
Spec i f ication 1 3 0 . 1 8 1 1  1 1 . 8 3 7 . 2 2 * * *  
Fortnight 5 . 2 1 4 1 .  3 0  0 . 8 0 N S  
Lack o f  F i t  1 5 9 . 7 2 1 0 2  1 .  5 7  0 . 9 6 NS 
Error 1 7 9 2 . 7 6 1 0 9 4  1 .  6 4  

Late S e a son D a ta 

Factory 2 9 . 9 3  4 7 . 4 8 3 . 8 8 * *  
Spec i f ication 3 0 . 5 2 1 3  2 . 3 5 1 .  2 2  N S  
Fort n i gh t  8 . 8 8 4 2 . 2 2 1 . 1 5 NS 
Lack o f  Fit 1 1 1 . 3 0 1 0 0  1 . 1 1 0 . 5 8 N S  
Error 2 1 0 8 . 1 1 1 0 9 3  1 .  9 3  
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Appendix 2 9 : Res u l t s  o f  ana l y s e s  of  var ianc e on s en sory 
data f rom the 1 9 7 9 / 8 0  s e a son for the l a c tone-
like , ox idised , feedy , ta int and age - r e l a ted 
note s in the f lavour o f  the rec on s t i tu ted 
mi lk s . 

LACTONE- L I KE 

SOURCE s s  D F  MS F 

Fac tory 1 4 5 . 7 0 4 3 6 . 4 2 0 . 6 1  NS 
Spec if ica tion 4 3 5 9 . 7 9 1 8  2 4 2 . 2 1 4 . 0 7 * * *  
Month 4 7 3 . 9 4 8 5 9 . 2 4 0 . 9 9  N S  
Error 4 8 2 0 . 9 3 8 1  5 9 . 5 2 

OXIDI�ED 

Fac tory 6 9 . 3 4 4 1 7 . 3 3 0 . 9 1 N S  
Spec i f ic a t ion 1 0 8 2 . 9 0 1 8  6 0 . 1 6 3 . 1 7 * * *  
Month 2 2 6 . 1 1 8 2 8 . 2 6 1 .  4 9  N S  
E rror 1 5 3 6 . 9 8 8 1  1 8 . 9 8 

FEEDY 

F a c tory 4 4 . 3 3 4 1 1 . 0 8 2 . 7 4 * 
Spec i f ic a t i on 6 2 2 . 0 0 1 8  3 4 . 5 6 8 . 5 4 * * *  
Month 2 0 . 2 2 8 2 . 5 3 0 . 6 2 N S  
Error 3 2 7 . 8 1  8 1  4 . 0 5 

TAINT 

F ac tory 8 4 . 66 4 2 1 . 1 6 2 . 0 3 N S  
Spec i f ic a t ion 4 7 5 . 5 3 1 8  2 6 . 4 2 2 . 5 3 * * 
Month 3 0 2 . 3 3 8 3 7 . 7 9 3 . 6 2 * *  
Error 8 4 6 . 2 3 8 1  1 0 . 4 5  

AGE-RELATED 

Factory 7 . 6 3 4 1 .  9 1  0 . 5 0 N S  
Spec i f i c a t io n  3 8 . 6 8 1 8  2 . 1 5 0 . 5 6 N S  
Month 5 3 . 1 8 8 6 . 6 5  1 .  7 4  N S  
Error 3 0 9 . 0 5 8 1  3 . 8 2  
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Appendix 3 0 : Resu l t s  o f  anal y s e s  o f  var iance mad e  on 
s ensory data f rom the non-vitamin i z ed 
and vi tami n i zed powders t e s ted dur i n g  
the 1 9 7 9 / 8 0  season f o r  the taint note i n  
the f l avour o f  the recon s t i tuted m i lk s . 

Non-Vi tami n i zed Powders 

SOURCE 

Factory 
Spec i f ic a tion 
Month 
E rror 

V i tamini z ed Powders 

F ac tory . 
Spec i f ic a t ion 
Month 
E rror 

ss 

1 6 . 1 5 
5 9 . 0 9 

2 9 4 . 5 9 
2 8 1 . 9 7 

1 9 9 . 3 8 
5 1 5 . 2 2 
1 9 2 . 8 2 
3 3 3 . 9 9 

O F  

4 
4 
7 

2 9  

4 
1 1  

8 
4 3  

MS 

4 . 0 4 
1 4 . 7 8 

. 4 2 .  0 8  
9 . 7 2 

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

7 . 7 7 

F 

0 . 4 2 N S  
1 .  5 2  N S  
4 . 3 3  * *  

6 . 4 2  * * *  
6 . 0 3  * * *  
3 . 1 0 * *  
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Appendix 3 1 : Re s u l t s  o f  ana lyse s o f  variance made on 
sen sory data from the 1 9 8 0 / 8 1  season for 
the lactone- l ike , ox i d i s ed , feedy , 
v i tamin i zed , ta i n t  and age - related notes 
in the f lavour of the re�onstitu ted m i lk s . 

LACTONE-LIKE 

SOURCE s s  OF MS F 

Factory 1 0 . 9 3 4 2 . 7 3 0 . 9 0 N S  
Spec i f ication 1 4 1 . 4 5 1 4  1 0 . 1 0 3 . 3 4 * * *  
Mon th 3 9 . 2 9 8 4 . 9 1 1 .  6 2  N S  
Lack o f  Fit 8 8 2 . 2.5 2 5 1  3 . 5 1 1 . 1 6 N S  
Error 7 2 5 . 4 9 2 4 8 9  3 . 0 2 

OXI D I SED 

Factory 4 . 5 0 4 1 . 1 3 0 . 5 5 N S  
Spec i f ication 6 8 1 . 7 3 1 4  4 8 . 6 9 2 3 . 8 3  * * *  
Month 7 1 . 1 5 8 8 . 8 9  4 . 3 5  * * *  
Lack o f  Fit 7 2 1 . 4 1 2 5 1  2 . 8 7  1 .  4 1  N S  
Error 5 0 8 6 . 2 8 2 4 8 9  2 . 0 4 

