






170 CALDWELL-ENTRY OF FUNGI, ETC., INTO CEREAL GRAINS 

Between the pericarp and the tissues of the grain interior lies the testa, which if we take the 
inner integument and the chalaza together forms the innermost of the tissues surrounding the 
entire grain, for both the nucellar and aleurone layers when they reach the germ reduce in size 
until they become untraceable. R. Brown 12 demonstrated that the single layer of the testa and 
the cuticle-like membranes on its inner and outer surfaces form a semi-permeable system around 
the wheat grain. Similarly, the selective permeability of the barley grain was found by Tharp13 
to be due to the persistent crushed and cutinised inner integument along with the suberised, 
resistant tissue of the chalaza. The relation of the testa to resistance to infection by the fungus 
Gibberella saubinetti was studied in wheat by Pugh et al." Resistance to the infection increased 
with the age of the grain and appeared to be proportional to the thickness of the membranes; 
the outer membrane of the t esta was the most resistant layer of the kernel. The influence of 
grain moisture content and storage t emperature on mould development in stored grain is well 
known ;16 these factors affect both permeability and resistance to fungi . 

The testa of wheat has been described by R. Brown12 as mucilaginous in nature and the 
membranes as containing much true fat, while Pugh et al. 14 refer to the mature tissue as a narrow, 
brown, oily layer bordered by membranes that stain with Sudan III and which is relatively 
resistant to sulphuric acid. Tharp13 found that the inner integument of barley has a thin inner 
cutin membrane and a much thicker outer layer of cutin of variable thickness, the thickness of 
these membranes varying with the variety of barley studied. It is of interest that one of the 
methods used to determine grain quality is the measurement of fat acidityl6, 17 and that such 
acidity has been attributed to the activity of fungal lipase by Dirks et al.'s who also reported 
a non-dialysable heat-labile inhibitor of mould lipases in a water extract of wheat germ. 

II. Functional significance of the outer layers of mature cereal grains: semi-
permeability to chemical substances in solution 

Adrian J. Brown 19 demonstrated that the grains of barley possess the property of selective 
permeability and that this also occurs in those of wheat, oats and rye. 

In an investigation of the absorption of solute from aque'ous solution by wheat grains 
R. Brown1' found that the semi-permeable layer consists of a single layer of the t esta and the 
cuticle-like membranes on its inner and outer surfaces, the membranes containing more true 
fat than would occur in the cuticle of a normal foliage leaf. He concluded that the factors 
in the seed regulating absorption of solute would seem to be electrical adsorption (cuticle-like 
membranes) , mechanical adsorption (testa, endosperm, embryo), imbibitional pressure developed 
in the endosperm, and the size of the intermolecular spaces of the semi-permeable membranes, 
each solution reacting to each of these factors according to its own properties. 

Of the t es ta, hyaline layer. and aleurone layer surrounding the interior of the wheat grain 
Hinton20 found that it is the testa that offers the greatest resistance to intake of water. He 
was unable to establish any relation between the permeability of the testa to water and the vari­
ables of grain colour, size, grade, thickness of skin or exposure to adverse weather, but he noted 
that fully mealy endosperm is twice as permeable to water ' as is fully vitreous. 

A series of investigations into the selective permeability of the covering layers of barley 
grains was carried out by Adrian J. Brown and his co-workers.!", 21 It was concluded that the 
solutes most strongly adsorbed by barley grains, viz., aniline, phenol and organic acids, are 
those yielding solutions with low surface tensions, while those solutes not adsorbed, such as 
sugars and polyhydric alcohols, give solutions with relatively high surface tensions. Thus 
it would appear that· the selective action of the membrane is due to its property of selective 
adsorption. 

The structural basis of the semi-permeability of barley grains was thoroughly investigated 
by Tharp13 (see also above). The inner and outer cutin layers of the testa were examined, 
the outer being found to be much the thicker, though of variable thickness and thin over the 
embryo, the thinnest portion being the area immediately across the grouped cells at the micro­
pyle. Thickness of these membranes was found to vary with the variety of barley. With the 
experimental techniques employed it was found that varieties exhibited wide differences in 
degree of permeability, a wet environment during maturation inducing decreased resistance to 
permeation, as also did premature harvesting but only slightly. Differences in relative per-
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entry into the endosperm. He differentiated betwe~n the absorption of electrolyt es and non­
electrolytes and also pointed out the importance of adsorption and the effect of the osmotic 
pressure of the solution. He suggested that molecular volume may affect the rate of absorption 
of very complex molecules such as soluble carbohydrates. In earlier work Adrian J. Brown & 
Tinker'I ' had emphasised the importance of the surface tension of the solution of a solute to 
which barley grain is permeable as the determining factor of the rate of diffusion into the grain. 

In the development of herbicides, differential or selective absorption is important since for 
most of these to be effective they have to enter the plant. Absorption is thought to be closely 
related to the polarity of the herbicidal molecule and consideration of this view in connexion 
with the selective permeability of grain harmonises the observations referred to above. 

The t erm ' polarity' in this context is used to describe the electrical nature of molecules 
and ions. Polar ions and molecules, such as those of water, amino-acids, carbohydrates and 
electrolytes, have some regions that are electrically positive and others electrically negati ve ; 
they are soluble in polar but not in non-polar solvents. When dissolved in water they tend to 
increase surface tension, although this effect may be only slight. Non-polar molecules on the 
other hand do not have strongly positive and negative areas within them; they tend to be 
soluble in non-polar but not in polar solvents (e.g., in oil but not in water), but when they are 
soluble in water they usually decrease the surface t ension. Most organic substances are non­
polar, as are for instance most organic solvents, oils and waxes. 

The waxy cuticle of plant leaves and stems is non-polar, hence non-polar compounds tend 
to be absorbed more speedily than do polar ones. This effect is particularly marked where the 
·cuticle is heavy. The rate of penetration of plant cuticle by oil is related to the viscosity and 
'surface tension of the oil; light oils, having lower viscosity and lower surface t ension, ent er 
.plant tissue more readily than do heavy oils. 

The importance of the cuticularised membranes of the testa, which along with the suberised 
·chalazal tissue envelop the grain, is clear from the work cited. It has been found by the several 
investigators that dry grains are relatively impermeable to some substances, somewhat more 
permeable to others and readily absorb yet others. Amongst substances to which dry grains 
are relatively impermeable are sulphuric acid, nitric acid, sodium chloride, sugars and polyhydric 
alcohols. They are somewhat permeable to mercuric chloride, acetic acid and trichloroacetic 
acid, and they readily absorb water, phenol, iodine, aniline and organic acids generally. These 
findings support the polar hypothesis which accommodates within itself the r6le of surface 
t ension and of electrolytes in relation to grain permeability. 

Temperature and concentration of the solute in solution have been indicated as factors 
influencing the relative permeability of the grain. In general the greater the concentration of 
solute and the higher the t emperature the more rapid is the penetration by the solute of the 
tissues covering the grain. 

IV. Effects of selective permeability on viability and response to treatment with 
fun~icides 

The use of fungicidal substances on grain prior to sowing is now so general and so much 
a matter of routine that one tends to overlook the fact that it is remarkable that we can apply 
toxic chemicals to a living organism for its protection. The semi-permeability of the grain is 
crucial in this matter. 

Naturally-occurring defence mechanisms are present to resist infection, but those fungi 
which attack the grains successfully are by definition those against which the natural defences. 
whether physical or chemical, have proved to give insufficient protection. Thus measures 
against such fungi must take the form either of increasing the natural resistance of the grain . 
. by plant breeding or possibly by stimulation of antifungal activity by chemotherapeutic means, 
or by adding extraneous substances. In the latter category one can envisage the possible use 
of antibiotics with toxic or fungistatic properties'" .5 or the application of substances to 
increase the physical resistance of the grain surface to attack, but the present practical approach 
is the application of fungicidal compounds to the surface. 

The effectiveness of fungicidal seed treatments in destroying specific fungi and in benefiting 
crops planted in heavily infected conditions favourable to fungal development has been much 
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effects, whether harmful or beneficial, of fungicides on the germination of seeds in conditions 
where such influences are not masked by fungicidal action. 
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FATTY ACID COMPOSITION OF THE DEPOT FATS OF THE 
KIWI (APTERYX AUSTRALIS MANTELLI) 

By F. B. SHORLAND and JOAN p, GASS 

The depot fat of a flightless bird, the New Zealand kiwi (Apteryx australis ma1ltelli) 
has been shown to be similar in fatty acid composition to tha t of other land birds apart 
from its exceptionally high content (,......10%) of C20 highly unsatura ted acids the origin of 
which has not been established. 

Introduction 
Information on the fatty acid composition of bird depot fats is rather scanty and in particular 

.quantitative data are lacking. Of the land birds fats the composition of those of the hen,l grey 
goose," emu," ostrich3 and the flamingo' have been determined. Cruickshank' has shown that 
the nature of the ingested fat markedly influences the composition of hen depot fats. The 
importance of the dietary fat is also suggested by the similarity in fatty acid composition between 
the fats of marine birds and fishes· which contrasts sharply with the simpler pattern of fatty acid 
distribution found in the fats of land birds. 

In the present investigation is reported the fatty acid composition of the depot fat of the 
kiwi (Apteryx australis mantelli) , a New Zealand species of flightless bird. 
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Experimental and results 

The specimen used in this investigation was an adult female bird kindly supplied by Dr. 
R. A. Falla , Director of the Dominion Museum, Wellington. It was forwarded to the museum 
by Mr. T. Short of Raetihi , who reported that it had been killed by a dog on 24/ II/ 56. 

As received in the Laboratory the bird weighed 2450 g. It was dissected by Mr. P. C. Bull 
of the D.S.I.R. Animal Ecology Section, who has reported elsewhere on the stomach contents.' 
Essentially they consisted of insect remains t ogether with those of two large native slugs, earth­
worms, leaves and fruits. These findings resemble those earlier reported by Gurr.8 After 
plucking, the skin was removed and the muscle tissue separated from the bone. The bones, 
including traces of adhering muscle tissue, viscera and alimentary tract freed from contents were 
bulked and designated residue. The relative proportions of skin , bone and residue together with 
their lipid contents determined as described by Hartman et al." are shown in Table I. 

The amounts of polyunsaturated acids were determined as described by Herb & Riemen­
schneider'o and are given in Table II together with the general chracteristics. 

Tissue Sal" 
eqUlv. 

Muscle 290 '2 
Skin 292.6 
Residue 294' 7 

Table I 

Composition of the ti ssues used fOY fat extraction 

Tissue Wet weight, Fat·free d ry Fat , % 

Muscle 
Skin 
Res idue 

Iodi ne value 
(\vijs, I h.) 

99' 1 
98'8 
9'2'8 

g. matter, 0/0 
505 
499 
5 17 

Table II 

5"' 
29'4 
1[ ' 1 

Characteristics of kiwi lipids 

Free Unconjugated acids 
fatty D iene T riene Tetraene 

acids, 0/0 
] 8-( 10'4 5 '9 4'1 

2'9 10'5 8 '4 0'9 
1 1'3 8'7 5"4 1·6 

Pentiene 

2'2 
1'2 
1'5 

Conjugated acids 
Diene Triene 

0'8 0'2 
0·6 0" 

1'1 0'3 

As the lipids from the various parts of the kiwi show similar characteristics (see Table II), 
the skin fat comprising the major fatty depot was selected for further study. The low phos­
phorus content (P 0'038%) indicated the absence of phospholipids. The total lipid was therefore 
used for ester fractionation analysis as described by Shorland et al." The methyl esters of the 
skin fat were also analysed by gas-liquid chromatography12 by means of the sensitive detector of 
Lovelock et al .13 with argon carrier gas. For the resolution of the methyl esters into their 
individual saturated and unsaturated components a column with a polyester (LAC-3-R-728, 
Cambridge Industries, U.S.A.) supported on five times its weight of Celite 545 was used at 
a temperature of I500. As no suitable reference standards for the C20 and C •• unsaturated acids 
were available, the amounts of these were determined from the corresponding saturated acids 
following hydrogenation of the methyl esters at I700 with Ni catalyst supported on kieselguhr. 
For the separation of the methyl esters of these higher saturated acids, Apiewn L was sub­
stituted for the polyester liquid phase and the temperature was raised to 225 °. 

The methyl esters of the C'8 unsaturated acids isolated during ester fractionation were 
further analysed by gas:"liquid chromatography t o give the amounts of oleic, linoleic and lino­
lenic acids. The results thus obtained are compared in Table III. 

Discussion 

It will be noted from Table IV that the fatty acid composition of kiwi depot fat is gener­
ally similar to that of other land birds apart from the occurrence of substantial amounts 
of C20 highly unsaturated acids. As a rule such acids are not present in quantity in the depot 
fats of higher land animals unless supplied in the diet . They occur, however, in the phospho­
lipids of non-fatty tissues. The earlier unpublished results of Shorland & Jessop for kiwi breast 
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Table III 
Comparison of results for fatty acid composition by gas-liquid chromatogyaphy and ester fractiouation 

"Fatty acids (mol.-%) 
.-\cids Gas-liquid Ester Acids Gas- liquid Ester 

chromatography fractionation chromatography fractionation 
Saturated Unsaturated 
Lauric 0°1 0°4 CIt 002 (2°0 H) 
Myristic 0°8 I- I C" 1-0 (2°0 H) 
n-Pentadecanoic 0°6 C" 2°4 3-5 (2°0 H) 
Branched C16 1°0 Oleic H09 45"2 
Palmitic 20-8 19-6 Linoleic 10'5 10·6 

n-Hepta- Linolenic 5"3 5"3 
decanoic 0°4 C .. 6°8 8°4 (5"3 H) 

Branched C11 0-7 
Stearic and 

above 5"6 4°7 

Table IV 
Fatty acid composition of bird fats 

Fatty acids (wto-%) 
Flamingo' Grey goose2 Ernul Light Sussex Ostrich3 Kiwi Kiwi· 

(abdominal) (sub- hen1 (skin) (breast) 
cutaneous) (abdominal) 

Iodine 'value 67"9 57'! 65"8 78°5 SO'5 9808 9 2 °9 
Lauric 12'3 0°3 
Myristic 802 0°9 1°2 0°9 0°9 106 
Palmitic 24°8 20'3 17"5 24'0 24°8 18'! 17"6 
Stearic 7"7 5"6 ]O'! 4°1 5"9 3°6 7"5 
Arachidic _0°6 0°4 1'5 
Dodecenoic 0°2 
Tetradecenoic 0-6 0°9 0°9 0-8 0°5 
Hexadecenoic 4-9 2'5 2°1 6°7 601 3°2 2°9 
Octadecenoic 53°4 4106 6.z'2 42 °5 39°8 

45"9} Octadecadienoic 7°1 6-6 5"2 20,8 17°1 1008 59"6 
Octadecatrienoic 0°2 3°8 '>-4 
Unsaturated C20-C U 1°9 2-3 0'5 0°7 0°3 9°3 10'3 

• Unpublished results (Shorland & Jessop) 

fat (Table IV), supplied by Dro Wo Ho Dawbin of Victoria University, Wellington, from a male 
bird taken near Taupo, confinn the high content of C20 unsaturated acidso The content (10%) 
of C20 unsaturated acids, however, is less than found in the depot fats of sea birds (20-27%) 
where in addition 16-22% of C2• unsaturated acids which appear to be absent from the kiwi fat 
also occur. 

