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In the f irst place I wil l refer t o some of the principal points in the 
histo ry of bread flavour research. 

I . Until recently bread flavour was not a subject of scientific 
investigation. To obtain tasty bread with a ttractive flavour was a matter 
of practical experience, essentially based on organoleptic observation. 

2 . In the f irs+· attempts to attack the problem it was hoped to discover 
the che mical substances responsible for flavour in bread and to develop 
ana lyti cal methods for their estima tion. Pa rtic ular attention was paid 
to t he by~products of fermentation. 

In 1935 VISSER 't HOOFT and DE LEEUW draw attention to acetyl­
methylcarb inol, a substance which could be ox idi sed to diacetyl. By 
analogy with what was known about the fl avo ur of butter it was t ho ught 
t hat diacetyl might be a principal component of the bread flavour 
complex. Suita ble methods of a na lysis have been developed , but it has 
never been proved that the f igures so obta ined are indicative of th e 
consu mers judgment of different breads. In 1936 MAI DEN proved th a t 
the t yp ical bread flavour could not be fortif ied by addition of acetyl­
methylcarbinol or d iacetyl to t he dough. 

3. The problem was taken a stage further by the study of c ru st 
flavour. In 1939 BAK ER and MIZ E proved th at during the formation 
of ihe crust of bread aromatic substances a re formed which rapidly 
diffuse through o ut t he crumb of th e loof. It is now generally believed 
tha t the aromatic substa nces are by-products of complex reactions 
between reducing sugars and proteins, known as « browning » or 
« MAI LLARD reactions ». The comple xi ty of these reaction products 
and their very low concentrat ion ma ke their precise stud y extre mely 
difficu lt. 

4. Severa[ attempts have th us been made to analyse the bread 
flavour complex, a nd some insigh t onto its nature a nd origin has be8n 
obtained. This information has, at the sa me time, revealed the essential 
complexity of the phenomenon and the d iffic ulties of approaching it 
by the methods of analytical chemistry. 

In practice we are still dependent on organoleptic obse rvation if we 
want to judge bread flavour. The judgment is thus not based on analys;s, 
but on observation of the flavo ur complex as a whole. The meth od is 
accompanied by th e known difficul t y of separating t aste from aroma 



-2-

and by the effects of texture differences upon ta ste, but it possesses 
th e prime adva ntage of direct observation of the prope rties under 
investigatio n. 

The development of o rgan oleptic techniques is related to the deve­
lo pme nt of st a ti stical method s a nd e spec ia lly of ra nking methods. To 
de mo nst rate the use of ra nking methods I sha ll turn to a p ractica l 
pro blem in wh ic h o ur la bo ra to ry is involved. Th at of the jud gment of 
ia ste a nd aro ma of bread produ ced fro m d iffere nt types of whea t . 
Samples of these whea t s were milled a nd baked by st a ndardised 
procedu res. Sa ndwi ch tin s we re used in orde r to minim ise textu re 
diffe re nces a ris ing fro m variatio n in loaf volume. Bre ad samples were 
submitted to a tasting pa nel for assessment of flavour. 

Statistically the problem is : A number of o bjects, bread samples from 
different whea t s, a re t o be compa red by several people. Several wo rking 
schemes a re poss ib le. An obviou s scheme is the fo llowing. Suppose there 
a re 5 ob jects a nd 6 perso ns. We can give each person all 5 objects 
t og eth e r a nd ask fo r a jud gme nt of ra nkin g . Each individual then gives 
to e ac h object a ranking number so that each object g efs in all 6 ranki ri g 
numbe rs. We th e n ca n calculate a mean ran king numbe r for e ac h o bject 
and a lso a mea n e rro r of th ese means . Usi ng a ll th e experimenta l resul ts 
it is then possi ble t o a pp ly t ests for significa nce to the found diffe rences . 

In judging the ta st e of bread this sche me is not very suitable. Normally 
bread has a ne utral ta ste , and differe nces between breads are not very 
pro nou nced. In t as t ing succe ss ively five samples of bread the ta ste of 
the first sam ple has mostly been fo rgotte n when the third o r fou rth 
sample is put into the mo uth . Five sa mples are too la rge a number to 
compare in o ne set. 