FEEDY 

Factory 4 . 1 0 4 1 .  0 2  1 . 3 3  N S  
Spec i f ic ation 1 5 . 5. 5 1 4  1 . 1 1 1 . 4 4  N S  
Month 1 5 . 6 8 8 1 .  9 6  2 . 5 3 * *  
Lack o f  Fit 2 1 1 . 7 9 2 5 1  0 . 8 4 1 .  0 9  N S  
Error 1 9 2 4 . 0 9 2 4 8 9  0 . 7 7 



Appendix 3 1  ( continued ) 

VI TMH N I  ZED 

SOURCE 

Factory 
Spec i f icat ion 
Month 
Lack o f  F i t  
Error 

TAINT 

Fac tory 
Spec i f ication 
Month 
Lack o f  F i t  
Error 

AGE - RELATED 

Fac tory 
Spec i f ication 
Mon th 
Lack o f  F i t  
Error 

s s  

3 7 . 1 6 
6 4 3 . 5 9 
1 0 6 . 4 5  
9 0 5 . 6 2 

1 0 0 9 4 . 3 0 

1 3 . 5 8 
2 2 . 6 6 

8 . 9 7 
2 2 1 . 1 6 

2 3 0 2 . 4 8 

3 . 4 2  
7 . 8 4 
6 . 4 0  

7 3 . 9 1 
8 0 2 . 1 0 

DF 

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

4 
1 4  

8 
2 5 1  

2 4 8 9  

MS 

9 . 2 9 
4 5 . 7 9 
1 3 . 3 1 

3 . 6 1 
4 .  06 

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

0 . 8 5 
0 . 5 6 
0 . 8 0 
0 . 2 9 
0 . 3 2 

2 9 4 . 

F 

2 . 2 9 N S  
1 1 . 3 4 * * *  

3 . 2 8 * *  
0 . 8 9  N S  

3 . 6 7 * *  
1 .  7 5  * 
1 .  2 1  N S  
0 . 9 5 N S  

2 . 6 5 * 
1 . 7 4 * 
2 . 4 8  * 
0 . 9 1 N S  
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Appendix 3 2 : Resu l t s  of  ana l y s e s  of variance made on 
early and late season sensory data f rom 
the 1 9 8 0 / 8 1  sea son for the ox id ised , 
feedy , vi tamin i z ed and age - related notes 
in the fl avour o f  the reconsti tuted milk s . 

OX I D I SED 

E a r ly Sea son Data 

SOURCE 

Fac tory 
Spec i f ic a t ion 
Fortnight· 
Lack of  F i t  
E rror 

Late Sea son D a ta 

Factory 
Spec i fication 
Fortn ight 
Lack of F i t  
E rror 

FEEDY 

E a r ly Season 

Fac tory 
Spec i f ic ation 
Fortnight 
Lack of F i t  
Error 

Data 

Late Sea son D a ta 

Factory 
Spec i f ic ation 
Fortnight 
Lack of F ft 
Error 

s s  

1 . 2 6 
4 4 2 . 5 6 

3 3 . 9 6 
2 1 9 . 9 6 

1 7 6 8 . 6 0 

3 . 3 1 
2 5 6 . 9 7 

3 0 . 2 0 
2 4 4 . 7 0 

2 4 9 9 . 9 3 

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

1 1 0 . 7 5 
1 1 2 4 . 5 6 

3 . 1 8 
7 .  8 1  
5 . 2 5 

5 1 . 4 2  
6 7 0 . 2 7 

OF HS F 

4 0 . 3 1 0 . 2 0 N S  
1 1  4 0 . 2 3 2 4  . .  8 9  * * *  

4 8 . 4 9  � . 2 5 * * *  
1 0 2  2 . 1 6 1 .  3 3  * 

1 0 9 4  1 .  6 2  

4 0 . 8 3  0 . 3 6  N S  
1 3  1 9 . 7 7 8 . 6 4  * * *  

4 7 . 5 5 3 . 3 0 * 
1 0 0  2 . 2 5 0 . 9 8 N S  

1 0 9 3  2 . 2 9 

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

4 3 . 0 2 2 . 9 4  * 
1 0 2  1 .  0 9  1 .  0 6  N S  

1 0 9 4  1 .  0 3  

4 0 . 8 0  1 .  3 0  N S  
1 3  0 . 6 0  0 . 9 8 N S  

4 1 .  3 1  2 . 1 4 N S  
l O O  0 . 5 1 0 . 8 4  N S  

1 0 9 3  0 . 6 1 
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Append ix 3 2  ( continued)  

VITM1I N I ZED 

Early Sea son Data 

SOURCE s s  D F  MS F 

Factory 3 0 . 1 8 4 7 . 5 4 1 .  5 6  NS  
Spec i f ic a tion 2 1 2 . 1 3 1 1  1 9 . 2 8 3 . 9 9 * * *  

Fortnight 1 5 . 9 0 4 3 . 9 8 0 . 8 2 NS 
Lack o f  F it 3 7 7 . 9 7 1 0 2  3 . 7 1 0 . 7 7 NS 
Error 5 2 7 9 . 6 9 1 0 9 4  4 . 8 3  

Late Season Data 

Fac tory 7 . 3 7 4 1 .  8 4  0 . 5 8 N S  
Spec if ication 2 8 9 . 1 9 1 3  2 2 . 2 4 7 . 0 2 * * *  

Fortn ight 3 1 . 2 0 4 7 . 8 0 2 . 4 6  * 

Lack o f  F i t  2 7 5 . 8 0 1 0 0  2 . 7 6 0 . 8 7 N S  
Error 3 4 6 1 . 6 8 1 0 9 3  3 . 1 7 

AGE -RELATED 

Early Sea son Data 

Factory 0 . 1 3 4 0 . 0 3 0 . 2 5 NS 
Spec i f i c at ion 3 . 3 6 1 1  0 . 3 1 2 . 2 8 * *  