In keeping with the results for other land bird fats the kiwi fats contain similar amounts 
(4-8%) of stearic acid, but lesser amounts of palmitic acid (18%) than is typically found in land 
mammalso The abnonnally high amounts of lauric acid in the fat of the grey goose is attributed 
by Hilditch et al.2 to the coconut oil in the dieto -

When the unsaturated fatty acids of the bird fats (Table IV) are compared the content of 
octadecadienoic (linoleic) acid is found to be variableo This, however, is probably a reflection 
of the diet, as Cruickshank' has shown that the iodine values of hen depot fats readily respond 
to changes in the iodine values of the dietary fatso In addition, the results for the octa­
decadienoic acid contents of the fats of the grey goose, hen and emu are subject to doubt as 
they have not been detennined directly, but have been calculated empirically by attributing 
to linoleic acid the unsaturation in excess of that required for oleic acido It is more likely 
that part of this unsaturation should be attributed to linolenic acid which has generally been 
revealed when the C18 unsaturated acids have been examined by spectroscopic techniques 
following alkali isomerisation, as in the ostrich and flamingo fats, or by gas-liquid chromato­
graphy as in the kiwi fatso The presence of considerable amounts of linolenic acid in the kiwi 
fat is probably, as in the case of linoleic acid, a reflection of the diet, both these constituents 
being found in quantity in insect fats, as well as in leaf lipids (cfo HilditchI4)° 
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Table II 

Insects used under starvation conditions, their age and the food commodities with which 
they were associated in the tests 

Insects in order of their Stage Age Food Viability,· Replace-
ability to penetrate commodity days ment 

periodl 

weeks 
Rhizopertha dominica Fabricius Adults 1-4 weeks Rice 2 
Dermestes maculatus Degeer ' Larvae Instar I- III Fishmeal No deaths 

Lasi~derma ser;icorne F~bricius Ad.;its 
.. III- VI 

Mill;;'s offal 
7 

0-7 days 7 

Sitophizu50ryza;'Linnaeus 
.. Larvae Instar III 

White fi':t dent 
7 

Adults 0-4 weeks 0--6 
maize 

Tribolium castaneum Herbst Adults 4--6 weeks Shelled ground nuts 8- .0 2 - 3 
O"yzaephilus mercator Fauvel Adults 0-6 weeks 

Whoi~ wheat 
0-6 • 

Trogoderma granarium Everts Larvaet No deaths 
Dermestes maculatus Adults ? Fishmeal No deaths 
Ephestia elutella Hubner Larvae small Cocoa beans 6-11 

large 
Ephestia cautella Walker Larvae Instar IV-V Shelled groundnuts 

* Viability means that deaths began to occur after this number of days. 
t All T . granarium larvae were reared at 30°. They were then conditioned as described in the text. 

Table III 

Insects confined in the food' during tests 

Materialt 

2 (a) Two-ply kraft paper 
3 (a) Five-ply kraft and polyethylene 
4 (b) Two plies of bitumen-union, low-stretch 

creped kraft 
5 (a) Two-ply croped kraft 
5 (c) Soft wax croped kraft union 
6 (a) Polyethylene 0'005 in. 
6 (c) High-viscosity polyethylene 
7' Melinex' 

Insects 
Larvae- - ----·-- -----: .. dultS 

E. cautella 
E. cautella 

L. serriwrne 
E. cautella 

L . seTl'icorne 
E. cautella L. serricorne 

L. sel'l'icol'ne 
L. serricorne 

, See Table II 
t See Appendix A 

O. mercator 

T. castatleum 

T. castaneum 
1'. castaneum O. mercator 
T. castaneum O. mercator 

stored in six-ply paper sacks became infested by insects boring their way into the sacks, pene­
tration having been achieved after 2 months' storage. 

The insects, usually 50 adults or 25 larvae, were placed in the apparatus as described above, 
and inspections for penetration through the material and mortality of the insects were made 
on the first, second, fourth and seventh day after setting up. Those species which died were 
replaced by living insects at regular intervals (Table II) until the materials had been exposed 
for approximately three months. 

(b) Insects in the food 
These .t ests were designed to find whether some of the insects which had been unable to 

penetrate materials under starvation conditions [see (a) above] could do so if they were confined 
on the food side of the material. The whole apparatus was propped on corks with the food side 
uppermost . 

The species of insect and the materials t ested are recorded in Table III and the results are 
given in the appropriate sections. 

(c) Limited tests with Trogoderma granarium and Dermestes maculatus 

Trogoderma granarium 
Polyethylene is being used in the malt trade as a liner to jute sacks because not only does 

it help to keep the malt at a constant moisture content but it is thought to resist the penetration 
of the Khapra beetle, T. granarium. 

J. Sci. Food A~ric., 12, March, 1961 







DA VEY & AMOS-INSECT PENETRATION OF PAPER SACKS, ETC. 183 

this experiment (3 months) to bore further. T. castanelt1n and O. mercator adults and E. elutella 
and E. cautella larvae did not penetrate although they were able to damage the paper by 
roughening its surface and by making a hole through the first layer. 

Two-ply kraft paper exposed to O. mercator breeding in the food for 6 months showed no 
penetration although the groundnuts were damaged to such a degree by the beetles that sufficient 
oil was released to seep into the paper. E. cautella larvae living in the food were unable to 
damage the paper. 

Kraft papers with a polyethylene laminate 

Two materials of this type were tested, one with and one without a bitumen bond between 
two of the five layers of kraft paper. The polyethylene was stuck to the first layer of paper and 
was exposed to the insects in all the tests. 

R. dominica adults bored through both materials into the food (Table IV). L. serricorne 
adults penetrated the five-ply kraft without the bitumen bond but did not completely penetrate 
the bitumen-bonded material. On closer examination it was found that holes had been made 
through all the layers but they were not sufficiently large to allow the passage of insects. Some 
L. serricorne adults which were an accidental infestation of the food, made large holes through 
four of the plies including the bitumen-bonded layer, thus making it clear that the bitumen did 
not prevent L. serricorne adults from penetrating. 

Those adults which did not penetrate either material in the time available, i.e., T. castaneum 
S. oryzae and O. mercator, were able to roughen the surface and make holes in the first layer, 
i.e., the polyethylene. E. elutella larvae did not cause any damage under these conditions but 
E. cautella larvae, living in the food, were able to make holes in the paper layer bonded to poly­
ethylene in 98 days. They caused no damage from the non-food side. 

Bitumen-union kraft papers 

Four materials were tested (Table IV, 4) all of which were penetrated by R. dominica, S. 
oryzae and L. serricorne adults boring into the food and by the last-named also boring out of the 
food through the two plies of bitumen-union, low-stretch creped kraft. T. castaneum adults only 
bored into the food through the triple laminate of glazed kraft and bitumen but adults confined 

Table V 

% of adults whose ages ranged over consecutive 7-day periods and were observed to be 
stilt living under starvation conditio1lS on the days stated 

Days of Initial age of adults, days 
inspection 0- 7 7- 14 '14'::21 '" 21-=-28 ' 28-35"- 35-42 42-49 

R, domini'" 7th 97 100 98 97 98 86 79 

T . castaneum 

L. serricorne 

O. mercator 

S.oryzae 

J. Sci. Food 

14th 16 16 0 8 3 4 
21 S t 0 5 0 0 0 0 

7th 9 1 99 
T4th 44 
.! 1St 0 9 

7th 100 '4 
14th 28 0 
2 1St 0 

1St 100 99 
;md 90 97 
3"\ 34 97 
4th '3 80 
5th 0 49 
6th 18 
7th 0 

1st 98 100 
.. md 98 99 
3Td <)2 94 
4th u5 75 
5th 21 
6th 
7th 0 0 

A~ric., 12, March, 1961 

100 
53 
24 

100 
100 

21 
9 
0 

100 
99 
92 
8T 

0 

9 2 
8 

100 
88 
16 

0 

100 
99 
83 
75 

0 

80 
16 

99 
76 
9 
0 

100 
100 
92 
65 

0 

95 
5' 
32 

70 
6 
0 

100 
99 
9 1 
53 

9 
0 
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in the groundnuts caused so much damage to them in 20S days that oil was absorbed by the 
two plies of bitumen-union , low-stretch creped kraft being tested, causing the bitumen to bleed. 
None of these materials was penetrated by E. elutella larvae from the non-food side. 

Hessian reinforced bitumen-union creped kraft (Table IV, 4d) was tested for penetration by 
Dermestes maculatus and the old larvae of this species penetrated by making large holes in the 
material in 2 days; younger larvae took 7 days to penetrate ; adults were unable to penetrate 
the material in 2I days although they passed through the holes made by the iarvae. 

Creped kraft and waxed papers 

Two of these materials were bonded with wax, the third was not waxed. All the insects 
tested (Table IV, S) bored through the three materials into the food. 

Since the two-ply creped soft wax (Table IV, sc) was fairly resistant to penetration by 
L. serricorne and T . castaneum, when these insects were confined on the side away from the food, 
it was decided to confine some adults in the food. Many L. serricorne larvae developed in the 
food and penetrated the material in S9 days. The T. castaneum did not penetrate in 7 months. 

E. elutella larvae made a hole in one layer of a replicate of the two-ply creped kraft paper 
on the side away from the food. They did not penetrate any of the layers of the other creped 
kraft materials although there were indications of very slight gnawings which roughened the 
exposed surfaces of the paper. E. cautella did not penetrate the two-ply creped kraft material 
from either side in 3 months. 

Polyethylene (polythene) (three samples tested) 

Polyethylene film (0'OOI2 in.) stuck on to IOt oz. jute and which is highly extensible 
(Table IV, 6b), and high-viscosity polyethylene (0'003 in.) stuck on to IO oz. jute with O'OOI in. 
liquid polyethylene (Table IV, 6c) were exposed to the insects, from the jute side, in the expecta­
tion that this would facilitate penetration. The ordinary polyethylene (o'ooS in.) (Table IV, 6a) 
was not tested for penetration by R. dominica since these adults had been able to penetrate the 
relatively tougher high-viscosity polyethylene. 

The high-viscosity polyethylene (e) was not as easily penetrated as the ordinary poly­
ethylene, the only insects able to bore into the food being R. dominica adults and D. maculatus 
larvae. Adults of L. serricorne were able to bore away from the food side either just after 
emergence or on emergence from the pupal case, at which time three or four hundred pupae 
were present and were adhering, two or three layers deep, to the polyethylene, i.e., a very heavy 
infestation. 

The ordinary highly extensible polyethylene (o·oor in.) stuck to jute, appears to have been 
particularly resistant to R. dominica and D. maculatus when compared with the high-viscosity 
polyethylene. This may have been due to the special resiliance or high extensibility of this 
polyethylene or to the special adhesive used to stick it to the jute. 

It is interesting to note that E. cautella larvae penetrated o·ooS in. polyethylene but 
E. eZutelia did not. 

Polyethylene terephthalate (' M elinex ') on 7 oz. jute 

This film material (O'OOI in.) belongs to the same group of plastics as Terylene fibres' 
and, compared with other plastics, it has a high tensile strength which can be 25- 35 kg. / sq. mm. 

Tests on the penetration of 'Melinex' (O'OOI and o·ooS in.) by R. dominica adults were 
made by Miss Evans of the Printing, Packaging & Allied Trades Research Association, who has 
observed that penetration was complete in a minimum of 9 days (personal communication). 
In these tests L. serricorne adults breeding in the food were unable to bore through O'OOI in. 
thick' Melinex ' and 7 oz. jute in 3 months but C. oryzae penetrated into the food in 28 and 
9S days. From this it would seem that' Melinex ' is slightly more resistant to penetration than 
is polyethylene. . 

Discussion 

It is well known that uninfested produce stored for any length of time in a jute sack is 
liable to become infested with insects. This fact has been amply supported by the results of this 
experiment. 
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Appendix B 

Tests on the age at which insects should be used when exposed to materials under 
starvation conditions 

In most of the t est s carried out , materials were exposed to starving insects. Since the 
insect s died before the material had been exposed for the chosen period of 3 months, the dead 
insects were replaced at regular intervals by living ones. The age of the insects used in these 
tests was determined by their longevity under starvation conditions at a certain period in their 
adult life. To determine this the following tests were carried out all at 30° and 70% R.H. 

Cultures containing newly emerged adults were cleared of all adults by sieving. More 
adults were allowed to emerge d~ring the next 7 days by which time a sufficient number, the 
main stock, were available for t est s. These were 0-7 days old and were separated from the food 
and the young stages. Two batches each of 50 of these 0-7-day-old adults were confined in 
empty jars and the remainder were put on to fresh food. After a further 7 days, when the adults 
in the food were 7-14 days old, two lots of 50 each were removed and starved and the remainder 
were placed on fresh food . 

The starving adults were observed periodically for dead insects. At weekly intervals further 
batches of 50 were removed from the main stock and starved. 

The species of insect on which these tests were carried out and the results are given in 
Table V (p. 183). 

In some instances most of the adults of R . dominica, T. castaneum, O. mercator and S. oryzae 
had died a day or two before the replacement period [see Table II). Consequently the exposure 
period of the material to all the insect s was somewhat less than the stated 3 months. 
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FACTORS INFLUENCING UPTAKE OF COPPER FROM 
BRANDY BY ION-EXCHANGE RESINS 

By B. C. RANKINE 

Copper was efficiently removed from un-aged brandy by cation-exchange uut not at a ll 
by anion-exchange. In aged brandy partial removal was obtained with both cation and 
anion resins. 

Caramel and t annin both formed complexes with copper, and their s tability increased 
with decrease in acidity. Very low remova l of copper from these compounds was obtained 
a t pH values above 5. and in some exp eriments copper was actua lly taken up from the 
-cation-exchange resin. 

Tasting tests indicated that ion-exchange treatment of brandi es produced a slight 
reduction in quality. 

Plastic tubing (P.V.c.) produced a permanent haze in brandy a fter dilution, a nd its use 
cannot be recommended . 

The copper content of 33 representative Australian brandies was 0'7 - 1 1 p .p .m . with 
a mean value of 3'4 p.p.m. 

Introduction 
Excess copper is undesirable in brandy because it can cause a flocculen t deposi t , 1 and also 

because at least one state importing Australian brandy (Singapore) has recently imposed a legal 
limit of 5 p.p.m. on brandy in their 1957 Food and Drug Regulations. 

Apart from this legal aspect, copper does not appear to play an important role in Australian 
brandy as deposition is not frequently encountered and copper is not toxic in the amounts present. 

However as Singapore imports a considerable portion of Australian brandy exports it is 
important that more information should be obtained on copper in brandy and means of reducing 
it , if necessary. 

It was thought that an investigation of the treatment of brandy with ion-exchange resins 
to remove copper would be fruitful, in view of the removal obtained in wine2 and the anticipated 
absence of copper-complexing compounds in brandy. Rentschler & Tanner3 and Garino­
Canina4 have reported removal of met als from brandy by ion-exchange. 

Removal of copper by traditional fining methods is unsatisfactory , but Lafon & Couillaud 5 

obtained satisfactory removal with carbon used as an ion-exchanger. followed by a milk fining. 
Negre & Cordonnier6 fo und that calcium and sodium phyt ate could remove copper from brandy, 
although the removal was more effective under alkaline conditions. 

In order to obtain more information on the copper content of Australian brandies generally, 
a· survey of 33 representative samples was undertaken. These were obtained from the major 
licensed brandy distillers. 

Experimental 

Ion exchange 
Two brandies were selected for investigation: 

(1) a young acid brandy sampled shortly after distillation and not aged; 
(2) an aged brandy consisting of a blend of 4-, 5- and 6-year brandies aged in 6s-gal. oak 

casks and ready for sale. 

