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The Effect of National Wheatmeal on the Absorption of Calcium

By H. A. KREBS, Department of Biochemistry, University of Sheffield
AND K. MELLANBY, Sorby Research Institute, Sheffield

(Received 11 May, 1943)

When McCance & Widdowson [1942] decided to
investigate the effect of brown bread on the ab-
sorption of calcium and other minerals from the
human gut, the Ministry of Food had not yet an-

nounced their intention to introduce a wheatmeal -

of 859, extraction. The experiments of MecCance
& Widdowson [1942] were carried out on flours of
929, (‘brown flour’) and of 699, (‘white flour’)
extraction. Although their data, by way of inter-
polation, permit an approximate estimate of the
properties of a flour of 859, extraction, it seemed
desirable, when the national wheatmeal of 859,
extraction was adopted, to extend the work to this
flour. We undertook such an investigation at the
suggestion of Dr McCance. The behaviour of Ca
only was investigated, this being representative, as
well as from the practical point of view probably
the most important of the minerals whose absorp-
tion is affected by substances of the outer layers of
the wheat grain.

EXPERIMENTS

The experiments were carried out on six volunteers. Their
ages and weights are shown in Table 1. They were men of
military age who had been put on the register of con-
scientious objectors and who had originally volunteered for
experiments on scabies [see Mellanby, 1941] which were
conducted concurrently with the dietary experiments.

Table 1. Weights and ages of the volunteers
Body weight stripped (kg.)
- After 4-6 weeks )
4 weeks on later (after
Age National ‘white’ flour
No. years At start ~ Wheatmeal  regimen)

1 27 66-0 65-4 67-7
2 31 628 629 63-8
3 30 56-2 56-2 569
4 20 60-2 60-8 60-4
5 30 53-8 53-8 547
6 23 50-2 522 518

The dietary and analytical arrangements were essentially
the same as those elaborated and described by McCance &
Widdowson [1942]. Data concerning one of the consign-
ments of wheatmeal used have been published elsewhere
[Krebs & Mellanby, 1942]. The ‘white’ flour used came
from a different grist and was of 759, extraction. Dr
Widdowson determined the phytic acid content of samples
of the wheatmeal flour and of the bread, and found 140 mg.

phytic acid P/100 g. flour, and 41-4 mg. phytic acid P/100 g.
bread. The H,0 content of the bread varied between
35 and 389,.

An adverse effect on the Ca balance of phytic acid-
containing cereals can be expected only if the Ca content
of the diet is relatively low and the cereal content relatively
high. In choosing the diet the aim was therefore to keep
the Ca content near to the minimum human requirement
of 055 g./day [Leitch, 1936—7] and to include at least 500 g.
wheatmeal flour (dry wt.)/day. Preliminary experiments
taught us that the Ca content of the usual diet of the
volunteers (during June and July 1941) was above 1 g./day,
and that very considerable restrictions had to be imposed
in order to reduce the Ca content of the food to the mini-
mum requirement of 0-55 g., namely, (1) complete omission
of cheese, (2) restriction of the milk to about 100 ml./day
(including milk used in cooked dishes), (3) omission of the
vegetables and fruits containing more than 50 mg. Ca/100 g.
(e.g. spinach, spinach beet, cabbages, broccoli tops, leeks,
spring onions, turnips, water cress, rhubarb, raisins, dried
figs), (4) omission of tinned fish (containing softened bones).
Further restrictions were due to rationing which allowed
approximately 200 g. meat (on the plate), 225 g. fat, 225 g.
butter and 123 g. bacon/week. With these restrictions the
diet contained during August and September 1941 on

:average 0-55 g. Ca/day, of which 0-12 g. was derived from

milk, 0-12 g. from bread, which had not been fortified by
the addition of Ca, and the remaining 0-31 g. from other
sources, mainly vegetables. This last source of Ca seems to
be subject to very considerable seasonal variations. It

“stayed at the above-mentioned level of about 0-3 g. during

August and the first half of September, but fell later in
September and during October to about 0-2 g./day. During
the later period it was necessary to raise the milk content
of the diet in order to maintain the Ca supply of 0-55 g./day.

Of the flour an average of 70 g. (dry) was eaten in the
form of cooked dishes, and the rest in the form of bread.
To make the large quantity of bread—600-900 g./day—
palatable it was necessary to supply an extra jam ration
of 1lb./head/week.

The average total calorie intake was about 4100/day. Of
these 2200-came from flour.