Fortnight 0 . 6 0 4 0 . 1 5 1 . 1 2 NS  
Lack o f  F i t  1 3 . 8 7 1 0 2  0 . 1 4 1 .  0 2  NS  
Error 1 4 6 . 2 0 1 0 9 4  0 . 1 3 

Late Season Data 

Factory 3 . 2 3 4 0 . 8 1  1 . 6 2 N S  
Spec i f ic a t ion 8 . 9 6  1 3  0 . 6 9 1 .  3 8  NS  
Fortn ight 2 . 1 7 4 0 . 5 4 1 .  0 9  N S  
Lack o f  F i t  3 1 . 9 0 1 0 0  0 . 3 2 0 . 6 4 N S  
Error 5 4 5 . 2 0 1 0 9 3  0 . 5 0 



Appendix 3 3 :  Resu l t s  o f  ana l y s e s  o f  variance made on 
sensory data f rom the exper imental powd e r s  
c onta i n i ng control l e d  l eve l s  of v i tamin s 
and i ron for the swe et , buttery and cooked / 
c a rame l i sed no tes in the aroma o f  the 
powde r s . 

SWEETNESS 

SOURCE s s  O F  HS F 

V i tamin 2 . 1 3 1 2 . 1 3 1 .  6 1  N S  
I ron 6 . 0 8 l 6 . 0 8 4 . 5 9 * 

V i tamin X I ron 0 . 0 3 l 0 . 0 3 0 . 0 3 N S  
P o s i t ion 0 . 8 3 l 0 . 8 3 0 . 6 3 N S  
V i tamin .� P o s i t i on 0 . 2 1 1 0 . 2 1 0 . 1 6 NS 
I ron x Pos i t ion 0 . 0 3 1 0 . 0 3 0 . 0 3 N S  
Type 9 . 1 8 2 . 4 .  5 9  3 . 4 7 * 

V i tamin x Type 0 . 8 8  2 0 . 4 4 0 . 3 3 N S  
I ron x Type 1 .  6 6  2 0 . 8 3  0 . 6 8 N S  
P o s i t ion x Type 0 . 7 0 2 0 . 3 5 0 . 2 7 N S  
E rror 1 2 6 . 4 2 3 2  0 . 8 3 0 . 6 2 N S  
S ub samp 1 e s  5 7 1 . 8 0 4 3 2  1 .  3 2  

B UTTE RINE S S  

Vi tamin 1 .  8 8  1 1 .  8 8  1 .  0 6  N S  
I ron 7 . 0 1 1 7 . 0 1 3 . 9 6 * 

V i tamin X I ron 0 . 0 8 1 0 . 0 8 0 . 0 4 N S  
P o s i t ion 1 1 . 4 1  1 1 1 . 4 1  6 . 4 5  * 

V i tamin x P o s i t ion 0 . 4 1 1 0 . 4 1  0 . 2 3 N S  
I ron x Pos i ti on 0 . 2 1 1 0 . 2 1 0 . 1 2 N S  
T y p e  1 6 . 2 2 2 8 . 1 1 4 . 5 8 * 

V i tamin x Type 6 . 4 5  2 3 . 2 3 1 .  8 2  NS 
I ron x Type 4 . 0 7 2 2 . 0 3 1 . 1 5 N S  
P o s i t ion x Type 4 . 5 2  2 2 . 2 6 1 .  2 8  N S  
E rror 1 5 3 . 7 5 3 2  1 .  6 8  0 . 9 5 N S  
f ub samples 7 6 4 . 6 0 4 3 2  1 .  7 7  

COOKED /CARAME L I SED 

Vitamin 1 .  2 0  1 1 .  2 0  0 . 7 1 N S  
I ron 1 .  2 0  1 1 .  2 0  0 . 7 1 N S  
V i tamin x I ron 1 .  0 1  1 1 .  0 1  0 . 6 0 N S  
P o s ition 0 . 0 1 1 0 . 0 1 0 . 0 1  N S  
V i tamin x P o s i t ion 0 . 3 0 1 0 . 3 0 0 . 1 8 N S  
I ron x Pos i t io n  0 . 0 3 1 0 . 0 3 0 . 0 2 NS 
Type 4 . 3 2 2 2 . 1 6 1 .  2 8  N S  
V itamin x Type 0 . 0 0 2 0 . 0 0 0 . 0 0 N S  
I ron x Type 1 .  9 5  2 0 . 9 8 0 . 5 8 N S  
P o s i tion x Type 2 . 1 2 2 1 .  0 6  0 . 6 3 N S  
E r ror 1 4 3 . 3 3 3 2  1 .  3 5  0 . 8 1 N S  
Subsamples 7 2 6 . 0 0 4 3 2  1 .  6 8  

2 9 7 . 



Append ix 3 4 : Resu l t s o f  ana l y s e s  o f  v a r i ance made on 
sensory data f rom t h e  exper imenta l powders 
conta ining contro l l e d  l eve l s  of v i tamins 
and iron for the l a c tone - l ike , ox i d i sed , 
feedy , v i tamin i z e d , t a i n t  and age- r e l a ted 
notes in the aroma of the powders . 

LACTONE- L I KE 

SOURCE 

Vi tamin 
I ron 
Vitamin x I ron 
Posi tion 
Vitamin x P o s ition 
I ron x P o s i tion 
Type 
Vi tamin x Typ e 
I ron x Type 
Pos i tion x Type 
E rror 1 
Subsamp l e s  

O X I D I SED 

Vi tamin 
I ron 
Vi tamin x I ron 
Pos it ion 
Vi tamin x P o s i tion 
I ron x P o s i t i on 
Type 
Vi tamin x Type 
I ron x Type 
Pos it ion x Type 
E rror 1 
Sub samp l e s  

FEEDY 

Vitamin 
I ron 
Vi tamin x I ron 
P o s ition 
Vi tamin x P o s i tion 
I ron x P o s i t ion 
Type 
Vi tamin x Type 
I ron x Type 
P o s i tion x Type 
E rror 1 
Sub samp 1 e s  

s s  

0 . 1 3 
0 . 4 1  
l .  6 3  
l .  2 0  
2 . 4 1 
2 . 7 0 
0 . 8 4 
3 . 7 8 
4 . 8 3  
5 . 3 4 