Both brandies were double pot-distilled from wine made mainly from Doradillo grapes. Details 
of their composition, determined by methods described in the A.O.A.C. ,' are shown in Table I. 
The young brandy was selected as an extreme example of copper contamination and in com­
parison with typical Australian brandies its acidity is very high. 

Both brandies were brought t o the laboratory and treated similarly by passing down 
columns of cation and anion. resins. The cation resin was Zeo-Karb 2 25 (Permutit Co., London) 
which was sieved before use to obtain beads of 20- 40 B.S.S. mesh size. The resin was used 
in both the sodium and hydrogen forms by regeneration with sodium chloride and HCI respec­
tively. The anion resin (De-Acidite G, Permutit Co. Ltd., London) was sieved as above and 
used in the hydroxyl form by regeneration with aqueous ammonia. 
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Table II 

Progressive removal of copper from brandies by column ion·exchange 

Resin volumes 10- 13 ml. Cation resin: Zeo· Karb 225 
Flow rate 18 resin volumes/ h. Anion resin: De-Acidite G 

Bed Cation exchange (Na) Cation exchange (H) Anion exchange (OH) 
volumes Cu, p ,p,m, % re~oved pH Cu, p,p,m, % removed pH C'ii,p:-p-,m.-% removedP'H 

Young brandy 
Untreated 26 2'78 26 2 '78 26 2'78 

0-22 0'7 97 3'28 0 ' 1 99 2 ,61 26 0 5'00 
22-44 3'00 2'59 3'6~ 
44-66 0 '2 99 2'90 0'1 99 2'57 3'55 
66-88 2·82 2' 56 26 0 3'35 
88- IIO 2'77 2'55 3'26 

110- 1 32 0'1 99 2'75 0'1 99 2-55 26 0 3' 19 

Mean 0'3 99 0'1 99 26 0 

Old brandy 
Untreated 4,8 4'02 4,8 4'02 4,8 4'02 

0-22 1'3 75 4'27 0'1 98 3'[5 2'3 52 5'53 
22-44 1'1 77 4'08 3'06, 5'43 
44-66 4'05 0 ' 1 - 98 3'05 2'7 44 5'34 
66-88 1'0 79 4'04 3'03 5-16 
SS-IIO 4'03 3'02 5'12 

110-1 32 1'2 76 4 ' 0 2 0'1 98 3 '00 2' 7 44 5'06 

Mean 1' 1 77 0 '1 98 2,6 46 

Acetic acid was also tested as a check on the experimental procedure, because.it is an important 
constituent of brandy and is unable to complex copper. 

A number of experiments were carried out with solutions of caramel and tannic acid in 
ethanol and also as additions to brandy, and the results of these e'xperiments have been brought 
together in Table III, Each of the solutions shown was divided into several 8o-ml. samples 
and each sample was adjusted to a different pH value in the range pH 3-6, which is the extreme 
pH range of brandy. The sodium form of the cation resin was used so that the pH change 
produced by contact with the resin was minimised. 

The results obtained with pure solutions showed that copper was completely removed 
from 60% ethanol both in the absence and presence of 13 mequiv,/l. of acetic acid (approaching 
the quantity present in the young brandy), 

Caramel, however, exerted a binding action on copper, which was dependent on pH, and, 
in view of the experiments in which caramel was added to the young brandy, accounts for the 
behaviour of the latter. The old brandy showed a considerably stronger binding action for 
copper particularly above about pH 5-5'5, It is apparent that the presence of caramel can 
account for binding of copper in the young brandy, but only partially account for the strong 
binding action exerted by the old brandy. ' 

In view of the results of the experiments in Table III the significant difference in com­
position between the young and the old brandy is wood age. During maturation in small oak 
cooperage various tannin constituents are known to be extracted into the brandy, These tannin 
constituents are of indefinite and complex composition, but to test whether they exerted a 
binding action on copper experiments with Merck reagent grade tannic acid (the purest form of 
tannic acid available) were carried out, 

The results indicated that above about pH 5-5'5 tannin exerts a significant binding action 
on copper as shown by its addition to the young brandy. , 

It would appear that the strong binding action of the old brandy on copper is due to the 
presence of caramel and wood extractives, One important finding is the strength by which 
copper is bound at pH values above about pH 5'5, where copper was actually removed from 
the ion-exchange resin and taken up by the brandy. (An analysis of the resin after several 
thorough regenerations showed that it contained 35 p.p.m. of copper presumably present as an 
impurity.) 
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The inference from the observations and tests was that brandy containing 60% ethanol by 
volume dissolved out some constituent of the plastic tubing to form a stable clear solution, 
but on diluting the brandy to bottling strength the lowered solvent concentration precipitated 
the plastic constituent which remained as a heavy stable opalescent haze, consisting under the 
microscope of very small particles a fraction of I fl in diameter. 

Nature of copper in brandy 

Whilst the investigation was designed t o study the factors influencing uptake of copper 
from brandy by ion-exchange resins, some information may be inferred on the nat ure of copper 
in brandy. 

Table IV 

Copper contw i (p,p,m,) of Australia" brQ1Idies 

Distiller Age in years Alcoholic strength Total acid, pH Cu, 
Proof spTrit-'% (v/ v) mequiv, / l. p,p,m, 

(British) 
A 3 34 V,P, 38 5'3 3'~! 4'0 

4 29 V,P, 40 9" 3'" 4,6 

B 4 33 D,P, 38 3,6 4'o~ 2' 7 
4 IS O,P, 66 4'4 4'24 2'5 

C 3 33 V,P, 38 2'7 4'10 0,8 
Blend 5, 6, '4 32 V, P , 39 4'2 4'25 0'7 

D Blend 4, 5, 7 & 9 2,6 4'57 I'D 

E 30 V,P, 40 4'6 3'58 3'2 

F 34 D,P, 38 2'7 4'00 0,8 

G 30 V,P, 40 4,6 4'22 0,8 

H 32 V,P, 39 3'5 4'35 0'9 

33 V,P, 38 5'3 3'30 5'3 
33 D,P, 38 5'8 3'43 3'7 

J 3
' 

V,P, 39 3'0 4']0 4'9 
K 6 O.P, 61 9'5 3'47 8'5 

32 V,P, 39 8'4 3'68 7'3 
L 10 O,P, 63 2'5 4'01 6,6 

10 O,P, 63 2'1 4'60 0, 8 

3 9 O,P, 63 3'0 4'58 1'7 
6 33 V,P, 38 2,8 4'24 7'0 

'4 25 V,P, 43 8'0 4'28 12-0 

M 4 33 V,P , 38 2,8 4'04 2'3 
5 25 V,P, 43 4'9 4'08 1,6 

N 0' 4 0 ,P, 57 1'7 4'39 1'0 

0 3 32 V,P, 39 2,6 4'14 1'1 
5 30 V ,P, 40 4'3 4'01 1'9 

15 30 V,P, 40 7'5 3'92 1'7 

P 3 31 V,P, 39 4,8 3'60 6'5 
4 25 V,P, 43 9'3 3'77 6'9 

Q 3 21 V,P, 45 2'4 4'06 0'7 
4 20 V,P, 46 3'1 4'13 1'1 

Range of values: 0'7- 12 ; mean 3'4 

Samples obtaitJed from United Kingdom 
p 30 V,P, 40 7'9 3'5

' 
4'2 

IOO,P, 63 7,6 3,89 3'7 

Distilled water 0'0 

R 3
' 

V,P, 39 4'7 4'05 0'9 
IOO,P, 63 6' 1 4'52 1'4 

Disti1led water 0'0 
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It would appear that in un-aged brandy without addition of caramel, copper is present as 
a simple cation, as it can be readily removed with a cation-exchange resin but not at all with an 
anion-exchange resin. When caramel is added a copper-caramel complex is formed, the stability 
of which depends on pH. After the brandy is aged in wood the complex tannin materials 
further complex copper and make its removal with cation-exchange resin more difficult . The 
complex formed is partly anionic since it is partly taken up by an anion resin , and the copper 
remaining can be mainly removed by subsequent passage through a cation-exchange resin. 

Entry of copper into brandy 

Considerable information is available on the methods of entry of copper into cognac from 
the work of Lafon & Couillaud, • who found that all the copper entered as contamination during 
and subsequent to distillation, and the copper content of the wine being distilled was not im­
portant, because copper is not entrained in the vapour. 

Contamination mainly occurred from copper condensers on the stills, particularly if not 
properly cleaned, and the ext ent of contamination varied during distillation, being high initially, 
low during most of the distillation and very high in the' queue " or the relatively high-boiling 
fraction (tails) distilling after most of the ethanol, and containing a high proportion of volatile 
acid. 

Subsequent cellar handling with brass equipment, such as pumps, produced an increase 
in copper content, e.g., I I. of cognac left in a brass pump for 24 h. increased in copper content 
by ISO p.p.m. 

After brandy has been placed in wooden maturation casks the copper content does not 
remain stationary. The copper- tannin combination forms and is removed from solution as 
a flocculent brown precipitate. This reaction is dependent on pH and is most complete above 
pH 4'2, progressively less so between pH 4'2 and 2'5 and does not occur below pH 2'5. The 
results reported above serve to support and amplify this finding. 

As brandy matures in wood its acidity increases, due mainly to extraction of acidic com­
pounds from the wood, the copper-tannin precipitate slowly redissolves with time and the copper 
content gradually increases. 

Copper content of A ustralian brandies 

The results of the analyses are shown in Table IV. The range of values from 0'7 to 12 p.p.m. 
is considerable and it is interesting to observe that eight of the samples exceed the limit set by the 
State of Singapore (5 p.p.m.). 

The United Kingdom samples were obtained from two of the principal Australian exporters. 
Most of the brandy is exported in bulk and broken down with distilled water and bottled in 
England, and accordingly samples of the bulk brandy and distilled water were also obtained. 

As a matter of interest the copper content of the brandies was compared with the total 
acidity and a highly significant correlation was observed (the correlation coefficient with 29 
degrees of freedom was 0·62), indicating that the extent of copper contamination is closely related 
to the total acidity of the brandy. 
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LEAD CONTENT OF AUSTRALIAN BRANDIES 

By B. C. RANKINE 

The lead contents of 37 Australian brandies ranged, with one exception (0'25 p.p.m.). 
from <0'01 to 0'06 p.p.m. with a mean of 0'029 p .p.m. These included samples of Aus­
tralian brandies bottled in the United Kingdom. 

The significance of the results in view of the proposed British legal limit of 0'5 p .p.m. 
is discussed. 

Introduction 
For many years lead has been known to be a cumulative poison and its maximum content 

in foods and beverages has been subject to legislation. Apparently lead is one of the most toxic 
of the trace elements and serves no beneficial function in human metabolism. 

In 1954 the British Ministry of Food recommended revised.Iimits of 1'0 p.p.m. for lead in 
wines, and recently a limit of 0'5 p.p.m. for spirits has been proposed. 

As the United Kingdom is one of Australia's export markets for brandy, a limit of lead 
in brandy is of importance to the Australian industry, and consequently this investigation of 
Australian brandies was made at the request of the Australian Wine Board, which represents 
the export interests of the wine industry. 

Experimental 
Collection of brandies 

With the co-operation of the Australian Wine Board, a total of 31 samples was obtained 
from 17 licensed distillers and, as far as possible, each sample represented the finished product 
as sold. Consequently the samples are probably a representative cross-section of Australian 
brandies available for sale at present. Information on age of the brandy, type of still, alcohol 
content and other relevant data was obtained with most samples. 

In addition samples of Australian brandy from two shippers were obtained from the United 
Kingdom. These comprised samples from high-strength bulk brandy as shipped (most brandy 
is shipped in bulk to U.K.) , samples of the bulk brandy broken down to bottling strength with 
distilled water and also samples of the distilled water used for dilution. 

Method of analysis 

The method of analysis was that described by the Analytical Methods Committee of the 
Society for Analytical Chemistry. 1 Care was taken to purify the reagents as described in the 
method, and in addition all acids were purified by distillation through Pyrex glass or silica. 

The organic matter in the brandy aliquots (100 m!.) was destroyed by wet digestion with 
HNO. and H2SO. and method A was used for the separation of lead. All analyses were carried 
out in duplicate. The recovery of added lead was found to be 95-98% and replicate analyses 
on the same sample agreed to within 0'3 pg. in a roo-m!. brandy sample, corresponding to 
0'003 p.p.m. 
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The total acidity was detennined by the method described by the A.O.A.C.2 

Results 
The results of the analyses are shown in Table I. 
Although the overall range of lead content is < 0'01 t o 0'25, with a mean of 0 '036 p.p.m., 

one brandy produced by distiller J contained much more than any of the other brandies, and with 
t his exception the range is < 0'01-0'06, mean 0 '029 p.p.m. The distiller J could give no reason 

Table I 

Lead content in p.p.m. of Australian brandies 

Distiller Age in years Alcoholic strength Total acid. pH Pb. 
Proof spirit % (v I v) 

(British) 
mequiv·/1. p .p.m. 

A 3 34 V.P. 38 5'3 3'42 0'°3 
4 29 V.P. 40 9'1 3'22 0'°3 

B 4 33 V.P. 38 3.6 4'°4 0-06 

4 15 O.P. 66 4'4 4' 24 0-°4 

C 3 33 V.P. 38 2'7 4'20 0'02 

Blend 5. 6. 14 32 V.P. 39 4'2 4'25 0-025 
D Blend 4. 5. 7 & 9 32 V.P. 39 2·6 4'57 0'02 5 
E 3 3° V.P. 4° 4.6 3'58 0'045 

F 3 34 V.P. 38 2'7 4:°0 0-01 

G 30 U.P. 40 4.6 4'22 0'015 
H 32 U.P. 39 3'5 4'35 0'°5 

33 V.P. 38 5'3 3 '30 0'025 
33 V.P. 38 5.8 3'43 0'02 

4 31 V.P. 39 3'0 4'10 0'25* 

4 31 V.P. 39 3'0 4'15 0'°3 
2 31 V .P. 39 o'g 4'93 0 ' 0 1 

31 O.P. 75 1'0 5'7 1 0'01 

18 O.P. 67 1'0 5'34 0 '01 

K 60.P. 61 9'5 3'4 7 0'0[5 

32 U.P. 39 8'4 3.68 0'°55 
L I IO O.P. 63 2'5 4 '01 0 '02 5 

2 10 O.P. 63 2'1 4.60 0'°35 
3 9 O .P. 63 3'0 4'58 0'03 
6 33 V.P. 38 2·8 4'24 0'°35 

'4 25 U.P. 43 8'0 4 '28 0'°55 
M 4 33 V.P. 38 2·8 4'°4 0'01 

5 25 V.P. 43 4'9 4'08 0'0 1 

N 0·4 0 .P . 57 1'7 4 '39 0'oI5 

0 3 32 V.P. 39 2·6 4'14 0'02 

5 30 V.P. 4° 4'3 4'01 0'°3 
15 30 V.P. 40 7'5 3'92 0'01 5 

P 3 31 U.P. 39 4.8 3.60 0'01 

4 25 V.P. 43 9 '3 3'77 0'°35 

Q 21 V.P. 45 2'4 4'06 0'025 
20 V.P. 46 3'1 4' 13 0 '°4 

Range of values: 
All branches: 0'01-0' 25 ; mean 0'°36 
Omitting J' : 0'01-0'06 ; mean 0'029 

Samples obtained from United Ki ngdom 
p 3° U.P. 40 7'9 3'5 1 0'01 5 

IO O.P. 63 7.6 3.89 0'045 
Distil led water 0'01 

R 31 V.P. 39 4'7 4'°5 0'02 
10 O.P. 63 6'1 4'52 0'0 2 5 

Distilled water 0 '01 
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for this high value and it may have been due to contamination during sampling, as the four other 
samples obtained later as a check were uniformly low in lead content. 