A mo re pra cticable scheme of comparison is as follows : No more 
than two ob jects at o nce are give n for comparison. Out of the five 
objects ten different pairs can be formed and each person is asked to 
judge all these pa irs sepa rate ly, indicating in each case whic h of the 
two objects he prefers. Treatment of the results is poss ible in a similar 
way as for the foreg o ing scheme. Furthermo re it is poss ible to compare 
the ability of individuals t o judge . Fo r inst a nce, if in comparing samples 
A, B and C a n ind ividua l jud ges : A bettE! r than B, B better than C, 
C bette r th a n A , then his judgment is in consistent. The mo re inconsis­
tencies he makes, the poorer is hi s ability to judge. 

The stat istica l bas is for t he two schemes mentioned here is given by 
M. G. KENDALL in his book « Ra nk co rrelati on method s » (1948) under 
the headings « The problem of m rankings » and « Paired compa risons ». 
These two schemes are special case s of a more general scheme. 

Suppose m persons are required t o co mpare N objects, and it is only 
poss ible to compare n objects in one set. We then form groups of 
n o bje cts in all poss ible ways out of the tota l of N. Each person is asked 
to give ranking numbers to the objects in each group . The sums of the 
ranking numbers for each object indicate how, on an average, the 
objects were judged. 
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The « problem of m rankings » arises from this scheme when n = N, 
and the problem of « paired comparisons » when n = 2. 

When a large number of persons is available as judges this scheme 
may be modified as follows. Each person is asked to judge only one 
group of n objects. The groups are randomly distributed among the 
persons, each possible group m times. In this form the scheme is suitable 
for investigations of consumers' judgment. 

Another modification of the original scheme concerns the way the 
judgment is given. It is possible to ask whether the differences found 
are distinct or not . Five answers are then possible when objects A and B, 
are compared : distinct preference for object A, or for object B, a slight 
preference for object A or B, and no preference. When the expe riment 
is dealt with in this way, the treatment of the results is no longer a pure 
ranking problem. 

Examples. 

These general schemes may be exemplified by two experimental cases 
arising from studies in our Institute. 

Exa mple 1. 

This concerns the comparison of breads, made from very different 
types of wheat (two American hard wheats, a · French wheat, and a 
Dutch wheat). 

A panel, made up of 24 persons, was used for this test . Each was give n 
a packet, containing 3 sa mples of bread. Following the general scheme 
mentioned above each packet contained one group of n objects (i. c. 
n = 3) . The members were asked to judge the three sa mples carefully 
at home, to grade them and to note whether the differences were 
distinct or slight. The sample which was judged of first preference was 
rated either + 2, if the preference was distinct or + 1 if it was slig ht . 
The second preference was rated zero and the third either - 2 or - 1. 
The results are summarised in table I. 

The treatment of the results wa s ba sed on application of the F-test. 
Significan t differences were obtained but hardly reached the 1 % level. 
It may be remarked that even th ough very different types of wheat 
were in cluded the flavour differences were slight. 

Su ch results are typical for the organoleptic evaluation of bread. 
We could sometimes_ observe that distinct differences in composition 
had no influence on consumers' judgment. An example follows : 

Exa mple 2. 

In the course of an investigation upon the influence of the addition 
of potato starch to flour it was found that additions of 5 % and 10 % 
caused significant decrease in bread volume and crumb compressib i li~y. 
The influence upon consumers' judgment was investigated by the method 
of « paired comparisons ». 
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In this case the objects were : 

01 bread from flour with 0 % potato starch; 
02 : bread from flour with 5 % potato starch; 
03 : bread from flour with 10 % potato starch. 

Two types of flour were used, type W (78 % extraction) and type A 
(85 % extraction). 

A group of 30 individuals was used and tests were made both at 16 
and 40 hours after baking . 

At these times every person rece ived a packet containing two pairs 
of slices of bread (ea I cm thick), one pair from type W-flour and one 
pair from type-A-flour. Each p.air contained slices from different objects. 
The persons were asked to judge the sl ices carefully as described in 
example I. 

Table 11 summarises the numbers of persons, giv ing the following 
judgments : 

+ + distinct preference for object with lowest number (that is to 
say : lowest · percentage of potato starch). 