6 4 . 6 5 
7 8 1 . 4 0 

0 . 0 3 
0 . 0 1 
0 . 5 3 
0 . 3 0 
0 . 0 8 
0 . 1 3 
9 . 4 8 
l .  0 8  
0 . 5 3 
0 . 2 6 

3 1 . 8 8 
4 5 0 . 8 0 

0 . 1 7 
0 . 0 5 
0 . 6 0 
0 . 0 5 
0 . 1 7 
l .  7 5  
1 .  0 2  
0 . 9 5 
3 . 5 2 
0 . 0 2 

3 5 . 4 8 
3 4 9 . 9 0 

D F  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2 

MS 

0 . 1 3 
0 . 4 1 
l .  6 3  
l .  2 0  
2 . 4 1  
2 . 7 0  
0 . 4 2 
1 . 8 9  
2 . 4 1  
2 . 6 7 
2 . 0 2 
1 .  8 1  

0 . 0 3 
0 . 0 1 
0 . 5 3 
0 . 3 0 
0 . 0 8 
0 . 1 3 
4 . 7 4 
0 . 5 4 
0 . 2 6 
0 . 1 3 
0 . 9 9 
1 .  0 4  

0 . 1 7 
0 . 0 5 
0 . 6 0  
0 . 0 5 
0 . 1 7 
1 .  7 5  
0 . 5 1 
0 . 4 8 
1 .  7 6  
0 . 0 1 
1 . 1 1 
0 . 8 1 

F 

0 . 0 7 NS 
0 . 2 3 NS 
0 . 9 0 N S  
0 . 6 6 N S  
1 .  3 3  N S  
1 .  4 9 NS 
0 . 2 3 N S  
1 .  0 4  N S  
1 .  3 3 N S  
1 .  4 7 N S  
1 . 1 2 N S  

0 . 0 3 N S  
0 . 0 1 N S  
0 . 5 1 N S  
0 . 2 9 N S  
0 . 0 7 N S  
0 . 1 3 N S  
4 . 5 4 * 
0 . 5 2 NS 
0 . 2 5 N S  
0 . 1 3 NS 
0 . 9 5 NS 

0 . 2 1 N S  
0 . 0 6 N S  
0 . 7 4 N S  
0 . 0 6 N S  
0 . 2 1 NS 
2 . 1 6 N S  
0 . 6 3 N S  
0 . 5 9 N S  
2 . 1 7 N S  
0 . 0 1 N S  
1 .  3 7  N S  

2 9 8 . 
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Appendix 34 ( conti nued ) 

VITA."'.IN I ZED 

SOU RCE s s  O F  MS F 

V i tamin 1 .  5 2  1 1 .  5 2  0 . 7 0 NS 
I ron 0 . 1 7 1 0 . 1 7 0 . 0 8 N S  
V i tamin x I ron 0 . 6 0  1 0 . 6 0 0 . 2 8 NS 
P o s i t ion 1 .  5 2  1 1 .  5 2  0 . 7 0 NS 
V i tamin x Pos ition 0 . 2 5 1 0 . 2 5 0 . 1 2 NS 
I ron x P o s i t ion 0 . 0 2  1 0 . 0 2 0 . 0 1 NS 
Type 0 . 0 3 2 0 . 0 2 0 . 0 1 NS 
V i tamin x Type 1 .  2 1  2 0 . 6 1  0 . 2 8 NS 
I ron x Type 1 .  6 6  2 0 . 8 3  0 . 3 9 NS 
P o s i t ion x Type 0 . 4 6  2 0 . 2 3 0 . 1 0 NS 
E r ro r  1 5 3 . 0 3 3 2  · 1 .  6 6  0 . 7 7 NS 
Subsamp 1 e s  9 3 1 . 7 0 4 3 2  2 . 1 6 

TAINT 

V i tamin 2 . 5 5 1 2 . 5 5 5 . 5 9 * 
I ron 1 .  3 0  1 1 .  3 0  2 . 8 5  NS 
Vi tamin x I ron 0 . 6 0  1 0 . 6 0  1 .  3 2  NS 
P o s i t ion 0 . 2 5 1 0 . 2 5 0 . 5 5 NS 
Vi tamin x P o s i t ion 1 . 1 0 1 1 . 1 0 2 . 4 1 NS 
I ron x P o s i tion 0 . 3 5  1 0 . 3 5 0 . 7 7 N S  
Type 0 . 5 2  2 0 . 2 6 0 . 5 7 NS 
Vi tamin x Type 0 . 8 2  2 0 . 4 1  0 . 8 9 NS 
I ron x Type 0 . 0 7 2 0 . 0 3 0 . 0 7 NS 
P o s i tion x Tyf>e 0 . 0 7 2 0 . 0 3 0 . 0 7 NS 
E rror 1 1 2 . 5 5 3 2  0 . 3 9 0 . 8 6 NS 
Sub samp 1 e s  1 9 7 . 3 0 4 3 2  0 . 4 6 

AGE - RE LATED 

Vitamin 0 . 3 0 1 0 . 3 0 1 .  7 3  NS 
I ron 0 . 0 3 1 0 . 0 3 0 . 1 9 N S  
Vi tamin x I ron 0 . 2 1 1 0 . 2 1  1 .  2 0  NS 
P o s i tion 0 . 1 3 1 0 . 1 3 0 . 7 7 NS 
Vitamin x Pos ition 0 . 0 8 1 0 . 0 8 0 . 4 3  NS 
I ron x P o s i t ion 0 . 0 8 1 0 . 0 8 0 . 4 3 N S  
Type 0 . 0 0 2 0 . 0 0 0 . 0 0 NS 
Vi tamin x Type 0 . 0 9 2 0 . 0 4 0 . 2 5 N S  
I ron x Type 0 . 0 3 2 0 . 0 1 0 . 0 8 N S  
Pos ition x Type 0 . 2 0 2 0 . 1 0 0 . 5 9 N S  
E rror 1 5 . 4 1 3 2  0 . 1 7 0 . 9 7 NS 
Sub samp l e s  7 5 . 0 0 4 3 2  0 . 1 7 
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Append ix 3 5 :  Resu l t s  o f  a n a l y s e s  o f  v a r iance made on 
sen s ory data f rom the experimenta l 
powde r s  conta in ing con t r o l led leve l s  o f  
v i tamin s and i ron f o r  the sweet , buttery 
and c ooked / c arame l i sed notes in the aroma 
o f  the recon s ti tuted mi l k s . 