Our main experiment, carried out after preliminary
trials, consisted of two periods. During the first, lasting
4 weeks from the middle of August to the middle of
September 1941, national wheatmeal was the staple food;
the second was a control period, lasting 4 weeks (in one
case 3 weeks) between the end of September and early
November 1941, when ‘ white’ bread was the staple food.

RESULTS

It will be seen from Tables 2 and 3 that the con-
sumption of national wheatmeal was followed,
under the conditions of our experiment, by an
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Table 2. Data relating to the calcium balance of six volunteers

Vol. 37
Intake of
Volun- Bread Milk
teer Week (g./] (ml/
no. ending Diet week) week)
1 2..ix. 41 Wheatmeal bread 6160 600
9. ix. 41 9 7080 600
16. ix. 41 55 7140 700
23. ix. 41 ' 6260 - 600
14. x. 41 White bread 5850 950
21, x. 41 »s 5770 1100
28. x. 41 . 5070 1400
- 4. xi. 41 ' 5450 1400
2 29. viii. 41  Wheatmeal bread 5800 600
5. ix. 41 s 4990 700
12. ix. 41 . 5620 700
19. ix. 41 . 5140 700
17. x. 41 White bread 5050 1050
24. x.41. ' 3930 1400
3l.x.41 ~ v 4860 1400
7. xi. 41 s 5600 1400
3 28. viii. 41  Wheatmeal bread 5108 700
5. ix. 41 . 5150 700
12.ix. 41 . 5270 700
19. ix. 41 s 5301 700
3.x.41 White bread 6387 600
10. x. 41 s 5813 500
17. x. 41 - 5494 1050
24. x. 41 . 5584 1400
4 29. viii. 41  Wheatmeal bread 5368 700 -
5. ix. 41 . 5178 700
12. ix. 41 ” 5165 700
19. ix. 41 v 4734 600
17. x. 41 White bread 4108 1050
24. x. 41 ’ ’ 4695 1400
31. x. 41 . 4305 1400
~ 7.xi 41 . 4518 1400
5  2.ix.41  Wheatmeal bread 4980 700
. 9.ix. 41 ’ 5360 700
16. ix. 41 . 5240 600
23. ix. 41 s 4560 700
21. x. 41 White bread 4710 1250
28. x. 41 " 4730 1400
4. xi. 41 s 5600 1400
6 2.ix.41  Wheatmeal bread 5121 700
9. ix. 41 P 5068 700
16. ix. 41 . 4400 700
23.ix. 41 . 4512 700
7.x. 41 ‘White bread 3791 700
14.x.41 . 4667 1350
21. x. 41 ’s 4192 1400
28. x. 41 ' 4306 1400

average Ca loss of 0-110 g./day. When wheatmeal
was replaced by ‘white’ flour the average balance
was still slightly negative, viz.-0:023 g., but this is
less than one-quarter of the loss during the wheat-
meal period. The effect of wheatmeal is clear-cut in
every individual case.

These results are in accordance with those of

.

Ca in Ca in excreta Ca Average daily Ca
food (g./week) ba}an/ce ook Baloncs
g/ A N g. ntake anc

week) Urine Faeces Total ~week) (g.) (g.)
421 186 352 508 -087)

393 161 346 507 -114| - o
426 153 368 521 -095 J 0580  -0-143
382 160 327 487 10

352 171 237 408 —-056

461 173 308 481 -020 ,
462 167 302 469 _oo7[ 0062 -0022
474 151- 302 453 4021

392 152 421 573 - 1-81‘

358 159 266 425 -0671 ol
368 170 269 439 —071 J 0531 -0141
372 203 243 446 074

33 198 175 373 043

367 163 242 405 -038| o
363 164 223 387 —024 j 0504 -0-054
352 209 190 399 —047

413 205 204 499 -086

402 235 283 518 —117| ¢ o
446 217 229 446 40 0622  -0:073
480 246 236 482  -002

334 227 149 376 -0'421

365 205 138 343 +o022| ,
£ 44 L6z 400 1034 0574 +0:038
467 216 158 374  +093

442 188 251 437 +o-og] '
367 214 245 459 -002 o
£13 21 303 514 Lol 0560 -0-120
344 205 286 491 —147

340 183 274 439 -L19

440 218 244 462 -0 ! o
405 159 180 339 +o66[ 00964 —0038
396 160 267 427 -031

386 177 246 423 -g-g;]