The lead content of the various brandies could not be correlated with age, type of still or 
total acidity: The t otal acidity was higher in the older brandies, as would be expected, due to 
solution of acid constituents from the oak maturation casks. 

The copper content of the brandies was also determined and the results are reported 
separately! but it is interesting to observe that copper and lead contents show no correlation, 
although both arise from contamination from metallic equipment. 

Discussion 

Only limited information could be found in the literature on the lead content of brandies' 
Bagchi et al.' reported 0'05 and 0'06 p.p.m. for two brandies and Liend05 reported 0'04 p .p.m. 
for one Peruvian brandy. De Almeida6 examined 15 samples of distilled spirits, mostly Portu­
guese, and found lead contents ranging from traces to 0·6 p.p.m. with a mean of 0'27 p.p.m. ; 
he considered the spirit to be a contributing factor in the lead content of Portuguese fortified 
wines. However, samples of Australian fortifying spirit examined by Rankine' had uniformly 
low lead content (0'01-0'04 p .p.m.). 

The results of the present survey indicate that the lead content of Australian brandies is 
gratifyingly low, and well within the proposed British legal limit of 0'5 p.p.m. 
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A SEMI-MICRO TECHNIQUE FOR CRUDE FIBRE 
DETERMINATION 

By R. M. BREDON and C. D. JUKO 

The semi-micro technique of Bredon has severa] advantages over the standard method 
of the Fertilisers & Feeding Stuffs Regulations . ' The former gives satisfactory resul ts and , 
with proper equipment, can give four times as many crude fi bre determinations as the latter 
in the same time. 

After application of the DougaU corrections for altitude, results by the semi-micro 
method showed comparatively small errors as compa red with those by the officia l method 
(determinations at 3750 and 6800 ft . altitude) , and are acceptable for routine analyses. 
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Introduction 
The standard ' Weende ' method of analysis of crude fibre, devised by Henneberg1 , 2 a 

hundred years ago, was originally intended as a measure of the indigestible part of foodstuffs 
and crude fibre was assumed to represent the structural framework of the plant or product. 
Kellner" and la ter workers have shown, however, that the fraction representing crude fibre is 
far from being wholly indigestible. 

Although studies have been made of the exact chemical composition of crude fibre when 
derived from different feedingstuffs and also of the relationship between the crude fibre con­
stituents as they occur in the fraction and in the original plant material ,4, • the nature of the 
crude fibre is not known and its chemical composition is not consistent. 

The fraction obtained from foodstuffs after the Ween de treatment consists mainly of 
cellulose and lignin , together with small amounts of pentosans and minerals. The cellulose 
and lignin contcnt of fibre, however, does not represent the total amount of these substances 
present in the original foodstuff. Recovery of the cellulose in crude fibre may be anything 
from 40 to 88 % of the original, while recovery of lignin is even more variable, with an extreme 
range of 4-67'%4 (see also Bredon6). Crude fibre high in lignin is not necessarily obtained from 
the most highly lignified materials. 

The crude fibre fraction does not represent a constant fraction of the plant constituents 
and the fibre from one material is not necessarily comparable in composition with that from 
another. At the same time it has been shown that there is a significant relationship between 
the crude fibre content and the digestibility of animal feedingstuffs. 7, 8 The crude fibre figure 
is also used for calculating nitrogen-free extractives and starch equivalent. It is therefore 
used as an indication of the quality of a feedingstuff and was incorporated in the U.K. Feeding 
Stuffs Act, 1926.- The present position can therefore be summarised by noting that the crude 
fibre figure of any feedingstuff, whilst not denoting a chemical entity, is still very useful in a 
general way for routine work as being an indication of the probable feeding value of the material. 
The lack of a chemical entity in crude fibre makes it impossible to effect any considerable changes 
in the method of determination if the values are to be comparable throughout the world, and 
any improvements must produce results directly comparable with the st andard Weende method. 

The standard method, however, is slow and its accuracy leaves considerable scope for im­
provement. It has been shown 10. loa that there are considerable differences between crude 
fibre values obtained from rcplicates of the same feedingstuffs when analysed in different labora­
tories and by different workers. 

The experimental work described in this paper has been undertaken to investigate the 
problem of crude fibre determination in relation to East African condit ions. The first part deals 
with the adaptation of the semi-micro technique previously developed by Bredon,6 to the 
conditions of East Africa and comparison of the results obtained with the standard method. 
In the second part a comparison between these two methods is carried out at different altitudes. 

Experimental 

Milling of samples 

Uniform milling of samples is very important. To obtain uniformity of material from 
tropical grasses, a Christy & Norris hammer mill used with a sieve (supplied by Messrs. A. 
Gallenkamp & Co. Ltd.) having conically shaped holes of 0·8 mm. diameter was found to be most 
satisfactory. 

The' standard ' method referred to below is that given in the Fertilisers & Feeding Stuffs 
Regulations.11 

Part I. The semi-micro techniqueS 

The sample of feedings tuff is dried, milled and defatted by extraction in a Soxhlet apparatus 
with light petroleum (b.p. 40-60°) and 0'25- 0'30 g. of the sample is weighed into a transparent 
silica tube of 50 ml. capacity. The number of samples which can be dealt with simultaneously 
depends upon the number of buckets of the centrifuge, but with our apparatus twelve samples 
can be examined simultaneously. 

J . Sci. Food A~ric. , 12, March, 1961 



198 BREDON & JUKO-SEMI-MICRO ESTIMATION OF CRUDE FIBRE 

Twenty-five ml. of 1'25% v/v H2SO, are added to each tube and placed in a multiholder 
immersed in a water-bath, The water-bath is brought to boil within 10 min, and a further 
1 ml. of the acid is then added by a pipette with a thin jet to wash down the material which 
might have accumulated at the side of the tube, Evaporation of the reagent is minimised by 
placing glass bulbs over the mouths of the tubes, Boiling is continued for 35 min, (see later) 
and the multiholder is occasionally shaken in order to ensure mixing of the contents of the tube!; 
without removal from the water-bath, The tubes are then removed from the water-bath and 
are immediately centrifuged, The supernatant is removed with a pipette which has a fine 
nozzle (slightly bent at the end) attached to a suction pump, The residue is washed once with 
hot water, centrifuged and the supernatant removed, Centrifugation for 5 min, at 3500 r.p,m, 
(2800 g,) is usually sufficient , 

The same procedure is repeated with 1'25% NaOH, but now the sediment is washed twice 
to eliminate the alkali, centrifuging each time, The tubes are then dried at 1050 for 8 h, or 
overnight, They are then cooled in a desiccator and weighed, The samples are ignited by 
placing the whole batch in an electric muffle furnace maintained at 6000 until all organic matter 
is destroyed, When cool the tubes are again weighed, Adjustment is made for the weight 
of fat which was removed prior to analysis, The whole determination is carried out in the same 
silica tubes without removing the residues, 

Development of semi-micro techniques for crude fibre determination and comparison of results 
obtained with the standard method under East African conditions 

The results obtained originally with the' semi-micro techniqueS gave slightly higher results 
for crude fibre than those with the standard method oi the Fertilisers &Feeding Stuffs Regulationsll 
(see Table I), An attempt has been made to reduce these differences and to find out if the 
technique is satisfactory when used at higher altitudes, Two grasses were examined by the 
semi-micro technique with various times of digestion and the results obtained were compared 
with those by the standard method, " 

The results (Table II) indicate that the most comparable values are obtained when digestion 
in acid and alkali is extended to 40 min, instead of the 35 min, of the original semi-micro technique, 
These results were verified by examination of twelve feedingstuffs which were chosen to represent 
a cross-section of various types of materials on which crude fibre is likely to be determined, 

Table I 

A compal'ison of the original semi-micro techniqt4e with the standard method of crude fibre estimat1'on 

Crude fibre, % 
Material Standard" Semi- Ditler- Material Standard Semi- Differ-

methodll micro ence methodll micro ence 
technique technique 

Barley meal 4'6 5'3 + 0'7 Red clover '4'4 '5" + 0'7 
Dwarf beans· 5'0 5'2 +0'2 Grass (new growth) 17'8 19'6 + 1,8 
Weaning meal 6'5 6'6 + 0'1 Silage 19'5 19'8 +0'3 
• Lobel' calf nutlets 6'7 8'1 + 1'4 Grass (middle stage 
Earlie fattening growth) 21 ' 1 22'1 + 1'0 

meal 7'0 7'9 +0'9 Grass (late Autumn) 28'1 29'4 +1'3 
Crushed oats 9,8 9'9 +0'1 Hay· 3"7 32'6 +0'9 
Bean meal 1I·6 II'7 +0'1 Straw· 38'8 39'9 + "1 

* Private communication 

Table II 
Comparison oj yesults of standa1'd meth~d with those obtained by semi-mic1'o technique at various times of digestion 

Time of digestion t Semi-micro Standard Time of digestion, Semi-micro Standard 
min. technique method min. technique method 

E lephant grass Mixed grass 

3° 
35 
4° 
45 
5° 

3"'4 
30 '44 
30 '26 
29'95 
29'89 

3° 
35 
40 
45 
50 

44'69 
43'96 
43'24 
42' 30 

4"37 

43'31 
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Crude fibre was determined by both methods in quadruplicate and the standard deviations 
were calculated for each sample, These results are shown in Table HI. To compare the values 
obtained by both methods, the mean values of replicates were used, The Feeding Stuffs Regula­
tions" specify a permissible error of the total crude fibre when determinations are made and, 
because of this, the differences in the results of the semi-micro technique were tabulated as 
percentages of the figure obtained by the standard method. 

It can be seen from the results that the semi-micro technique, in some cases, produces 
'\ higher standard deviation than the standard method but the difference between the crude fibre 
contents of the samples is small and does not exceed 3%, which is well within the limits of 
allowed error of 12 %,11 Table IV shows the errors of results of crude fibre determination 
between two workers for both methods, The results, although not statistically conclusive, 
indicate that there is a better reproducibility of results obtained from the semi-micro technique 
than from the standard method but, in both cases, the results are acceptable. 

Part II, Comparison of semi-micro techniques and the standard method of crude fibre determination 
at different altitudes 

In East Africa an additional error to the normal error of crude fibre determination is created 
by the various altitudes at which determinations are carried out. The extent of this error in 
relation to the standard method was investigated by Todd12 and Dougalll3 and an equation 
for the correction factor was suggested by Dougall which makes the results comparable with 
those obtained at sea level. To find out if the semi-micro technique produces comparable 
results to the standard method at higher altitudes than Entebbe (3750 ft.) the determinations 
were carried out by the same worker, by both methods, at an altitude of 6800 ft. in the Labora­
tories of the East African Agriculture & Forestry Research Organisation, Muguga, The results 
were corrected to the values which would be obtained if determinations were conducted at sea 
level, using the altitude correction factor calculated from the equation suggested by Dougall.!3 
The factors calculated from the equation were 0'9633 for Entebbe and 0'9286 for Muguga. 
The results of crude fibre corrected in this manner are shown in Table V, 

Table III 

Comparison oj semi-micro technique with standard crude fibre method 

Sample Standard method Semi-micro method Difference of Difference of semi-micro 
Mean~Standarcf semi-micro method from standard :\'l ean of Standard 

replicates deviation replicates deviation st~~:~d ~~~~od ~t!~~~d:~sr~:~~~ ~~~ 
Millet seeds 4,82 
Russian, comfrey 10'83 
Maize bran 12'01 

Faeces 17'82 
Maize fodder 2g '17 
Elephant grass 3°'22 
Rhodes grass hay 35'69 
Maize silage 40 '14 
Mixed grass 40 '16 
Rhodes grass hay 4 1'56 
Mixed grass 43 '3' 

O'ZZ[ 

0' 167 
0'427 
0 '22 7 

0'332 
0'32 7 
0'323 
0,808 
0'388 
0 '21 4 
0'185 

4,88 
10'99 

12 'U 

28'44 
29'42 

3"09 
35'38 
40 '35 
40 '62 
40 '64 
43 '35 

0 '02 7 
0 '403 
0'623 
0'797 
0'55° 
o'8og 
0'375 
0'355 
0'43

' 0' 205 
0 ' 158 

Table IV 

+0'06 
+0'16 
+0'10 

+0'62 
+0' 17 
+0'87 
-0'3 1 
+ 0'21 

+0'46 
- 0'92 
-0'06 

+"2 
+"5 
+0,8 
+2'2 
+0,6 
+ 2'9 
- 0'9 

+0'5 
+1'1 
-2'2 

-0'0 

Difference in crude fibre results obtained by two operators by the standard method and semi-micro technique as 
. determined at Entebbe ' 

Sample Standard method Difference Semi-micro method DiffeFence 
Operator Operator A- B Operator Operator A-B 

A B A B 
Millet seeds 4,82 4 ' 18 +0'64 4 ,88 4 '83 + 0'05 
Russian comfrey 10,83 10'59 +0'24 10'99 11'17 -0'18 

Faeces 2]'82 26'95 +0,87 28'44 28'21 +0'23 
Elephant grass 30 ' 22 30 '61 -0'39 3"og 30'64 +0'45 
Maize silage 40 '14 40 'og + 0'05 4°'35 4°'34 +0'01 

Rhodes grass hay 4"56 4"66 -0' 10 40'64 4°'54 +o'}O 
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CHEMICAL INVESTIGATION OF SEEDS OF SELECTED 
TROPICAL PLANTS. I.-Component Acids of the Fats or Oils 

By A. MACKIE and D. G. MIERAS 

The component acids of the fats or oils of P i nang mabuk, Monodora myristica , X ylopia 
aethiopica, Celosia argentea, Anogeisslts schimperi , Mangifera indica and Carapa procera were 
investigated . The acids were det ermined qualitatively and q uant itatively by gas chromato­
graphy. The results are compared with those obtained for seeds of other plants of the same 
fa milies . 

Introduction 
The component acids of the fats or oils from the seeds* of the following plants were 

investigated: (a) Pinang mabuk (P.m.), a variety of betel nut (Areca catechu, Palmae); (b) 
Monodora myristica, Dun. (M.m.) (Anonaceae) ; (c) Xylopia aethiopica (X.a.) (Anonaceae); 
(d) Celosia argentea (C.a.) (Amarantaceae); (e) Anogeissus schimperi (A.s.) (Combretaceae); 
(f) M angifera indica, L. (M.i.) (Anacardiaceae) ; (g) Carapa procera, D.C. & C. (C.p .) (Meliaceae). 

With the exception of Pinang mabuk (from Malaya) all the other seeds are of West African 
ongm. These seeds were selected with the view to isolating any vermicidal principle, since 
they have been used by natives as anthelmintics. 

In the literature are described the acids of the seed fat of the betel nut (of which Pinang 
mabuk is a variety) and of M. indica (by three authors'): otherwise little is known of the 
chemistry of these seeds. The first part of this investigation was concerned with the isolation 
of the fats or oils and the determination of the component acids. 

Several methods for the determination of the latter were examined, viz., (i) the vacuum 
distillation of the methyl esters, (ii) reverse-phase partition chromatography, (iii) gas chromato­
graphy. 

Experimental 

Mineral matter 

The ash content of the dried seeds was determined and the ash examined for metals on 
a Hilger Semi-quartz Spectrograph. The results are given in Table 1. 

