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INTRODUCTION.

The present war has given particular prominence
éto the supply and safe storage of both human and
éanimal foodstuffs. Before September, 1939, Britain
%had become increasingly dependent upon imported
?feeding—stuffs for the maintenance of its livestock.
Average figures given by Wright (1940a) for the years

1934-38 showed that as much as one=-fifth of all-: |

animel feeding=-stuffs available in the United Kingdom g
were of imported origin. Moreover, these imported
feeding-stuffs provided between one-third and one }
quarter of the total avallable nutrients, calculated i
%éither as protein equivalent or starch equivalent. In:
all some 8% million tons of feeding=-stuffs were |
iimported anmuallys cereals and cereal by=products
formed the larger portion (four-fifths) of these
jimports, while the remainder was in the form of oil
- 8eed products. The British farmer had come to rely
upon these imports of concentrate feeding=-stuffs for
“the feeding of his dairy stock, particularly during
.the winter period when the supply of home produced
%feeding-stﬁffs was at 1ts minimum. The use of
%imported concentrates enabled the production of high
imilk yields and, at the same time, was economical in
its demands upon farm labour which, in the years just

before 1939, was becoming a factor of great importance.



Complete figures for imported eding=-stuffs since

1939 are not available, but it is variously estimated
that, due to the reductlion in available shipping space,
‘these imports have been reduced by 50 or 75%. In
,jnormal times the supply and demand for such imported

‘feeding-stuffs could be adjusted to entail the h.olding3
of minimum stocks for limited storage periods. With
jthe introduction of a rationing system under war
~condltions the storage of larger stocks for very much
Elonger periods became necessary. - Further, for reasons
~of security these stocks had to be dlispersed to
country stores, such as improvised warehouses, sheds
;and farm buildings. Many of these premises were not
‘designed for storing feeding=-stuffs and were inferior
to the storage accommodation available at ports and
%at the place of manufacture.
; Deterioration of feeding=-stuffs 1s usually
fassociated either with a high atmospheric humidity or
with a high moisture content in the stored material.
;Thus damage most frequently occurs in areas that are
Esuscep‘bible to fogs or in bulildings which have
gincompléte protection against the weather. Some typesf
%of feeding-stuffs are stored as loose materials in
isacks, bins or in silos. In particular, the different
vingredients of compound feeding=-stuffs are commonly
stored in this way before manufacture. Before the war
many of these ingredients were of imported origin and,

vbeing ripened under warmer climatic conditions than are



typical of this country, were of low moisture content.
Since the outbreak of war, however, many home-produced
cereals have been used in these compound mixtures.
Their moisture content being higher than tpﬁt of
imported cereals has meant that they were more
susceptible to damage during storage. This problem
has been accentuated by the limited number of grain
driers available for the treatment of home produced
grain,

A similar difficulty has arisen in the storage of
0ll cakes, Before 1939 a wide variety of oll seeds
were Imported into this country and, after extractlon
of the oll for margarine manufacture, etc., the
remainder was avallable for sale as oil cakes of
different kinds. These oil seeds were imported from
many parts of the world including Africa, North and
South America, India and Malaya and the Eastern
Mediterranean. War-time control and priority of
shipping has meant that importationsof essential oil
seeds are made only from those countries that are free
from eneny occupation and from which transportation
1s quickest and most easily made. A large proportion
of the oil seed imports have, therefore, conéisted of
palm kernels from West Africa. To obtain the maximum
011 extraction from these kernels it is necessary to
raise the moisture content of the ground meal to

13%-14%. The final oil cake product retains



approximately the same amount of molsture after
menufacture and, although if dry conditions prevail
13-2% will usually be lost by evaporation during the
lfirst day of storage, this amount of moisture will be
‘retained and deterioration will be liable to occur in
more humld weather.

It 1s common experience in commercial storage to
£ind that feeding=stuffs are more susceptible to
;deterioration during the summer months when the average
‘atmospheric temperature is higher than during the |
‘winter months. The importance of maintalning summer

stored feeding=stuffs at a low moisture content is
.cléar. Such precautions are, of course, also
jspecially necessary in the storage of foodstuffs in
tropical and sub-tropical climates.

| In genersl, deterioration of feeding-stuffs may
{take one of three forms; firstly, heating which can
ﬁlead to the compaction of loose materials into lumps,
loss of weight resulting from an increase in respiratoﬁy
- processes, darkening of colour or, in extreme cases, ‘

' charring and possibly spontaneous combustion; secondlj;
~deterioration due to infestation by insects; and |
%thirdly, deterioration caused by micro-organisms, of
;which moulds are the most important. The palatabilitys
of such damaged foods wlll be decreased along with

thelr marketable value. Damaged foodstuffs are
characterised by their loss of freshness, the presence

of a musty smell, chemical breakdown of the food



constituents by enzymes in the material itself or
from the damaging micro-organisms, and by the presence;
of injurious'by-products.

The work that 1s presented here on the storage of}
ffeeding-stuffs follows upon that of Wright (1940b) who§
considered the relétion of humidity and moisture :
‘content to the storage condition of artificlally dried .
. grass. These observations were extended to include a

wilde range of feeding=-stuffs. Some of the results ;
- have now been prepared for publicatiom by Snow et al.
(1944) . The particular experiments described in the
- present thesis were carried out with the object of
‘studying the following items:= (1) the feasibility of .
including non-protein nitrogen compounds, such as M
urea, in cereal feeding-stuffs, and of storing these |
ifeeding-stuffs under typical farm COnditions; (2) the?
"loss of dry matter from feeding-stuffs; (3) acidity %
values as a measure of deterioration in feeding-stuffs%
(4) the water uptake of feeding=-stuff constituents; f
f(5) the specles of moulds isolated from feeding-stuffsi
jstored at fixed humidities for perlods up to 4 years; E

%(6) the suitability of some antiseptics in the control

' of mould growth. )

i
i




SUMMARY ,

"Part I. The storage of feeding=-stuffs
with Incorporated non-protein
nitrogenous compounds.

The feaslbility of including ammonium bicarbonate%
~ammonium sulphate and urea in cereal feeding-stuff §
?mixtures is considered. Losses amounting to between |
tone third and one half of the ammonium bicarbonate
;originally incorporated in such mixtures occurred
iduring manufacture, but the corresponding losses from
;the ammonium sulphate and urea mixtures were very smali.
‘The mixtures were menufactured in cubes of different
‘Sizes and were stored in various types of containers
sunder farm conditions for 30 weeks.

‘ Analyses were made on samples taken at intervals i
:during the storage period to determine the losses of
%nitrogen from these mixtures. The losses of ammonia
gsustained during the manufacture of the ammonium -
:bicarbonate cubes continued during storage irrespectiv%
of the type of cube., There was some indicatlon that !
%cubes stored in paper bags lost less ammonia than
cubes stored in jute sacks. Losses of ammonia from |
~the cubes containing ammonium sulphate were small. Th%
cubes containing urea suffered no significant loss of |
‘ammonia until deterioration of the cubes occurred with
the development of moulding and heating. Laboratory
experiments showed that the loss of urea from small

samples stored at fixed temperatures and humidity was



‘related to the development of these two forms of

deterioration. Apparent increases of up to 6% in the
total nitrogen values (calculated on a 100% dry matteré
;basis) for some of these mixtures were recorded }
throughout the storage perlod. These were considered
" to be due to a loss of dry matter from these feeding-

‘stuffs.

1Part II. The storage of bran.

The apparent increasesin total nitrogen found
throughout the storage period of feeding=-stuffs
‘contain&ng urea etc. (see Part I) were shown to be ;
%undoubtedly due to losses of dry matter. Thils was |
-proved by analyses and weighlngs made on bran stored |
i(a) in closed containers, (b) in sacks under farm ;
;storage conditions, and (c) as small 1 g. samples at
5controlled temperatures and humidity. Further analyses
‘were made to estimate the chemical changes occurring j
with the development of moulding and heating in sample#
~of bran. Tﬁese showed that, with the onset of mouldiné,
changes in the acidity fractions of the bran took ’
iplace, the fat acidity value showing marked reduction.i
‘Where fermentation of the bran samples occurred in theg
’closed tins, acids were produced which caused a rise i@
fthese acidity values. The development of moulding or
heating also resulted in a loss of over half the ether-
‘soluble ffaction. |

Experiments have been made on the respiration of

bran at different moisture levels using a continuous
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absorption apparatus in Which the humidity of the air
stream was adjusted to be at equilibrium with the
respiring bran. The respiratory rate was accelerated
with increased moisture content and was clearly
attributable to two causes:= (1) the respiration of
- the bran material itself and (2) the respiration of
developing micro-organisms. Bran of 13% moisture
~content and below was shown to have a very low
-respiratory rate. It will, therefore, not be liable

- to heating during storage.

‘Part IIT. Experiments on acidlty values in
‘ stored feeding=stufis.

A critical survey is made of the methods that
“have been used by varlous authors to assess the ‘
‘different acid fractions of feeding=-stuffs. The degrese
%of fineness of grinding and the time and temperature ‘
:of extraction with various solvents are shown to
‘influence the results obtained by the generally
recognised methods of estimation. The fat abidity
value is shown to be the fraction most susceptible
to changeé in the condition of stored feeding-stuffs.

‘Part IV. The water qptake of feeding=stuff
constituents.

The water uptake of samples of glutenin, edestin,?
:egg albumin, casein, rice starch and bran fibre and |
of mixtures of these substances in definite proportions
has been determined over a range of fixed humidities.
’The shape and level of the water uptake curves is

shown to be chargscteristic for each of the different



types of substance. Observations have also been made
on the extent to which these materisls exhibited
hysteresis. With egg albumin the amount of water
absorbed after 24 hours at a given humidity was found
to be greater than that finally held when equilibrium
had been dbtained.

Part V. The isolation of mould types from

“fTeeding-stuffs stored at fixed
humidities.

Isolations were made of mould types actively ‘
growing on a variety of feeding-stuffs stored at fixed
humidities between 100 and 65% for periods up to 4
years. The factors affecting the species of moulds
isolated were:~ (1) the humidity of the atmosphere;
(2) the period of storage; and, (3) the type and
origin of the samples from which the isolates were
obtained. It was evident that a critical humidity
existed for each species, below which development of
mould spores could not take place. At 100% R.H. an
infinite variety of mould types were able to develop.
In general, below this humidity members of the Mucorales
and the Fungl Imperfecti were not isolated. Below 80%

R.H. Penicillium spp. were not able to grow.

Asperglillus spp., on the other hand, were able to

develop under conditions of very restricted moisture

supply. Members of the Aspergillus glaucus group were

able to germinate at humidities as low as 65 to 70%.
The most cormonly occurring mould specles on these

feeding-stuffs were small ascospored types of the
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Asperglillus glaucus group, particularly A. repens and

A. ruber,

Part VI. The use of antiseptics in controlling
moulds.

Mineral additions to palm kernel cake were shown
to exert no antiseptic effect.

At 80% R.H. borax and boric acid, incorporated in
samples of linseed cake at a 1% level, increased the
freedom from moulding by 50%. The spraying of cubes ;
of linseed cake with a 10% borax solution doubled their
storége life. The use of borax or boric acid for this
purpose 1s not recommended sinbe’it only exerts a mild!
antiseptlic effect and also because of the possible ‘
toxic effect of excreted boron in the soil.

The reaction of different mould species to
sulphanilamide and other drugs have been tested on agaﬁ
Plates. Some of these drugs were found to inhiblt ‘
effectively the development of certain mould types at
very . low dilutions (some as low as 0,006%). The
results of these agar plate experiments were appllied in
- the treatment of stored linseed cake samples with
incorporated sulphonamide drugs. The incorporation of
0.2% of a.soluble derivative of sulphanilamide,
commonly known as E.0.S., doubled the storage life of
samples stored at 85 and 80% R.H. It is considered
possible that these drugs might be of use in the

control of certain micro-organisms on stored products.
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PART I. THE STORAGE OF FEEDING=STUFFS WITH

INCGRPORATED NON=PROTEIN NITROGENOUS
COMPOUNDS .

Introduction,

Owen et al. (1943) and Pearson and Smith (1943)
have shown by metabolism trials and by experiments ’
in vitro that urea can adt as a partial substitute for"K
‘protein in the diet of 'ruminents, and that in dolng
sé it is filrst converted to ammonia in the rumen. In
view of the possibility of a shortage of protein
feeding=-stuffs occurring during the present war it
was considered desirable to investigate the feasibility
of including such mon-protein nitrogenous compounds
‘in cereal feeding-stuffs. Three different compounds
were suggested for inclusion in this way; firstly,
urea, which metabolism trials had indiéated as being
sultable; secondly, ammonlum bicarbonate which 1s
more readlly available than urea; and thirdly,
ammonium sulphate which is cheap, easily manufactured,
and plentiful. |

As well as studylng the feasibility of manufacture
of these cubes, it was considered important to carry
out observations on the keeping qualities of such
feeds, particularly in regard to the losses of ammonia
that might take place from the different mixtures. Two
factors which might influence this loss were the type
of cube and the type of container in which the cubes



Table le.

Detalls of ingredients.

Cereals Ammonium Sulphate

ewts. Qqrs. st. 1lbs. cwts. grs. st. 1bs.
Bran 9 1 1 0 3 3 0 0
Barley 14 0 0 13 5 2 1 6
Oats 14 0 0 13 5 2 1 6
Molasses 2 1 1 2 0 3 1 6
Ammonium bicarbonate - - - - - - - -
Ammonium sulphate - - - - 0 3 1 6
40 - - - 16 2 0 4

Ammonium Bicarbonate Pres
Bran 8 3 1 4 9 0 1 7
Barley 13 1 0 12 13 3 0 10
Qats 13 1 0 12 13 3 0 10
Molasses 2 (0] 1 11 2 1 0 5
Urea - - - - 0 3 0 10
Ammonium blcarbonate 2 0 1 3 - - - -
Ammonium sulphate - - - - - - - -
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were stored. The feeding=stuff mixtures werse
therefore made up in different sizes of cubes so that
different surface areas of the mixtures were exposed,
and these cubes were then stored in different types
‘of containers; some in jute sacks, others in 3=-ply

- paper éags, and others in 5=-ply bitumin lined paper
bags. In addition to investigating whether these
paper bag types were better able to retain ammonia,
‘1t was considered that the general use of such bags
'in commercial practice might be necessitated by the
shortage of jute sacks resulting from the limited

importation of jute from abroad in war=-time.

Detalls of manufacture.

Four types of feeding=-stuff mixtures were made up
using an ordinary commercial cublng machine; the %
first consisted of a cereal mixture alone, the second (
contained ammonium bicarbonate, the third ammonium
sulphate and the fourth urea. The amount of non-protei#
nitrogen included in the form of these different
compounds was calculated to be equivalent to 30% of thé
total nitrogen in the ammonium bicarbonate and urea
mixtures, but to only 6% in the ammonium sulphate
mixture. This smaller quantity was considered
advisable because of the scouring effect of ammonium
sulphate when fed to dairy cattle. The details of the
ingredients are shown in Table 1. The dry materials
were all weighed separately before mixing but it was

not possible to assess the exact amount of molasses



added to each batch because this had to be introduced

‘during the cubing process.

The mixtures were made up in three sigzes, as
‘pellets, as 3/8" and as 3" cubes. These were obtained
‘by using the appropriate sized die in the machine for
each of the four types of mixture in turm. Thorough
cleaning of the whole machinery was carried out before
"ieach;' type of mixture was introduced and sample
?bags for the storage experiment were selected from the:
‘later portion of each batch. In this way any risk of
contamination from material of the previous batch was
eliminated. The cubes were fed, as they came off the
‘cooler, into jute sacks, 3 ply paper and 5 ply bitumin
‘lined paper bags.

‘ Triplicate sacks of each type were selected for
the storage experiment., The cereal, ammonium
bilcarbonate and urea pellets were stored in jute sacks%
only (3 storage types), the 3/8" cubes and the " cubes
of these mixtures were stored in jute, 3 ply paper and ;
5 ply bitumin lined paper bags (18 storage types); }
the ammonium sulphate mixtﬁre was made up in 3" cubes

only and stored in jute sacks. This amounted to 22

‘storage types in all.

Methods of analysis.

The cubes were allowed to stand at the
manufacturing warehouse for two days to allow excess

moisture to evaporate before being transported to be



-stored on the farm of the Hannah Institute. Initial
analyses of all storage types were carried out on
arrival at the Institute to determine molsture content
:(air oven method at 100°C for 3 hours), total nitrogen,
non-protein nitrogen (the protein being precipitated
overnight by sodium tungstate and N/6 sulphuric acid),

free ammonia nitrogen and urea nitrogen. All nitrogen

values are quoted in mg.N/100 g, dry matter unless

otherwise stated.

Samples of the ammonium bicarbonate, ammonium
sulphate and urea cubes were taken after storage for
periods of 3, 7, 10, 13, 16, 21 and 30 weeks; the
cereal cubes were sampled after 7, 13, 21 and 30 weeks.
Por the samples a representative handful of cubes was
taken from each of the three sacks of the different
storage types. The samples were ground in a Christy
& Norris laboratory mill and determinations made
~corresponding to the initlial analyses., Samples of the
added non-protein nitrogenous compoundg were analysed
and all were found to be at least 99.7% pure.

] .
Loss of nitrogen during manufacture.

From the initial analyses it was possible to
calculate the loss of nitrogenous compounds that had
occurred during manufacture and transit. This initial
loss was considerable in the ammonium bicarbonate cubes,

1

amounting to 32% of that incorporated in the 3" cubes

transported in 5 ply bitumin lined paper bags and to



Table 2.

Temperature and relaetive humidity of the store.

