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Department is most anxious to hear the views and 
criticisms of industry. 

I cannot leave these points without mentioning 
again the matter of science in education which I 
referred to before. The future does not belong to us. 
It belongs to our children and to their children. We 
must look to them for the future of science. Unless 
we give ·them the training, the opportunities, the 
facilities for turning their talents and their genius 
into a powerful and disciplined machine, we cannot 
envisage a bright future for science in America. 

It is a heavy assignment of responsibility to say 
that the future of the United States in peace and in 
war is to a great extent in the hands of American 
men of science in industry, in schools, in universities 
and in government. But I believe the responsibility 
is properly assigned, and I have confidence it will be 
met. Vice-President Wallace once stated that science 
and technology, like good will, have no natural 
boundaries. The opportunities, the freedom, the 
security which science can give to our people can be 
extended to the corners of the earth. By so extending 
them industry will- make its greatest contribution to 
national security. The perils of war give the precepts 
of peace. With the help of science and the men and 
women who make it we shall maintain that peace. 

NATIONAL FLOUR (82! PER CENT 
EXTRACTION) AND BREAD 

Sixth Report from the Scientific Adviser's 
Division, Ministry of Food 

ON October 1 last the extraction of National flour 
in Great Britain was reduced to 82! per cent. 

This lowering of the extraction followed work which 
showed that the bulk of the vitamins and minerals in 
the wheat grain are located in the germ, particularly 
the scutellum fraction, and in the outer endosperm 
adjoining the bran. Provided these two fractions 
are included in the flour, there will be no:appreciable 
difference in the nutritive value of 82! per Gent as 
compared with 85 per cent extraction flour. At the 
same time, the fall in the extraction makes it possible 
to exclude about 1·6 per cent of bran 
85 per cent flour contains 4 per cent bran) and so 
give a whiter flour and bread. Details of the milling 
technique necessary to produce a satisfactory 82! per 
cent flour have been circulated to all millers1• 

Quality of Flour 
Mills were allowed about a fortnight to settle 

down, after which each mill was instructed to send 
a 6-lb. sample once a week to the Cereals Research 
Station, St. Albans, for analyses. These covered 
colour, fibre, ash, added calcium, iron, vitamin B 1 , 

riboflavin and nicotinic acid; in addition, the flours 
were examined for baking quality. 

It was impossible to examine every sample in 
every respect each week. Thus, the 'colour' of every 
sample was judged each week ; vitamin B 1 was 
determined on samples from all the larger mills every 
week, and on the remainder once"in four weeks, thus 
covering more than 80 per cent of the totalJnational 
flour production-on a capacity basis-every week ; 
calcium (as added creta prreparata) was determined 
fortnightly on all samples ; fibre and ash were 

determined on all samples sent by Ministry of Food 
inspectors, while the remainder of the mills were 
covered in about eight weeks ; about forty flours were 
baked every week, thus covering all the mills in six 
or seven weeks. All mills included in the survey were 
grouped according to their capacity (five groups: up 
to 5, 6-10, 11-20, 21-50, and more than 50 sacks/hr.) 
and their port area (London, Bristol, Liverpool, Hull, 
Leith, Glasgow, and Northern Ireland). Aliquots of 
samples from all mills in the same capacity-group in 
each port area were bulked together to form a total 
of thirty compound samples upon which riboflavin, 
nicotinic acid and iron were determined fortnightly. 

The production of a whitish flour of high nutritive 
value is a new development, and so the analytical 
results are given in some detail. 

Colour Index. Colour (bran speck contamination) 
was judged on a scale of 0 to 100, where 0 represented 
a white flour free from visible bran specks, and 100 
represented the national average 85 per cent flour 
(capacity basis) as manufactured during July
September, 1944. 

The percentage of all samples examined that fell 
within the various colour index classes week by week 
is shown below. The average colour indexes on a 
mill basis and on a. capacity basis are also shown. 