SWEETN E S S  

SOURCE 

Vi tamin 
I ron 
Vitamin x I ron 
Pos ition 
Vi tamin x P o s i tion 
I ron x P. o s i t ion 
Type 
Vitamin x Type 
I ron x Type 
P o s i t i on x Type 
Error 1 
Subsamp l es 

BUTTERINESS 

Vi tamin 
I ron 
Vi tamin x I ron 
Position 
Vi tamin x P o s i t i on 
I ron x P o s i t ion 
Type 
Vi tamin x Type 
I ron x Type 
Posit ion x Type 
E rror 1 
Subsamp l e s  

COOKE D /CARA}lliLI S E D  

Vitamin 
I ron 
Vi tamin x I ron 
P o s i t i on 
Vi tamin x P o s ition 
I ron x P o s i t ion 
Type 
V itamin x Type 
I ron x Type 
P o s i tion x Type 
E rror 1 
Sub s amp l e s  

s s  

1 . 1 0 
3 1 . 5 2 

2 . 8 5 
1 .  7 5  
0 . 1 7 
0 . 7 5 

9 6 . 0 2 
6 . 7 2  

2 9 . 4 5 
1 .  5 2  

4 4 . 9 8 
7 9 9 . 1 0 

0 . 1 0 
1 8 . 8 0 

0 . 0 2 
0 . 0 2 
1 . 1 0 
0 . 1 7 

5 8 . 8 2 
0 . 1 2 

1 6 . 4 7 
1 .  2 0  

2 5 . 0 3 
6 1 1 . 1 0 

1 .  7 5  
3 . 5 0 
0 . 9 2 
0 . 7 5 
0 . 4 7  
0 . 7 5 

4 5 . 0 7 
0 . 2 2 

2 2 . 8 7  
1 0 . 4 7  
5 2 . 8 3  

7 1 9 . 1 0 

O F  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

NS 

1 . 1 0 
3 1 . 5 2 

2 . 8 5 
1 .  7 5  
0 . 1 7 
0 . 7 5 

4 8 . 0 1 
3 . 3 6 

1 4 . 7 3 
0 . 7 6 
1 .  4 1  
1 .  8 5  

0 . 1 0 
1 8 . 8 0 

0 . 0 2 
0 . 0 2 
1 . 1 0 
0 . 1 7 

2 9 . 4 1  
0 . 0 6 
8 . 2 3 
0 . 7 0 
0 . 7 8 
1 .  4 1  

1 .  7 5  
3 . 5 0 
0 . 9 2 
0 . 7 5 
0 . 4 7  
0 . 7 5 

2 2 . 5 3 
0 . 1 1 

1 1 . 4 3  
5 . 2 3 
1 .  6 5  
1 .  6 6  

F 

0 . 6 0 N S  
1 7 . 0 3 * * *  

1 .  5 4  N S  
0 . 9 5 NS 
0 . 0 9 N S  
0 . 4 1 N S  

2 5 . 9 5 * * *  
1 .  8 2 N S  
7 . 9 6 * * *  
0 . 4 1  N S  
0 . 7 6 N S  

0 . 0 7 N S  
1 3 . 2 9 * * *  

0 . 0 1 N S  
0 . 1 3 N S  
0 . 7 7 N S  
0 . 1 2 N S  

2 0 . 7 9 * * *  
0 . 0 4 N S  
5 . 8 2 N S  
0 . 4 9 NS 
0 . 5 5 NS 

1 .  OS NS 
2 . 1 0 N S  
0 . 5 5 N S  
0 . 4 5 NS 
0 . 2 8 NS 
0 . 4 5 N S  

1 3 . 5 4 * * *  
0 . 0 6 NS 
6 . 8 7  * *  
3 . 1 4 * 
0 . 9 9 N S  



Appendix 3 6 : R e s u l t s  o f  a n a l y s e s  o f  v a r i a nce made on 
s en sory data f rom the exper imental powders 
conta i n i ng con tro l l ed l eve l s  o f  v i tamins 
and i ron f o r  the l actone - l ik e , ox i d i sed , 
f eedy , vitami n i zed , taint and age - r e l ated 
not e s  in the a roma of the recon s t i tu ted 
mi l k s . 

LACTON E - L I KE 

SOURCE 

Vitamin 
I ron 
Vi tamin x I ron 
Pos i t ion 
Vitamin x P o s i t ion 
I ron x P o s i tion 
Type 
Vi tamin x Type 
I ron x Type 
Pos i t i on x Type 
Error 1 
Sub s amp l e s  

OX I D I SED 

Vi tamin 
I ron 
Vitamin x I ron 
P o s i tion 
V i tamin x Po�it ion 
I ron x Pos i t ion 
Type 
V i tamin X TYPE7 
I ron x Type 
Pos i t ion x Type 
Error 1 
Subs amp l e s  