Period before sampling - weeks.

0=3 3=7 =10 10=13 13=16 16=21 21=30
Average temp.°F 4544 45,8 35,9 377 3647 4648 54.4
" % Ro.Ha 76e5 83,0 79.0 8led 74,0 705 6045



as much as 47% of that in similar cubes transported in
jute sacks. Most of this loss occurred when steam was
passed under pressure into the cubing machine at the
time of manufacture. This results in a very strong
‘smell of free ammonia, and the consequent loss of
‘nitfogen from these cubes is thought to be Inevitable
with such high concentrations of ammonium bicarbonate
and this type of manufacturing process. The ammonium
sulphate cubes sustained an initial loss of 11% of
~that incorporated into the mixture, but only a
‘negligible amount of urea was lost during manufacture

and transit.

Storage conditlions.

‘The sacks were stored under farm conditions in a
.weli ventilated and rat-proof store with damp~proofed i
‘walls, The relative humidity was determined daily by
means of a psychrometer. Daily fluctuations in
temperature were recorded by means of a thermograph
and these readings were confirmed by a maximum and
minimum thermometer. The daily average fluctuation
‘was 79F. During the 30 week period the humidity of
the store showed wide variation within the range of
34-96% R.H. Over the same period the temperature
varied between 29 and 68°F. Average temperature and
réthtive humidity values for the different sampling
periods are shown in Table 2. ‘

At the time of sampling notes were made of the
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condition of the cubes. These remained fresh for the
first 13 weeks of storage, after which mould mycelium
developed on some of the cereal and urea cubes,
especially on those stored in sacks placed near the
walls of the store. In spite of the damp=proofing
. treatment some condensation took place down the walls
during periods of high humidity. These conditlons
favoured the development of mould growth at the top of
the sacks near the walls. Where such deteriloration
occurred the moulded layer of cubes was, as far as
possible, removed from the top of the sack before
sampling. During the 13-16 weeks period there was no
further development of moulding but, at the time of the
21 week sampling, it was noted that moulding had taken
place (in some sacks to a marked extent) on many of the
cereal, urea and ammonium sulphate cubes. The humid
and warm conditions of part of the 16«21 weeks period
resulted in the heating of many of the sacks of
feeding=-stuffs, the inside of many of the paper bag
containers being thoroughly damp from water |
condensation. This was particularly true of the 5 ply :
bltumin lined bags which allowed very little ventilatiom.
During the 21=-30 week period drying=out took place with
~éllwthe cubes and at the time of the final sampling
(after 30 weeks) little further mould deterioration
could be detected. The cubes containing ammonium
bicarbonate remained in good condition throughout the

30 week storage period: 1t is probable that the free



Tgblejia

Cereal mixture..

Period before Molsture Total N. % Increase N.P.N. Free NHz~N.

sampli content
ZweeEs; ‘ %

Initial 14.1 2,075 - 173 24

7 ' 14,7 2,131 247 175 19

13 15.0 2,140 3.l 173 23

2l 1347 2,190 545 139 8

30 13¢5 2,205 643 141 9
Table 4.

Relationshlp between moulding, heating and change in N.P.N.

Storage type Condition of cubes and samples N.P.N.
' during period l35=-3C weeks After -After
13 weeks - 30 weelks
Pellets = Jute ggegﬁulding%, no heating, samples 173 167
in - ] N n ]
5 = Jute g&i%?t s slight R 170 146
e - 3 ply Slight 1ding ist and
5 ply ight mou 2, very moist an
heated, sam 1es’musty 174 12l
3/g4 - Jute Very slight moulding, very moist 174 111
and heated, samples musty

* moulding refers to the surface layer of
the sack only.



ammonia given off from these cubes acts as a deterrent

to mould growth.

Analytical results.

(&) Cereal mixture,

There was no significant differencedue to the

size of cube or type of contailner in the values obtained

for the different storage types of this mixture. :
Average values only of the seven types are therefore |
given in Table 3. These values show an gpparent
‘increase 1n total nitrogen, which was progressive
throﬁghout the period of storage, and amounted to a
6¢3% incréase after 30 weeks. Over the period 0-13
' weeks there was no significant change in N.P.N. but
from 13=-30 weeks this dropped from 173 to 141 mg.N/lOO;g.
dry matter. This drép is equivalent to a 1.4% decrease
In total nitrogen. That this loss of N.P.N. occurs

after the development of mould growth and heating is
evident from a consideration of the extent of this
deterioration and the consequent change in N.B.N. of

the different cereal storage types (Table 4).

(b) Ammonium bicarbonate.

It was mentloned previously that between a third
and a half of the ammonium bicarbonate incorporated in
this mixture was lost during the manufacbturing process
and subsequent transit., This loss continued during the
period of storage. The average analytical walues for

the 7 storase types are shown in Table 5, while the



Table 5.

et gmtr—t——

-Ammonium bicarbonate mixture.

(Average of the 7 storage Lypes).

Feriod before Moisture Total N

sampli content
ZweeEs; %
Initial 16.4 2,778
3 14.2 2,713 (2e3)
7 16.7 2,741
10 16,9 2,713
13 17.1 2,744
16 1643 2,724
21 15.6 2,738
30 “1560

NePoN..

873
746
759
720
719
698
691

(14.5)

Free NHz=N

737
592
602
580
563
535
532

(1947)

2,680 (3.5) 671 (23.8) 496 (32.7)

% loss figures in brackets.



Period before

sampling
" (week's;

Initial

3

7
10
13
16
21
30

Initial

3

7
10
13
16
21
30

Loss in N.P.N.

Pellets

863
766
777
720
717
689
678
638

721
630
626
570
556
533
525
486

(11*2)

(26*1)

(12.6)

(32.6)

JUTE

3/8\\

841
686
689
685
668
653
659
621

712
543
543
528
513
488
498
450

(18.4)

(26.2)

(23.7)

(36.8)

Table 6.

N.

1/21

780
665
667
633
618
600
606
591

641
495
500
492
469
440
447
429

% loss figures in brackets

(14.7)

(24.2)

P.

3

853
713
752
698
701
686
678
655

N.

3-PLY

/8\\

(16.4)

(23.2)

FREE NH3-N

(22 .8)

(33.1)

730
552
588
561
547
515
529
480

(24.4)

(34.2)

i/2

934
753
754
696
721
692
670
644

805
596
596
577
564
527
516
466

(19.4)

(31.0)

(Se6 .0)

(43.4)

and Free NH3-N from Ammonium Bicarbonate Cubes.

5-PLY
3/8" 1/2"
885 952
836 (5.5) 792 (16.8)
860 814
834 775
837 768
824 744
807 742
820 (7.4) 727 (23.6)
>T1rs0 812
684 (7.3) 642 (20.9)
703 656
694 639
676 613
655 585
637 525
625 (15.3) 533? (33.9)
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detalled losses of N.kE.N. and of free ammonia=-N for
the different types are recorded in Table 6. The loss
of ammonium bicarbonate, as represented by loss in
N.P.N., amounted to as much as 23=31%* over the 30
week storage period for the different storage types.
The rate of loss of ammonla during the first 3 weeks
of storage was greater than that during the followling
27 weeks; the average loss of ammonia from the 7
types amounted to a 15% loss of N.P.N. during the
first 3 weeks and the remaining 9% loss was gradual
over the following period of 27 weeks (see Fig.l). .
‘It is probable that such large amounts of ammonium ‘
bicarbonate (originally calculated to be equivalent to
30% of the total nitrogen in the mixture) camot be ‘
retained by the cereal mixture in which they are 5
incorporated. Large quantities of ammonia are
therefore lost in manufacture and during the early }
part of storage, after which an equilibrium is reachedj
and loss of ammonia is more gradual. In passing 1t |
may be noted that the continued evohition of amonia from
this mixture would detract from the palatability of
these cubes when fed to livestock.

The retention of ammonium bicarbonate by the

cubes 1in the early part of storage 1s considered to be

*The low figure (7.4%) for the 3/8" cubes in 5 ply bags
is regarded as exceptional. This small storage loss of
nitrogen is thought to be due partly to the small loss
of water vapour (and, hence, ammonia) from these cubes
sustained during the first 3 weeks of storage.



FIG1 Rale of loss of Ammonium Bicarbonate and
Ammonium  Sulphafe from stored cubes.
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Table 7.

Relationship between loss of moisture and loss of
gmmonia during first 3 weeks of storage.

Initial , - After 3 weeks
Mbisture N.P.N. %'1035 of ﬁ loss
content moisture N.P. N,
Pellets Jute 16,5 863 . 7.8 11.2
1/2" " 15,6 780 12.5 14.5
3/8" " 16.3 841 17.7 ‘ 18,1
Table 8.

Initial, storage and total losses of ammonium bicarbonate®.,

Storage Loss duri | Storage loss Total loss
~type manufacture and
transit
Pellets Jute 40 20 ‘ | 60
3/gw M : 42 19 61
1/2n W 47 .16 63
Average Jute 43 18 61
3/3" 3 Rly 41 17 _ 58
1/e" . 34 25 59
Average 3 ply 38 21 59
3/8" 5 ply 38 6 44
1/a u 32 20 ‘ 52
Average 5 ply 35 i3 48

* figures calculated as percentage
of initial amount added.



related to the moisture content of the cubes. Thus 1t
was found that cubes of relatively high molsture

content were able to retain more ammonia and, conversely,
~those cubes that lost large amounts of water vapour
lost correspondingly larger amounts of ammonia than
those in which the moisture loss was small. This is
'shown by the results of the three cube types stored 1n%
jute sacks (see Table 7). |

|

If the loss of ammonium bicarbonate during |
!
‘storage, which may be determined from the loss in N.P.N.,

‘be added to the initial loss (manufacture and transit) |

the total loss of ammonium bicarbonate sustained will |

‘be seen from Table 8 to be considerable, amounting to
approximately half that originally iﬁcorporated in the
mixture. There appears to be no significant differenca
between initial, storage, or total loss of ammonium
bicarbonate and the size of the cube, but it may be
generally stated that the loss of ammonia from cubes .
stored in 5 ply bitumin lined paper bags was less than |
from those stored in jute sacks during both transit and§
‘storage. This may be accounted for by the fact that.
this heavy type of paper bag provides the cubes with
:less ventilation than the jute sack. The cubes |
contained in 3 ply paper bags, when compared with those%

in Jute sacks, showed only a small increased ability

to retain ammonia during the period of transit.



Table 9.
Ammonium sulphate cubes.

Period
before Molsture Total N. % N.P.N. %  Free NHz=N
sampling content Ancrease increase
Zweeks%ls or loss
Initial 14,0 2,680 : 834 731
3 1348 2,716 1.3 857 +2.8 730
7 15.4 2,794 4.3 889 +646 736
10 16.0 2,766 3.2 871 +4.4 727
13 16.2 2,765 Se2 869 +442 721
16 15.2 2,812 4.9 861 +3.2 717
21 14.3 8,825 5e4 828 =067 696
30 13.7 2 857 66 819 =1l.8 665
Table 10.

Urea mixture.
(Average of the 7 storage types).

Period before Moisture Total N % increase N.P.N. % increase

sampll content or loss.
Iweeﬁs; ‘ ‘

Initial. 14.0 5,132 ’ : 1,251
3 13.1 5,142 O3 1,257 +0.5
7 14.4 3,183 1.6 1,289 +340
10 15.0 3,161 0.9 1,259 +046
13 15.0 3 213 2.6 1,250 =0.1
16 14.8 5,23 249 1,241 ~0.8
21 1347 5,289 540 1,214 =3.0
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(¢c) Ammonium sulphate.

The cubes containing ammonium sulphate meintained
a fairly good condition throughout the period of
storage. Traces of mould growth were evident after
16 weeks storage, but there was no general mould

~deterioration. Losses of nitrogen from these cubes

were small and markedly less then those from the cubes |
containing either ammonium bicarbonate or urea. Therei
|
throughout the storage period, and amounting to & 6.6%

was an apparent increase in total nitrogen, progressive

increase after 30 weeks storage. Over the same

period there was a small decreass of 1.8% in N.P.N.

(equivalent to a 0.6% loss in total nitrogen).
Analytical values for this mixture are recorded in
Teble 9 and Fig.l.
(@) Urea.

| Estimations.carried out for the sampling periods

- between 0-~30 weeks gave average values for the 7 urea
storage types of moisture content, total nitrogen and
N.RP.N. shomn in Table 10. As with the cereal and

~ammonium sulphate cubes a progressive increase in

total nitrogen appeared to occur throughout the 30
week storage period and, for the urea cubes, ultimately"
amounted to a 5.4% increase. A loss of 3.,0% in the }
- N.P.N. (equivaelent to a 1.2% loss in total nitrogen) |

was observed. The amount of urea-l, free ammonia=-N,

and urea + free ammonia~N was estimated for each



Table 11.
e —————CET

Converslion of urea to Ammonia.
.(Average of the 7 storage types).

Period before Urea~N % increase Free NHz=N Urea ¢ % increase
sampli or loss Free NHz=N or loss
ZweeEs; —— 20 EOTR Zemoed

Initial 1,043 -49 1,092

3 1,058 +1e4 43 1,101 +0.8
7 1,072 +2.8 54 - 1,126 +3,1
10 1,055 +1.2 60 1,114 +240
13 1,002 -5 og 87 1,089 "005
16 990 =5.1 96 1,086 ~0.6
21 716 ~31.4 297 1,012 =73
30 578 ~44,6 404 982 -10.1

(& loss of 10,1% urea + free NHz=N is equivalent to
8 3.4% loss in total nitrogen.)

Table 12.

Relationship of moulding and heating to ures hydrolysis.

Storage type Condition of cubes after 21 * % conversion
weeks storage of urea after
21 weeks
Pellets, Jute No moulding, no heating. 87
3/8" 5 ply Slight moulding, no heating. 11.7
3/8" 3 ply Badly moulded and heated. 4549

1/2" 3 ply Very badly moulded and heated. 52.1
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storage type but average figures only for these 7
storage types are given in Table ll.
Tables 10 and 11 and Fig.2 illustrate that there

‘was no measurable conversion of urea to ammonium salts
during the first 10 weeks of storage. During the
"period 10-16 weeks the conversion was only slight,

amounting to a 0.8% decrease in N.P.N. end a 5.1%

drop in urea-N. After 21 weeks, following the |
extensive development of moulding and heating in many
of the sacks containing the urea cubes, conversion of
urea to ammonium salts was considerable and, in those
types that showed the most deterioration, as much as
‘half the total amount of urea introduced was.hydrolysed
(see Table 12). Slight moulding and no heating of the
jcubes resu;ted;in only a small amount of urea being |
‘hydrolysed, while extensive moulding and excessive %
heating brought about considerable conversion of urea j
to ammonium salts. MNoulding was delayed in the pelleté
stored in jute sacks and in the 3/8" cubes In 5 ply |
bags until the 21-30 week period, after which all ;
storage types showed that considerable hydrolysis of ?
urea had taken place, amounting to an average of 44.6%}
over the 30 weeks of storage. Some of the ammonia of i
the ammonium compounds formed in this way was lost, thé
loss being equivalent to 1.2% of the total nitrogen |
when measured by decrease in N.P.N. and to 3.4% of

the total nitrogen if measured by drop in urea = free

ammonia=N,



FIG. 2 Changes in nifrogen values of urea cubes
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Laboratory storage of small samples of cereal

feeding=-stuffs containing urea.

)
!

The farm storage experiment outlined above had
shown that the extent of urea hydrolysis in these cubed
feeding=-stuffs was determined by the temperature
conditions to which these mixtures were subjected and
also by the extent of mould deterioration. It was :
assumed that such hydrdlysis~was brought ebout by
enzymes in the cereal constituents under suitable
temperature conditions or by the kétabolic action of
enzymes produced by the developing mlcro-orgenisms.

A laboratory experiment was therefore planned whereby |
1 g. (dry wt.) samples of a cereal mixture containing !
urea were exposed in small petri dishes to an |
atmosphere of 70% R.H. controlled by a sulphuric acid
sqlution of known specific gravity (Wilson, 1921). !
These samples were incubated at 0, 15.5, 22, 37 and §
55°C and analyses were carried out at appropriate
intervals to estiﬁate N.P.N., urea=N, and urea + free
ammonia=-N, .

The samples stored at 0°C remained perfectly f
fresh throughout the whole period of storage (273 daysj.
Those stored at 15.5°C remained free from moulding for |
the first three months of storage but developed a fine !
mould mycelium after 128 days which, even at the time
of the final sampling, had not developed to any great

extent. Mould mycelium developed on the samples stored



Lepath of
TayeT

Initial
28
60
92
123
2173

Initial
28
60
92
123
273

Table 13.

Decreases in N.P.N. and urea=N in 1 g.

samples stored at V0% R.H.

5590

1,201

1,119(13.1)
956(26.0;
864(33.1
832(3546)
598(53,7)

1,039
588 (4344 )
340(6743)
215(7943)
131(87.4)
30(97.1)

Non-proteln Nitrogen.

37°¢

1,291
1,238( 4.1)
1,206( 646)
1,189( 7.9)
1,178( 8.8)
1,046(19.0)

{rea-Nitrogen.

1,039
979( 5.8)
922(11,3)
861(17.1)
802(22.8)
668(3547)

1,039
1,028(
1,019(

15,5°¢

1,291
1,311
1,262(2.2)
1,258(2.6)
1,240(4.0)
1,194(7.5)

% loss figures shown in brackets.