Colour Index Week .A B c D E F G 
not ex- com-
ceedlng m encing Oct.16 23 30 Nov. 6 13 20 27 

10 3 5 4 6 3 2 2 
20 5 8 12 19 15 11 16 
30 15 21 29 36 29 30 30 
40 27 34 42 49 50 48 50 
60 46 49 54 66 64 61 62 
60 59 65 69 76 68 77 79 
70 76 80 79 87 80 85 89 
80 85 87 88 91 92 91 94 
90 89 92 92 92 93 94 96 

100 91 94 94 96 96 97 98 
Average {Mill basis 59 55 53 47 49 49 "47 
Colour Ca pacity 
Index basis 61 45 43 36 38 38 37 

No. of samples 226 226 237 246 248 247 254 

Vitamin B 1 • The percentage distribution of vita-
min B 1 values and the weekly average vitaminlB1 
value (mill basis) were as follows: 

B 1 (I.U./gm.) Week .A B c D E F G 
com-

mencing Oct.16 23 30 Nov. 6 13 20 27 
1·10 or m or e 2 0 0 0 0 1 0 
1·05 , 6 0 0 0 1 2 0 
1·00 .. 18 3 4 4 4 4 3 
0·95 .. 38 17 20 11 20 13 11 
0·90 .. 59 38 43 38 45 38 36 
0·85 ,, 79 65 62 58 68 65 53 
0·80" 91 88 78 84 89 85 78 
0 ·75 " 97 96 90 94 97 95 86 
0·70 , 99 97 97 98 99 97 93 
0·65 .. 100 98 99 100 99 98 96 
0·60" 98 99 100 99 98 
0·65 .. 100 100 100 99 
No. of samples 99 118 112 117 112 119. 130 
Mean vitamin ·B, va lue 0·92 ' 0·87 0·87 0 ·86 0·88 0·87 0·85 
P er cent of the t o tal mill-

lng ca pacity analysed 82 84 81 83 81 81 83 

The average value for vitamin B 1 over weeks A 
to D (during which all mills were covered), on a 
capacity basis, was 0·88 I.u.Jgm. 

Riboflavin, nicotinic acid and iron. The average 
values for these constituents (mill basis) are given in 
the following table : 

Ribofiavin (pgm./gm.) 
Nicotinic acid (JJgm./gm.) 
Iron (mgm./100 gm.) 

Fortnight commencing 

Oct. 16 Oct. 30 Nov. 13 
1·0 1·0 1 ·0 

18 18 19 
1 ·99 l ·99 1 ·84 

Average for 
six weeks 

1·0 
18 

1 ·94 

Ash and fibre. The average ash and fibre determ
inations (mill basis) on samples sent by mill inspec
tors were as follows : · 
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All 
Week A B a D E and F G samples 

commencing Oct.16 23 30 Nov. 6 13and20 Nov. 27 A toG 
Av. ash 

(per cent) 
Av. fibre 

0·02 0·87 0·93 0·85 0·90 0•82 0·88* 

(percent) 
Av. fibre 

0·27 0·29 0·28 0·32 0·27 0·30 0·29 

(per cent) 
(corrected 
for added 
wbite 
flour) 0·29 0·31 0·30 0·35 0·30 0·33 0·31 

No. of 
samples 14 8 11 7 11 56 

• Includes 0•12% dne to added creta. 

Greta Prreparata. The average value found for the 
amount of added creta prroparata over the last com
plete month (commencing October 30) was 6·5 oz.f 
sack. The distribution of the figures was as follows : 

Creta (oz./sack) 
10 or more 
9" 
8" 
7, " 
6, " 
5, H 

4, " 
3 H " 
2 H , 

l " 

% of all samples 
4·5 

10·2 
18·6 
36·5 
61·3 
79·4 
90·6 
94·7 
96·5 
98·5 

Hence, 60 ·8 per cent of all the samples had a value 
lying between 5·0 and 7·9 oz.fsack. This table 
summarizes the results of analyses on 491 samples 
of flour. 