FEEDY 

Vi tamin 
I ron 
Vitamin x I ron 
Pos i tion 
Vi tamin x P o s i t ion 
I ron x Pos i tion 
Type 
Vitamin x Type 
I ron x Type 
P o s i t ion x Type 
Error 1 
Sub s ampl e s  

s s  

6 . 0 8 
9 . 0 8 
0 . 2 1 
1 .  2 0  
0 . 0 3 
8 . 5 3 

1 3 . 6 3 
4 . 5 1 
1 .  2 1  
1 .  3 6  

3 4 . 7 4 
7 2 4 . 8 0 

7 . 2 5 
1 2 5 . 0 5 

0 . 7 5 
1 6 . 5 0 

1 . 1 0 
2 . 2 7 

4 1 7 . 8 7 
3 . 0 2 

1 4 9 . 0 7 
2 4 . 2 7 

1 6 6 . 2 8 
2 0 1 0 . 5 0 

0 . 1 0 
0 . 1 7 
7 . 7 5 
3 . 8 5 
5 . 4 2 
0 . 4 7 

1 7 . 72 
0 . 8 2  
3 . 8 0 
7 . 2 7 

5 8 . 0 7 
1 0 0 4 . 3 0 

OF 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

MS 

6 .  0 8  
9 . 0 8 
0 . 2 1 
1 .  2 0  
0 . 0 3 
8 . 5 3 
6 . 8 1 

- 2 . 2 5  
0 . 6 1 
0 . 6 8 
1 .  0 9  
1 .  6 8  

7 . 2 5 
1 2 5 . 0 5  

0 . 7 5 
1 6 . 5 0 

1 . 1 0 
2 . 2 7 

2 0 8 . 9 3 
1 .  5 1  

7 4 . 5 3 
1 2 . 1 3 

5 . 2 0 
4 . 6 5 

0 . 1 0 
0 . 1 7 
7 . 7 5 
3 . 8 5 
5 . 4 2  
0 . 4 7 
8 . 8 6  
0 . 4 1 
1 .  9 0  
3 . 6 3 
1 .  8 1  
2 . 3 2 

F 

3 . 6 2 NS 
5 . 4 1 * 
0 . 1 2 N S  
0 . 7 2 N S  
0 . 0 2 N S  
5 . 0 9 * 
4 . 0 6 * 
1 .  3 4  NS 
0 . 3 6 NS 
0 . 4 1  NS 
0 . 6 5 NS 

1 .  56 NS 
2 6 . 8 7 * * *  

0 . 1 6 NS 
3 . 5 5 NS 
0 . 2 4 NS 
0 . 4 9 NS 

4 4 . 8 9 * * *  
0 . 3 2 NS 

1 6 . 0 2 * * *  
2 . 6 2 N S  
1 . 1 2 NS 

0 . 0 4 NS 
0 . 0 7 NS 
3 . 3 3 NS 
1 .  6 6  NS 
2 . 3 3 NS 
0 . 2 0 NS 
3 . 8 1 * 
0 . 1 8 N S  
0 . 8 2 NS 
1 .  5 6  NS 
0 . 7 8 NS 

3 0 1 .  
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Appendix 3 6  ( cont inued) 

VITAMIN I ZE D  

SOURC E  s s  O F  MS F 

Vi tamin 2 0 0 . 2 1 1 2 0 0 . 2 1 3 1 . 9 5 * * *  

I ron 3 9 . 6 8 1 3 9 . 6 8 6 . 3 3 * 

V i tamin x I ron 1 .  2 0  1 1 .  2 0  0 . 1 9 N S  
P o s ition 1 9 . 2 0 1 1 9 . 2 0 3 . 0 6 NS 
Vi tamin x P o s i t ion 0 . 0 0 1 0 . 0 0 0 . 0 0 NS 
I ron x P o s it ion 1 2 . 6 8 1 1 2 . 6 8 2 . 0 2 NS 
Type 1 9 1 . 4 5 2 9 5 . 7 3 1 5 . 2 8 * * *  

Vi tamin x Type 2 . 7 2 2 1 .  3 6  0 . 2 2 N S  
I ron x T'y"pe 9 0 . 1 5 2 4 5 . 0 8 7 . 1 9 * * *  

P o s ition x Type 5 4 . 2 0 2 2 7 . 1 0 4 . 3 2  * 

E rror 1 2 2 1 . 3 8 3 2  6 . 9 2 1 . 1 0 NS 
Sub samp 1 e s  2 7 0 6 . 8 0  4 3 2  6 . 2 7 

TAINT 

Vi tamin 1 .  3 0  1 1 .  3 0  2 . 8 9 NS 
I ron 1 . 1 0 1 1 . 1 0 2 . 4 5 NS 
Vi tamin x I ron 0 . 2 5 1 0 . 2 5 0 . 5 6 NS 
Po s i tion 0 . 3 5 1 0 . 3 5 0 . 7 8 N S  
Vi tamin x P o s i tion 0 . 0 2 1 0 . 0 2 0 . 0 4 NS 
I ron x P o s i ti o n  1 .  5 2  1 1 .  5 2  3 . 3 8 NS 
Type 0 . 2 5 2 0 . 1 3 0 . 2 8 NS 
Vi tamin x Type 0 . 6 3 2 0 . 3 1  0 . 7 0 NS 
I ron x Type 2 . 0 8 2 1 .  0 4  2 . 3 1  NS 
Pos i t ion x Type 1 .  2 5  2 0 . 6 3  1 . 4 0  NS 
Error 1 1 8 . 2 3 3 2  0 . 5 7 1 .  2 7  N S  
Sub sampl e s  1 9 4 . 1 0 4 3 2  0 . 4 5  

AGE - RELATED 

Vi tamin 0 . 1 7 1 0 . 1 7 0 . 8 7 N S  
I ron 0 . 0 0 1 0 . 0 0 0 . 0 0 N S  
Vi tamin x I ro n  0 . 3 5 1 0 . 3 5  1 .  8 2  N S  
Pos ition 0 . 1 0 1 0 . 1 0 0 . 5 3 N S  
Vi tamin x P o s i tion 0 . 0 5 1 0 . 0 5 0 . 2 7  N S  
I ron x P o s i t io n  0 . 0 2 1 0 . 0 2 0 . 0 1 N S  
Type 0 . 3 4 2 0 . 1 7 0 . 8 7  N S  
Vi tamin x Type 0 . 0 4 2 0 . 0 2 0 . 9 7 N S  
I ron x Type 0 . 2 0 2 0 . 1 0 0 . 5 3 N S  
P o s i t ion x Type 0 . 4 0  2 0 . 2 0  1 .  0 4  N S  
Error 1 5 . 7 8 3 2  0 . 1 8 0 . 9 3 N S  
S u b  samp l e s  8 3 . 7 0 4 3 2  0 . 1 9 
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Appendix 3 7 : Resu l t s  o f  ana ly s e s  o f  vari anc e made on 
sen sory d a ta from the e x perimen t a l  powde r s  
con taining contro l l ed l eve l s  o f  vi tamins 
and i ron for the swee t ,  creamy and cook ed/ 
c ar ame l i s ed note s in th e f l avour o f  the 
recon s t i tu ted mi l k s . 