0°¢c

1,291
1,302
1,299
1,270(1.6)
1,265(2.0)
1,199(7.1)

1,039
1,041
1,044
1,024(1.4)
1,020(1.8)
1,010(2.8)
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at 22°C after 60 days of storage and, at this optimum
temperature for mould growth, rapidly produced a dense
network of hyphae and mould fructifications during
ithe later period of storage. . The samples stored at the
‘two higher temperatures showed no signs of mouldlng
;within the duration of the experiment although they
;darkened in colour showing typical characters of
heating resulting from the high temperature of
‘incubation,

' It will be seen from Tablé 13 and Fig.3 that
.those samples which were exposed to the most heating
j(i.e. those stored at 55°C) rapidly lost their
;incorporated urea, approximately one half being
ihydrolysed after only 28 days storage. and almost the
whole amount incorporated was hydrolysed at the time
:of the final sampling. The samples stored at 37°C
d1d not suffer heating to as great an extent as those

Aincubated at 55°C and, consequently, the rate of urea

conversion proceeded more slowly. At the end of the

experiment one third of the urea contained in these

samples had been hydrolysed. With the samples stored
at temperatures more typical of Britain (22° and 15.5°C>
the urea conversion was small for the early part of
storage but, with the onset of moulding a marked E
hydrolysis of urea and a consequent drop in N.P.N. took%
place. This was of particular note with the samples |
incubated at 22°C which, by the end of the experiment

had lost as much urea due to mould development as had
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those samples stored at 55°C which had experienced
excessive heating. At 0°C there was no measurable
convérsion of urea after 60 days, while at the end of
the storage experiment a conversion of only 2.8% was ‘j
measured. Such a small value might be due to f
experimental error.
These farm storage and laboratory experiments witﬂ
cereal mixtures containing urea indicate ﬁhat there 1s
only a small amount of urea hydrolysis as a result of |

enzyme activity within the fresh feeding-stuff

mixtures stored at typical atmospheric temperatures. !
Therefore, if these mixtures are of good manufacture é
and stored under dry conditions such losses will be of;
little practical importance. Deterioration of the :

cubes either by moulding or heating in the sacks will,

to ammonium salts, some of the ammonia of which will

: !
however, bring about a considerable conversion of urea’
|
|
be lost from the feeding-stuff. §

E

Apparent increases in nitrogen 1n feeding-stuffs :

!

stored on the farm.

Throughout the storage period apparent increases
in nitrogen were measured in some of the estimations.
These increases are of particular note in the flgures
for the total nitrogen of the cereal (Table 3), urea
(Table 1OL and ammonium sulphate cubes (Table 9); andh
In those figures relating to the first 16 weeks of
storage for the N.P.N., urea-N, and urea + free

ammonia-N of the cubes containing urea (Tables 10 and 11),
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and for the N.P.N. of the ammonium sulphate cubes
(Table 9). It is thought that the values for the
armonium bicarbonate cubes did not show these
apparent increases in total nitrogen and N.P.N.
owing to the magnitude of the ammonia loss throughout
storage and particularly during the first three weeks..
During the three weekly periods between sampling, ‘
however, when the relative humidity had been high and
the loss of ammonia consequently small, e.g. periods
5=7 weeks and 10-13 weeks, measurable increases took
pPlace in total nitrogen, N.P.N. and free NHz=N (see
Tables 5 and 6). Also, it is assumed that the losses
of nitrogen from the cubes containing ammonium
sulphate and urea after 16 weeks of storage counter=
acted any measurement of apparent increases in the
N.P.N, values (Tables 9 and 10).

Such increases in total nitrogen might be due to:-
(1) fixation of atmospheric nitrogen by micro-organisms
present in the stored meterials; (2) deficiencies in
the Kjeldahl method of estimating nitrogen; (3) a loss
of dry matter from these feeding=-stuffs. Fixation of
atmospheric nitrogen in the quantity necessary to
obtain the observed increases is not considered to be
feasible., Nor does it seem likely that nitrogen
exists In feeding-stuffs in forms which cannot be
estimated by the Kjeldahl method, and that these

forms become changed on storage. Later experiments
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with bran (see Part II of this thesis) have shown that
these increases in nitrogen were undoubtedly due to
.losses of dry matter from the feeding-stuffs. Such
losses might be brought about either by the action of
enzymes in the cereal constituents, by insect infesta-?
tion, or by the activity of micro-organisms in the é
cubed mixtures. In the main such activity would effecﬁ

a breakdown of some of the carbohydrate material, someé

of which would be lost as gaseous carbon diloxide énd wéter.
Thus the proportion of nitrogen to carbohydrate in ;
the: feeding=-stuffs would increase, and analytical
values calculated on a dry matter basils would show an
apparent increase In nitrogen.

The apparent increases in total nitrogen were
found to be progressive throughout the 30 week period
as is shown by Fig.4. The graphs show a levelling of g

~the values for total nitrogen increase between the }
period 7-13 weeks. During this period, from the J
beginning of January until the middle of February, the
- lowest average temperatures were recorded and
‘averaged 36.8°F for the whole period. At such
temperatures enzymafic, insect and microbial activity |
~would be reduced and consequently losses of dry.matter;
would be very small, The decrease 1ln total nitrogen
values for the urea and ammonium sulphate mixtures
during this period (7-13 weeks),vwhen dry matter lossesi
would be reduced, was presumably due to the slight

loss of ammonia from these cubes. The greatest
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- apparent increase in total nitrogen occurred during
the period 1l6-21 weeks, when the heating and mouiding
of the sacks was most extensive. Such deterioration

%Would increase the enzymafiéiand katébolié procééées

gresultihg in thé most marked losses in dry matter.

gThe levelling of the urea curve between 21 and 30

weeks has almost certainly resulted from loss of

ammonia formed from urea.

Conclusion.

1, Ammonium bicarbonate, ammonium sulphate and urea
were introduced into cereal feeding=-stuffs which

were stored under farm conditions for 30 weeks.

2. Between 44 and 63% of the ammonium bicarbonate

‘incorporated in the cubes was lost as ammonia
during manufacture and the subsequent storage
period. The size of the cube did not affect the
amount of ammonis lost, although there was some
| indication that cubes stored in5 ply paper bags
lost less ammonia than those in jute sacks.
' 3. Losses of nitrogen from cubes containing ammonium
. sulphate were very small both duringz manufacture
and the,storage veriod.
%4. Urea is considered to be the most suitable non- ,
| protein nitrogenous compound fbr inoorporatiqn int%
such feeding-stuffs. DNo significant losses of
ammonisa were sustained from these cubes until
deterioration of the cubes occurred with the

development of moulding and heating.
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5. Apparent increases of up to 6% in total nitrogen
(calculated on a dry matter basis) were recorded
for some of the mixtures throughout the storage
period. These were consldered to be due to losses

of dry matter from the feeding-stuffs,




PART II. THE STORAGE OF BRAN.

In the expefiment outlined in Part I on the farm
‘storage of feeding~stuffs with incorporated noﬁ-protein
‘nitrogen compounds apparent increases in total ‘
‘nitrogen were recorded throughout the storage period.
In the main these were attributed to a loss of dry
matter resulting from enzymatic and microbial activity.
Such losses (estimated at about 5% of the total dry
matter for these feeding=-stuffs) would be of economic
importance if sustained by feeding=-stuffs in
commercial stores. It was also evident that with any
other storage experiments of this nature (e.g.
estimation of carotene in dried grass meal) the
accuracy of any particular analytical value
determined throughout a storage period would depend an?
the amount of dry matter remaining constant or on the E
loss of dry matter being lkmown. It was therefore
decided to investigate the rate of dry matter loss by
storing bran as a typical feeding-stuff under
‘carefully controlled conditions.

(a) STORAGE OF BRAN AT DIFFERENT MOISTURE
T CONTENTS 1IN CiOSED CONTAINERS.

A quantity of bran (containing 16% moisture) was

divided into three samples and the samples were damped
to three levels of moisture content. Sample A
initially contained 16.0% moisture, sample B 19.2%

and sample C 25.4%. The samples, each of about % cwt.,

- were introduced into large tins which were then
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placed in a container which provided lagging for the
cans by means of an 8" surround of fine sawdust.
Representative samples from the three tins were
taken at suitable intervals over a 39 week storage
period. Notes were made on the condition of the bran
at the times of sampling. All three samples showed
mould deterioration and some fermentation during the
period of storage and this deterioration developed
sboner and was most extensive on the moister samples.
There was also some indication of infestation with
mites during the early part of storage. These
samples were analysed for moisture content, total
nitrogen, N.P.N., total phosphorus, titratable acidity f

and pH value.

Analytical results.

l. Gas analyses.

Before each sampling a sample of gas was removed
from each tin and estimations of the concentration of
oxygen and carbon dioxide were made using an Orsat-
Fischer gas analysis apparatus. These analyses showed |
that during the periods between sampling the oxygen in
the tins was almost completely used up, due to
resplration of the moist bran and the metabollc
processes of the developing micro-organisms and mites,
and replaced by carbon dioxide. The fact that the
carbon dioxide concentrations sometimes exceeded 20%

was probably due to differential diffusion of the



Ges analyses from tins containing bran
at different moisture contents.

% carbon dioxide ' b oxygen
Period before :
) 11 Tin A Tin B Tin C Tin A Tin B Tin C
!weeEE? ‘
Initial | Q 0 0 21 21 21
2 9 - 22 23 8 0 0
9 20 22 23 4 1 0
18 - 2345 2365 - 0 0e5
39 24 23 22 1 1 1
.Tab le 15 .
“Increases in moisture content of bran stored
in closed contalners.
Period before Z moisture content
samp.li Tin A n Tin C
zwgeksg ‘
Initial 16.0 19.2 2544
2 16.1 19.2 253
9 18.0 21.0 27 «9
18 20.4 24.0 31.2
39 25.3 28,47 354
.Table 16.
Apparent increases in total nitrogen values
{mg.N/100 g. ary matter) of bran stored
In closed contalners.
Period before
gsamplin Tin A Tin B Tin C
(weeks) , :
Initial 2,873 . 2,875 2,861
2 - 2,825 2,892 ( 0.6) 2,894 ( 1l.2)
9 2,947 ( 246) 2,993 ( 4.1) 3,150 (10.1)
18 3,071 { 6.9) 3,252 (13.1) 3,401 (18.9)
39 3,563 (24.0) 3,814 (32.7) 4,073 (42.4)

% increase figures in brackets.
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various gases through the bran and also through a
smaell cotton wool plug in the lids of the tins.

2. Molsture content.

Throughout the period of storage the moisture
content of the bran in the three tins increased. This

increase, amounting to as much as 10% moisture for

each of the three samples of bran over the 39 weeks

;storage period, was presumably due to the respiration
‘of the bran itself and also to the action of micro=- l
}organisms. The high moisture levels at which these |
samples were stored would result in extensive breakdown
of the carbohydrate fraction of the bran to carbon 5
idioxide and water. Increases in the concentration of i
écarbon dioxide in the tins have been recorded in Table;
|

14, and in: moisture content in Table 15.

‘33. Total nitrogen.

‘ Analytical figures for total nltrogen were reduced
to a 100% dry matter basis for each of the samples of ;
‘bran taken at the various sampling periods (see Table
16). On this basis all the = samples of bran showed {
‘apparent increases in total nitrogen which were I
brogressive throughout the storage period. 'FUrthermorQ;
the eitent of these increases was related to the amount

of moisture present in the different bran samples, and ;
the most substantial increases took place after
extensive mould deterioration and fermentation had
occurreé (Lees during the later part of the storage

period). In the sample of bran of highest moisture



Table 17.

Change In N.P.N. (mg.N/100g. dry matter) of

bran stored in closed containers.

Reriod before

Initial
2
9
18
59

Pin A

244
238
212
188
344

Tin B

238
204
184
229
631

Tin C

244
199
332
478
1,310



content (Tin C) the total nitrogen value was over 40%

greater at the end of the period of storage than at the
start of the experiment. It must, of course, be |
jrealised that this exceptionally high figure was only |
‘obtained after extensive mould deterioration and ’
fermentation had occurred. TUnder normal conditions ofi
'storage such a high loss of dry matter would be most

unlikely.

j4. Non-nrotein nitrogen.

During the early part of storage a loss of N.P.N.
jwas measured for all three bran samples but, with the‘
?extensive development of mould and other deteriloration,
the N.F.N. values increased (see Table 17). Thus with f'
;the sample containing the highest moisture content
(Semple C) the N.P.N. value, though depressed after 2
;weeks storage, showed an increase at all subsequent
sampling periods. Sample B showed a reduced N.P.N,
;value until after 18 weeks of storage after which it
‘markedly increased; sample A, which was the least
moist sample and, consequently, the sample in which i
;extensive deterioration was most delayed, showed the
“longest period of storage during which the N.P.N.
velue decreased and, by the end of the experiment, the
N.P.N. value for this sample had shown the smallest
rise of all three samples. This fall in N.P.N. during
the early part of storage may be partly accounted for
by the volatile nature of some of the non-protein

nitrogen compounds and partly by the fact that, during



4 Teble 18.

Apparemt increases in total phoqphorus'(mg. P./100g. dry matter)
of bran stored in closed containers.

Period Before

sampll Tin A Tin B " Tin C
lweeﬁsg '

Initial 1,222

1,223 1,225

, , ,
2 1,312 ( 7.4; 1,294 ( 5.8; 1,345 ( 9.8)
9 1,358 (11l.1 1,357 (11.0 1,394 (13.8%

18 1,423 (1644) 1,463 (19.6) 1,502 (22.6

39 1,602 (31.1) 1,688 (338.0) 1,830 (47.2)

% increase figures in brackets.
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the early stages of microbial activity, non-protein
nitrogen is probably utilised by the growing micro-
organisms., With their more extensive development,
however, they bring about an increase in N.P.N. by thé
breakdown of more complex nitrogenous compounds to |
simpler derlivatives such as ammonia.

‘5. Total phosphorus.

In view of the measurement of apparent increases

|
1

in total nitrogen, presumably due to losses of dry !
matter, in the farm storage experiment with cubed |
feeding=-stuffs containing incorporated non-protein
. nitrogen compounds it was considered important in this
:Series of experiments with bran to estimate an analyticél
:value that would not be affected by respiratory enzymes
in the stored material or by the action of micro-
orgenisms. Estimations of total phosphorus were
‘therefore carried out on all samples using the colori-
metric method of Fiske and Subbarow (1925), and a
Hilger's Spekker photoelectric absorptiometer., The !
Phosphorus content of bran forms a high proportion of
the ash fraction and it is mosbunlikely to be lost from
:the feeding~stuffs during mould deterioration or
fermentation. The analytical results showed thAtQ
;throughout the period of storage,appasrent increases in
total phosphorus (calculated on a 100% dry matter basis)
took place (see Téble 18). These increases, moreover,

were of comparable magnitude to the apparent increases

in total nitrogen for the same samples.



Table 19.

S ———————————

.Chenges in total nitrogen values

(calculated as a

percentage of that welght of dry matter containing the

iInitial amount of phosphorus).

Perlod before

sampling .~ Pin A
weekKxs

Initial 2,873
' 2 2,630 (845)
9 2,651 (747)
18 2,636 (843)
39 2,716 (5.5)

Tin B

2,875
2,732 (540)

2,697 (642)

2,717 (545)
2,763 (39)

% loss figures in brackets.

Table 20,

-Changes in protein nitrogem values (calculated as a

Tin

2,861
2,635
2,768
2,774
2,726

C

percentage of that weight of dry matter

.containing the Iinitial amount of phosphorus).

Perlod before

%EQE%;?Q Tin &4
\weeks
Initial 2,629
2 2,407 (845)
9 2,461 (6.4)
18 2,476 (5.8)
(646)

39 2,455

Tin B

2,637
2,540 (
2,531 (
2,528 (
2,306 (

% loss figures in brackets.

Tin C

2,617
2,456
2,476
2,385
1,850

PN NN

(e Neole o)
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It is evidént, therefore, that the calculation
of analytical values on a 100% dry matter basis
1s liable to misinterpretation vwhere changes in the
‘condition of the stored feed;ng-stuffs are liable to
occur eilther By normal respiratory processes of the
vmaterial itself or by microblal activity. A more
correct indication may be oﬁtained:of the total
.niltrogen value of such samples by its calculation as
a percentage of that welght of dry mgtter containing
the initial amount of phosphorus. When these values
ere used (See Table 19) it is seen that instead of an
apparent increase in total nitrogen a loss of nitrogen |
bwas sustained by all three samples of bran during
'storage. If the N.P.N. values for these samples are
subtnacted from the total nitrogen values and the
resulting figures calculated as a percentage of that
welght of dry matter containing the initial amount of
phosphorus, it can be seen that the losses of protein
nitrogen from these samples of bran amount to 6.6,
14.4 and 29.3% respectively for the samples at the thre%
‘moisture levels (see Table‘zo). The sample containingf
the highest percentage of moisture experienced the
highest protein breakdown. It is possible that the
figures given in Tables 19 and 20 do not represent
the complete losses in total nitrogen or in protein
nitrogen from the bran because these figures may
include some nitrogenous compounds synthesised by the

developing micro~organisms from atmospheric nitrogen.



Table 21.

Chenges in titrateble acidity values (cc.N.NaOH
required to neutralise.acids ifrom 100 g. ary matter).

Period before

sampling Tin A Tin B Tin C
weeks . )
2 12.03 Oe44 7e31 |
9 . 6.91 6465 ‘9495
18 . 215 4,34 ’ 13,87

39 5469 7469 19.68
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It has been shown by Latham (1909) that some mould
species are capable of such synthesis., This may
account for the losses in total nitrogen, recorded
in Teble 19, after 39 weeks being smaller than those
after 2 weeks, for microbial activity was limited
during the first two weeks but extensive during the

later period of storage.

