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MINISTRY OF AGRICULTURE, EGYPT.

Bulletin No. I O.

(CHEMICAL SECTION.)

SOME TESTS OF FLOUR MADE FROM
EGYPTIAN WHEATS.

It has long been recognized that the flour produced from various

kinds of wheat behave very differently when made into bread. Cer-

tain classes of wheat always produce large and well shaped loaves

while others appear to be capable of only producing small loaves,

and these frequently of an unsatisfactory shape. The former were

known as
"
strong

"
flours or wheats and the latter as

" weak "

varieties. For some time the strength of a flour was thought to be

in great measure dependent on the amount of nitrogenous material

present in the flour, and as a result the determination of the amount

of the gluten present in a flour was made use of as a means of judging

of its strength.

The amount of gluten in a sample of flour may be determined

by taking a weighed quantity of flour (twenty to forty grammes),

making this into a paste with water and then kneading it thoroughly
in a small linen or silk bag in a stream of water. In this way the

starch will be carried away, and when but little is left the gluten will

remain behind as a stringy mass. This should be tested to see if

more than a trace of starch remains and washing continued till this

is the case. The gluten is then wiped free from adhering water and

weighed. This mass is then dried in the oven and weighed again

when dry. From these two weights it was customary to judge of

the strength of a sample of flour.

In a paper on the "Improvement of English Wheat," Humphries
and Biffen* define strength as the capacity of a flour to yield large well-

*
'.luiirnal of Agricultural Science," Vol. II.
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piled loaves. They found that as a rule the wheats with the largest

nitrogen content gave the strongest flours, but this rule was by no

means absolute. They showed that where wheats were grown under

similar conditions the nitrogen contents was a fairly satisfactory

index of strength ; when, however, conditions as to soil or climate

varied, this did not hold. The results obtained by various manurial

treatments were not consistent, and at Woburn* the effect of manures

on strength as determined by baking trials was so small as to be

negligible.

Professor Woodf has examined this question of
"
strength

"
from

the chemical side and has devised methods of grading flours under

two heads according (1) to the size of loaf which the flour will pro-

duce, and (2) the factors which go to determine the shape of the loaf.

The first of those methods as employed by Wood consists of making

dough from the flour in the same manner as the baker and noting the

amount of gas given off as fermentation proceeds, the evolution of

the gas as well as its total volume should be noted. This gas (carbonic

acid) is produced by the fermentation of the sugars present in the

flour and is the cause of the dough rising. As fermentation proceeds

sugars are also produced by diastatic action from the other carbo-

hydrates of the flour. In the ordinary process of making bread the

flour is mixed with warm water and yeast until a uniform dough is

obtained; this is allowed to rest for some hours, when fermentation

sets in and the dough rises. It is then made into loaves, and these are

again allowed to remain for some time before being put into the oven.

During this time further evolution of gas takes place and it is quite

likely that this
" second rise," as it has been termed by Hays and

Boss, J is a very important factor in determining the size of the loaf.

The loaves are then placed in the oven, where their shape and

size are soon fixed by the formation of the crust. Fermentation,

if it has not already ceased, is soon stopped owing to the death of

the yeast.

The experiments which I have made with Egyptian wheats have

been confined to the first of these methods, viz. the size of the loaf

* 'Journal K.A.S.E." Various Aumial Reports on Experiments on Whait.

)

" Journal of Agricultural Science," Vol. II.

j Minnesota Agric. Ex. St. Bulletin 62.
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as determined by measurement of the gas evolved on fermenting

the flour with yeast.

In testing flour in the laboratory one takes twenty grammes of

flour and mixes with twenty cubic centimetres of water in which is

suspended half a gramme of fresh yeast. These are thoroughly

mixed together in a small conical flask or wide-mouthed bottle until

a uniform dough is produced. The flask is furnished with a well-

fitting cork and delivery tube. By means of a water-bath the flask

is maintained at a temperature of 35 C.; this is the optimum

temperature for the fermentation by yeast. The gas evolved as

fermentation proceeds is collected over water in a graduated cylinder.