Breadmaking quality. A number of flours were 
taken at random each week, the object being to 
cover all mills in due course. These flours were baked 
in the laboratories under ideal conditions, and the 
resulting loaves judged for volume, colour and 
quality of the crumb. The numbers ofloaves described 
as good, fair-good, fair and poor were as follows : 

Total 
Quality Weeks commencing for 7 weeks 

of Oct. Oct. Oct. Nov. Nov. Nov. Nov. No. of % of 
loaves 16 23 30 6 13 20 27 loaves total 

Good 18 25 29 16 26 31 8 153 62 
Fair-

good 12 5 8 4 5 4 2 40 16 
Fair 8 2 6 3 7 6 3 35 14 
Poor 7 2 3 1 4 2 ] 20 8 

Out of the 248 samples of flour examined, 60 
(= 24 per cent) showed signs of high maltose due to 
the inclusion in the grist of sprouted English wheat. 

With the fall in extraction from 85 to 82l per 
cent, the water absorption of the flour has decreased 
by i gallon per sack. Actually, as shown later, 
the percentage of Manitoba wheat in the grist has 
increased from about 40 per cent in the first six 
months of 1944 to about 57 per cent in October and 
November. Had the percentage of Manitoba re
mained at 40 per cent, the water absorption would 
have decreased by about 1 gallon per sack. 

The conversion factor of 82-f per cent flour to 
bread is approximately 1·33. 

Colour of bread crumb and colour index of flour. 
There was a reasonably good relation between colour 
of bread and colour index of flour as shown in the 
following table : 
Colour Mean Colour Index of flours used for baking 
of bread Oct. Oct. Oct. Nov. Nov. Nov. Nov. Average for 
crumb 16 23 30 6 13 20 27 seven weeks 
Very 

pale 34 41 31 35 36 35 32 35 ( 43)* 
H m M M 6 6 M m 

Fairly 
pale 97 80 63 65 55 72 73 71 (18) 

Brownisht 95 95 90 92 } 
Dark (4) 

brown 100+ 100+ 100+ 
• Figures in brackets are percentages of total number of loaves 

examined. 
t 'Brownish' corresponds to loaf made from average 85 per cent 

extraction flour. · 

Correlation Between Flour Colour and Fibre, and 
Between Flour Colour and Vitamin B1 Content 
Flour colour and fibre. All samples analysed for 

fibre were arranged in groups according to the colour 
index, and the average fibre content for each group 
was calculated. There is a close relationship between 
colour index and fibre content, indicating that the 
colour index can be used to give a fair estimate of 
the fibre content. 

Flour colour and vitamin B 1 content. All samples 
analysed for vitamin B 1 during the last complete 
month (commencing October 30) were similarly 
arranged in colour-index groups, and the average 
vitamin B 1 content of each group was calculated. 
Since samples from the large mills (more than 
20 sacks/hr.) were analysed each week, the monthly 
averages for vitamin B 1 and colour index were 
calculated for each mill and these values were used 
instead of individual determinations. The complete 
lack of correlation between colour and vitamin B 1 

indicates that, in general, millers who are getting 
good colour in their flour are not doing so to the 
detriment of its B 1 content. This is to be expected 
since bran, as such, contributes little to the vitamin 
B1 content of flour. 

Colour Index Average fibre content Average vitamin B1 content 
(per cent) (r.u.fgm.) 

10 0·23 (25)* 0·88 ( 9)* 
20 o·24 (15) 0·86 (29) 
30 0·24 (19) 0·87 (47) 
40 0 ·27 (14) 0 ·86 ( 41) 
50 0·28 (20) 0·88 (34) 
60 0·31 (26) 0·86 (35) 
70 0·33 (27) 0·85 (29) 
80 0·3-1, (28) 0•88 (16) 
90 0·36 ( 8) 0·89 ( 7) 

100 0·38 (13) 0·89 ( 5) 
100+ 0·48 (34) 0·89 ( 9) 

• The number of determinations is shown in parentheses. 

Comparison of 82! Per Cent Flour with 85 Per 
Cent Flour 

Average figures for 82! per cent extraction flour 
as given above are set against figures for 85 per cent 
flour as given in the 5th Report 2 (covering 85 per 

flour samples received during January-June, 
1944). 