6. Titratable acidity.

| An indication of the acid fractions contained in
the three bran types Ehroughout the period of storage
was obtained by meaéuring the titratable acidity df a

6"7% alcoholic extract of the samples according to the

method of Schulerud (1932). The sultability of\various
methods of acidity estimations for samples of feeding=-
stuffs are discussed in Part ITI of this thesis but -
;the method of Schulerud (1932) was chosen for these
’samﬁles because it gave a maximum acidlty value
:representative of amino acilds, free fatty acids and
acld phosphates present in the material. At all three |
moisture content levels a marked reduction in the |
titratable acidity was observed with the development f
of mould deterioration (see Table 21). Experiments
carried outvat a later date with 1 g« samples of bran é
‘showed this to be due partly to the utilization of

free fatty acids by the micro-organisms. The titratable
acidity value wvill, however, also be reduced by the
appearance of mould by-products many of which ape

alkeline in reaction. During the later period of



o . Table 22.
-Changes in pH of bran storéd 1n;closed
=DRnRR S containers.

Period before

.sampll Tin A Tin B Tin C
lweeﬁs; ,

Initial 5477 607 5487
2 5.82 6.09 6419

9 6425 6471 6480

18 7426 6489 6481

39 . Te42 8.15 8.03
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storage where fermentation was proceeding rapidly the
titratable acidity increased in all samples and was
greatest for the sample of highest moisture content
(Tin C). |

7. pH values,

’ The pH value of each sample of bran was estimated
:at the different sampling periods according to the
iofficial method (Cereal‘Laboratory Methods, 1941).
%Bran has a high buffer value amounting, for these
isampIes, to 13 ml., N/50 acid or alkali required to
Zgive a unit change in pH (Cereal Leboratory Methods,
11941). This will minimise any variations in pH.
iwaever, all samples showed an increased pH towards
%the alkaline side of neutral as mouiding and general
ideterioration proceeded (see Table 22). This finding'
iconfirms the observations of Sharp (1924). It will be

fseen that these increases in pH towards the alkaline

1side of neutral were, for some samples, accompanied by

ﬁincreases in the acid fractions of the bran measured
v%by the titratable acidity. These two facts appesar

éto be contradiétory, but it must be remembered that the
;pH 1s measured on the whole bran material while the

;titratable acidity 1s measured on an alcohol extract

|
gof the acid fractions which may not include all the
 mould by=-products many of which are slkaline in

reaction.
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(b) FARM STORAGE OF BRAN IN SACKS.

A newly milled sample of fresh bran was ohtained
of 13.,0hmoisture content. The moisture content of two
iéacks of the bran was adjusted to 16.5% and 18.4%
?moisture,respéctively, by adding water and thoroughly
;mixing the samples. Representative initial samples
:of each of the three types were taken and the sacks

|
|

was an error of + O.l kg. The sacks were allowed to

were then weighed on a weighing machine on which there -

stend for a period of 16 weeks in the farm store,
:described on page 15 . At weekly intervals the sacks
.;were.re-weighed and changes in welght recorded. Dally
zreadings of the temperature and humidity of the store
;were taken. Notes were made of the condition of the
bran in the three sacks at the time of the weekly
éweighing. Type I (initially containing only 13%
moisture) remained in fresh condition throughout the
{storage period. Type II (initially containing 16.5%
moisture) developed heating after 8 weeks storage and j
type III (initially contaihing 18.4%-moisture) heated
after only 4 weeks storage. At the end of the storage
period the samples were emptled out of the sacks and -
thoroughly mixed. The heating of the bran in Types II

and III caused compaction of the bran into hard lumps.

Representative samples of each type were taken.at the
beginning and at the end of the storage period and
were analysed for moisture content, total nitrogen,

non-protein nitrogen and total Phosphorus.



Changes in weight of sacks of bran

during storage.

The sack (Type I) conbtaining bran at the lowest
émoisture content (initially 13%) showed the least
change in Weight. FPige5 shows how the weight of this
sack was influenced by the variation in humidity of‘tkmf
'store. After‘ks weeks storage its weight showed a

small change from 52.2 Kg. to 53.0 Kg. This could be

|

;attributed to the rise in moisture content of the bran %
from 13% at the start of the experiment to 14.6% at

%the end. The weights of dry matter in the sack
éinitially (44.8 Kg.) and finally (44.6 Kg.) showed &
éloss of dry matter of only 0.4%. This is within the
;experimsntal error of the weighings.

The sacks containing bran at the higher levels of |
%oisture content (Types II and III), on the other hand,}
%showed a marked loss of weight during the perilod of
istorage. This loss occurred sooner in the sack
containing the moister bran of 18,4% moisture (Type III)
and was of greater extent than in the sample that
initially contained 16.5% moisture (Type II)~- see Fig.si
The loss of weight in these two sacks took place at the%
the time of and after heating of the bran. The fresh f
weight of Type ITI fell from 51l.2 Kg. to 49.9 Kg. and
of Type ITI from 55.5 Kg. to 51.6 Kg. While some of
this weight loss can be accounted for by loss of water

vapour (the moisture content of Type II fell from 16.5%
to 14.8% and of Type III from 18.4% to 15.1%) it cannot



FIG § Change in weight of sacks of bran
during stomge.
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Table 23.

Analytical results of bran stored in sacks on farm.

Total Nitrogen (mg N/100 g. dry matter).

I oI . III
Initial 2,520 2,443 2,445

After 16 weeks 4 ‘
storage 2,523 2,528 (Be5) 2,527 (3.4)

NoPuoN. (mg N/lOO e dl“y matter)o

Initial 221 216 214 .
After 16 weeks
- storage 196 162 o147

Total phosphorus (mg P./100 g. dry matter).

Initial 1,114 1,111 1,126
After 16 weeks
. storage 1,144 (2.7) 1,147 (3.2) 1,162 (3.2)

% increase figures in brackets.



aY

be completely accounted for in this way. The weights
of dry matter contained in the sack Type II fell from
43.2 Kge to 42.5 Kge = a dry matter loss of 1.5%,

whlle that contained in the sack Type III fell from
145.1 Kge to 43.7 Kge = & dry matter loss of 3.,0%., It
éwould appear, therefore, that the increased respiration}
%of the bran at these two higher moisture levels E

‘resulted in heating and consequent loss of dry matter. |

1
I

Analytical results.

% Results of estimations made to determine tobal
%nitrogen, N.PaN., and total phosphorus in samples takeﬁ
Eat the start and at the end of the storage period are
?given in Table 25. These figures are in agreement
jwith those for the samples of bran stored in closed
}containers described previously. All three types ]
%showed a loss in N.,kB,N. after 16 weeks storage. Typesi
%II and III showed an apparent increase in both total i
‘nitrogen and total phosphorus of about 3%. These

3apparent increases can be attributed to the losses of

§dry matter which occurred when the two sacks heated.

‘As shown above these losses were also recorded by

‘wei ghing. |
(c) LABORATORY STORAGE OF 1 g. SAMPLES OF

| EEEIFKT‘EﬁﬂTﬁBﬁEﬁE"ﬁﬁﬁTﬁ%TY AND

5 IE‘IE Ei ETUBE - N

The chemical changes in the composition of bran |
occurring during storage deterioration were also

investigatéd under the more carefully controlled

conditions of humidity and temperature which are



Table 24.

Chemical analyses of 1 g. samples of bran
aftor 4 Weeks sStorage at 05% ReH.

Temperature Total Nitrogen N.P.N. Total Phosphorus % Ash % Ether
-0f storage (mg N/1lOOg. dry matter) (mg P/100g. extract
oc , i " dry matter)
0 2,440 220 1,057 5454 3494
25 2,435 106 1,060 5e46 1.89
50 2,348 143 1,056 5445 1.86
Teble 25.
Changes in acidity of 1 g. SPles of bran after
4 weeks storage at 85% R.H.
A. B. ,  Amino acid +
Temperature Titratable acidlity Fat acldity phosphate aclidity
of storage (67% alconol extract) (benzene extract) (by subtraction of
oG . A B from A).
0 765 3423 442
25 613 ' 1.79 4,34
50 6483 2.25 4.64



bossible with small samples of feeding-stuffs in the
laboratory. 1 g. (dry wbt.) samples of bran were
welghed into small petri dishes which were then
:eXposed in desfccators to an atmosphere of 85% R.H.
econtrolled by sulphuric acid solutions using the data
~of Wilson, 1921. The desiccators were kept at three
ifemperatures, 0°C, 25°C, and 50°C. After 4 weeks
;storage the samples at 00C showed no sign of
ideterioration; those at 25°C had developed extensive
mould mycelium and fructification; and those at 50°C
showed a darkening of colour due to the heating effect
gof this storage temperature and also showed some
%deterioration by moulds which were resistant to this
itemperature. At the end of the storage perlod the
%samples were analysed in duplicate for moisture
icontent, total nitrogen, N.P.W., total phosphorus,‘
éether extract, ash, titratable acidity, fat acidity
gand PH. In this way it was possible to obtain some
%indication of the chemical changes that occurred

%With extensive moulding (the samples at 25°C) and with
;heating and some moulding (the samples at 50°C). The
Eresults are recorded in Tables 24 end 25.

|

g Anglytical results.

%(l) Moisture content.

The moisture content of these samples of bran was
fixed by the equilibrium reached with the controlled
humidity of the atmosphere to which they were exposed.

The samples were weighed at the end of the storage

i
{

i
'
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period and from these weights it was possible to
calculate the amount of water held at the different
temperatures. At 00C this amounted to 17.28% moisture,
at 259C, 15.38% moisture and at 50°C only 12.03%
:moisture. Oven drying these samples for three hours
;gave 17.27%, 18.62% and 16.76% moisture respectively. ?
- The discrepéncy in the figures for the 25°C and the ‘
50 °c samples may be accounted for by the fact that
;the:» moisture content figures for the moulded and
'heated samples include errors due to losses of dry !
;matter during storage and of volatile matter during 1
jthe moisture content estimation at 100°C. There was
Zno loss of dry matter from the éamples stored at 0°C,

‘but a 3.8% loss was recorded for the samples at 25°C

}and n 5.4% loss for the samples at 50°C.

22. Total nitrogen.
| There was no significant change in total nitrogan?
for the samples stored at 0°C. and at 25°C. over the |

;4 week storage period, even though the samples at 25°C.had
isuffered mould deterioration. The heated samples ‘
%stored at 50°C showed a 3,87 loss in total nitrogen.
%It is of interest to note that if these total nitrogen
EV'alueshad been calculated as a percentage of the dry |
gweight present in the damaged samples after the |
%storage period they would have shown apparent increase§
in total nitrogen of 3.8% and 7.6% respectively for
the 25°C and 50°C samples.
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3¢ Non=-protein nitrogen.

The damaged samples of bran showed ﬁarked losses
of N.P.N., the moulded sample (25°C) showing a
greduction to less than one half of the N.P.N. present
?in the undamaged samples stored at 0°c.

4. Total phosphorus.

There was no significant change during storage
:in the total phosphorus content of the bran samples,
:irrespeotive of any deterioration that took place.
It may be noted, however, that had the values for the
;2500 and the 50°C gsamples been calculated as a

;percentage of the dry matter present in the damaged

fsamples after the storage period, they would have showﬁ

;apparent increases In total phosphorus amounting to

347% and 4,7% respectively.

5. Ether extract.

|
|

The development of mould and heating deterioratioﬁ

‘resulted in a loss of over 50% of the ether-soluble

fraction of the bran stored at 25°C and 50°C. The fat |

' 1s presumably broken down to free fatty acids and used

'as a source of energy by the developing mould species.?

‘6. Aﬁh.

!

There was no significant dhange in the ash contenﬂ

Eof the. samples during the storage period.
7. Acidity values.

‘ It was mentioned on page 35 that acidity in
feeding-stuffs is due mainly to three fractions (a)

free fatty acids, (b) amino acids, and (c) acid
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phosphates. An indication of the total acidity (all
three fractions) was obtained by estimating the
titrétable acidity after extracting these bran samples
with 67% alcohol ,(Schulerud, 1932), while the amounts
~of free fatty acids were estimated by the rapid fat
;acidity method (benzene extract) of Zeleny (1938).

- The results for these acidity estimations are glven

. In Table 25 and show that there was a marked reduction

in the titratahle acidity for the damaged samples
.j(stored at 25°C and 50°C). This reduction was even
more marked with the figures for the free fatty acid
fraction which showed a decrease of almost 50% . for
}thé moulded samples stored at 25°C. The utilizétion
ibf this fraction by developing mould species enables
the fat acidity to provide an index of the condition

rand extent of deterioration of such stored feeding=-

i
1

Estuffs. Some indication of the amounts of amino acids§

‘and acid Phosphates in these samples may be ohtained
%by subtracting the vélues for fat acidity from those
Tof.' the titratable acidity (which accounts for all
three acid fractions). Table 25 shows that the values
éfor amino acid + phosphate acidity remain constant
éfor the variously damaged samples which suggests that
%during the early stages of deterioration these ftwo
%acid'fractions are but little affected by moulding or

‘heating.



(d) THE RESPIRATION OF BRAN AT DIFFERENT
MOISTURE CONTENLS.

Survey of literature.

~ The respiration and the development of heating in
'stored feeding-stuffs has been attributed to two

i

icauses; .firstly to the respiration of the plant cells
?still active in the stored feeds themselves, and i
ésecoﬁdly to the respiratory activity of moulds and
éother micro-organisms developing on these materilals. |
i - The relation of moisture content to the rate of
;respiration and heating of spring wheat was pointed out?
;by Balley (1917) whose observations of practical J
v;étorage conditions showed that wheat of 14.5% moisture
would not heat, but that at 15.5¢ and above heating |
was liable to occur. Balley and Gurja (1918, 1920)
fmade laboratory observations on the rate of
%respiration of wheat of 12 to 17% moisture and the
;effect of the type, size, and condition of the grain
%on the respiration rate. Bailey (1921) made similar
%observations with shelled corn and Smith and Bartz
%(1952) undertook simillar experiments with oats, corn
?and mixed feeds. Bailey (1940) extended this work to
iinclude studies on a variety of cereals and flaxseed,
gThe results recorded by these authors are in general
Eagreement in so far as they cohfirm the observation
‘that the chief factor controlling the rate of respiration
and the heating of féeding-stuffs is the moisture

content of the material stored; as the moisture
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content was increased so the respiratory rate was
accelerated and heating was more liable to occur.

James et al. (1928) attributed heating in corn
meal mainly to bacteria and to thermophilic and
thermogenic moulds. Gilman and Barron (1930) found
that the rise in temperature of mould inoculated
cereals at 18% and 20% moisture was greater than that
of sterile cereals. Using toluene and carbon
tetrachloride Larmour et al. (1935) differentiated
between heating due to the respiration of wheat grains
themselves and that due to the development of micro-
organisms,

This study of the literature faliled to reveal any
observations on the respiration of bran which, compared
with other feeding-~stuffs, was known to be very |
-susceptible to heating during storage. It was decided
(a) to investigate the effect of the moisture content
on the rate of respiration of bran; (b) to make
observations on the extent to which developing micro-
organisms increased the respiration rate of the bran
material itself; and (c) to obtain some indication of
Ythe level of moisture content at which bran could be
stored without the danger of heating resulting from a
high respiration rate.

Experimental.,

An apparatus, similar to that described by
Hatfield (1931) for observations on the water uptake

of samples of wood and on the respiration of wood-
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destroying fungli was employed. By its use a continuous
stream of carbon dloxide = free air at a fixed humidity
could be passed over a welghed quantity of bran of
given moisture content. The carbon dioxide respired

by the bran was absorbed in standardised N/10 barium
hydroxide. Each bran sample was contained in a Dewar
vacuun vessel and the temperature of the sample was
recorded throughout the respiration period. The air_’
8tream was regulated by means.of an aspirator which
enabled 750 ml. of carbon dioxide = freé ailr to be
passed through.the apparatus in an hour. Data given

by Spencer (1926) in the International Critical Tables
for fixed humidities controlled by saturated salt
solutions were used, careful note being made of the
temperature of the various solutions during the
‘experiment. The use of these solutions enabled the
passage of an air-stream at the humidity that was in
equilibrium with the moisture content of the bran sample
under trial. The moisture content—relative humidity
equilibrium curve for bran given by Snow et al. (1944)
;provided the data for the adjustment of these values. |
The employment of a continuous alr-stream obviated the
dangern, pointed out by Bailey and Gurja (1919), of
reducing-the rate of respiration by allowing the
Naccumulation of carbon dioxide in the bran sample underl
trial, The use of saturated salt solutions to

control the humidity of the air~stream in relation to

the moisture content of the bran sample was an
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lmrovesent on the technicue ol Larmour et al. (1935)

who carried out observations en wheat of wvarious

- moisture contents with a continuous absorption apparatus,

1rrespective of changes in the moisture content of the
samples during the experiment.

Bran was introduced into the Dewar flask in weighed
ambunts equivalent to 40 g. of dry matter. The moistuﬁe
content of the sample was estimated before and after ‘
each total period of respiration,which lasted 4~=5 days;
For the samples of low moisture content, where the
respiratory rate was slow,‘a single estimation was madé
of the carbon dioxide respired over this whole per'iod.‘i

But for samples of high moisture content, which

respired rapidly, estimations were made over periods oﬂ

5. or 24 hours on each day of the whole respiration

period. ‘ ;
After absorption of the respired carbon dioxide iﬁ

b#rium hydroxide the excess alkali was titrated with |

| /10 hydrochloric acid using thymol phthalein as an
indicator. No attempt was made to Filter off the

barium carbonate, formed during the respiratory period,

'

before titration with hydrochloric acid because the
presence of carbonate in the titration solution has
been shown by Martin and Green (1933} not to affect the

result, provided that hydrochloric acid not exceeding

‘this strength is used. The suggestion of Truog (1915)§
- that the solution be well shaken during the titration
fto prevent local concentrations of acid was also

‘adopted.