SWEETNESS 

SOURCE 

Vi tamin 
I ron 
V i t amin x I ron 
Pos i t ion 
Vitamin x P o s i t ion 
I ron x P o s i t ion 
Type 
Vi tamin x Type 
I ron x Type 
P o s i t ion x Type 
E rror 1 
Sub samp l e s  

C REAMINESS 

V itamin 
I ron 
V i t amin x I ron 
P o s i tion 
Vi tamin x P o s·i t i on 
I ron x P o s i t ion 
Type 
V i t amin x Type 
I ron x Type · 
P o s i tion x Type 
E rror 1 
Sub samp l e s  

COOKED/CARAME L I S E D  

Vi tamin 
I ron 
Y i tamin x I ron 
P o s i t ion 
V i tamin x P o s i t i on 
I ron x P o s i t io n  
Type 
V i tamin x Type 
I ron x Type 
P o s i tion x Type 
Error 1 
Sub samp l e s  

s s  

2 . 5 5  
3 6 . 8 5  

1 .  3 0  
0 . 1 0 
0 . 3 5  
0 . 6 0  

2 2 3 . 4 5 
0 . 3 8 

2 3 . 2 8 
3 . 2 0 

8 9 . 0 2 
1 1 4 6 . 3 0  

1 1 . 1 0 
2 2 . 9 7 

2 . 8 5  
0 . 1 0 
0 . 3 5 
2 . 2 7  

7 1 . 4 0 
2 . 2 8 

1 7 . 5 9 
1 .  9 3  

4 7 . 1 8 
8 9 8 . 9 0 

8 . 2 7 
0 . 7 5 
4 . 6 0 
0 . 4 6 
0 . 0 2 
0 . 0 0 

9 7 . 7 4 
1 .  2 9  

1 4 . 0 3 
3 . 3 9 

3 8 . 5 3 
9 0 2 . 9 0 

OF 

1 
1 
1 
l 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2 

1 
1 
1 
1 
l 
1 
2 
2 
2 
2 

3 2  
4 3 2  

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 2  
4 3 2  

HS 

2 . 5 5 
3 6 . 8 5  

1 .  3 0  
0 . 1 0 
0 . 3 5 
0 . 6 0 

1 1 1 . 7 3 
0 . 2 0 

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

1 1 . 1 0 
2 2 . 9 7 

2 . 8 5 
0 . 1 0 
0 . 3 5 
2 . 2 7 

3 5 . 7 0 
1 . 1 4 
8 . 7 9 
0 . 9 6 
1 .  4 7 
2 . 0 8 

8 . 2 7 
0 . 7 5 
4 . 6 0 
0 . 4 7  
0 . 0 2 
0 . 0 0 

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

F 

0 . 9 6 N S  
1 3 . 8 9 * * *  

0 . 4 9 NS 
0 . 0 4 N S  
0 . 1 3 N S  
0 . 2 3 N S  

4 2 . 1 1 * * *  
0 . 0 7 N S  
4 . 3 9 * 
0 . 6 0 N S  
1 .  0 4  N S  

5 . 3 4 * 
1 1 . 0 4 * * *  

1 .  3 7 N S  
0 . 0 5 N S  
0 . 1 7 N S  
1 .  0 9  N S  

1 7 . 1 6 * * *  
0 . 5 5 NS 
4 . 2 3  * 
0 .  4 6 NS 
0 . 7 1 N S  

3 . 9 6 * 
0 . 3 6 N S  
2 . 2 0 NS 
0 . 2 2  NS 
0 . 0 1 NS 
0 . 0 0 N S  

2 3 . 3 8 * * *  
0 . 3 1  N S  
3 . 3 6 * 
0 . 8 1  N S  
0 . 5 8 N S  



Appendix 3 8 : Resu l t s  of ana ly s e s  o f  var iance made on 
sen sory data from the exper iment a l  powd e r s  
conta i n i ng contro l l ed l eve l s  o f  vi tam i n s  

3 0 4 . 

and i ro n  for the l ac tone - l ike , ox i d i sed , f eedy , 
vi tami n i zed , t a i n t  and age-re lated not e s  i n  
th e f l avour of the recon s t i tuted mi l k s . 

LACTONE - L I K E  

SOURCE s s  D F  MS F 

Vitamin 3 9 . 6 8 l 3 9 . 6 8 1 2 . 8 9 * * *  

I ron 1 4 . 0 1 1 1 4 . 0 1 4 . 5 5 * 

V i t amin x I ron 1 .  0 1  1 1 .  0 1  0 . 3 3 NS 
P o s i t ion 1 .  6 3  1 1 .  6 3  0 . 5 3 N S  
V i tamin x P os i t ion 0 . 3 0 1 0 . 3 0 0 . 0 1 N S  
I ron x Pos i t ion 7 . 5 0 1 7 . 5 0 2 .  4 4 NS 
Type 8 0 . 8 6 2 4 0 . 4 3 1 3 . 1 4 * * *  

V i tami n x Type 9 . 7 1 2 4 . 8 6 1 .  5 8  N S  
I ron x Type 0 . 0 3 2 0 . 0 2 0 . 0 1 N S  
P o s i ti on x Type 8 . 1 8 2 4 . 0 9 1 .  3 3  N S  
E rror 1 5 8 . 0 1 3 2  1 .  8 1  0 . 5 9 N S  
Sub samp l e s  1 3 2 9 . 2 0 4 3 2 3 . 0 8 

OX I D I SED 

V i tamin 0 . 7 5 1 0 . 7 5 0 . 1 5 N S  
I ron 1 1 9 . 0 0 1 1 1 9 . 0 0 2 4 . 4 1  * * *  