+ indistinct preference for object with lowest number. 
0 no preference. 

indistinct preference for object with highest number. 
distinct preference for object with highest number. 

It is remarkable that from the 120 answers only 34 were distinct 
judgments ( + + or - - ), and in 47 cases no preference could be given. 

Table Ill shows how the judgments made at the sa me times by the 
same persons were correlated. It is quite eyident that there is no positive 
correlation . Even the dist inct judgments are not consistent. 

This example is given to show an application of the method of paired 
comparisons. No better method exists for the detection of small diffe­
rences between sa mples than their comparison in pairs. We may the re­
fore conclude that in this case the difference in composition between 
t he samples had no sign ificant influence upon the consumers' judgment. 

Of course this single expe riment does not throw full light on the 
di sadvantage of using fl our with the additions mentioned, but it is 
beyo nd t he scope of this paper to go further into this aspect of the 
subject. 
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Group I 
Group 2 
Grou p 3 
Grou p 4 

p I 
p 2 
p 3 
p 4 
p 5 
p 6 

p 13 
p 14 
p 15 
p 16 
p 17 
p 18 

Group 1 

!)2 o_, 
- I 0 

0 0 
0 -I 

-2 + I 
-2 0 
- 2 0 

-7 0 

Group 3 

o, 02 

0 + I 
-I 0 

0 + I 
-I + I 

0 + I 
0 -I 

-2 + 3 
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TABLE I 

Objects : 0 1 - 04 

Persons : Pl - P 24 

o. 
+ 2 p 7 

0 p 8 
+ I p 9 

0 p 10 
+ I p II 
+ I p 12 

+ 5 

o, 
-I p 19 
+ I . p 20 
-I p 21 

0 p 22 
-I p 23 
+ I p 24 

-I 

o, 02 

-7 
-6 
-2 + 3 

. . . . . . . . . . . . . . . -I - I 

Totals . -9 -5 

· Group 2 

o, o, 
- 2 0 
-2 0 
- I + I 
- I 0 

0 - I 
0 + I 

-6 + I 

Grou p 4 

o, 02 

-I !) 
- I ') 

0 -2 
0 0 
0 + 2 

+ I -I 

- I -I 

o, 
0 

+ I 

+ 3 

+ 4 

Mean error of individual ratings within the 12 colums : 

s = 0,87 

Mean error of total s per object 

S1 = 0,87 ylB = 3,7 (df = 60) 

« Mean error », calculated from variation between tota ls 

S2 = 7,5 (df = 3) 

F = (S.fS 1)
2 = 4,lP (P = 0,01 for F = 4.13) 

o. 
+ 2 
+ I 

0 
0 

+ I 
- I 

+ 3 

o,. 
0 

+ I 
+ I 

0 
0 

+ I 

+ 3 

o. 
+ 5 
+ 3 
-I 

+ 7 
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TABLE II 

FLOUR TYPE W l-- 11 FLOUR TYPE A 1--1 ++I + I 0 I ++I + I 0 I 
16 hou rs afte r baki ng 

o, - 02 2 5 I 3 4 0 2 
02 - o, 2 3 I 2 7 0 0 
o, - o, 4 0 4 2 3 3 2 l) 

40 ho urs a fte r ba king 
o, - 02 I 0 7 0 3 4 2 
02 - o, 3 I I 2 l 2 2 2 2 
o, - o, 2 3 3 I I 4 3 

Tota l A 
o, - 02 3 I 12 2 2 6 8 2 3 
02 - o, 5 2 4 6 3 4 9 2 2 
o, - o, 6 3 7 2 2 4 7 5 I 

Tot a l B 14 6 23 10 7 7 14 24 9 6 

Total C 
o, - 02 4 7 20 4 !:) 

02 - o, 8 6 13 8 5 To ta l numbe r of answers : 

o, - o, 9 7 I.!. 7 3 120 

Total D 21 20 47 19 13 

TABLE Ill 

Flour type A 

++ + 0 

++ 2 a 6 2 3 

+ I 2 2 2 0 
Flo ur t ype W 0 I 5 12 4 I 

0 5 4 I 0 
2 2 I 0 2 