P lant 
Pinang mabuk 
M ollodora myristica 
X ylopia aethiopica 
Celosia al'gentea 
A nogeissus schimperi 
.it1angif era indica 
Carapa procera 

Isolation of fat or oil 

Table I 

A sit content oj seeds 

Ash, % Metals present 
1'5 
2'2 

2·6 
3'4 
3'4 
4'4 
4' 7 

K. Mg, Na (spectrum of a sh of betel nut identical) 
Na, Mg (K , Cu, Fe traces) 
Na, Mg, Ca (K, Cu, Fe traces) 
Na, Mg (K, Cu, Fe traces) 
Na, Mg, Ca (K, Li, Cu, Fe traces) 
K, Na, Mg (Li, Cu, Fe traces) 
Na, Mg, Ca (K, Li, Cu traces) 

The seeds were finely ground and extracted in Ioo-250-g. portions (Soxhlet, 6 h .) with 
light petroleum (b.p. 40-60°) and allowed to macerate overnight . After removal of the solvent, 
the residues were examined. 

If the residues were oils, they were steam distilled to ascertain the amount of volatile matter. 
The non-volatile residues were then examined and the results tabulated (Table II). 

Saponification 

The fat or oil was saponified with 10% ethanolic KOH and the un saponifiable matter and 
fatty acids were isolated by the standard procedure. The characteristics of the fatty acids are 
shown in Table III. 

* In the strict ly botanical sense, parts of the fruit were, in some cases, included with the seed. 
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Table II 

Properties of the fats and oils from the seeds 

203 

Fat or 
oil from 

Fat, % wt. 01 seeds Steam Sap. Iodine Setting Melting 
volatile value value point, point, 

Unsaponifiable matter, 
% wt. ollat 

matter, 0 c 0 c 

P.m. 8'0% pale yellow fat 

M.m. 22'O<yo amber oil 
X.a. 27 '0% pale yellow fat 

C.a. 8,0% yellow-green oil 

A.s. 0'5% dark green sticky 
semi-solid 

M.i. '4'0.% pale yellow fat 

C.p. 13'0% off-white fat 

% 

3'5 
1'5 

1'0 

223.8 28'7 

17 2 -2 84'6 
202'3 46'4 

249'5 9]" 

89'5 43'5 

191 '2 45'1 

200·8 61·8 

Table III 

23'7 

40 0·8% yeJlowish-hrown 
waxy solid 

10'0% pale brown liquid 
38 2'5 % yellow-brown waxy 

semi-solid 
6'6% pale yellow semi­

solid 
42'°% yellow-green semi­

solid 
35-42 3'0% yellowish-brown 

solid 
20 3'0% yellowish-brown 

solid 

Characteristics of the mixed fatty acids from the fats and oils 

Fat or Appearance Sap. Iodine Setting Melting 
oil from equiv. value point, point, 

o c 0 c 
P.m. Pale yel10w solid 237'2 3°'5 34·6 4°'0 
M.m. Dark viscous oil 331'6 103-75' 
X.a. Almost white solid 276'4 39'7 21'2 33-38 
c.a. Almost white solid 208'7 89·8 34'7 35-36 
A.s. Dark green semi-solid 555'2 65'6 20-2 3 
NI.i. \iVhite solid 293·8 38'8 41'5 55- 57 
c.p. Yellowish-brown solid 283'0 63·8 3"3 32-36 

• Iodine value decreased from 103 to 75 in months 

Preparation of methyl esters 

The mixed fatty acids were converted into esters by the usual procedure by refluxing with 
absolute methanol containing 1% of conc. H,SO. and then removal of any unesterified acids. 
They were stored under nitrogen until required for gas chromatography. 

Determination of the fatty acids by gas chromatography 

The apparatus was a Pye Argon Chromatograph. Celite (80- 120 mesh), previously washed 
successively with HCI and water. was coated with ethylene glycol polysuccinic ester' in the 
ratio 3 parts of ester to 8 parts of Celite in chlorofonn. The solvent was removed and the 
residue heated (45 min.) in vacuo at 200°. The packed column was conditioned overnight at 180° 
with an argon flow rate of 60 c.c./ min. 

During the determination of the methyl ester mixtures, the apparatus was run at a tem­
perature of 172- 177°; gas flow rate 42-37 c.c./min. ; detector voltage 1250 V; sensitivity X 3 ; 
chart speed 45 in./h. The sample size was 0'1 ,ttl. 

The acids were determined quantitatively and qualitatively by the graphical method as 
used by Farquhar et al. '. Table IV shows the results obtained. 

The gas chromatographic technique was found to be much superior to other techniques 
tested. In the initial stages of this research the acids from Pinang mabuk were determined 
qualitatively by separation of the methyl esters' and the acids from M. myristica by reverse­
phase par tition chromatography.' Although the results obtained by these techniques were 
similar to those obtained by gas chromatography, the latter technique could determine quanti­
tatively not only acids present in quantity, but also minute traces. 

Discussion 
The major component acids in the seed fats are as follows: 
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Fatty acid analyses of ether extracts 
The combined ether extracts of each pulse meal were heated on a steam bath to remove 

most of the solvent, the last traces of which were removed by means of a water aspirator. Cal­
culations based on the quantity of oil that had been isolated from each pulse meal showed that 
the pulses contained the following amounts of petroleum-extractable material: gram, 4'30% ; 
masur, 1'42%; lobia, 2'04%; mung, 1'44%; and mash, 2'14%· 

The samples of oil were first saponified by refluxing with 0'3N-KOH in 95% ethanol and 
the fatty acids were then liberated in a separatory funnel by the addition of I'ON-HCI acid. 
The fatty acids were extracted with light petroleum, the ether evaporated and the fatty acids 
esterified with diazomethane. The esterified samples were analysed by gas chromatography 
with a butanediol- succinic acid column (6 ft.) and a diethylene glycol-succinic acid column 
(4 ft.), both operated at 200° and at a gas flow rate of 120 C.C. (helium) per min. Table I shows 
the fatty acid composition of the five pulse oils. 

Extraction of protein by water and by neutral salt solutions 

The oil-free meals (2'5 g.) were shaken for 30 min. in centrifuge bottles (250 mI.) with 100 ml. 
of solvent on a mechanical shaker (ERWEKA G.m.b.H, Type KUI) and the mixtures then 
centrifuged (International Centrifuge, Size 2, Model R) for IS min. at 1900 r.p.m. The super­
natant liquids were decanted and the residues washed with 20-ml. portions of the solvent and 
the wash-waters were combined with the extracts. The extraction and washing procedure 
was repeated twice and the resultant extracts and wash-waters were combined with those ob­
tained in the first extraction. The volume of each combined extract plus wash-water was'made 
up to 500 ml. The nitrogen content of each composite sample (500 mI.) was determined by 
Kjeldahl analysis. Table II shows the percentages of the total N (average of three deter­
minations) extracted by water and by the various NaCl solutions. 

Discussion 

. The results reported in Table I show that the five pulse oils differ markedly in their fatty 
acid composition. Collin et at.13 demonstrated that the oleic acid, linoleic acid and linolenic 
acid contents of soya-bean oil vary from one variety of soya-bean to another and with environ­
mental conditions. The same is undoubtedly true for the pulse oils analysed, but when the 
variations due to these factors are taken into consideration, it is evident that the pulse oils are 
quite different in fatty acid composition. Worthy of note is the relatively high cerotic acid 
content of mung and the high behenic acid content of mash. Miki & Sera 14 analysed a sample 
of mung oil extracted from Phaseolus mungo grown in Manchuria and obtained values for the 
palmitic, stearic and linoleic acid contents in general agreement with the values reported in 
the present paper. Miki & Sera, however, reported a value for oleic acid which is three t imes 
greater and a value for linolenic acid which is five times smaller than that reported in the present 
paper. 

T able I 

Composition of the ether-extractable portion of pulses· 

Lobia Mung Gram Masur Mash Lobia Mung Gram Masur Mash 

C" N.D. N.D. N.D. T 0" C18 ==- 12'2 6 '4 '9'3 36 '0 20·8 

C" N .D. N.D. N.D. T 0'2 C1: == 27'4 32 •6 62'9 20·6 16'3 
CUo 0'3 0'4 0'3 ,., 0·6 C·l~ == 1 2'3 14 '4 3'3 1·6 35'7 
C15 0'1 0'2 N.D. 0·6 0 '5 Coo 0'9 0'9 T 2'3 N.D. 

isoC 1, N.D. 0'1 N.D. 0 '3 T C20 = N.D. 0'2 N.D. I'S N.D. 
C" 33'4 28'1 12'7 23'2 14'1 C2~== N.D. N.D. N.D. 0'1 N .D. 
C te == 0'3 0" 0 '1 0'3 0'9 C" 4'0 2'4 N.D. 2'7 9'3 
C" 0·6 0" T 0" 0'5 C"st == N.D. N.D. N.D. 2'S N.D. 
C .. 7" 7'S "5 4'6 4'3 C .. 0'2 N.D. N.D. N.D . N.D. 

C" "1 6'3 N.D. "7 3 .8 

• The data are expressed in wt.-% of total eluate. The subscript below C shows the number of carbon 
atoms in the straight acids. The exact configuration of the carbon skeletons of the iso-compounds is not 
known . Two horizontal bars next the C indicate a double bond, and the superior figure is the number of 
double bonds. 

T indicates trace 
N.D. indicates that the fatty acid was not detected 
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Normality 
of NaCl 
solutions 
° (water) 
0'0°5 
0'010 

0'02 5 
0 '°5° 
0'°75 
0 '100 

0'250 

0'5°0 

1'000 

Table II 

Effect of salt concentration on peptisation of pulse protein 

% of total nitrogen extracted 

Lobia 
(VigPla 

sinensis) 

56' 37 
5"72 

48'53 
34 '56 
32 •60 
33'58 
34'3' 
54'4' 
63'24 
68'23 

Mash Mung 
(Phaseol"s (Phaseo/us 
radiatus) mungo) 

23'24 57" ,8 
22'70 34.87 
28'92 3;-64 
27'30 32'56 
22'7° 25" r 3 
21'08 3 2 '05 

28"2 4° ' 76 
56'22 68'46 
67'57 69'49 
68·65 70'5' 

Masur 
(Lens 

esculenta) 

45"'3 
42 '06 
48 '47 
39'55 
3°'92 
3 1 '20 

38'72 

61'00 

7"3[ 
7"3' 

Gram 
(Cicer 

arieli'lum) 

46'59 
42 '65 
37"99 
42 '65 
35"84 
34'77 
44'°9 
55"76 
73'12 
75"27 

It will be noted from Table II that water extraction removed about twice as much nitrogen 
from masur and gram and about two and one half times as much nitrogen from lobia and mung 
as it did from mash. One may conclude from these results either that mash contained less 
albumin than did the other four pulses or that more of the globulin fractions were extracted 
from the foul pulses than from the oil-free mash meal. 

The effects of salt concentration on the peptisation of the nitrogen constituents of lobia 
are similar to those observed by Smith et at. IS in their studies on soya-bean and tepary bean. 
With the other four pulses, however, two minima are observed in the curves plotted from the 
results shown in Table II, the first at a salt concentration of 0'005N with mash, mung and masur, 
and at O'IN with gram; the second at a salt concentration of 0'075N with mash, mung and gram, 
and at o'oo5N with mung. The various extracts are being examined by electrophoresis to obtain 
more precise information on the nature of the protein constituents of these pulses. 
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THE ·SHRINKAGE OF CHERRIES IN JELLY 
By MARGARET J. ANTHISTLE 

It is demonstrated that cherries gradually shrink if set in a gelatin jelly and that the 
main factor governing the extent of the shrinkage is the gel pH. The pH of minimum 
shrinkage depends on the isoelectric pH of the gel and the results are discussed in the light of 
Donnan's theory of membrane equilibrium. 

Introduction 
The work described here followed the observation that cherries set in a gel containing gelatin, 

sugar and citric acid, sterilised by heat treatment, began to shrivel after a few weeks' storage. 
No reports relating directly to the subject could be found and the experimental work suggested 
itself after a consideration of Donnan's theory of membrane equilibrium. The influence was 
investigated of gel strength , of gel pH and of gel type as defined by isoionic pH, on the extent of 
shrinkage . 

. Experimental 

Preparation of the gels 

Several litres of gelatin solution were prepared at a time by dissolving gelatin crystals 
in a small amount of boiling distilled water, adding sugar if required and making up to volume 
with cold distilled water. The pH values of portions of the solution (measured with a Pye 
Cambridge pH meter) were then adjusted by the addition of solid malic acid, or in a few cases 
with a small amount of hydrochloric acid. 

Preparation of the fruit in jelly 

The cherries used were taken from cans of cherries (pH 4'0) in sugar syrup. In the first 
experiments (Tables I and II) a pack canned in 35 0 Brix syrup gave cherries of soluble solids 
24'5-25'5 %. In the later work cherries canned in a lighter sYruP were used (soluble solids 
content about I2-I4 %). In the initial work AI plain cans were used as containers for the fruit 
in jelly. These were later replaced by small glass jars with metal caps. Four cherries were 
weighed into each container, covered in hot gelatin solution and processed immediately. 

Sterilisation process 
Cherries in cans were covered with 280 ml. of gelatin solution at I7S 0 F and given a process 

consisting of a 5 min. exhaust at I85 ° F followed by a cook of I2 min. at 2I2° F. When glass 
jars (holding I20 ml. of gelatin solution) were used a separate exhaust was not given. The 
gelatin was filled at I80 0 F and the jars were closed immediately and cooked for IO min. at 
212° F. The products were cooled and stored at IS o c. These processes gave good keeping 
quality at all the pH values used but the packs were not intended for human consumption. In 
a commercial pack some adjustment of the process may be needed and the gelatin must be heated 
to 200 0 F before filling to avoid any chance of bacterial spoilage. 

Examination of products 
After suitable storage intervals the cherries were removed, wiped free from gelatin and 

reweighed. 

Measurement of isoionic and isoelectric pH values of the gelatins 

The mixed bed deionisation method l was used for measurements of isoionic pH. A 5% 
solution of gelatin was passed at a rate of 250 ml. of solution per h. per IOO ml. of resin, through 
a column of Biodeminrolite maintained at 35 0 c. In the case of the acid-processed gelatin 
the eluate was collected in an evacuated flask to minimise contamination with CO2, Measure­
ment of the pH of the eluate gave the isoionic pH of the gelatin. 