Table 26.

Rate of respiration of‘bran at different molisture

% R.H. of
alr-gtream

64)
o4}
72.6
84
88
90

Tevels.
Sat, salt zLMoisture content ‘Rate of
solution Before After respiration®
respiration respiration

NaNO2 12471 12.83 "1
12,95 12,96 20

 NH4C1+KNOz 14497 14.98 B0

KBr 18.87 18.85 76

BaClgRHo0 , 23469 23469 : 624+

ZnS047TH20 27434 28,04 9le+

¥ mg.C02/100 g. dry matter/24 hours.

+ figure obtained for the first day of
respiration period.
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Results.

It can be seen from Table 26 that the rate of
‘respiration of bran was directly related to its
?moisture content. The moisture content of the samples,
%controlled by the humidity of the air-stream, remained‘
constant over the period of the experiment. Below ’
313% moisture the rate of respiration was very slow but;
‘as the moisture content increased, so the respiratory
%rate was accelerated. At 15% moisture content it was
édouble that at 13%, and at 18.9% almost four times
%that at 13% moisture. At moisture contents within
ithis range (12.7-18.9%) the carbon dioxide evolved
;waé mainly attributable to the respiration of the bran
‘i1tself because, at the end of the respiration period,
;the samples showed no signs of mould development. At
moisture contents above 20%, however, the rate of
irespiration was markedly accelerated above that at
:18.9% moisture. It was evident that the carbon dioxide
evelved at these high moisture content levels was due,j
inot only to the respiration of the bran itself, but
ialso o the development of micro=-organisms on the
?feeding-stuff. The respiration rates for these samples
increased throughout the 4=5 day period. Thus the
rate of respiration for the 23.7% moisture sample was
624 mg.COs on the first day, on the second it had
risen to 1,019 mg. CO2 and on the fifth day to 6,443
mg. CO0o/100 g. dry matter/24 hours. The sample at

27.3% moisture content showed an even greater rise from



916 mge. COo on the first day, to 1,636 mg., CO2 on the
second day, to 11,860 mg. COo on the third day and
eventually to as much as 29,210 mg. CO-5/100 ge dry
matter/24 hours on the fourth day. The figufes for the
second to fourth day are of even'greater magnitude i
than the figure given by Swanson (1935) for the |
respiration of 35.54 moisture wheat (1,370 mg. C02/100 g.
dry matter/24 hours). It is probable that bran has a
higher respiration rate than wheat owing to the nature
of the bran material, which comprises the outer seed
coat and the germ of the wheat grain. These portions
‘of the seed are more active than the inert starch
grains of the whole kernels. However, increases such
as those recorded above for bran of over 20% moisture
can only be asttributed to the development of moulds
and other micro-organisms. Such deterloration was
observed micfoscopically at the end of the respiration
~experiment.

Conclusion.
In regard to the practical storage of bran it 1s

ievident from these experiments that bran stored at a
moisture content of less than’ls% will have a very

low respiratory rate and therefore will not be liable
to heating®. Bran of 15-19% moisture content respires

at a much faster rate, and the length of time during

*This finding is based on experiments with fresh bran,
free from insect infestation. It may be noted that a
sample of bran of 12.8 % molsture which was infested
with mites had a respiratory rate of as much as 288 mg.
C05/100 g. dry matter/24 hours.



56

which such material can be stored with freedom from
heating will be limited. Samples of bran contalning
over 20% moisture will show very rapid deterioration
resulting from a high respiration rate and

microbiological damage.
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PART III., EXPERIVENTS ON ACIDITY VALUES IN

STORED FEEDING=STUEFFS.

Survey of literature.

§ The various forms of acidic compounds occurring i@
écereals end cereal products together with methods of ‘
gtheir estimation have been summarised by Zeleny and E
Coleman (1938). Acidity in such feeding-stuffs may be
;due to (a) acid phosphates, (b) free fatty acids, j
%(c) amino acids. These ffactions have been variously %
" estimated by extraction with water, alcohol of |
‘different strengths, benzene or ether. Anomalous
‘pesults have been obtained by different workers becausé
:they employed different methods which extracted the ‘
‘acid fractions in different proportions.

| The water soluble acidity (Methods of Analysis,
1940), is open to criticism because it does not
‘account for either free fatty acids or amino acids and
:also because it includes acid phosphates produced as (
‘breakdown products from the phytin in the feeding-stuffF
-zduring the period of extraction. The Greek or Balland f
‘method which involves extraction with 85% alcohol |
(Cereal Laboratory Methods, 1941) gives low results
‘because acid phosphates are not completely soluble in
this solvent. Schulerud (1932} found that both
Phosphates and fatty acids were easily soluble in 67%
alcohol and that this concentration gave the highest

acidity value. 2Zeleny and Coleman (1938) considered



Table 27.

Effect of fineness of grinding on acidity
values of bran.

Water soluble  Fat acidity®  Titratable

,aciditz‘ sacidity
(60% alcohol)

Bran (finely ground - De30 8e71 13.01
(coarsely ground © Q.22  Tel4 11.65

- % Rapid method of Zeleny (1938).



that the fat acidity fraction gave the best indication
of the condition 6f cereals since only this fraction
increaéed significantly during the early stages of
deterioration. They put forward a method for the
estimation of the three separate acld fractions.,

Criticism of methods of acid extraction
from cereal products.

The methods surveyed above have been used.in this?
'present work for the estimation of acidity in bran andi
11n some other feeding-stuffs. The reliability of these
jmethods has been investigated, particularly in regard to
%variations in the degree of fineness of grinding of
ithe material as well as in the length of time and

'conditions of the extraction. All results are

jexgressed as ml., of N.KOH (or NaOH) required to

éneutralise the acids from 100 g. dry matter.

' (1) Effect of fineness of grinding.

A sample of bran which had been stored under farm:

%conditions for some months was used in its original - }

icoarsely ground state and acidity extraction results

compared with those of the same material ground finely.

The figures givém in Table 27 show that extraction |
}With 60% alcohol gave a higher acidity value than

iextraction with either water or benzene. The finer
ground sample gave higher fat acidity and titratable
acidity values than the coarser sample.

(2) Effect of time of extraction.

Beleny (1938) suggested that the rapid extraction



Table 28
' Fat acidlty values of bran.

Period of Coarse Medium Fine

& 6429 6496 6463
1 6479 - 720
2 7 el - 7040
4 ’7.75 - ‘7.93

Petroleum extract 8,30 8675 _ 856
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of free fatty aclds should be carried out on a

mechanical shaking device for 30 minutes. Comparable
results are stated to have been obtained by shaking by‘
hand for 45 minutes. It wa; found in the' . present

experiments, however, that an increase in the fat

~acidity value was obtained for periods of mechanical

' shaking (revolving wheel type of shaker) up to 4

ghours.

A fresh sample of bran was used for fat acidity
estimations which were made on (i) the bran in its
original coarsely ground state, (ii) the bran medium

ground on a coffee mill, and (111) the bran finely

'ground on a Christy and Norris laboratory mill,

The rapid method of fat acidity determination

i(Zeleny, 1938) was used but shaking was carried out

imechanically for periods up to 4 hours. Resulis

obtained by this method were compared with those

obtalned by soxhlet extraction for 16 hours with

light petroleum (B.P.40-60°) and are shown in Table 28.

The fat acidity value increased with the length

' of the shaking period and had not reached its meximum |

}even after 4 hours. It was also noted that the

;figures obtained after the longest period of shaking
were still less than those obtained by soxhlet

extraction for 16 hours. For bran and other feeding=-

stuffs of high free fatty acid content it will be
necessary, therefore, to use the soxhlet extraction

method in order to obtain the maximum fat acidlty



Table 29.

Effect of temperature on fat acidity

extracts of

- bran,

Sample Soxhlet extract

Rapid benzene extract

(ITight petroleum) Cold Hot
A 295 2049 205
B 0.99 1,01 1.33
c 0.72 0483 1409
D - 1l.84 1,91 249



value. Where the fat acidity value 1is low,as in
moulded samples of bran and other feeding-stuffs. and
in whole cereals and flour samples, such marked
differences will not be observed in the fat acildity
‘values obtained by the two methods (see Table 29).
‘Where the rapld method for the estimation of fat 1
acidity is used, care must be exercised in the |
‘standardisation of the time of shaking. Such care
does not seem to be of so great Importance in the
‘titratable acidity extracts with 60 or 70% alcchol,
since compargble results were obtained for the same
-sample of bran using both these strengths of alcohol
‘and shaking for periods of 5 or 1 hour. Zeleny (1938) i
‘has empliasised, however, that the concentration of 1
5aicohol in the solution titrated is of greater |
significance than the concentration of alcohol used |
for extraction. He has suggested extracting with 60-70%
ialcohol and then increasing the strength to 85% before
titration to obtain the maximum value for the amino ;
;acid fraction. Results obtained in the present series
Tof experiments confirm this finding.

| The figures obtained in thils experiment (Table 28)
:agreed'with those obtained in the previous series |
(Table 27) in regard to the finer ground samples which |
gave higher fat acidity values than the coarselj |
ground samples. This increased value was more marked

for the medium ground sample than for the finer ground

sample, This finding is probably accounted for by the
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medium sample being ground 48 hours before the finer
sample, although the fat acidity extracts were made
at the same time for each sample. It has been poiﬁted‘
%out (Cereal Iaboratory Methods, 1941), that fat ‘
%acidity determinations should, where possible, be o
;carried out immediately after grinding because the
figures obtained are known to increase raplidly after
1»ssuc].'.t treatment.

?

| (5) Temperature of extraction.

The rapid method of fat acidity estimations

(Zeleny, 1938) was applied to four different samples of
’bran, three of which had shown extensive mould |

,deterioratlon, using benzene at laboratory temperatufe

l

;(17°C) and at 47°C. The bran samples were all dried

:
éto contaln 1% moisture before the estimations were
@made. The hot benzene extraction gave a higher value ;
?than the cold extraction (see Table 29). Soxhlet
:extraction with light petroleum for 16 hours gave
gresults more comparable with the cold benzene rapid
sextraction.

The Change in acidity values of bran stored
at different molsture content.

An estimation of the three separate acid

ifractions for these four samples was made according to

%the method of Zeleny and Coleman (1938). Sample A
contained 16% moisture and had been stored in the
ice-chest for 10 months, samples B-D were originally

‘damped to 16, 19 and 25% moisture and stored in closed

tins for the same period, after which their moisture



Sample

vauw

Table 30,

Acidity fractions of damaged bran.

1

Pat acidlt
(SoiEIeE

extract)

2495
099
0.72
l.84

2 3
Anmino Phosphate Total
~acid acidity ascidity
acidifz (sum of 1,
-2 and 3)
'2.79 5e28 9.02
3489 2682 C 7,70
3445 34653 7480
13.28 14,56 29 .68

Titratable

acidit
(67 aToshol )

6401
5461
5484

22.21




' the extraction with 67% alcohol (see Table 30). This

g
SRV

contents had increased to 25, 29 and 35% respectively.

Considerable mould deterioration and some fermentation

" had taken place in three of these samples (B=D) of
bran. All four samples were dried at 100°C until theyi

contalned only 1% moisture before acidity estimations
were made.

If the values for the three différent acid

 fractions be added together all four samples show a §

_higher figure for total acidity than that obtained from

I

' indicates that, for these samples, either the method of

jby the adjustment of the concentration of alcohol in

;content of the bran. This fraction is presumably
iutilised as a source of energy by the moulds as they

- develop. The fat acidity value does, therefore, not |

- of moulding serves to reduce the free fatty acld

Zeleny and Coleman (1938) does not ensure complete i

separation of the phosphate and amino acid fractions

the solution titrated, or that the acid fractions are
not completely extracted by 67% alcohol.

These results do show, however, that the onset

only serve as an index of the age and

-quality of a feeding-stuff before mould deterioration |

- (Zeleny and Coleman, 1938), but is also an indication }

of the onset of mould growth. The amino acid and acld'

pPhosphate fractions did not show marked differences
until extensive moulding and fermentation had caused

-marked - breakdown of proteins, and other bran



‘constituents as in sample D (Tablé 30).

1.

2« The rapid method of fat acidity estimation (Zeleny,

~analysis. Soxhlet extraction with light petroleum

Concluslione -

'The fat acidity fraction has been shown to be a

valuable index of the condition of stored feeding-\
gtuffs both before and after the development of

mould deterioration. j
|
l

1938) was found to be unsuitable for application

i
to samples of bran since it was affected by the i
degree of fineness of grinding, the time and
temperature.of the extraction and the period i

during which the sample remalned ground before

is suggested as the most reliable method for the
estimation of the free fatty aclids in these

samples.
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PART IV. THE WATER-UPTAKE OF FEEDING=STUFFS

CONSTITUENTS.,

It has long been recognised that humidity and
moisture content are the primary factors controlling

the condition of stored products, in particular their

' freedom from moulding. Snow et al. (1944) recorded i
, ) , —_— ‘

}the minimum humidities at which moulds could develop

|

{on feeding-stuffs and laid dowvn safe limits of moisture
. !
contents for different feeding-stuffs corresponding !

I

to thelr water-uptake at these humiditlies. These
suthors also showed’(loc. cit.) that the degree and

-icharacter of the water uptake of feeding-stuffs could
‘be correlated with the relative amounts of starch, :
‘protein and fibre which they contained. For this
%purpose the water-uptake of these purified feeding- |
éstuff constituents had to be studled. Details of

%these\experiments are given below,

‘ Rice starch, two plant proteins (glutenin and
EedBStin), two animal proteins (égé albumin end casein) |
gand purified fibre obtained from bran® were used for ?
éthe water uptake experiments. 0.4 g. (dry weight) i
isamples of these materials and of mixtures of these f

Ematerials in definite proportions were weighed into ]

'small glasé petri dishes. The samples were then dried [

*Extracted according to the method of crude fibre
estlmation. (Methods of Aralysis,. 1941).
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Table Bl.

Water uptake of‘starch, protein and fibre sampleé

(g.water/100 g. equilibrium weight).

% R.H. Rice starch Glutenin Bran fibre
8 b & b a b
10 5480 6.12 269 3486 2.11 2.20
20 7.21 8,00 3e93 5439 2,70 3,30
30 8.80 9.26 5.66 7.47 2467 3,97 .
40 9.80 10,78 6,71 8,73 4,27 5,08
50 11.22 12.16 7.95 10,04 5.40 582
60 12446 13,40 9.77 11.53 6425 7436
65 13,13 14,50 10.32 11,91 7.08 8,13
67 13,73 14,43 10.75 12,17 7e57 8417
70 14,14 14,99 11.15 12.36 7.89 8.66
72 14,37 - 15,40 11.62 12,65 8,05 8483
75 14.80 15.62 11,90 12,90 8451 9.27
80 15,47 16470 13,40 13,46 9.29 10,05
85 16 .46 15,04 _ 10449
90 19,9 18.8 14.1
100 2648 45,0 27.8

a =« Hydration value.

b = Dehydration value.



cre

in a desiccator at 0% R.H.. until no further loss in
weight was measurable. They were transferred to a
‘renge of humidities from O to 100% (using the data of
Wilson, 1921) and stored at 25°C. The dishes ﬁere
weighed after 1, 4, 7 and 14 days and the moisture

uptake at each humidity was calculated. From these

requilibrium values the hydration curve for each sample

|

;was obtained.
!

| Hysteresls effect.

After the completion of the weighings to obtain
the hydration equilibrium values of the materials
géach sample was exposed for 24 hours to the humldity
‘immediately above that at which it had reached
| equilibrium in the range of humidities used. Thus'the
sample that had attained equilibrium at 10% R.H., was
exposed to 20% R.H, for 24 hours, the sample at 20%

R.H. to 30% R.H. and so on. After this period the

‘sémples were returned to thelr original desiccators and

%re-weighed sfter periods of 3 and 7 days. In this way
1it was possible to calculate dehydration equilibrium
‘values for the different materials. Some indication
Eof the extent to which these subétanoes exhibit the
?phenomenon of hysteresis could thus be obfained. The
Edifferences in hydration and dehydration equilibrium

values for rice starch, glutenin and bran fibre are

recorded in Table 31.

i
|

|
|
i

i
|
|
i

It was apparent that different dehydration values

could be obtained for these samples according to the



Teble 32,

Water uptake at equllibrium of rice starch and bran fibre
showing hysteresis effect.
(g.water/I00 g, equilibrium weight).

R.H. Starch Fibre

a B & & b L
10 5.80 6el2 634 2611 2420 259
20 721 8400 8el6 2670 330 3653
30 889 Qe26 089 3467 3697 4,53
40 9.80 10,78 10.82 4,27 5.08 5425

50 11,22 12,16 12.32 5440 5.82 6442

a = Hydration value.

b m Dehydration value at given R.H. after
exposure to the R.H. immediately above
it for 24 hours.

Cm Dehydration value at given R.H. after
' exposure to 85% R.H, for 24 hours.