If readings of the volume of gas are now taken at regular intervals,

we get the data necessary to plot such a curve as shown in Figure 1.

To get over the difficulty introduced by variations in the fermenta-

tive power of different specimens of yeast, it is desirable to make a

number of tests at the same time with different flours. The best

plan is then to weigh out some yeast and mix it with sufficient

water to give a mixture containing half a gramme of yeast in

twenty cubic centimetres; the necessary quantity of this mixture

can then be added to each weighed portion of flour by means of a

pipette. Figure 1 shows the results obtained with three varieties of

imported flour. It is interesting to note how exactly the curves

correspond to the merchant's description of the samples. The Rou-

manian wheat was reported as being a very strong wheat. Of the

two English wheats one was stated to have moderate strength while

the other was considered as weak. It will be seen that the quantity
of gas evolved is in accordance with the merchant's description.

In examining a number of Egyptian wheats it was soon found

that owing to the variation in the quality of the yeast and the diffi-

culty of obtaining yeast in a perfectly fresh state, the time taken for

the fermentation to come to an end was sometimes unduly prolonged,
and indeed occasionally fermentation did not commence until several

hours after the mixing of the dough. Under these circumstances

it seemed desirable to set up some automatic device which would

secure a time record of the evolution of the gas. In the apparatus

employed the gas, as evolved from the dough, was caused to displace

an equal volume of water from a second flask. This water, as it fell

from the delivery tube of the flask, was caught in a small tipping spoon.



The spoon was so balanced that when nearly full it tilted, the watei

was emptied out into a beaker below, and the spoon returned to its

original position. As the spoon tilted it momentarily completed an

electric circuit. In each of these circuits was an electro-magnet, to

the armature of which a pen was attached. The pens (six in number)

recorded on a long horizontal drum making one revolution in twenty-

four hours. Under ordinary circumstances the pens would rule straight

lines on the chart, but when the apparatus was working the trace

was somewhat like Figure 2, which is a reproduction of an actual

record. This record is easily translated into a curve such as is shown

in Figure 1 . Each time the spoon is emptied the pen is drawn aside, the

number of dashes shows how many times the spoon was tilted and

the quantity of water collected in the beaker indicates the volume of

gas evolved. In two tests of the same flour the following results

were obtained. In the first the spoon was upset sixty-three times

and 392 cubic centimetres and of water were collected ;
in the second

experiment the spoon was filled and emptied sixty-four times and

394 cubic centimetres of water collected. This will serve to show

that the arrangement is reliable.

The general arrangement of the apparatus is shown in Plate I.

In the figure, the flask containing the mixture of flour, water, and

yeast are shown in the water bath at A ; the flasks B contain water

which is displaced by the gas. The water falls into the tipping spoons

C and from them into the beakers D placed below. The arrangements

of the pens and recording drum is a simple matter and requires no

explanation. In the apparatus employed the clock attached to the

recording drum caused the drum to revolve once every half-hour.

This was useless for the purpose, and in consequence an auxiliary clock

was employed having the hands removed and 'the hour hand replaced

by a pulley of half the diameter of the revolving drum. A thread

was wound round this pulley, then round the recording drum, and

finally passed over a small pulley suspended above the drum; a small

weight was attached to the free end. The thread was so wound that

as the clock caused the pulley to revolve so the thread unwound and

the weight slowly descended. The falling of the weight caused the

recording drum to revolve, the clock simply serving to regulate the

speed at which the weight descended. The drum was thus made to



PLATE I.

A. Flasks containing the mixture of flour, water, and yeast.

B. Containing water which is displaced l>y the <?as.

C. Tipping spoons.

1 >. Beakers for collecting the whole of: the water displaced.

To avoid confusion in the photograph, the hattery, electrical connections,

clock, etc., are omitted.





revolve once in twenty-four hours. In this way no great'strain was

put upon the clock, which was an ordinary one-day timepiece. This

arrangement is not shown in the figure.