Viscosities were plotted against pH values to determine the isoelectric pH- the pH of 
minimum viscosity. All measurements were made with 3% solutions at 35 0 in a U-tube visco­
meter and the pH values of the gelatin were adjusted with HCI or KOH as required. 
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Results 

Shrinkage was estimated as the percentage change in weight of the cherries, Under the 
experimental conditions used it could be estimated to within ±o'5 %, From general observa­

, tions it may be said that a weight loss of less than 10% has no obvious effect on the appearance 
of the fruit, losses between 10 and 15% are accompanied by slight shrinkage and above 15% 
loss shrinkage is noticeable, 

Tables I and II show the results of the initial work. Table I shows that the shrinkage 
of fruit increased with the gel concentration and that at both concentrations a large amount 
of shrinkage occurred between pH 2'5 and 3'5 whereas small changes, usually slight swelling, 
occurred between pH 4'5 and 5,6, Table II shows that at pH 4'0, which is a convenient value 
from a commercial point of view, shrinkage was negligible both in the presence and absence 
of sugar, Sugar in the gel at pH 3'5 considerably reduced the shrinkage, 

Table III shows the results of experiments carried out under slightly different conditions, 
with cherries of lower soluble solids content (12-14%) set in gelatin and packed in glass jars, 
In this Table are also indicated the effects of two gelatins, one lime-processed (isoionic pH 4'9) 
and the other acid-processed (isoionic pH 9'05), and of various additives to the jelly, There 
is a general trend towards more marked shrinkage than that previously experienced, although 
this was not noticeable from the appearance of the fruit apart from that set in the high-isoionic 
gel. This gel caused weight losses over the whole pH range from 3'4 to 5'6, and shrivelling at 
the lower pH values was very rapid and was noticeable after a few days' storage, 

The shrinkage becomes less as the pH value of the gel increases over a certain pH range, 
but the pH for minimum shrinkage i s not clearly defined, From the earlier work (Tables I 
and II) it was thought to lie between pH 4'0 and 4'5 for the lime-processed gelatin, but in the 
later work it is evident that the upper limit for minimum shrinkage can lie above pH 4'5, The 

Gelatin in Origina l 
solution, pH of gel 
~b w/v 

3 2°S 
3 3"5 
3 ,\"5 
3 5,6 

2'5 
3'5 
4°5 
5'6 

Table I 

Changes in weight of cherries set in gelatin gels 

Decrease in weight of fruit , % Comments 
Storage t ime 

6 weeks 9 wee~s ~ 1 2 weeks 

9 '9 
17 

-1"0 

-4'2 
34 
37 

6, 5 10 Gel did not set, Slight shrinkage 
27 24 Soft gel. Noticeable shrinkage 

- 40 1 - 1°9 F irm gel. Cherries firm and round 
- 6'3 - 5'5 Firm gel. Cherries firm and round 
27 Gel did not set. Noticeable shrinkage 
52 

-2"2 
-o"! 

Table II 

Soft gel. Shrinkage very marked 
Very firm gel. Cherries firm and round 
Very firm gel. Cherries firm and round 

Changes ia weight of cherries set in a gel containing sugar and gelatin 

Gelatin in 
solution, 
0/0 wj v 

3 

Sucrose in pH of gel Decrease in weight of fruit , % Comments 
solution, Original F inalpH Storage t.ime. _ _ 
~{, w Iv 6 weeks 9 weeks 

nil 3"5 3"4 1 2 26 Soft gel 
Soft gel 
Soft gel 

6'5 7"8 17 
1 3'0 6'7 13 

nil 4"0 4'0 -0'5 +0'7 Firm gel 
6'5 -0,6 Firm gel 

] 3'0 + 0 '4 -10 Firm gel 

nil ~ 'z 4'1 -5"9 + 0 '2 Firm gel 
6' ,5 -2,6 - Z ' 2 Firm gel 

13'0 -3'1 - 3'4 Firm gel 

nil 4'5 4'4 - 3"7 - ],6 Firm gel 
6 '5 - 2 ' 2 - 3'4 F irm gel 

13'0 - 3'3 -3'9 Firm gel 

Tables I and II show the results of experiments using gelatin of isoionic pH 4'9 and cherries of high 
soluble solids content (24'5-25"5%) packed in plain cans. Adjustment of pH was made with malic acid. 
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T able III 

Changes in weight of cherries set in a 3 % gelatin gel containi"g various additives 

Isoionic pH adjusted Other additives Original Decrease in weight of fruit, 0/0 
pH of with to gelatin pH o! Storage t ime 
gela tin gela tin i -weeks' . . 27 weeks 

4'9 Malic acid None 3'4 25 
3,8 19 
4 '0 19 
4 '2 2,8 

4'5 2'4 

4 '9 Hydrochloric acid None 3'4 23 27 
3,8 
4'0 4 '2 3'0 
4' 2 -1 °1 - 2'4 
4'5 - 3'9 - 2,8 

4'9 Malic acid Sodium chloride 3 '4 5"2 
(to give a O" IM 

solution) 
3,8 
4'0 4 '0 0 '2 
4 '2 3 '6 4'0 
4 '5 -4'0 0 '4 

9 '05 Malic acid None 3 '4 54 
3,8 
4'0 40 
4 '2 38 
4'5 '7 
5,6 4 '0 

pH of minimum shrinkage is higher in the acid-processed gel and probably lies somewhere in 
the region of pH 7'0, Insufficient experiments have been made to allow any definite con­
clusions to be drawn about the effects of HCI or NaCI on shrinkage, but it seems likely that 
sodium chloride will reduce shrinkage at the lower pH values, 

When the low-isoionic gels were heated with HCI or malic acid to give a pH value less than 
4'0 they became turbid, This change did not depend upon the presence of cherries and it could 
be due to heat-coagulable protein in the alkali-processed gelatin used, 

The viscosity determinations showed aqueous solutions of the lime-processed gelatin to 
have an isoelectric pH which coincided with its isoionic pH of 4'9, With this gelatin made 
O'02M with respect to malic acid (the concentration of malic acid required to give pH 4'0) and 
with lime-processed gelatin from actual jars of cherries in jelly it was difficult to obtain repro­
ducible measurements of viscosity, and it was not possible to make an accurate determination 
of the isoelectric pH, 

Discussion of results 
The most likely cause of shrinkage of the cherries is a difference in osmotic pressure on either 

side of the cherry skin which would cause an osmotic flow of liquid from the cherry into the gel. 
This can be thought of in terms of Donnan's theory of membrane equilibrium, If the gelatin 
sets it will act as its own membrane since the gelatin ions will be held rigidly; if it does not 
set the cherry skin (provided that it is undamaged) will form the membrane, permeable to all 
the ions present except to the large ions of gelatin itself, In either case the gelatin ions not 
being free to diffuse will prevent t he equal distribution of other ions on either side of the cherry 
skin, This will give rise to an abnormally high osmotic pressure and therefore to an increased 
flow of liquid through the skin, This is in many ways analogous to the case of an acid solution 
of gelatin separated by a membrane from a solution of the same acid, Bolam' and Glasstone3 

applied Donnan's and Van't Hoff's equations for osmotic pressure in dilute solution to show 
that for solutions on the acid side of the isoelectric pH : (I) the osmotic pressure in the jelly 
will be greater than that in the solution of acid (so that by analogy shrinkage of the fruit due 
to the passage of water into the gel will be expected), (2) the osmotic pressure difference (and 
hence t he shrinkage) will depend on, and will fall to a minimum at, the isoelectric pH of the gel, 
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(3) the presence of a neutral salt in the jelly will reduce the osmotic pressure difference at all pH 
values (and so should help to reduce shrinkage of the fruit). . 

The results support this theory in that the shrinkage depends on the isoelectric pH of the 
gel and becomes less as that pH is approached. It would be expected that the actual pH of 
minimum shrinkage would depend upon the solids content of the cherries and the presence of 
pectin in the fruit. Because of anion adsorption the isoelectric pH values of gels used are likely 
to be lower than their corresponding isoionic pH values. The dependence of shrinkage on gel 
strength is in accordance with ordinary osmotic pressure considerations. 

It is intended to carry out further experiments with a deionised gelatin over a wide pH 
range and to investigate the salt effect more fully. In the meantime the work shows that any 
noticeable shrinkage may be avoided by the use of an alkali-processed gelatin adjusted to pH 4'0. 
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ENZYMIC CHANGES IN LAMBS' LIVER DURING STORAGE. I 

By D. N. RHODES and C. H, LEA 

The rates of autolytic degradation of the phospholipids, neutral lipids and protein of 
lambs' liver have been measured during storage at 37°, 15°, 1 °, - 10° and _20°, and at ISO 

and 1 ° after frozen storage a t - 10° or _200 for 8 or 14 weeks. 
Chemical changes in the fresh liver proceeded about 13 times faster at 37° than a t ISO, 

and about 3'S times fast er at 15° than at 1 ° . At - 10° and _20° hydrolysis was hardly 
detectable after storage for 24 weeks. At 150 the onset of measurable autolytic change was 
delayed for about 2 days, but no lag period was observed when the material had previously 
been held at _10° or _20°. This activating effect of freezing on the hydrolytic enzymes 
was much less marked when post-thawing storage was at 1 0

• 

The degradation of the glycerophospholipids results from the simultaneous removal of 
the two fatty acid residues, followed by breakdown of the water-soluble phosphate ester 
moiety to orthophosphate. The fatty ester linkages of the triglycerides were split even 
more rapidly thal~ those of the phospholipids, indicating the presence o f a true lipase in 
lambs' liver. 

Fresh liver remained organoleptically acceptable for up to 10 days at 1° or 1 - 2 days 
at 15° , times which were not significantly affected by frozen pre-storage at _100 or _200 

for 8 or 14 weeks . No significant deterioration could be detected by tasting tests after 
storage for up to 2S weeks at _10° or _20° , 

Introduction 
The commercial handling of lambs' liver for consumption in the United Kingdom falls 

into two phases: frozen transport from abroad at temperatures between _ 10 0 and -20
0 for 
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periods of approximately 6--8 weeks, and the holding of thawed imported and fresh home-killed 
material at chill temperatures during retail distribution for 2- 7 days. To facilitate rapid 
freezing, livers for overseas transport are packed in seamed cans with a minimum of headspace 
and avoiding the inclusion of pockets of air. Frozen storage can, therefore, be regarded as very 
largely anaerobic. After being thawed the liver is normally exposed to air. 

In vivo, animal liver is the site of intense metabolic activity and rapid changes in the com­
position of the lipids, proteins and carbohydrates induced by continued enzymic activity might 
be expected after death, even at the low temperatures of chilled or frozen storage. Although 
some work has been published on biochemical aspects of the degradation of the lipids of liver 
during autolysis, mainly at 37° (see Discussion). no information appears to be available on 
autolytic changes under the conditions of practical handling. The present work has, therefore, 
been designed to investigate such changes and to relate them to the organoleptic acceptability 
of the foodstuff. 

Experimental 

Materials 

Livers were obtained from lambs slaughtered in commercial abattoirs in ~ovember and 
December, 1959. The livers were recovered from the carcasses between IS and 30 min. after 
death and storage treatments were commenced within a further 90 min. 

Storage conditions 

Frozen storage.-Livers were cut into seven pieces of roughly equal weight (about 70 g.) 
and sealed in 5-oz. cans with seamed lids. The cans were exposed to an air blast at _20 °, 
which cooled the centre of the piece to _10° in 2 h. The cans were then transferred to cold 
storage rooms at _ 10° or _20°. 

On the following day the headspace gas in the cans was replaced with nitrogen by evacuation 
and flushing three times through a pin hole in the lid which was then sealed with solder. The 
seams of the cans were rendered completely gas-tight by quickly dipping in molten Woods metal 
under a layer of lactic acid , a process shown to cause no thawing of the liver. 

Post-thawing storage.-After several intervals, cans were removed from frozen storage and 
thawed by immersion in ice water or running tap water for 2 h. The lids were then punctured 
to allow ingress of air and the cans sealed in a large polythene bag to prevent loss of moisture 
during subsequent storage at 1° or IS °. 

Chilled storage.-To investigate changes in fresh liver at temperatures above freezing, 
50-g. pieces of liver were held at 1° and IS ° in sealed polythene bags which prevented desiccation 
while permitting access of oxygen. For chemical examination only, 5-g. pieces of liver were 
sealed in small polythene bags containing I ml. of 0'1% aqueous sodium ethyl mercurithio­
salicylate (' Thiomersil ') as bactericide. This reagent was used in preference to toluene­
chloroform which has been found to inhibit tissue phospholipase activity.1 

Methods 
Tasting tests.-Some difficulty was encountered in standardising the procedure for cooking 

liver samples. In the method finally adopted, slices about I cm. thick were laid on the bottoms 
of glass dishes and the tops sealed with aluminium foil. The dishes were steamed for 20 min., 
after which ' the pieces were turned over and cooked for a further 10 min. _-\ny fluid exuded 
from stored samples (' drip ') was added to the dish before cooking. 

Samples were scored for odour, flavour and texture by a panel of 5-8 persons using a hedonic 
scale from I to 9, 5 representing neither like nor dislike, 6 to 9 like slightly, moderately, very 
much and extremely, and 4 to 1 dislike in similar degrees. The average of the scores is given. 
The panel was given no preliminary training, and their reactions can therefore be considered 
to be no more critical than those of average consumers. 

Extraction of soluble constituents.-The basis of the chemical examination was the analysis 
of those constituents of the tissue extractable into either the organic or the aqueous phase of 
a chloroform-methanol-water mixture. The procedure was based upon that of FoJch et al." 
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in which lipids arc extracted from tissues by a mixture of chloroform and methanol , and the 
extract washed free of water-soluble material by shaking with a critical volume of water. In 
the method used in the present work the washing step was incorporated into the extraction 
step, so that the non-lipid substances present in the tissue could be simultaneously extracted 
into the aqueous phase. 

Wet liver (5 '0-5'5 g.) was weighed accurately into the Ioo-m!. cup of a top-drive homo­
geniser (Nelco) and 50 mL of methanol-chloroform (I : 2 v/v) and 8'0 m!. of water (or 7'0 m!. 
when 1'0 m!. of antiseptic solution was present in the sample) were added. The glass cup was 
fitted to the homogeniser under a cap made from polythene to fit as closely as possible to the 
driving axle of the blades and to rest firmly on the rim of the cup. L oss of the solvent by 
evaporation was thus reduced from 5 m!. when the open cup was used to less than 0'5 m!. 
Samples were homogenised for 4 min. and the whole homogenate decanted into a Ioo-m!. centri­
fuge cup and spun at 2000 r.p .m. for 10 min . (M.S.E . major) . Two clear homogenous liquid 
layers were produced, separated by a tightly packed layer of disintegrated tissue. The upper 
layer was simply poured off and the exposed sides of the tube carefully wiped. The wad of 
tissue was then displaced with a glass rod and the lower layer poured through a filter paper 
to remove any particles of debris. In sampling stored liver which had exuded drip, a propor­
tionate volume of the fluid , based on the weights of the sample and the whole piece, was added 
to the sample before homogenisation. The extract s were stored at 1 0

; after I day the upper 
phases deposited a fine white precipitate which was filtered off before analysis. 

The efficiency of the extraction of the lipids was assessed by the measurement of the lipid P 
recovered from 5·0-g. samples of the same liver after homogenisation for I, 2, 3 and 4 min. 
The yields (0'392, 0'368, 0'384 and 0'396 mg. respectively) indicate that no advantage was 
to be gained by a longer t reatment. Moreover, when the t issue wad was twice more re-extracted 
with fresh solvent under the same conditions the lipid P appearing in the extracts was no 
greater than that calculated from the volume of the previous extract mechanically held in the 
wad. 

To determine the actual volumes of the two phases obtained, known amounts of elaeostearic 
acid and ammonium sulphate were added to standard runs and the concentrations in the phases 
measured by ultra-violet absorption and alkaline distillation respectively. The volumes found 
were 25'0 m!. in the aqueous phase and 36'5 m!. in the organic phase when 5'0 g. of liver were 
taken. Variation in the temperature of the solvents between 10° and 30° during homogenisation 
and separation did not significantly affect the volumes of the phases. The compositions of the 
upper and lower layers were chloroform: methanol : water 3: 48 : 47 and 86 : 14 : I respectively. " 

Folch et a[2 demonstrated the almost quantitative retention of some natural lipid mixtures 
in the organic phase of this system during the washing procedure, but a further study was 
made of the behaviour of the lipophobic lysophospholipids which could be present as partial 
degradation products of the diacyl-compounds. Under the standard extraction conditions 
detailed above, 95 % of added lysophosphatidylcholine appeared in the organic phase when 
pure solvents were used. The partition ratio was not affected by the presence of 0.003M-calcium 
or magnesium ch.lorides or 0·05M-sodium chloride in the water taken, additions originally recom­
mended." 