:humidity at which they were exposed during the 24
‘hour period. Thus if the samples were all exposed to
85% R.H. for 24 hours and dehydration values were
obtained by calculating their weights at equilibrium
iwith the original humidifies to which they were
jexposed, higher dehydration values were obtained than l
fbyfusiﬁg the technique described in the previous ‘E
éparagraph. Both dehydration values were higher than
;the hydration values (see Table 32). j
% If the water uptake figures at the various |
humidities, given in Tables 31, 33 and 34, be
irepresented graphically typical hydration and i
?dehydration curves for these materials can be obtained.
 Suoh curves for glutehin are given in Fig.6. The
?difference bétween these fwo curves'indiéates the |
Zhysterésis effect. In general this amounted to about

§x5% moisture for all the materials except glutenin,

fwhich showed differences averaging L1.S5% between the !
hydration and dehydration values. ' |

Water uptake of starch, protein g
and fibre samples. ]

If the values given in Tablé 31 be graphically

Lo }
represented typical hydration curves for the purified
| {

!

@aterials (rice starch, glutenin and bran fibre) can |
%e obtained and are shown, for the range 40 to 100% R.H.,
as continuous lines in Fig.7. It will be éeen that the
cufveé are of two general shapes. The starch glves a

straight line relationship from below 40% R.H. to 85% RéH.
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FIG. T Waler uptake curves of starch,

profe,in and ﬁbre mixiures.
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Table 33,

Water uptake (hydration values) of mixtures of
starch, protein and fibre samples).
(g.water/100g.equilibrium welght).

i ¢ 2 parts starch 1 part starch 2 parts protein 2 parts starch 1 part starch
R.H. + + + o+ +
~ 1 part protein 2 parts protein 1l part fibre 1l part fibre 2 parts fibre

40 “0431 8639 6607 - 8.42 Se51

50 10,36 9 .37 754 Q.61 7.63

60 11,60 10.79 8470 10469 8.48
70 13,20 12,90 - 10.55 12.20 10.39
75 13,80 13.01 11.31 13.06 10.81
1 80 14.81 14.24 12,33 14.07 11.82
| 85 16445 16.24 14,14 15,05 12,96
vl 90 19 .4 19.5 17.4 17.8 16,3
m 100 3360 36.1 33.2 B30e2 29,2
I
I
"w

Table 34.

Weter uptake of proteins.
(g.water/100 g. equilibrium weight).

‘w R.H. Bdestin Casein Egg albumin
i .
51’ & b & B g D
i 10 3481 4,27 Bed7 4438 3..65 4,04
i 20 5¢20 5449 4.66 5,73 5.16 5436
n 30 663 6488 6.83 7489 656 6.80
J., 40 771 8.14 8el8 - 9449 7.95 8.07
it , 50 873 9.13 9.85 1125 9467 10.16
i 60 10,02 10,39 11.21 1l2.81 12.24 12,69
! 70 11.58 11.82 13.15 14.31 15,71 16.56
I 75 12,74 12,78 14.25 14.76 17.68 18.54
" 80 14.19 14.21 15,93 15485 20467  21.45
I 85 15,97 18435 25,10
) 90 19.3 25.8 o 36.0
I 100 48.6 45,0 6340

a mu hydration value. b = dehydration value.

‘L}
o

l
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Over this range the starch curve lies well above the

protein curve. Above 85% R.H. the slope of the starch

curve sharpens but the water uptake at 90 to 100% R.H.

Eonly reaches. about 27%. The protein curve, on the
~other hand, gives a relatively steep slope at
‘humidities above 75%, and while it starts well below
the starch curve at 40% R.H., it crosses it at about
;90% R.H. and ultimately gives the exceptionally high
;water uptake of 40 to 50% at humidities between 90
‘and 100%.

; It may be noted that this steep type of curve
iappears to be a general characteristic of proteins
;since experiments carried out with edestin and two
ianimal proteins (casein and egg albumin) gave similar

%results, though with a far more marked rise in water

'uptake at high humidities. The hydration and dehydra-

Etion equilibrium values for these proteins are given
gin Table 34 and their hydration curves are compared
?with that of rice starch in Fig.8.

j The curve of the purified fibre is similar in
Eshape to that of the starch, but the level of water
;uptake is exceptionally low throughout practically
%the whole range of humidities.

: If these results be applied to the.findings of
?Snow et al. (1944) with regard to the water uptaké of
feeding=-stuffs, it would appear that the ghape of the
water uptake curve of a feeding-stuff will depend

Primarily on the relative proportions of soluble

)
{
I
i



FIG 8 Hydrafion curves of proteins
and starch.
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carbohydrate and prbtein which it contains. The level
will depend on the absolute quantities of these two
constituents present in the feed. The onlj effect
Zlikely to be caused by the presence of a high
- proportion of fibre will be to depress the general ,
level without materially altering the shape. From the
%point of view of water uptake the fat fraction of any i
‘;feeding-stuff may be considered lnert, while the
;constituents of the ash (unless these are of an
;exceptionally hygroscopic nature) are also unlikely |
" to affect the water uptake materially. o
: These facts are clearly illustrated in Fig,7
§Where the curves of two composite mixtures have been
Tgraphed as broken lines using the values recorded in
. Table 33. It will be seen that the slopes of these
‘two curves are governed by the starch-protein ratlo. |
‘Thus at low humidities both mixtures give curves belowg
the pure starch but above the pure protein: at high »
"humidities the position is reversed, the mixtures
~giving curves well above the pure starch but well beloﬁ »
- the pure protein. The four curves, pure protein; 2
ipartsprotein + 1 part starch, 2 parts starch + 1 part
v"protein, and pure starch show, in fact, the same - ‘
- crossing over.phenomenon which was found ﬁo be typicalf
of the water uptakes of the intact feeding-stuffs
studied by Snow et al. (1944).

"Excess absorption" phenomenon.

These thin layered samples rapidly reached



Table 35,

Rate of water uptake- of proteins, starch and flbre.

(ge.water/100 g. equilibrium weight).

% R.H. Bgg albumin
8 ]
10 5488 3,65
20 5639 S5.16
30 6«89 6 .56
40 8.38 7495
50 10,32 0«67
60 12462 12.24
65 13.79 13,63
67 14.62 14,60
70 15,89 15,71
72 17,15 16,71
75 18,02 17.68
80 21.38 20,67
85 25446 25,10

e = water uptake after 1 day.

Glutenin

2

2457
584
5452
654
Te73
Q75
10.10
10,75
11.03
11.63
11.60
13.25
14.81

b
2469
3.93

1 5.66
6.71
7495
9,77

10.32

10,75

11.15

11.62
11.90
13440
15.04

Rice starch

&

5480
715
8«89
9.80

11,28

12,40

12,99

13,64

14.01

14,33

14,78

16.41

16,47

b
5480
7.21
8489
9.80

11.22

12,46

13,13

13,73

14.14

14,37

14.80

15,47

16,46

b = water uptake at equilibrium.

Fibre
& D
215 2.11
2.74 2470
3462 3467
4,26 4,27
5440 5440
625 6.25
6.94 7.08
7.52 7«57
7 .65 7.89
8.05 805
8453 8451
9.31 9.29
10.49
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equilibrium with the humidity to which they were
‘exposed, equilibrium usually being established within
‘24 hours. For the egg albumiﬁ sample, however, and
véfor mixtures of this material with rice starch, the
gwater uptake after 1 day's exposure was greater than
fthat measured on subsequent days and at equilibrium.
éThese increased values for egz albumin above the .
jequilibrium figures are shown in Table 35 and may be
‘compared with the figures obtained for the water ;
Euptakes of glutenin, rice starch and bran fibre which,
after 1 day's exposure, did not show any "excess }
iabsorption" of water above that held at equilibrium. %
‘The explanation of this phenomenon is not known. It
iis, however, of interest to note that similar
%observations were made with the water uptake of spray
dried milk powder by Supplee (1926) and Gane (1941). |
iExperiments to confirm these observations showed that
ithe water uptake of this substance at 50% R.H. was
'6.81l, 6.26, 4.99 and, at equilibrium, 4.55 g.water/100g.
gmaterial after 1, 4, 7 and 11 days exposure respectively.
‘The difference in the water uptake after one day and thbt

éheld at equilibrium was very much greater than the

|
|
|
|
1

;albumin Gane (1941) has suggested that this instabiliry

?correspondinﬂ difference in values recorded for egg

could be attributed to a conversion of anhydrous lactose
present in the dried milk powder to the monohydrate
form. This explanation cannot, of course, apply to

egg albumin.
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Conclusion.,.

Observations have been made on the water uptake
of glutenin, edestin, egg albumin, casein, starch
and bran fibre and of mixtures of these su.bstancesI
in definite proportions, when exposed to a range oﬂ
humidities. ;
Hydration and dehydration values have been !
determined and, from these figures, some indlcation
has been obtained of the extent to which these
substances exhibit hysteresig.

The shape and level of the water uptake curves

hsve been shown to be characteristlic for each of

the different types of substance, and the results
obtained have been applied to the findings of |
Snow et al. (1944), with regard to the water uptake
of feeding-stuffs.

The water uptake of egg albumin after 24 hours at
a given humidity was found to be in excess of that
finally held at equilibrium.



PART V, THE ISOLATION OF MOULD TYPES FROM

FEEDING=STUFHS STORED AT FIXED HUMIDITIES.

{ Survey of literature.

§ A survey of the literature revealed that little
Edetailed work had been done on the isolation and
éidentification of mould specles from stored feeding=-
;stuffs. It was commonplace to find asuthors who
ireferred to the occurrence of mould types on stored

%products in the very genersl terms of Aspergillus spp.

and Penicillium spp.. McHargue (1920), in describing

the change in acidity values in corn meal during

storage, mentioned the occurrence of Aspergillus

&lsucus and one or two other mould types on corn of 15%
moisture. Thom and Le Fevre (1921) found that corn of
13 to 15% moisture commonly supported the growth of

Aspergillus repens. When the molsture was as high as

16% Aspergillus flavus could develop. Between 18 and

20% many different mould specles were able to grow,
Similar observations were made by Koehler (1938) who
gave a critical moisture content of 14.3% for the

development of Aspergillus repens on shelled corn. A

Species of Penicillium, causing "blue-eye" disease,

grew on corn of 16% moisture. Some other species were i
isolated by this author from samples of 18.4% and 23.8%i
moisture content. A study of the moulds developing on
cocoa beans was made by Bunting (1930) who found that

. most of the types occurring could be assigned to the



Mucorales or the Aspergilli. Aspergillus chevalieri,

and possibly Aspergillus sydowi, had the lowest

moisture requirements of all the types studied and were
able to grow on cocoa beans of 8 to 9.5% moisture
(equivalent to between 82 and 87% R.H.).

A more comprehensive account of the types of
mould fungi occurring on stored products can be obtained
from the work of Smith (1928, 1931) and Galloway (1930,
1935) on those species causing mildew on textiles.
These authors describe a number of species of moulds
that commonly cause staining on yarns and cloths,
and they state that the Aspergilli, especially members

of the Aspergillus glaucus grouv, have the smallest

moisture requirement of all the types studied. In
particular, Galloway (1935) studied the germination
of the spores of fungi isoléted from textiles when
exposed on viscose sheeting soaked in dilute wort to given

humidities. Spores of members of the Aspergillus

glaucus group, Aspergillus versicolor and Aspergillus

candidus, were able to germinate at 75-80% R.H.; other

Aspergilius spp. required 80-90% R.HE.; most Penicillium

spp. could germinate at 85% R.H., but members of the
ilucorales and the Fungi Imperfecti groups required

humidities of over 90%. It must be pointed out,
however, that these observations on spore germination

only covered a period of 2 weeks.



oy

¥

Methods of isolation of mould
species.

The development of mould types on feeding-stuffs

stored at humidities as low as 65% was described by
:Snow et al. (1944). 1Isolations of the mould species
igrowing on feeding=-stuff samples used in these |
éexperiments were made. Many of these samples had been |
’stored for as long as 4 years at fixed humidities. Thez
isolations were made by transferring a small piece of i
‘growing mycelium on to the centre of a petri dish ‘
contalning beer=-wort agar with the aid of a sterile
needle. For those samples of feeding~stuffs that had
éupported the development of mould fructifications a
single spore head was transferred with the sterile
needle point on to an agar plate. In this way 1t was

possible to obtaln isolates of the mould species that

were actively growing on the feeding=-stuffs stored at

the various humidities. This method was considered to
be preferable to any “plating-out" techniqué which
would, of course, have allowed the appearance on the
plates of colonies from dormant mould spores present
on the feeding-stuff but unable to grow at the
particular humidity of storage. The petrl dishes were
incubated at 25°C and fresh transfers were made of the
developing colonies on to beer-wort or Czapek=Dox agar
(20% or 40% sucrose) contained in petri dishes or as
slopes.

Careful notes were kept of the feeding-stuff from



which the isolate was made and of the humidity which
had allowed the development of the mould species. The
list of mould types isolated from these feeding-stuffs
given in Tables 36 and 37 cannot be regarded as
icomplete. Indéed, the cqmplete isolation of the large
Enumber of mould species that are able to develop on
ereding-stuffs stored at 90 to 100% R.H. would provs
‘n@vbf-ending; S Particular.attention was therefore
pald to the 1lsolation of those s?ecies whose molsture
requirements were low (i.e. those species which could
develop at humidities of 85% or less). It is evident
that a study of these mould types appertains more to
‘the conditioné that are likely to be found in the
‘praétical storage of feeding-stuffé. The various
8species of moulds were identified with the use of the
‘keys provided for the Aspergilli by Thom and Church
(1926) and Thom and Raper (1941) and for the
Penicillia by Thom (1930). "Industrial Mycology" by

Ge. Smith was valuable as a general guide.
Thenks are due to H.A. Dade, Esq., of the

Imperial Mycological Institute, Kew, for his help in

the confirmation of some of the species of Aspergillus 3
isolated and to George Smith, Esq., of the London
School of Hygiene and Tropicael Medicine, fpr help
in the identification of some of the species of

Penicillium,

Factors affecting the mould species isolated.

l. Humidity of storage.

The isolation of mould species from feeding=-



% R.H.
65%

67%

70%

75%

85%

905%

100%

Table 56.

Minimum humidities below which mould species
were not isolated.

Aspergillus echinulatus (Delacr.,)

Aspergillus repens (Corde) Saccardo.

Aspergillus ruber (Spleckermann and Bremer).

Aspergillus candidus Link.

Aspergillus peniclillloides series.

Paecilomyces varioti Banler.

Penicillium sartoryi Thomn.

Aspergillus chevalieri (Mangin).

Aspergillus amstelodaml (Mangin).

Aspergilius versicolor (Vuillemin) Tiraboschi.

Aspergillus sydowi (Banier and Sartory).

Aspergillus niger series.

Peniclllium luteum series.

Peniclllium puberulum Banier.

Peniclllium chrysogenum Thom.

Penicillium spinulosum Thom.

Sporotrichum sp.

Mucor splnosus van Tieghem.

Trichoderma sp.

Alternaris tenuls Nees.

Rhizopus nigricans Ehrenberg.

Verticillium cinnabarinum (Corda).
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stuffs stored at fixed humidities showed that, while
a large number of types were aﬁle to develop at
humidities of 90% and above, the number of different
‘species isolated from humidities below this figure
was- limited. It was evident that a critical humidity
;existed for each species, below which the development
jof mould spores could not take place. Thus, in
:general, members of the lucorales and the Fungl

Imperfecti were only isolated from humidities of 90%

and above, Penicillium spp. were not able to grow

below 80% R.H., while Aspergillus spp. were able to

develop under conditions of very restricted moisture

supply (members of the Aspergillus glaucus group

ébeing able to germinate at humidities as low as 65 to
:70%). A list of critical humidities, below which the

lvarious mould species were not isolated,is shown in |
Table 36. This list shows that the specles most
resistant to dry conditions were members of the

Aspergillus glaucus group (A. echinulatus, A. repens

and A. ruber) which were able to develop at
humidities of 70% and below. Other members of the

Aspergillus glaucus group that were isolated (A:

chevalieri and A. amstelodaml) required a minimum

humidity of 80% for their deveiopment. Most specles i

of Penicillium grew extensively at 90% R.H. and some

species were able to develop at 80=-85% R.H. One species

which was placed in the Monoverticillata=ramigena

group and identified as near to P. sartoryi Thom




was isolated from 75% R.H.

2 Time of making isolations.

The length of the storage period of these
feeding=stuffs sanples markedly affected the types of
‘moulds that were isolated at some humidity levels. |
iAt humidities of 80% and below the number of species
‘that were able to develop was limited, and these |

often required long latent periods before spore

‘germination could take place. Thus at 65% R.H. a
‘latent period of over 2 years was required before

‘gpores of Aspergillus echinulatus were able to

‘germinate on locust beans (Snow et al. 1944). At
humidities above 80%, however, a succession of mould
‘types was able to develop on many of the samples.
For instance, at 100% R.H., members of the Mucorales |
quickly established themselves within 2 or 3 days and
‘provided the dominant mould type present. After a

‘week, however, members of the Aspergillus glaucus |

;group and Penicillium spp. had grown rapidly on these

samples and provided the dominant types at the expense
of the Mucorales. Slower growing types, €.g.

ASpergillus candidus, did not sppear on samples stored

at 70 to 100% R.H. until after many weeks of storage.

Some members of the Fungi Imperfecti, e.g. Sporotrichum sp.

were not evident in the early period of storage but
later provided the dominant mould type on many of
the samples (see Plate 1).

It was evident that those species which were well



adapted to growing on these feeding-stuff materials,

€ «g. members of the Aspergillus glaucus group and, at

85=100% R.H., Penicillium spp., developed at the

i

expense of other species that were slower growing or

{less well adaptgd. Probably such competition was also
%influenced by the production of mould by=products from
'species that were quickly established which, by their
;staling effect, prevented the development of slower

‘growing species.