Vitamin B, (r.u.jgm.) 

Riboflavin (pgm./gm.) 
Nicotinic acid (pgm.fgm.) 
Iron (mgm./100 gm.) 
Protein (per cent) 
Fibre (per cent) 
Ash (per cent) 
Colour Index 
Colour Index 

(Sample 
basis) 

821% flour 

0·88 (807)* 
1·0 (723) 

18 (723) 
1·94 (723) 

11·6 (245) 
0·31 ( 56) 
0·88 ( 56) 

51 (1684) 

8:;% flour 

0·975 (346)* 
1·3 (346) 

17 (346) 
2•Q7 (346) 

10·7 (346) 
0·50 (346) 
0·98 (346) 

basis) 41 (1684) 100 (200) 
• The values represent averages for the number of samples given in 

parentheses. 

In the report on High Vitamin Flour1 it was 
predicted that the lowering of extraction by 2! per cent 
would entail a reduction of the bran content of the 
flour from 4 per cent to 2 ·4 per cent, and that the 
82! per cent flour would have an average fibre con
tent not exceeding 0 ·3 per cent. This prediction has 
been justified in the average figure of 0 ·29 per cent 
of fibre ( 0 · 31 per cent when corrected for added white 
flour). This lowering of fibre content is reflected in 
the lighter colour of the flour. The ash content has 
also decreased slightly. The vitamin B1 content has 
dropped rather more than the theoretical prediction 
of 0·02 r.u.fgm., and this, taken in conjunction with 
the drop in riboflavin content, suggests that some 
scutellum and embryo are being lost to the offals. 
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The iron content has shown roughly the forecast 
decrease of 0·16 mgm./100 gm. On the other hand, 
the nicotinic acid content; instead of decreasing, has 
actually increased slightly. The explanation of this 
anomaly is probably to be found in the composition 
of the grists used in milling the 85 per cent flour 
analysed during the first six months of 1944 and 
those being used for the 82! per cent flour in October 
and November. The following table gives details of 
the grists. 

Average composition of grist in samples analysed 
Home· Other Barley 

wheat grown wheat and rye 
wheat 

85 per cen t extraction 
survey: 

January 37·4 59·5 0·5 2·6 
February 39·7 57·3 0·5 2·5 
March 35·3 61 ·1 2·1 1·5 

38·3 58 ·+ 2·8 0·5 
ay 42·7 53·2 3·6 0·5 

June 42·6 54·2 3·0 0·2 
82l per cent extraction 

October 16-30 57·0 38 ·1 3·8 1·1 
October 30-

November 13 57·1 38 ·1 3 ·8 1·0 
November 13-27 57·7 37·7 3·7 0·9 

The higher Manitoba content of the grist used in 
making 82! per cent flour is reflected in the higher 
protein content of this flour compared with 85 per 
cent flour. 

Further, Manitoba wheat is richer in nicotinic acid 
than English wheat. An average figure for Manitoba 
wheat is 60[Lgm.fgm. against 45[Lgm.fgm. for 
English wheat. 

The amount of added white flour during 1944 h!l.B 
varied between 5 and 12! per cent. The bulk of 
this flour is Canadian G.R. (fortified with vitamin B1 

to a level of approximately I I.U.jgm.), but small 
quantities of Plate and, just recently, American 
fortified flour have also been added. Average figures 
for this last flour are vitamin B 1 1·5 r.u.fgm. ; ribo
flavin 2 ·7 p.gm.fgm.; nicotinic acid 36 [Lgm.fgm.; 
imd iron 2 ·9 mgm.jlOO gm. It is understood that 
during the period when the 82-l per cent flour samples 
were analysed, the overall addition of American 
enriched flour was well below 2 per cent. Even at 
2 per cent level, however, the American flour would 
only increase the values for 82! per cent flour by the 
following amounts : vitamin B 1, 0 ·01 r.u.jgm. ; ribo
flavin, 0·03 [Lgm.fgm.; nicotinic acid, 0·4 [Lgm.fgm;; 
and iron, 0 ·02 mgm.jlOO gm. Plate Canadian 
G.R. flour (except as regards vitamin B1 , where it has 
no effect) would act in the opposite direction. 