No significant loss of the lipids present in the liver would, therefore, be expected from the 
organic phase of the extracting mixture. However, an arbitrary fractionation of the water­
soluble components must result from the presence of approximately 50% of methanol in the 
aqueous phase. For example, whereas oligosaccharides, proteins and higher peptides would be 
insoluble, simple sugars, amino-acids, phosphate esters and salts would be expected to be dis­
solved at the concentrations encountered. 

pH.-In preliminary experiments on liver stored for various times, pH measurements 
were made with a glass electrode on the aqueous phase of the extracts and compared with those 
on homogenates of the whole tissue. The values obtained on the extracts were found to be 
1'0 ± o·! units higher than on the homogenates over a range 7'3 to 5'5 . All determinations 
reported were made on the aqueous extracts. 

Phosphorus was determined by the method of AlIen3 and inorganic phosphate by the same 
method without digestion with perchloric acid. 
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Table I 

Analyses oj fresh lambs' livers 

Unit per ~'lean of Liver Unit per Mean of Liver 
]00 g. ]0 livers No. Jl 100 g. 10 livers No. II 

of liver ± S.D. of live r :::: S.D. 
Organic extract Aqueo-us extract 

Total P mmoles 5'34 :':: 0 '39 .5"30 Total P mmoles 5'39 ± 0'36 5'59 
Total N mmoles 5"48 ± 0'33 Y34 Inorganic P mmoles 1 0 20 :..1: 0"21 r'58 
Carboxylic Total N mmoles 16'5 ± 0·8 '7.6 

esters mmoles 13°1 :.!: 2 '1 12·6 Dry solids g. 5'66 :::: 0·68 3 '03 
Dry solids g. 5'73 ± 0' 7

' 

case of liver II (Table I) this fraction comprised a much smaller proportion of the total solids, 
About 22% of the P soluble in the aqueous phase was inorganic phosphate in the fresh materials 
and the total P content of the extractable solids was 2'95%, 

The total P extracted in both phases was 10"73 mmoles/ IOo g, (= 332 mg,/ IOo g.) , The 
total of the solids extracted amounted to II'4 % of the wet weight of the liver. 

Pre-storage changes 

In four experiments small pieces of the livers were removed with scissors and dropped into 
liquid nitrogen within 6 min. of the death of the animal. Further samples were taken from the 
same livers after the normal handling period (about 1'5 h,), The analyses by the most sensitive 
criteria of hydrolytic action were compared (Table II), No significant changes had occurred 
in the lipids, but considerable increases in the inorganic phosphate and the total solids of the 
aqueous phase were found, The production of free phosphate was paralleled by a significant 
drop in pH, The increase in the total solids soluble in the aqueous phase was not accompanied 
by any change in the total N and was, therefore, probably due to the appearance of soluble 
sugars resulting from the post-mortem breakdown of liver glycogen, 

Storage experiments I and I I 

In the first two storage experiments the rates of autolytic changes in pieces of intact liver 
at 37°, IS ° and 1° were established, In Expt. II (the results of which are given in Figs. I and 2) 
5-g, pieces from the same liver were placed in polythene bags with I ml. of 0'1% 'Thiomersil " 
Although the antiseptic delayed the growth of micro-organisms the last points on the curve may 
have been affected by bacterial growth, In separate experiments samples were held at IS ° for 
periods of up to 8 days with and without I ml. of 0'1 % Thiomersil or of 0'025% Aureomycin 
solution saturated with sorbic acid, 

The results showed that the changes in lipid P and esters, soluble-P in the aqueous phase, 
inorganic P , total Nand amino-N were unaffected by the presence of the antibacterial agents, 
It can be concluded, therefore, that the antiseptic did not affect the activity of the enzymes of 

Table II 

Hydrolytic changes in liver during the immediate post-mortem period 

Samp ling time (min. alter death) 

Organic extract 
Carboxylic esters 
Tota l P 

A queolfs extract 

Tota l P 
Inorganic P 
Tota l N 
pH 

Dry matter 
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Mean of 3 Ii vers One liver 
- {)---9O 

(mmoles/roo g. liver) 
12"9 13"0 16·6 
y08 5'43 4'90 

5'47 
'°21 

15"9 
7'33 

4,84 
1°00 

16'7 
]'80 

(g./IOO g. liver) 
5'58 3'92 

120 

5"18 
1'47 

16'7 
7'3' 
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Table III 

Times taken fo r various amounts of chemical change i " liver dt'Ying storage in air (Expt. II) 

Amount of Temperature of storage 
change/ lOo g. 37° 15 ' 1.0 37'/ 15' 15°/ i o 

liver 
(Days) (Ratio of Tates) 

Organic extract 
-1:0 mmoles Total P 0·6 7"3 25 12 3'4 

Esters -5"0 mmoles 0·8 9'0 31 II 3'4 

A queous extract 
Total N +10 mmoles 0·6 7'0 18'5 12 2' 7 
Total P +1 '0 mmoles 0°35 6·8 33 19 4'9 
Total solids +I·6g. 0'5 7'6 28 15 3°7 

straight lines which have a slope of 2'1 ester groups/ P, as would be expected for the simultaneous 
removal of the two fatty esters from a glycerophospholipid, whereas the early points lie on lines 
of much greater slope. 

Total N.-Measurement of the true lipid N was rendered difficult in stored samples by the 
presence of large quantities of free amino-acids, part of which appeared in the organic phase 
of the extract by association with the phospholipids. Although these contaminating nitrogenous 
substances could be removed by further washing or by chromatography' the process was too 
tedious for routine application to the many samples examined. 

Changes in the non-lipids 

Nitrogen and total solids.-Whereas a maximum of 3 mmoles of phospholipid N could have 
been rendered water-soluble during the whole reaction period studied, 15 times this quantity 
appeared in the aqueous extracts (Fig. 2B). This increase in total N was paralleled by a similar 
large increase in amino-No The relation between the two was linear, showing a ratio of amino-N/ 
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above 0° much more rapidly in stored liver after thawing than in fresh, and emphasise the 
importance of expeditious handling and the maintenance of temperatures as close as possible 
to 0° during this time. In particular the exposure of sliced liver in unrefrigerated showcases, 
as is commonly practised by smaller retail butchers, is clearly undesirable. 

The activating effect of frozen storage upon subsequent enzymic hydrolysis at temperatures 
above freezing will be described more fully in the following paper.9 

The slow rate of hydrolytic change in the lipids of liver at _ 10° and -20° agrees with 
the observations of Cook & White'° who found no significant changes in the free fatty acids of 
chicken subcutaneous fat during storage at -I3"So or _22° for periods up to 2S months. 

The temperature-dependence of the activity of the lipolytic enzymes of the liver contrasts 
with the findings of Dyer & Fraser" and of Olley & Lovern ' on the hydrolysis of the lipids of 
cod muscle. In the fish , lipolysis proceeded at about the same rate throughout the range 0° to 
-14° (~2S% hydrolysis in 20 days) and at measurable rates at _ 22 ° and -29° (10% hydro­
lysis in 30 and 80 weeks, respectively). The rate of hydrolysis in the lambs' liver was com­
parable at 1° (2S% hydrolysis in 2S days), but at _10° and _20° the lipid changes were not 
measurable after 22 weeks. The greater activity of the lipolytic enzymes of cod flesh at the lower 
temperatures may however be a characteristic of the species rather than a difference between 
cold- and warm-blooded animals since in halibut and rosefish-flesh lipolysis was very slow at 
_18°.11 

The decomposition of liver lipids in vitro has been measured under various conditions 
encountered in biochemical studies. Fairbairn 12 found that cat or rat liver in pieces showed 
8% loss of phospholipid fatty acids within a few minutes of excision. An unbuffered homo­
genate rapidly lost IS % of the phospholipid fatty acids and then remained stable, but autolysis 
proceeded much further in a homogenate buffered at pH 7'2. Fries et at.'s found no hydrolysis 
in I h. but 30% destruction in 6 h. Fishier et aU' working with slices at 37° and pH 7'2 found 
20% destruction after 6 h. Myers & Mendejl5 found 20% hydrolysis of total lipid of rat homo­
genate at 37° and pH 7'3 in 3 h. In the present work phospholipid hydrolysis in pieces of 
lambs' liver at 37° was almost linear over the first 24 h. after which time 30% had been 
destroyed. Overall lipolysis, as measured by disappearance of the carboxylic esters, was slow 
during the first 2 h . and then accelerated for 24 h., after which time so% had been destroyed. 
Both reactions continued until, after 5 days, the rates had become very slow although 40 % 
of the phospholipid and 20% of the acyl esters originally present still remained. Lipid hydrolysis 
at IS ° and 1° was negligible during 24 h., and no great loss of lipid P or esters could be demon­
strated in the immediate post-mortem period during cooling and handling. 

At IS °, as at 37°, when hydrolytic decomposition of the lipids had ceased or had become 
very slow, 20-40% of the phospholipid still remained unattacked, whereas all the neutral fatty 
esters had been destroyed. The pH of the tissue had dropped by this time to 4's-S'0 (corrected 
values). The known phospholipase of liver displays maximum activity at pH 6'516 and is 
greatly inhibited at pH 4'S, whereas animallipases appear to be active over a wider range of pH.17 
The cessation of lipolysis before complete destruction of the phospholipids may, therefore, have 
been due to inactivation of the enzymes by the acid produced. Alternatively, in view of the 
rapid proteolysis proceeding in the tissue, the lipolytic enzymes may themselves have been 
destroyed by protease. 

The route of decomposition of the diacylglycerophospholipids indicated by the present work 
is the simultaneous removal of the two fatty acids releasing the phosphate moiety as a water­
soluble ester, in agreement with earlier work on liver and on fish flesh.', 11, 12 The two known 
mechanisms which could account for this result are (a) the action of a phospholipase releasing 
the phosphoryl-base and an ocp-diglyceride, followed by lipase attack on the diglyceride, or 
(b) the removal of the two fatty acids directly from the phospholipid molecule releasing a glycero­
phosphoryl-base. The former mechanism, however, is improbable because phospholipase C is 
believed not to be present in liver16 and the required rates of phosphorus release and fatty acid 
disappearance would not agree with the observed kinetics. Direct removal of the fatty acids 
.could be brought about by the consecutive actions of phospholipases A and B removing the 
p and oc' acids respectively, or by the action of a phospholipase B alone under activating con­
ditions similar to those described by Dawson's for the phospholipase B of Penicillium notatum. 
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was followed by a rapid enzymic degradation of both lipids and protein. When material had 
previously been held frozen at _10° or _ 20° for 8 or 14 weeks, however, hydrolytic changes 
commenced immediately on thawing and proceeded more rapidly. 

Other examples of the activation of lipolytic enzymes by cooling have been reported. 
Lipolysis in ' naturally active' milk can be accelerated simply by cooling, during which a soluble 
lipase is apparently irreversibly adsorbed on to the fat globule membrane. 2 Normal milk needs 
to be cooled, warmed to 36 ° and re-cooled to produce the same effect . 3 The phospholipase A of 
pancreas is extractable in an active form only if the tissue has previously been held frozen (e.g., 
at _1 2 ° for at least 14 days).' Olley & Lovern' and Dyer & Fraser" found that the rate of 
lipolysis in cod flesh was about the same at - 14° as at 0 °, suggesting that an increased activity 
due to freezing was balancing the retarding effect of the lower temperature. The activity of 
pancreatic lipase is known to fall off very rapidly below 0 ° .7 

The present experiments were designed to explore the effect of exposure to freezing con­
ditions on the activity of the autolytic enzymes of liver. 

Experimental 

The lipids and water-soluble constituents of the tissue were extracted in a biphasic solvent 
system containing chloroform, methanol and water. The extraction technique and the analytical 
methods used have been described in a previous paper. 1 

A freshly killed lamb's liver was divided into 5"0-5'5 g. pieces which were weighed, sealed 
in polythene bags and immersed in brine solutions at _10° or _2°, or held in air at IS °. Initial 
samples were extracted and treatments started at all temperatures 90 min. after the death of the 
animal. Samples stored at IS ° were examined after I, 2, 4, 6, 9 or 14 days. After being held 
at _10° for I, 3 or 10 days or at _ 2° for I, 5 or 10 days, three samples at each time were thawed 
in water and transferred to storage in air at IS 0 . These samples were examined after a further 
2, 4 or 8 days. 

Results 

The breakdown of the phospholipids, total lipids and protein at IS ° as measured by the 
disappearance of lipid P and total carboxylic esters and the appearance of water-soluble N 
respectively are shown in Figs. I, 2 and 3. The curves have been returned to a common origin 
since it was known that the amount of change to be expected in 10 days at _10° would be 
negligible, and that at _2° small.1 The rates of autolysis found after 3 or 5 days' frozen pre­
storage were virtually identical with those shown after 10 days, and have not, therefore, been 
reported. 

o 4 fO 

DAYS 

FIG. I.-Changes in Ihe lipid P content of liver 
stored in air at ISO 

Fresh (0); afte.r holding at _ 2 ° for 1 day (A ), or 10 days 
C. ); after holdlllg at -10" for I day (0 ), or 10 days (.) 
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of enzymic degradation of both lipids and protein. It seems unlikely that the effect of freezing 
is a result of purely chemical change since a period of 3 days at _10° is sufficient to produce the 
full activation, and it has been shown that the extent of enzymic hydrolysis in liver is very small 
at this temperature even after 24 weeks. l The formation and growth of ice crystals during 
freezing could, however, cause breakdown of the gross physical organisation of the tissue and 
the consequent dehydratiqn of the cellular constituents might result in the denaturation of pro­
teinsS and in particular the disruption of lipoprotein complexes.· 

Wattiaux & Duve lo showed that many of the enzymes of liver are firmly bound in an inactive 
form in particulate components of the cells, and are released into solution only after physical 
treatments such as homogenisation, repeated freezing and thawing or the action of a detergent. 
The kinetics of the activation in the last case suggested that the enzymes are contained within 
a membrane which is ruptured by the active agent. Neither lipases nor protease were included 
in the studies of these authors, but it would seem likely that the activation of these enzymes by 
freezing is dependent on a similar mechanism. In this case the termination of the lag phase in 
the autolysis of fresh liver might be due to the release of the enzymes by the digestion of the 
membrane by the indigenous protease. 
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EFFECTS OF SOME FUNGICIDES ON THE FLAVOUR OF 
FRUITS AND SYRUPS 

By (the late) ALICE CRANG and G. M. CLARKE 

The effects of the fungicides captan, Karathane (Dinocap), thiram and lime-sulphur 
on the flavour of fruits and acidified syrups have been assessed before and after bottling, 
canning and freezing. Captan at 5 p.p.m. increased the rate of corrosion of the cans and 
caused some taint in canned and bottled syrups, but was not detected before processing; 
when used as a spray on strawberries it caused slight taint of fresh or canned fruit in two 
yearly tests out of five. Karathane at 10 p.p.m. was not detected in the syrup a nd had no 
effect on the cans; it caused no taint in one year's trials on gooseberries and strawberries. 
Thiram at 2 p.p.m. increased the rate of corrosion of cans and <;aused distinct taint in canned, 
but not in bottled, syrups, although it was not readily detected before processing; it caused 
marked taint in much of the fruit tested over five years, especially after canning. 
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Introduction 
During the last 6 years, strawberries and gooseberries sprayed with fungicides at various 

stages in the growing season have been preserved and later assessed for fl avour differences : 
whereas differences have been distinctly noticeable in some seasons1 they have not been apparent 
in others. As other workers have found similar year-to-year variation with sprayed fruits, 2 

the tests of fruit from field experiments have been supplemented by trials, without fruit, in 
acidified sugar syrups, to determine the levels at which fungicides may cause noticeable effects 
on flavour, and also by similar trials with added strawberry puree. 