3. Type and origin of samples. . E
i The infection of feeding-stuffs with mould spores

émay take place (a) at the time when the original plant g
%Which provides the raw material for the feeding-stuffs 3
;is growing in the field, (b) during the manufacturing

Eprocess, or (c) during transit or storage of either the?
?raw material or the processed feeding=-stuff. Galloway %
|

1(1935) showed that the origin . of some species of

mould fungi (e.g. Aspergillus niger) found on

menufactured cotton goods could be traced back to the

f

cotton field where they caused diseases of the boll, I#
%a similar way 1t is probable that some mould species
isolated from the feeding-stuffs used in these
experiments could be traced back to the country from
which the original plant constituents came. This is
particularly true of imported oil seed cakes

manufacbtured in tropical or sub=tropical countries.

Thus Aspergillus chevalieri is known to be a common

contaminant of samples from such parts (Bunting, 1930) ..



Jable 37.

Variety of feeding-stuffs from which mould speciles
isolated.

ASPERGILIUS GIAUCUS GROUP,

Aspergillus repens (Corda) Saccardo. (67=100% R.H.)

Bone meal, bran, dried grass, ground-nut cake, linseed
cake, locust beans, milk powder, oats, scotch beans.

Aspergillus ruber (Spieckermanm and Bremer). (70=100% R.H.)

Bran, ground=-nut cake, linseed cake, locust beans,
scotch beans.,

Asvergillus chevalieri (Mangin). (80=100% R.H.)

Linseed cake, palm kernel cake.

Aspergillus amstelodami (Mangin). (80-100% R.H.)

Iinseed cake.

Aspergillus echinulatus (Delacr.). (65% R.H. only).

. . Locust beans.

.OTHER ASPERGILLI.

Aspergillus candidus Link ('70=-100% R.H.)

Iinseed cake, oats, bran, locust beans

Aspergillus penicilloides series (75=100% R.H.)

Bone meal, oats.

Aspergillus versicolor (Vulllemin) ewwmdomowp. (85=100% R.E.)

Linseed cake, oats.

Aspergillus sydowl (Banier and Sartory). (85=100% R.H.)

Linseed csake.

Aspergillus niger series , (90=100% R.H.)
PENICILLIA.
Paecilomyces varioti Banier. (75=100% R.H.)

Palm kernel cske.

Monoverticillats.

Peniclllium sartoryl Thom. (75=100% R.H.)

Linseed cake, oats.

Penicillium spinulosum Thom. x (90~100% m,m.v

Linseed cake, palm kernel cake.

Asymmetrica.

Penicillium luteum series. (90=100% R.H.)

Palm kernel cake.

Penicillium puberulum Banier. (90=100% R.H.)

Linseed cake, palm kernel cake.

Penicillium chrysogenum Thom.

Linseed caeke, palm kernel cake.

OTHER SPECIES.

Mucor spinosus van Tieghem. (90-100% R.H.)

Linseed cake, palm kermel cake.

Rhizovus nigricans Ehrenberg. . . (100% R.H. only)

Iinseed cake.

Trichoderma Sp. (100% R.H. only)

Palm kernel cake.

Sporotrichum sp. (90-100% R.E.)

Iinseed cake. - o ix, S -
Alternaria tenuis Nees. 4 m;; (100% R.H. only)
Linseed cake. ) .fw
Verticillium cinnabarium (Corda). - (100% R.H. only)

Bran, linseed cake.



Those feeding=~stuffs which are manufactured in this
country from oil seeds or other raw materials of
imported origin will doubtless be partially sterilised
by heat treatment during the processing. The extent
}to which mould spores are destroyed will depend upon
;the temperature and duration of the cooking vrocess.
Subsequent mould infestation will, however, readily
take place from the machinery, workers! clothes, sacks
and from the atmosphere of the places of storage.

It is possible that different feeding-stuffs,
providing different types and quantitiés of nutrients,
may affect the developing mould flora. The importance
of this factor is hard to assess because of the
idifficulty of differentiating 1ts effect from those
fof humidity, the place of origin and the conditions of
storage, three factoré which appear to be of greater
importance. It can be noted, however, that several
isolates of the same mould specles were often obtained

from a particular feeding~stuff sample stored at a

‘range of humidities. This was true of Paecilomyces
‘varioti which was isolated from palm kernel cake |
‘stored at 75, 85, 95 and 100% R.H. This species can,
therefore, be said to be either typical of this feeding
material or typical of the conditions under which it
was manufactured and stored.

Freguency of occurrence of different species.

Table 37 gives details of the origin of the

isolates of mould species from feeding=-stuffs
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stored at fixed humidities. Members of the Aspergillus

glaucus group form the majority of these isolates.
Only one isolate was made of a 1argé ascospored type

(A. echinulatus®) although the small ascospored types

- were of frequent occurrence. The rarity of these
ilarge-spored types has been noted by Smith (1931) for
?cotton goods and also by Thom and Raper (1941). These
‘last authors show that these types are low temperature
éorganisms and they suggest that more isolations of them
fmight he made if lower incubation temperatures were |
:employed.

1 Of the small ascospored types (Q/‘or less in long

‘axis) of this group A. amstelodeml was easily

;distinguished by the roughened faces of the spores.
sThe isolates of this species were very constant and
%colonies were of a dark blue greeﬁ colour in the ‘
%conidial areas, brightly speckled with the yellow of thé

?perithecia.

_ Several strains of A. chevallieri ﬁere isolated
;from different feeding-stuffs. The ascospores of all
jthese strains were very btypical with thelr crestlike
;ridges, giving rise to the recognisabie pulley shape.
;The colony character of these strains was, however,
1very variable., In general at an incubation temperature

of 25°C the colonies were largely perithecial, the

*Average measurements of the ascospores of this type
were 8.8, by 6.44. These are somewhat smaller than
the figures given by Thom and Raper (1941) for this

~ specieg, but the roughened ridges and faces of the
ascospores justifled its inclusion in this group of

the large ascospored types.




yellow colour predominating over the green shades of
the conidia, although different strains of this
species showed different ratios and different forms of
zonation of the perithecial and conidial areas. Thus
‘seven different strains of this specles gave colonies
.measuring 7, 11, 14, 20, 26, 33 and 38 mm. when grown
‘on duplicate plates of beer-wort agar incubated at
'250C for 8 days. In addition, the amount of red
colour produced in the medium (given as a character
for this species by Thom and Raper (1941) and by other
:authors) varied with the different strains. Slow
-growing strains produced abundant red colouration

'In the medium while the faster growing types were often
équite colourless in reverse.

The most commonly isolated mould specles from these
feeding=-stuffs, which were also members of the A.
glaucus group, were those types whose ascospores showed
‘no roughenings or crests on their faces. These were
assigned to the A. repens or the A. ruber groups.
Ascospores'of A. repens were identified as being
lenticular and without any well marked furrow. Those
of A. ruber, on the other hénd, showed a weil marked
broad shallow furrow. For some strains of these two
species the definiteness of the furrow did not provide
a reliable index for identification; some ascospores
from a particular strain of A. ruber were without any
furrow, while others showed only a trace of a furrow,.

More sttention was therefore paid, for these strains,
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to colony‘characteristics. Strains of A. ruber could
be differentiated by the ruby red pigment produced in
the medium while A. regeﬂs gave a dirty grey to black
;colouration‘in the medium as the colonies developed.
| Several stralns of A. repens were isolated, the
émajority of them being closely allied in growth
Echaracteristics to the type strain, but some showed
imuch slower rates of growth and a sparser development
gof mycelium and conidia on beer-wort agar plates than
%the normal strain. Variation was much more marked in
fthe strains of A. ruber isolated from these feeding=-
stuffs. The majority of the types were mainly
éperithecial when grown as colonies on beer-wort agar
Eat 25°C, but the extent of red or orange-red colouration
;of the mycelium and the perithecia varied for the
%different strains. One strain isolated was predominantly
g'conidial, perithecia being produced only with |
Edifficulty, but thé ascospores showed the
%characteristic broad shallow furrow of the A, ruber
%type. Other strains were isolated whose colonies
?showed bright emerald conidia intermixed with red
jperithecia.
‘ The frequency of occurrence of small ascospored
itypes on such a wide variety of feeding-stuffs and,
in particular, A. repens, which was isolated from
humidities ranging from 67 to 100% R.H., suggests
that they are the species best adapted to growth on

these materials in which the supply of moisture 1s
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limited. Mould damage to feeding=-stuffs in commercial
stores will, in the main, be due to these types: it
;is only under conditions of prolonged high humidity
3(above 85% R.H.) that other Aspergilli (e.g. A. sydowl
‘and A. versicolor), Penicillis and other mould species

wiil be able to establish themselves.




% R.H,

100
95
90
85
80
75
70
60

Table 8.

% composition of palm kernel cake.

Moisture

"Protein

Bther extract

Pibre

Ash -

Soluble carbohydrate
(by subtraction)

% Calcium
% Calcium (expressed
as CaCo03)

% Chloride
% Chloride (expressed
as NaCl)

Table 39.

With Without
minerals minerals
10.51 10.16
16,16 16,04
12.02 11.29
9.71 9465
4,71 3«66
46 89 49.20
, Difference
0.523 0256
1.309 04640 0.67%
0.462 0.188 "
0476 0.31 0.45%

Rate of mould development on palm kernel cake,

,Days to moulding

With Without
minerals .minerals
e e
2 2
3 3
5 5
12 12
34 29
86 77
3 %

Days. to fructification

With Without
minerals minerals
3 3
3 3
4 4
7 7
20 20
52 52
% 3

3% 3%

# Mould mycelium or mould fructification had
not developed on these samples after 256

days.




PART VI. THE USE OF ANTISEPTICS IN CONTROLLING

MOULDS .

(a) Mineral additions to palm kernel cake.

"Additions of salt and ground limestone are

- sometimes made to oil cakes and compound feeding-

stuffs to improve their mineral balance when fed to
livestock., Some observations on cakes stored under
commercial conditions had suggested that cakes with

the added minerals showed less deterioration during

é storége than cakes without this addition. A laboratory

experiment was therefore planned to establish whether
these additions did affect the keeping quality of oil
cakes.

Two samples of palm kernel cake, manufactured
from the same batch of kernels, were obtained. It
was Iintended that one saﬁple.should have approximately‘
1% added sodium chloride and 1% added calcium
carbonate, while the other should have no minersal
additiohs. After’grinding the samples wefe snalysed
and were found to have the camposition shown in Table
38. The analytical figures show that the mineral
additions to the cakes were somewhat less than that
originally intended and amounted to approximately
0.7% CaCOz and 0.5% NaCl. |

Small samples of these two cakes were exposed to

a range of humiditles from 100-60% at 25°C and

fobservations were mede as tothe number of days before

the development of mould mycelium and mould




fructification (Table 39). Mould development took
‘place just as readily on the samples with added
minerals as on those without. This indicates that

3minera1 addition in these proportions had little or

v

no preservative actilon.

(b) The use of borax and boric acid as
- preservatives for oil cakes.

Preservatives are commoniy used for the

| treatment of many materials, including foodstuffs,
which require to be stored for lons periods. In'view
; of the increased period of storage of feeding=-stuffs
(often under unfavourable conditions) necessitated
by the present war, it was suerzested that a suitable
antiseptic misht be usefully employed to lengthen the
storage life of such materials. The majority of
antiseptics used in the control of moulds, some of

| which are reviewed by Morris (1926), are of a toxic
nature and cannot, therefore, be used for food
‘preservétion. Of the less toxic compounds borax

 and boric acid were suggested as possible substances

for incorporation in feeding-stuffs. These compounds

hams as a preservative against deterioration I1n
éstorage. Incorporstion of borax and boric acid at a
i1% level was suggested. Morris (1926) showed

‘that 0.3% boric acid controlled the development

of some mould species but that others

' are cormonly used in the dressing of meat carcasses anq

|
:

i
i
!
|
i
!
i




Table 40.

Raté of’mould growth on linseed cake samples
~ “with ingorporated'borax or borlc acid.

% R.H,
00 95 90 85 80. 70 -

—— -

Days to development of mould

mycelium
Linseed cake only 4 5 6 8 15 284
Linseed cake + 1% borax - T4 5 6 9 23 348
Linseed cake + 1% boric acid 4 5 6 10 24 *

to development of asexual
%ructifications (conidia)

Linseed cake only 5 6 7 12 24 491
Linseed cake + lﬁ borax 5 6 8 13 33 652
Iinseed cake + 1% boric acid 5 6 8 14 37 %

Days to development of perithecia

Iinseed cake only 11 10 13 17 54 *
Linseed cake + 1% borax 11 13 13 23 69 %
Linseed cake + 1% boric acid . 13 13 15 31 95 *#

% More than 652 days.
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were unaffected by 1% boric acid. 3% boric acid
was suggested for use in size pastes. Brenchley .
. (1914) held that fungi were very indifferent to boric

j acid, A laboratory storage experiment was therefore

é Planned to investigate the possible antiseptic effect ?

' of borax or boric acid (1) when incorporated into
' ground meals and (i1i) when sprayed on to blocks of oil
. cakes,

(1) TIncorporation of borax and boric acid
- in ground linseed cake,

Borax and boric acid were introduced into |
;ksamples of ground linseed cake. The quantities of

| borax and boric acid were accurately weighed to
represent 1% of the mixture and were thoroughly

- incorporated into the meal by grinding in a pestle
and mortar. Small samples of the three types of

' mixture (linseed cake only, linseed cake + 1% borax,
and linseed cake + 1% horic acid) were stored at

; humidities of 100 to 70% at laboratory temperature.

; The data of Wilson (1921) were employed for meintaining
the fixed humidity levels. Observations were made fo
} determine the number of days before the development

% of mould mycelium and also before the appearance of

g asexual fructifications (conidia). In addition, the
i'time taken for the development of the characteristic
yellow perithecia of members of the Aspergiliusg

- glaucus group on each sample was noted. These

‘ results are given in Table 40.

At humidities of 100 to 90% the addition of borax
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or boric acid did not significantly affect the time
of mouldling or the time before asexual fructifications
appéared. At 85% R.H. these substances effected a

small delay in the time of appearance of mould

' mycelium and of asexual fructifications. At 80% R.H.

the addition of 1% borax or boric acid increased the
period of freedom from mould mycelium or asexual
fructifications by roughly 50%. In the presence of
borax of.borio acid mould growth tended to be sparser
at all humidities. Some indication of the rate of

This growth can be obtained from the figures for the

- development of perithecia on these samples. These

éhow that borax and boric acid had a delaying effect
on the appearance of this stage of mould growth at
storage humidities between 100 to 80%. AL 85 and 80%
R;H, borax increased the time before the appearance of?
perithecia by roughly 30%, and boric acid increased
the time by roughly 80%. On the other hand, certain

species of moulds (e.g. Aspergillus niger and some

Penicillium spp.), which have an especially damaging

effect on feeding=-stuffs stored at high himidities,

appeared to thrive better on samplés containing borex

1 or boric acid than on the control samples. FPresumably

this is due to the partial control of other mould
types by boron concentrations which allow such

resistent species to develop. Plate 1 shows that
borax or boric acid exerted some control over the

mould types developing on samples stored at 90% R.H.




(a) Control sample with no moulding.

(b) Linseed cake only.

Plate 1.



(c) Linseed cake + 1%' borax.
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(d) Linseed cake + 1% boric acid.

Linseed cake samples with incorporated borax and
boric acid" stored 'at~"90% R.hT"for mbntlisT



Thus, after 20 months storage,extensive growth of

Sporotrichum snp. had developed on the sample with no

Incorporated borax or boric acid; on the sample with

1% borax there was no development of Sporotrichum sp.

but a few small white patches of Aspergillus candidus

were evident; while on the third sample 1% boric
acid inhibited the development of both these mould
"G‘y’peS‘ .

Samples of linseed cake with increased amounts

. of borax (above the 1% level)} were stored at 90% R.H.:

 these samples contained 2, 5 and 10% borax respectively.

| No significant difference was found for those samples

f with either 1 or 2% borax., At the 5% level, however,

the period of freedom from moulding was doubled ab

90% R.H., but this concentration of borax only served

Z t0 limit the mould types developing to Penicillium spp.,

which eventually thrived particularly well.

Incorporation of as much as 10% borax inhibited the
development of mould growth on linseed cake stored at

90% R.H. for over 652 days. 'Such a high concentration

- of borax would, of course, not be feasible in practiceL

(1i1i) Spray treatment of oil cakes with
a l0% borax solution.

Small 1" cubes of ground-nut cake and cottonseed

; cake were stored at 100-70%‘R.H. at leboratory

 temperature. The cakes were treated in four ways, (1)

untreated control, (2) thorough spraying with a fine

mist of methyl alcohol, (3) cursory spraying with a

‘10% borsx solution Iin methyl alcohol, (4) thorough




Table 41,

Days to development of mould mycelium on oil cakes

sprayed with 1lO% borax solution.

200
Ground=-nut cake untreated

" " % 4+ cursory borax v
spray

" n "+ methyl alcohol 7

" " ¥ 4+ heavy borax 11
spray

Cottonseed cake untreated 5

" " "+ cursory borax 8
spray

n w " 4 methyl alcohol 7

" " " 4 heavy borax 14

spray -

(%)}

% RoH.
20 - 80
8 21
9 25
11 26
16 60
10 - 25
11 28
12 29
20 60

70

.85
158

101

1 246

151

158

151

‘318
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spraying with this borax solution so that the faces
of the cakes became very wet.