In order to obtain results which shall be strictly -comparable it is

essential that all the samples of wheat are ground to the same degree

of fineness. On the small scale this is somewhat troublesome, as the

sifting is by no means easy. It was found after several trials that

if the flour was passed through a
"
90

"
sieve the results appeared

satisfactory. Finer grinding than this is difficult without special

appliances. As an example of the effect of the fineness of grinding

and sifting on the results of the test the following figure will serve.

Some native flour, which is not particularly finely ground, was taken ;

some of this was sifted through a
"
90

"
sieve. Portions of the original

flour, that which passed through the sieve and that portion which

was retained by the sieve were taken, and the amount of gas given

off during fermentation was determined in each. The results were

as follows : *
Cubic CctiUmetrei.

Flour as purchased. Gas evolved ... 441 451

Portion passing "90" sieve 471 483

Portion retained by "90" sieve ... 317 352

From these figures it is evident that uniformity in grinding and

sifting is desirable and even essential if reliable and comparable
results are to be obtained.

In Figure 3 are shown the results obtained by this method with

three typical Egyptian wheats. It will be noticed that judged by
this method Safidi wheat appears as a strong wheat. Fayumi would

be classed as medium, while the Hindi wheat, as usually grown in

this country, is a very weak wheat. A number of samples of wheat

of various kinds were examined ; at the same time the nitrogen content

was determined. These results, together with the percentage of bran

and the weight of 1,000 seeds, are shown in Table I. This last figure

serves to show whether the wheat was well nourished. It will be

noticed that the strongest wheat, as estimated by the volume of gas

evolved, is the Upper Egypt wheat known as Gawi. This is a very

liard and horny wheat, giving a flour of a distinct yellow colour. The

dough made from this wheat is also strongly coloured.



TABLE I.

Variety.



and horny or, as they are sometimes termed, "steely," while the white

grains are soft and floury. In Table II are shown the results obtained

from two such pairs of grains.

TABLE II.

Variety.



examined by the fermentation test and at the same time determinations

were made of the nitrogen. The results are shown in Table III. They
show that in this country the effect of manures on the character of

the grain is much more strongly marked than at Woburn.

TABLE III.

No. Manorial Treatment.

Without Manure ...

Nitrate of Soda

Nitrate of Lime 125

Basic Slag :5oi>

Sulphate of Potash 150

4 Sulphate of Ammonia 100

5 Cyanamide 110

Nitrate of Soda 200
6

'

Basic Slag 300

Sulphate of Potash 150

Basic Slag 300

Sulphate of Potash 150

Nitrate of Soda 100

8
'

Superphosphate 300

Sulphate of Potash 150

i Farm Yard Manure 7,500

Basic Slag 150

Nitrate of Soda 100

10
!

Basic Slag 300

Sulphate of Potash 150

Kilogrammes

per Feddan.

100

Gas evolved
from

20 Grammes
Flour.

251

2S2

291

275

285

392

390

404

Nitrogen
Per Cent.

1-44

1-47

1-51

1-57

1-41

1-60

1-54

1-48

1-47

1-40

With the single exception of Plot 6 the effect of the addition

of potash and phosphate has been most marked. In the case of this

particular plot it will be noticed that an exceptionally heavy dressing

of nitrate of soda was employed, and it may well be that this has

exerted an overwhelming effect. To bring out this point more clearly

two typical results are plotted in Figure 5. It will be seen that the



effect of the additoin of the mineral manures has been to increase

the amount of fermentable material by nearly thirty per cent while

the nitrogen content of the grain has undergone but little change.

It is true that the Rothamsted and Woburn wheats were judged

by actual baking trials or by experts, while these samples were tested

only by fermentation. Still the results obtained by Wood show such

a close connection between the
"
strength

" and the amount of gas

evolved on treatment with yeast that it is difficult to believe that

such 'a great variation as that shown above would not' cause a differ-

ence in the baking qualities of the flour.

Actual baking tests should certainly be made with flour from

wheat grown under similar conditions to those in the above-mentioned

experiment.
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