38 192 280 472 -087| o
362 191 261 452 -0%0] 0516 -0-118
310 179 247 426 —116

381 163 277 440 -059 ‘

430 182 278 460 —030} 0600 —0-033
448 _161 267 4328 +02

360 158 222 38  -020

385 176 237 - 413  —0- ! o
33¢ 171 211 382 -o48[ 0491 -0065
296 174 207 381 -085)

236 141 091 238 -004)

310 230 117 337 -o021| oo
321 200 220 40 -093 0442 -0027
365 185 133 318  +047

McCance & Widdowson [1942]. From Table 17 of
their paper we calculate the following figures: :

Milling Average daily Average daily
standard Ca intake Ca balance
% g g
92 0-558 -0-086
69 0-512 -0-018

30-2
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Table 3. Effect of national wheatmeal on the
average calcium intakes and balances of six men

(This is a summary of Table 2; the data on national wheat-
meal are the average of 24 weeks, those on white flour of
23 weeks.)

Average daily
bread consumption

(not counting.ap- Average Average
proximately 80 g.  daily daily

flour eaten in Ca Ca
cooked dishes) intake  balance

Milling standard (g.) (g.) (g.)
National wheatmeal 766 - 0850 —0-110

(859, extraction)

White flour 707 0-552 —0-023

(75 %, extraction)

In these experiments the bread consumption was
somewhat lower (about 530 g./day) than in ours
(about 730 g./day). This explains why, in our sub-
jects, the Ca loss was greater than in those of
McCance & Widdowson, although we used 859,
extraction flour whilst the data of McCance &
‘Widdowson refer to a 92 9, extraction flour.

We wish to emphasize that the conditions under
which the adverse effect of national wheatmeal on
the Ca balance was observed were exceptional ones.
They included an average daily intake of 1:7 lb. of
bread (requiring an extra jam ration to make it
palatable) as well as a deliberate and severe curtail-
ment of the Ca supply. In a preliminary experiment
where the average wheatmeal bread intake was
about 11b./day and the average daily Ca supply
0-94 g., the Ca balance was in equilibrium (Table 4).
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Table 4. Ca balance at higher level of Ca intake
and lower level of wheatmeal bread consumption

(Average of 14 weekly periods; 5 subjects.)

. g
Average wheatmeal bread intake 456
Average daily Ca intake 0-941
Average daily Ca excretion 0-911
Average daily Ca balance +0-030

SUMMARY

1. Six adult male volunteers were kept on a diet
containing a large proportion of bread (on average
766 g. wheatmeal bread of 85 9, extraction or 707 g.
‘white’ bread of 75 9, extraction) and about 0-55 g.
Ca/day. Ca was determined in food, faeces and
urine.

2. In every case national wheatmeal had an
adverse effect on the Ca balance. On average
0-110 g. Ca was lost daily during the wheatmeal
regime whilst 0-023 g. was lost during the white
flour regime. .

3. The results are in accordance with those ob-
tained by McCance & Widdowson on 69 and 929
extraction flours, and support the present policy
of adding Ca salts to national wheatmeal.

We are indebted to Dr R. A. McCance and Dr E. M.
Widdowson for advice on numerous points, especially on
the dietary and analytical techniques, and to the Medical
Research Council for a grant.
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Colorimetric Determination of Total, Free and
Ester Cholesterol in Tissue Extracts

By G. POPJAK, Departmeht of Pathology, St Thomas’s Hospital Medical School, London, S.E. 1

(Recetved 18 May 1943)

Kelsey’s method [1939] for the determination of
total, free and ester cholesterol was tested in the
course of analyses of lipid extracts of various tissues
(liver, kidney, heart, adrenals and blood). This
method seemed to be particularly useful, because
not only cholesterol, but also total fatty acids, and
fatty acids derived from neutral fats and cholesteryl
esters, could be determined on one sample. Kelsey
claimed that the cholesterol obtained by his me-
thod, and estimated colorimetrically, is pure. How-
ever, in my experience, the cholesterol thus obtained

is contaminated by substances which often con-
siderably influence the colour developed with the
Liebermann-Burchard reagents, and make accurate
colorimetric reading impossible. Apart from this
disturbing factor, the method gave very low results:
cholesterol added to lipid mixtures could not be
satisfactorily recovered.

After some experiments a techmque has been
evolved which retains the advantages of Kelsey’s
method and is essentially a combination of the
method of Schoenheimer & Sperry [1934], as modi-