V i tamin x I ron 0 . 0 5 1 0 . 0 5 0 . 0 1 N S  
P o s i t ion 1 0 . 5 0 1 1 0 . 5 0 2 . 1 5 N S  
Vi tamin x P o s i t i on 0 . 1 7 1 0 . 1 7 0 . 0 3 N S  
I ron x P o s i t i on 0 . 1 7 1 0 . 1 7 0 . 0 3 N S  
Type 1 0 3 5 . 4 6 2 5 1 7 . 7 3 1 0 6 . 1 9 * * *  

V i tamin x Type 4 .  2 8  2 2 . 1 4 0 . 4 4 NS 
I ron X Type 4 6 . 0 9 2 2 3 . 0 4 4 . 7 3  * *  

P o s i t i on x Type 4 0 . 3 3 2 2 0 . 1 7 4 . 1 4 * 

Er ror 1 3 0 1 . 8 8  3 2  9 . 4 3 1 .  9 4  * *  

Sub samp l e s  2 1 0 6 . 1 0 4 3 2 4 . 8 8  

FEEDY 

Vi tamin 0 . 0 8 1 0 . 0 8 0 . 0 7 N S  
I ron 3 . 0 1 1 3 . 0 1 2 . 7 2 N S  
Vi tamin x I ron 0 . 0 1 1 0 . 0 1 0 . 0 1 N S  
P o s i t ion 1 .  6 3  1 1 .  6 3  1 .  4 7 NS 
V i tma in x Pos i t i on 0 . 0 3 1 0 . 0 3 0 . 0 3 N S  
I ron X P o s i t ion 1 .  6 3  1 1 .  6 3  1 .  4 7 N S  
Ty pe 1 .  0 5  2 0 . 5 3 0 . 4 7  N S  
Vi tami n x Type 0 . 6 5  2 0 . 3 3 0 . 2 9 NS 
I r on x Type 2 . 2 2 2 1 . 1 1 1 .  0 0  NS 
P o s i t i on x Type 1 .  6 7  2 0 . 8 3 0 . 7 5 N S  
Error 1 4 7 . 2 5 3 2  1 .  4 8  1 .  3 3  N S  
Sub sar.1pl e s  4 7 8 . 4 0 4 3 2  1 . 1 2 
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Appendix 38 ( continued ) 

V ITAHINI Z E D  

SOURCE s s  DF MS F 

V itamin 3 1 3 . 6 3  1 3 1 3 . 6 3 4 1 . 9 9 * * *  

I ron 2 0 . 8 3 1 2 0 . 8 3 2 . 7 8 N S  
V i tamin x I ron 2 . 4 1  1 2 . 4 1 0 . 3 2 N S  
P o s i t ion 3 . 3 3 1 3 . 3 3 0 . 4 4  N S  
V itamin x P o s i t ion 5 . 2 1 1 5 . 2 1 0 . 7 0 N S  
I ron x P o s i tion 9 . 0 8 1 9 . 0 8 1 .  2 1  N S  
Type 2 8 3 . 6 3 2 1 4 1 . 8 2 1 8 . 9 9 * * *  

Vi tamin x Type 5 . 3 8 2 2 . 6 8 0 . 3 6 N S  
I ron x Type 3 7 . 9 5 2 1 8 . 9 8 2 . 5 4 N S  
P o s i t ion x Type 4 8 . 3 0 2 " 2 4 . 1 5 3 . 2 3 * 

E rror 1 2 1 3 . 9 0 3 2  6 . 6 8 0 . 8 9 N S  
Sub samp 1 e s  3 2 2 6 . 8 0 4 3 2  7 . 4 7 

TAINT 

V i tamin 0 . 0 0 1 0 . 0 0 0 . 0 0 N S  
I ron 2 . 2 7 1 2 .  2 7  3 . 4 7 N S  
Vi tamin X .I ron 0 . 2 5 1 0 . 2 5 0 . 3 8 N S  
P o s i t ion 0 . 4 7  1 0 . 4 7 0 . 7 2 N S  
V i tamin x P o s i t i on 1 .  5 2  1 1 .  5 2  2 . 3 2 N S  
I ron x P o s i t ion 0 . 6 0  1 0 . 6 0 0 . 9 2 N S  
Type 0 . 6 1  2 0 . 3 1 0 . 4 7 N S  
V i tamin x Type 1 .  3 0  2 0 . 6 5  0 . 9 9 N S  
I ron x Type 0 . 7 6 2 0 . 3 8 0 . 5 8 N S  
P o s i tion x Type 0 . 0 4 2 0 . 0 2 0 . 0 3 N S  
E rror 1 2 4 . 5 8 3 2  0 . 7 7 1 . 1 8 N S  
Sub s amp 1 e s  2 8 2 . 3 0 4 3 2 0 . 6 5 

AGE -RELATED 

V i tamin 0 . 0 5 1 0 . 0 5 0 . 5 6 N S  
I ron 0 . 0 2 1 0 . 0 2 0 . 2 0 N S  
V i tamin x I ron 0 . 0 5 1 0 . 0 5 0 . 5 6 N S  
P o s i t ion 0 . 3 5 1 0 . 3 5 3 . 7 6 N S  
V i tamin x P o s i t ion 0 . 0 5 1 0 . 0 5 0 . 5 5 N S  
I ron x Pos i t ion 0 . 0 2 1 0 . 0 2 0 . 2 0 NS 
Type 0 . 1 8 2 0 . 0 9 0 . 9 6 NS 
V itamin x Type 0 . 1 8 2 0 . 0 9 0 . 9 6 N S  
I ron x Type 0 . 0 1  2 0 . 0 1 0 . 0 7 N S  
P o s i t ion x Type 0 . 1 8  2 0 . 0 9 0 . 9 6 N S  
E rror 1 3 . 0 0 3 2  0 . 0 9 1 .  0 0  N S  
Sub samp 1 e s  4 0 . 5 0 4 3 2 0 . 0 9 
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