Quality of Bread 
971 commercial loaves from different parts of Great 

Britain have been examined 'during the period 
October !-November 30. These were graded for 
quality (commercial standards) with the following 
results: 

Good 98 loaves 
Fair-Good = 427 
Fair = 266 
Poor - 180 

10 •1 per cent 
44 ·0 '' '' 
27·4 " " 
18 ·5 , , 

Unfortunately, this harvest was a particularly wet 
one, and much British home-grown wheat sprouted 
in the stack. Such wheat has a high maltose content 
and tends to give a loaf with a doughy crumb. The 
results, described earlier in this report, showed that 
some 24 per cent of the flours received from mills 
gave loaves showing high maltose damage. Of the 
commercial loaves 298 ( = 31 per cent) showed the 
same defect, and as a result the total percentage of 
'Good' and 'Fair-Good' loaves (54 per cent in all) 

was tower than would otherwise have been the case. 
There was, however, a marked improvement in the 
colour of the loaves compared with those made from 
85 per cent flour. 

This work was carried out at the Cereals Research 
Station, · Ministry of Food, St. Albans. 

' "High Vita min .Flour .. (Ministry of Food , October 1944). cf. also 
MiUing, Nov. 4, 1944. 

' Nature , 154, 582 (19!4). 

OBITUARIES 
Prof. C. G. Barkla, F.R.S. 

CHARLES GLOVER BARKLA, Nobel Prizeman in 
Physics for the year 1917, died at his home, Braid
wood, Edinburgh, on October 23. The news came as 
a shock to his friends, for his death occurred rather 
suddenly. He had been in poor health for some 
months and had undergone an operation in June. 
He had, however, recovered from that .and was back 
at work, looking well and seemingly his bright, happy 
self again, when suddenly he collapsed, was ill for a 
week and died. 

Barlda was the son of John Martin Barkla, a 
former secretary of the Atlas Chemical Company of 
Widnes, in which town Charles was born on June 7, 
1877. He was educated at the Liverpool Institute, 
from which he proceeded to University College, 
Liverpool, where he read for an honours degree in 
physics. He graduated in 1898 and obtained the 
master's degree in the following year. In 1899, on 
the nomination of his College, he was awarded a 
research scholarship by the Royal Commissioners for 
the Exhibition of 1851, and went to Cambridge in 
the autumn of that year, being admitted to Trinity 
College as an 'advanced student'. He began research 
work at the Cavendish Laboratory by investigating 
the velocity of electric waves along wires of various 
materials and of different thickness. He studied also 
the absorption of electric waves by dielectrics. The 
scholarship was in the first instance for two years, 
but Barkla's tenure was exceptionally renewed for a 
third year. It was during this additional year that 
he commenced his investigations of secondary 
X-radiation, and so entered the field of research 
work with which his name will always be associated. 

After one year at Trinity, Barkla migrated to 
King's College. He possessed a powerful baritone 
voice and during his first year at Cambridge had 
contemplated the delight of singing in the choir of a 
chapel of the size and magnificence of King's . . Dr. 
Mann, the organist of King's, encouraged the migra
tion, and Barkla became a member of King's College 
choir and a regular attendant both at practices and 
services. His magnificent singing added to the reputa
tion of the College chapel in that respect, and, in his 
last year at Cambridge, if it became known that Mr. 
Barkla was to sing the solo part in an anthem, the 
great chapel of King's was crowded for the occasion. 

On leaving Cambridge in 1902, Barkla was elected 
to the Oliver Lodge fellowship of the University of 
Liverpool, which he held for three years, continuing 
his researches on X-rays. During the period 1905-9 
he was successively demonstrator, assistant lecturer 
in physics and special lecturer in advanced electricity 
at the University. He was then appointed to the 
Wheatstone chair of physics iri the University of 
London (King's College) in succession to H. A. Wilson, 
who was leaving to succeed Rutherford at Montreal. 
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