Observations were made on the rate of mould
i development on the variously treated cakes. These
? are recorded in Tabie 41, Thorough spraying with
© 10% borax solution approximately doubled the fresh
g storage life of these cakes stored at each humidity
from 100 to 70% R.H. Cursory spraying with 10%
z borax solution (as would probably be carried out in
? commercial practice) or a thorough spraying with
i methyl alcohol had only a small delaying effect on the:
i development of moulding at these humiditiles.
Surmarising the resu1t§ of the two laboratory
i storage experiments just described it can be stated
j that, while at 80% R.H. 1% borax or boric acid
; incorporated in ground meals increased the period of
§ freedom from moulding by 50%, and while the heavy
% spraying of oil cakes with a 10% borax solution
i approximately doubled their storage life, neither
g treatment was completely effective in preventing the
? development of moulfl deterioration. It is concluded
% that borax or boric acid, whether incorporated in
ﬁground meals or applied asla spray on the surface of
%oil cakes, has only a mild antiseptic value.

When considering the advisability of using borax
or boric acid as a preservabtive for these oil cakes
it is of great importance to take into account the

possible action of excreted boron on soil fertility.
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Owen (1944) has shown by metabolism trials with dairy
cows, whose production rations included oil cake.

containing 1% borax,that 98% of the ingested borate

- was excreted in the faeces and urine. The borate

T'c::ontent of the combined excreta was about 500 p.p.m.

';Five tons of such excreta would go to the making of

" some 10 tons of farmyard manure. A dressing of 10

- tons per acre of such manure would therefore represent

- an applicatlion of over 5 1lb. of borax. While traces

. of boron are needed for the healthy development of

most plants this element is extremely toxic if

- present in large amounts. Thus the toxic level for

cereals and grassland is generally considered to be
5=-10 1b. of borax per acre (Willis, 1936), although
this figure will be subject to some variation
according to the boron status of different soil types.;
lMoreover, on certain types of soil the toxic effect

of boron is cumulative, and it 1s practically
impossible to eliminate it from such soils onoevit has%

been applied. While a single dressing of 10 tons of

%boronated farmyard manure would probasbly not be

| harmful, repeated dressings at this level would,

| however, involve the risk of permanent damage to the

§ land. The use of borax or boric acid as an antiseptic

for oil cakes cannot, therefore, be recommended. It
is considered wiser, for successful storage, to keep
the moisture content of the oil cake low (preferably

below 12%), to allow "sweating" of the newly




manuféctured cakes to be completed in a dry and well
ventilated atmosphere, and to take all onracticable

; precgutions to reduce the dampness,‘humidity and

; temperature variations of the place of storage.

(¢) The use of sulphanilamide and other
drugs in the control of moulds.

Drugs of the sulphonamide group have been

i used extensively in therapeutic practice for the
. control of bacterial diseases., While numerous

i publications have given accounts of experiments

. concerning the effect of these drugs on man& bacteria
S and hypotheses have been put forward as to their

3 mode of action, a study of the literature failed to
i reveal any detailed experiments on the effect of
these drugs on mould fungi. Tatum and Beadle (1942)
»g described experiments in which the inhibiting effect

- of sulphanilamide on Neurospora crassa was overcome

% by an excess of p-aminobenzoic acid. Brian (1944)
i in a letter to "Nature", stated that sulphanilamide
é haed a delaying action on the germination and growth

é of Penicillium'digjtatum Sacc. and on two other mould |

. species. This delaying effect was eliminated by
3 very small concentrations of p-aminobenzolc acid as
' was found for bacteris by Woods (1940).

(1) The growth of moulds on agar plates
in the presence of added drugs.

Investigations were made to determine the action
of sulphonamide drugs on typical mould species

isolated from feeding-stuffs. The strains of moulds
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used were those described in Part V of this thesis.

In the first experiment sulphanilamide, propamidine

and phenamidine® were tested for their fungistatic

properties. The following three Aspergillus sop.

and two Penicillium Spp. were useds=

; Type A.

' Type B.
| Type C.
Type D.

Type E.

Asocergillus repens (Corda) Saccardo

- isolated from linseed cake stored at 80% R.H.

Aspergillus chevalieri (Mangink

= isolated from palm kernel cake stored at
85% R.H.

Aspergillus versicolor (Vuillermin) Tiraboschi.

=~ isolated from linseed cake stored at 90%
R.H.

Penicillium chrysogenum Thom.

= isolated from linseed cake stored at 90%
R.H.

Penicillium spinulosum Thom.

~ isolated from linseed cake stored at 90%
R.H.

The moulds were grown on beer-wort agar, the

- three drugs being introduced in concentrations of 0

(control), 1 part in 16,000, 1/8,000, 1/4,000 and

1/2,000.

These amounts were equivalent to 0%, 0.006%,

j *The complete chemical names for these drugs ares

Sulphaniiamide - p=aminobengenesulphonamide.
Propamidine = 4:4'=~diamidino-diphenox ropane

di=-(f-hydroxyethane~sulphonate) .

Phenamidine « 4:4'=~diamino~diphenyl ether

di- (g -hydroxyethane-sulphonate).




Beerwort

‘Drug solution (0.1%)

Water
Agar

Citric acid

Potassium cltrate

Table 42.

Details of media containing drugs.

Control

—

112 mle
0 ml
112 ml .
5 8.
562 G
1.8 g.*

Concentration of drug.

1/16,000 1/8,000 1/4,000 1/2,000
112 ml. 112 ml. 112 ml. 112 ml,
14 ml. 28 ml. 56 ml. 112 ml,
98 ml. 84 ml. 56 ml. 0 ml.
5 g. 5 g. 5 g. 5 g.
32 Zo d.2 e Se2 Ze 32 G
1.8 Ze 1.8 e 1.8 Se 1.8 e

Table 43.

Regularity of growth of triplicate dolonies - Type A.

Drug

Control

Sulphanilamide

Propamidine

Phenamidine

Concentration

Diameter of colonies (mm.)

Q

1/16,000

1/8,000
1/4,000
1/2,000

1/16,000
1/8,000
1/4,000
1/2,000

1/16,000
1/8,000
1/4,000
1/2,000

efter 8 days

22,

17,
12,
4,
2,

14,
12,
8,

b

20,
18,
18,
14,

23, 24.
17.

12, 12.

6.
2, 2.

15, 15.
12, 13.
8’ g.

L

20,
20.
18, 18.
13, 14.

21.



N
14

U

0.012%, 0.025% and 0,05% respectively. This was
achieved by adding the approoriate volume of a 0.1%
- solution of each drug to the different media whose

- composition is shown in Table 42. The citric acid
|

~ potassium citrate buffer fixed the pH of the medium

é at 3.5,

| A spore suspension of each of the five mould

| species was made up with sterile water and a drop of the
i suspension was introduced with the aid of a platinum

ﬁ wire loop on to the centre of each plate. Triplicate

- plates were used for the five concentrations of each
 of the three drugs. Observations on the rates of

| growth of the five mould species and their reaction

to different concentrations of the drugs were carried :
out by measuring the diameters of the mould colonies |
" after incubation at 25°C for 4, 6 and 8 days. Close

} agreement iIn the rate of growth was shown between the

g triplicate plates of each mould type at the various ‘
é drug concentrations. Typical measurements are shown

' in Table 43, where it is seen that the triplicate
colonies seldom showed a variation of more than 1 mm.
in diameter.

Fungistatic effect of the drugs.

The rates of growth of the five mould species at |
the different drug dilutions for an eight-day period
- are shown in Table 44. Plate 2 shows the effect of the

- drugs on the size of the normal colonies after 8 days.
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Fungistatic Effect < Sulphonamide Drugs.
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The five mouid types were found to~be specific in

their reaction to the three drugs. Type D was not signif?'
icantly affected in its growth rate by any of the drug
dilutions used in this experiment: colonies of this

mould species grew at a similar rate and to similar

size on all the different media. Subsequent experimenﬁs

- on the effect of these sulphonamlde drugs on

 Penicillium spp. showed that, in general, higher

concentrations than 1/2,000 were required before any
reduction in growth rate was noted and that, while

| concentrations of 1/1,000 or greater of a soluble

derivative of sulphanilamide, commonly known as E.0.S.%,

reduced the rate of growth, the drugs used were not i

successful in completely inhibiting development even

at concentrations as high as 1/125. Plate 3 illustratés
the reduction in size and buckling of a colony of

Penicillium chryogemum gpown on agar containing 1/1000

BE.0.S.

The most marked fungistatic action was shown by

_ Propamidihe which prevented the development of type E
at all the dilutions studied. This drﬁg inhibited the
growth of type C at concentrations of 1/8,000 and above,
~and also types A and B at 1/2,000. For the lower
concentrations of this drug the growth rate of types

A, B and C were reduced as compared with the control

*Sodium p=sulphonsmidophenylamino ethane =ek= sulphonate.






(see Table 44).

Sulphanilamide at the concentrations used had no

| gsignificant fungistatic action on types C, D and E.

- Indeed, the rate of growth and the production of

- asexual fructifications. (conidia) of type C was

very slightly stimulated by the presence of the drugs |
in these small concentrations. It is possible that
for some mould species small dilutions of these drugs
have a stimulating effect similar to that described

by Brenchley (1914) and other authors for very low
concentrations of toxic heavy metals .and other trace
elements., Sulphanilamide reduced the growth rate of
type A in relation to the concentration of the drug
present. In addition, this drug inhihited type B at
concentrations of 1/8,000 and above and only permitted
slow development of this species at the more dilute
concentrations.

Phenamidine had the weakest funglstatic action of

the three drugs used in this trial. All five species:
~ were able to develop to some extent at all the drug
concentrations used, There was some indication that
this drug sloﬁéd down the rate of growth of some of
the mould species, although at the two weakest
dilutions this was hardly significant. The effect of
this drug was most marked with type E, which after 8
days a2t a concentration of 1/4,000, was only able to

produce a round colony of white mycelium and no
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conidial fructifications, while at 1/2,000 the
colonies were only of 2 mm. diameter as compared with

- 15 mm. for the control (see Plate 2).

More extensive experiments were carried out on the
- effect of different sulphonamide drugs on a wide

- variety of mould strains isolated from feeding=-stuffs |
- and grown on agar plates. Some 50 different strains
have been tested and, in addition to the three drugs
mentioned previously, the fungistatic action of E.0.S.,
sulphapyridine, sulphamezathine and sulphaguanidine |
have been assessed. Results of these experiments
confirmed the findings of the first series which have
already been described. They also showed that the
most effective drugs for the control of members of the

Aspergillus glaucus group (the species which occur

most frequently on stored feeding=stuffs) were
sulphaenilamide, E.0.S., and propamidine. Thus
propamidine at all the dilutions used (1/16,000 and
below) inhibited the development of neérly all the
tested strains of species of this group. Approximately
half of the E.0.S. molecule consists of the
sulphanilamide radical, It is therefore of interest

: to note that sulphanilamide and E.0.3. were effective
i in preventing the growth of members of the A. glaucus
' group on agar plates at dilutions of 1/8,000 and
1/4,000 respectively. From these observations it

seemed probable, therefore, that these drugs could be
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used with advantage for the prevention of moulds on
feeding=-stuffs.

(ii) The storage of linseed cake with
added drugs.

A storage experiment was undertaken with a fresh
sample of linseed cake, using a technique similar to
that described on bage 79 for the use of borax and

borlc acid in oil cakes. For this experiment the

~ two most soluble® and effective drugs were chosen.,

E.0.S., propamidine and a mixture of these two drﬁgs

- were Incorporated in separate samples of ground linseed

cake at concentrations of 1/500, 1/2,000 and 1/8,000
for the single drugs, and of 1/1,000, 1/4,000, and

- 1/16,000 for each of the mixed drugs. This was done

by adding the appropriate volume of & 0.4% solution

of each drug to weighed amounts of the ground linseed
i cake and mixing thoroughly to ensure that the drugs

were distributed throughout the samples. The mixtures

were then dried in an oven providing a warm air

 current at 50°C. The meals Were re=ground and small

samples of each type were exposed to relative humidities
ranging between 100 and 70%.
Observations were made to determine the number of

days required for the development of mould mycelium

- and mould fructification. These results are recorded

*Drugs of the sulphonamide and related groups are, in

the main, only very slightly soluble in water. Thelr
sulphonate derivatives, however, are very soluble and
still retain the operative part of the molecule.



Table 45,

b omeren’

Rate of mould growth on linseed cake samples |
with incorporated drugs.

.

‘ZO R.H.
00 g0 8 80

Days to development of
mould mycelium

Iinseed cake only 2 4 7 20
E.0.S. 1/8,000 2 4 7 19
1/2,000 3 4 9 25
1/500 3 5 15 45
Propemidine 1/8,000 2 4 7 20
1/2,000 2 4 8 25
1/500 3 4 9 25
Mixed drugs 1/8,000 3 4 8 22
’ 1/2,000 3 5 9 32
1/500 3 5 13 34

Days to development of
mould fructification

Linseed cake only

3 5 10 25

E.0.S. 1/8,000 3 5 9 25
' 1/2,000 4 5 13 34

1/500 4 6 18 58

Propamidine 1/8,000 3 5 11 25
1/2,000 3 5 11 34

1/500 4 5 14 33

Mixed drugs 1/8,000 4 5 11 26
1/2,000 4 6 13 34

1/500 4 7 16 38
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in Table 45, They show that the presence of the

drugs, particularly at the higher concentrations, had

_ an inhibitory effect on the development of moulds on

these samples. At the more dilute concentrations the
drugs did not have such marked antiseptic effect on
the growth of moulds as would have been expected from ;
the trials previously wmade on the agar plates. It is
probable that on the plates better contact existed
betweén the drug dissolved in the agar medium and the;
mould spores than was pdssible with the dry feeding- |
stuffs. The inhibitory effect was most marked for the
samples containing E.0.S. which, when introduced at a

concentration of 1/500, more than doubled the fresh

storage 1life of these samples stored at 85 and 80% R.H.

- This may be compared with corresponding figures found

for 1% borax and boric acid (see page 79 ), which
showed no significant antiseptic effect at 85% R.H.,
and at 80% R.H.,only lengthened the storage life of
linseed cake samples by 50%. The fungistatic effect
of 1/500 E.0.S. is shown in Plate 4 where the linseed
cake sample with the incorporated drug is shown to be
free from mould deterioratiog after 8 days storage at

90% R.H. while the control sample without added E.0.S.

shows extensive moulding. In addition to this delay in

é the germination of moulds on samples containing E.O.S.,

- their subsequent growth was very much sparser in the

- presence of the drugs. Propamidine was less effective

than E.0.5. when introduced in this feeding-stuff.
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This fact is surprising since this drug had a greater
fungistatic effect on the mould types used in the agar
plate experiments. It is possible that E.0.5. provides
a better general antlseptic for a variéty of developing
mould species than does propamidine. Certainly

microscopical examination of the samples showed that

- the presence of the drugs determined the types of

moulds developing. Thus on the samples cbntaining

high proportions of these drugs Penicillium spp.

were able to become dominant over members of the

Aspergillus glaucus group (particularly A. repens,

% A. ruber and A, amstelodami) which were the species

: commonly found on the control sample and on those

f containing the smaller drug concentrations. It was

pointed out previously that these drugs have but

- 1little fungistatic effect on Penicillium spp.

As an additional experiment small 1" cubes of

 linseed cake were treated with solutions of these two

drugs in water at concentrations of 1/250, 1/1,000 and

; 1/4,000. The cubes were thoroughly dried before

_ exposure to the range of fixed humidities and

~ observations made on their rates of moulding., Results

E obtained for these cuhbes showed that the . drugs had a

similar antiseptic effect as they had with the ground

- samples., The drugs, particularly E.0.5., increased

the period of freedom from moulding and also reduced

the subsequent rate and spread of mould growth. Plate
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- 85 illustrates the antiseptic effect of the  drugs

- when sprayed on to cubes of linseed cake.

Conclusion. 1

These experiments have demonstrated the \
feasibllity of including sulphanilamide and other g
drugg In feeding=-stuffs of this type and have shown
that the storage life of ground linseed cake can be g
more than doubled at 85% and 80% R.H. by the |
incorporation of 1 part in 560 (0+42%) of E.0.S.
Smallerféoncentrations of this drug will bave a -~
correspondingly smaller antiseptic effect. i

No illweffect could result fromvfeeding cakes witb
0.2% incorporated E.0.S.. The normal therapeutic dose
of E.0.S. given orally in the treatment of mastitis inj
dairy cows 1s 4 oz. per day for 14 days (McEwan et al.

1941). If a dairy cow was to consume 5 lb. of cake

- per day, coﬁtaining 0.2% E.0.S., the cow would have a

: daily intake of 1/25th of the normal therapeutic dose,

% which is far below the toxic level. By spraying e

solution of E.0.5. on to the outside of feeding-stuff i

cakes the amount of E.0.S5. ingested could, of course,

- be greatly reduced. It is equally unlikely that any

. toxic effects would result from using propamidine.

It is obvious that trials in the use of these
drugs for extending the storage life of feeding-
stuffs would have to be made on a larger commercial
scale before their general adoption could be recommended.

The initial experiments which have just been described
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indicate, however, that the drugs have a marked

entiseptic value even wnen present in very small

. concentrations (0.2%). These concentrations are very

much smaller than those of other preservatives that

have been sugpgested for foodstuffs (e.g. borax, which

' requires to be oresent in more than 10 times the

. concentration of E.0.S. to zive an equivalent

antiseptic efiect)

The incorporation of such small concentrations
(0.2%) of these drugs in oil cakes would result in a
daily intake of 1/25th of the normal therapeutic dose
for dairy cows. It is unlikely, therefore, that they
would have harmful effects when fed to livestock. |
The drugs may also have some useful application to the

poreservation of other fdodstuffs, particularly where

feeding=-stuffs, when the drugs at very low
concentrations might be used for effective microbial

control.

I

i

. the moisture content of the product is higher then in .
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