The first trial with canned syrups suggested that the taint observed may have been largely 
due to metal removed from the can; a further series was therefore prepared to include also 
syrups stored in glass preserving jars. 

Experimental 
Syrups 

A 10% solution of can~ sugar was acidified with citric acid and buffered with sodium citrate 
and dipotassium hydrogen phosphate to pH 2'7 (Series I- III) or pH 3'6 (Series IV- VIII) ; 
to 100 m!. of each were added 30 mg. of ascorbic acid immediately before processing. The 
following concentrations of fungicide were made from the basic syrup: 

Captan 2'5 . 5. 10 and 20 p.p.m. (from a powder containing 50% captan) . 
Karathane (Dinocap) 4. 8 and 10 p.p.m. (from a powder containing 25% Karathane). 
Thiram I, 2 , 5 and 20 p.p. m. (from' Fernide' containing 8o~o thiram). 
L ime- sulph"r 10 p.p.m. (from neat liquid) . 

Puree 

Unsprayed strawberries grown at Long Ashton were macerated, and 60 g. added to each 
100 m!. of syrup made as Series IV-VIII above. 

Fruit 

Strawberries.-In 1954-59, samples were collected at Luddington Experimental Horticulture 
Station from a spray trial for the control of Botrytis. 1 Treatments were: 

1954 Captan 0'25%, thiram 0'4 % (each sprayed 3 t imes) : unsprayed control. 
1955 Captan 0-25%. sprayed 1-4 times; captan dust (applied 4 times); thiram o'4 ~~ (sprayed 4 t imes) ; 

unsprayed control. 
]956-58 As 1955. but thiram sprayed 2 or 4 times. 
1959 Thiram alone (0·4%) sprayed 3 times ; thiram (0'4%) with Karathane (0'025 % ) or lime- sulphur 

(I %). sprayed once or twice. 

In 1958, fruit was taken from a spray trial at Long Ashton which included unsprayed controls 
and Rarathane sprayed at 0'025 %. 

Gooseberries.- -Fruit grown in 1956 at Long Ashton included unsprayed controls and spray 
treatments with captan (0·1%) and Rarathane (0'025%) . 

Processing methods 

Syrup.- Plain and fruit-lacquered cans and glass preserving jars were used. The syrup 
was prepared with hot water in a stainless steel bucket; 800 ml. were placed in an A2t can 
or a 2-lb. jar, and 400 m!. in a I-lb. container. The fungicide was then added. and processing 
was carried out immediately, in the same way as for acid fruits. The syrups were stored at 
25 0 for 3- 6 months before examination. 

Puree.-Fruit-lacquered cans, glass preserving jars and plastic deep-freeze boxes were used. 
Four hundred g. of puree (250 g. of syrup and 150 g. of macerated strawberries) were placed in 
a I-lb. container and 10 m!. of fungicide solution (or water for the' controls ') added. Processing 
and storage were as for the syrups, the storage time being 4 months. 

Strawberries.-Fruit from Luddington was transported by car directly after picking. and 
kept at 2-4 0 overnight. Representative samples of fresh fruit at' the same stage of ripeness 
were then judged for flavour. 
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Table II 

Effect of Kamthane on flavour of syrups (I-VI) and purees (Vll- I X) 

Series I II III IV V VI VII \"III IX 
Karathane. p.p.rn. 8 4 10 10 10 10 10 10 10 
Container PC PC G FL PC G FL D 
Storage (months at 25' ) 6 6 0 3 3 4 4 

No . of triangles 
Total 28 28 '4 24 24 24 28 32 28 
Correct '5 '3 3 7 Il 9 12 1I 13 
Incorrect II '3 4 7 5 5 12 16 '4 
~o decision 2 2 7 10 8 10 4 5 

P 5% 

T aint (average score) 
Treatment 0-2 1 * 0'39' 0 ' 21 0'22 0'17 0'30 0'67 0'11 0'55 
Control 0' 2 8 0'14 0'°7 0'25 0-2 5 0'42 0'13 0'32 0'44 
* An unpleasant after-taste was noted by three tasters; otherwise the taint was usually classed as a 

metallic taste, which was found in all syrups t o the same degree. 

Table III 

Effect of titiram on flavour of syrups (l- V ll) and purees (V II I - X) 

Series I II III IV V VI VII "III IX X 
Thiram. p.p.m. 20 5 I 2 2 2 2 2 
Container PC PC FL G FL PC G FL D 
Storage (months 

at 25') 6 6 6 0 3 4 4 4 

No. of triangles 
Total 30 30 30 '4 26 24 26 30 30 30 
Correct 28 27 22 5 4 22 20 7 20 21 
Incorrect 3 8 6 10 6 1I 7 4 
No decision I 3 12 2 12 3 5 

P 0'1% 0'1% 0'1% 0'1% 0'1% 0'1% 0'1% 

Taint (average score) 
Treatment 1·69 ] '83 1'10 0'50 0'18 1 ,61 1'43 0'27 0·66 1'02 

Control O'II 0'°3 0'22 0'°7 0'07 0'00 0'13 0'36 0'46 0'27 

Caplan 
Syrup.-It will be seen from Table I that in each series I-VIII the control syrup was pre­

ferred to that containing captan. In captan syrups stored for 6 months, taint was readily 
detected ; some members of the tasting panel were less certain about those stored for 3 months; 
and in the fresh syrup it proved difficult to differentiate captan from the control (Series V). 

Purie.-Captan at 5 p.p.m. could not be differentiated from control purees after any of the 
processing methods (Series IX-XI) . 

When five syrups from Series I and II were tasted in the order 0, 20, 20, 5, 0, the average 
taint scores were: 20 p.p.m. = 1·83 ; 5 p.p.m. = 0·60; control = 0'23. 

Sirawberries.-The effect has varied during the five years of the trials. 
(1) In 1954, canned fruit contained II-19 p.p.m. of captan,l and had a noticeable though 

slight taint, scoring 0'44 against 0'15 for the control. The panel correctly grouped the pairs 
in 28 of 53 triangles, 14 were wrongly paired, and in II triangles no difference was detected. 
Nor was any difference detected between jams made from captan-treated fruit and those from 
untreated fruit. . 

(2) In 1955, the incomplete block method of judging was adopted. One series of fresh fruit 
receiving capt an dust four times had a marked taint (score 1'02), and this was apparent in frozen 
fruit also (1'06). No consistent taints appeared in captan-sprayed fresh fruit, or in canned or 
frozen fruit or jams. 

(3) In 1956, unsprayed fresh fruit was liked less than that treated with captan, possibly 
because of strawberry mildew on some of the controls. The triangles were correctly grouped 
in 25 out of 62 canned, and 25 out of 60 frozen samples. Although there was a general pref­
erence for the controls, the taint scores did not reveal a strong difference. 
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Table IV 

Tast·iug results f oy canned and frozen fruit treated with thiram and stored foy 4 months 

Fungicide No. of No. of triangles P I * Correct 
sprays Total ----correct Incorrect No with 

decision control 
preferred 

Canned frllit 
Thiram alone 58 33 2 2 0"10/0 28 
Thiram + Karathanc 54 32 20 oor% 26 

Th;;am + lime~~u]phur 
56 34 20 2 0 ' 1 0/0 25 
60 29 29 2 5 0/0 '9 
60 40 '3 0°1% 28 

Frozen fruit 
Thiram alone 54 20 28 6 
Thiram + ](arathane 52 2 7 2 1 4 1% '4 

Thi';am + lime~~ulphur 
48 27 , 8 3 1

0
/ 0 II 

56 35 19 2 0°1 % 22 

56 20 32 4 13 

* P 1 = sign ificance level of proportion of correct triangles. 

p. , 

0'1% 
0'1% 

r% 

5% 

P z = in which control preferred to treatment. 

(4) In 1957 and 1958, with the incomplete block judging method, no marked difference 
appeared between any of the captan treatments and the control samples in either fresh or pre­
served frui t. 

Gooseberries.-In 1956, no taint was found on gooseberries treated with captan. 

Karathane (Dinocap) 
Syrup.- Table II shows that no real difference was detected between the Karathane-treated 

syrups or purees and the corresponding control samples. 
When five syrups from Series I and II were tasted in the order 4, 8, 4, 0, 8, the average 

taint scores were: 8 p.p.m. = 0'43; 4 p.p.m. = 0'50; control = 0·80. Thus, although 
discrimination was poor, the control syrup was disliked more than those containing Karathane. 

Sirawberries.- No taint was detected in samples of fresh fruit, or in canned or frozen fruit 
or jam, in the one-season trial of Karathane sprays alone. The 1959 results, when Karathane 
was combined with thiram, are noted in the section on thiram. 

Gooseberries. - In the one-season trial, a difference was found between sprayed and un­
sprayed samples in one series of fresh fruit, where the control was preferred to the treated 
samples. In one series of canned fruit also, the treated fruit and the control could be differenti­
ated, but there was no distinct preference for either, the difference being in the texture of the fruit . 

Thiram 
Syrup.- Table III shows that there was considerable dislike of thiram in the canned samples, 

but that this was less noticeable in the fresh syrup and not detected in the samples stored in glass 
containers. 

Purie.- There was a similar dislike of thiram in deep-frozen and canned samples (although 
the' control' was not liked very well in the canned series, it was generally preferred to thiram) 
and again no difference was detected in bottled samples. 

When five syrups from Series I and II were tasted in the order 0, 5, 0, 20, 5, everyone 
marked 20 p.p.m. 'definite taint " everyone marked 5 p.p.m. 'definite taint' or 'slight taint " 
and only two tasters marked the first control sample' slight taint '. Ten out of IS tasters 
placed the sequence in the correct order. The average scores for taint therefore were: 
20 p.p.m. = 2'00; 5 p.p.m. = 1'77; control = 0'07. 

Strawberries.- The results in 6 years' trials are as follows: 
(I) In 1954 thiram was correctly noted in 38 out of 42 triangles containing canned fruit, 

with a taint score of 1'50 against 0'09 for control. It was not detected in jam made from the 
same fruit. 
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An obvious field test for wetting is to dip a fresh leaf into the spray tank, withdraw it 
immediately and assess the percentage of area wetted. In an attempt to standardise this pro­
cedure, black and white charts were prepared to simulate a leaf with 5, 25, 50, 75 and 95 % of 
the area wetted. A panel evaluated the percentage of wetted area on the charts and it was 
found that reasonably reproducible results between members of the panel could be obtained 
only when 5 or 95 % of the surface was wetted: intermediate values were erratic. Attempts 
to evaluate the percentage of leaf wetted by weighing the leaf before and after dipping were 
also useless, since weight differences appeared only to indicate sticking properties of wetting 
agents on different leaf surfaces. 

To overcome the difficulty of deciding the percentage of leaf wetted a concentration of 
the wetter was selected which would just give 100% wetting of the leaf, and in this way the 
efficiency of wetters could be compared. 

Recommended mdthod 

Transfer 400-ml. portions of solutions of wetting agen ts at suitable concentrations to beakers 
partly immersed in a water bath at 25 ° and remove foam or air bubbles from the surface of the 
solution. Immerse a freshly picked undamaged leaf in the test solution for I sec. and, after 
5 sec., with the leaf held vertically make a visual estimate of the % area wetted. . (At least five 
tests with leaves from different parts of the plant should be made, while care should be taken 
not to touch any surface with the leaf when withdrawing it from the beaker.) 

To compare the wetting properties of a group of wetting agents for a leaf such as cabbage 
which is difficult to wet, determine tpe minimum concentration of wetting agent which produces 
100% wetting of 80% of the number of leaves tested. The largest leaves from the middle of 
plants of the same age should be selected and the same variety of cabbage should be used 
throughout. 

Results 
Clearly any method of evaluation which depends on leaf dipping is open to the criticism 

that it is not comparable with spraying at high volume. An investigation of this point was 
accordingly kindly undertaken for the Joint Committee by Mr. M. R. Middleton who obtained 
the results shown in Table 1. 

The dipping procedure was as described above, while the spraying technique was carried out 
as follows: 

An ' Aerograph ' air brush was set up horizontally and connected to the compressed air 
supply. A section of leaf (2 in. x 2 in.) was held vertically by a paper clip 8 in. from the nozzle 
of the air brush. The air supply was switched on and 3 m1. of the wetting agent solution were 
put in the cup when a fine spray impinged on the leaf. The surface of the leaf was sprayed 
for IS sec., the leaf reversed and the other surface sprayed for IS sec. This time of spraying 
gave wetting to run off. The area of leaf wetted was assessed visually. 

I t will be seen in Table I that where three-quarters or more of the leaf surface was wetted, 
comparable results were obtained by dipping or wetting, but that spraying gave rather better 
wetting, particularly at low concentrations of the wetter. Nevertheless, results for the two 
procedures were regarded as sufficiently in agreement for the dipping test to be adopted as a 
standard for 100% wetting of a leaf by spraying at high volume. 

In experiments carried out on cabbage, the variety January King was used throughout. 
In an extensive investigation it was found that as the plant increased in age a greater number 
of leaves difficult to wet were produced. In general, the youngest leaves at the stem apex 
and the oldest leaves at the base of the stem were wetted more easily than the middle larger 
leaves. The upper surfaces of cabbage leaves were of greater wettability than the lower sur­
faces. Wilted leaves showed an increase in wettability which became marked as storage time 
was extended. Significant changes in wettability were not observed with some plants grown 
under glasshouse conditions. Removal of the surface bloom by ether extraction produced 
a marked increase in wettability. 

The range of results obtained by a number of laboratories using the leaf-dipping technique 
is given in the fifth column of Table V. (These results were not obtained on cabbage grown 
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Where a standard wetter is required, dry sodium di-(2-ethylhexyl) sulphosuccinate at 95° 
for 2-3 h. and store in a desiccator. Make up a 0·5% solution in distilled water as a standard. 

Determine the sinking time by pouring the dilute solutions for test into l·s-iitre beakers 
to ensure mixing and thence into the cylinders. If the more dilute solutions are tested first , the 
beakers and cylinders need not be rinsed and dried each time. 

Place the cylinders in a water bath at 25 0 ± 0·25 °. Leave the cylinders until all bubbles 
below the surface of the solution have risen to the top before sinking tests are made. Remove 
foam on the surface of the solution with a loo-ml. pipette or aspirator. The same diluted 
solution may be used many times without apparent exhaustion of the wetting agent . (This 
may not be applicable -to cationic wetters.) 

Place a ruler over a length of tape laid without tension on a lIat surface and cut 22-cm. 
lengths as required. Insert the hook through the tape about 0·5 cm. from one end of a 22-cm. 
length. Hold the tape by the free end with the anchor and the bottom of the hook immersed 
in the wetting solution contained in a 500-ml. cylinder. Start a stop watch as the tape is released 
into the solution. Stop the watch when the buoyant tape definitely starts to sink to the bottom 
of the cylinder. At least five tests must be made for each concentration of wetting agent. 

Determine the sinking time of each batch of tape by the standard procedure with a 0·02 g.-% 
solution of sodium di-(2-ethylhexyl) sulphosuccinate prepared by dilution of the stock 0·5% 
standard with distilled water. The mean of five determinations at 25 0 should normally give 
a sinking time of 15·0 ± 1·0 sec. 

Plot the values for the concentrations of wetting agents expressed as g.-% w Iv on the 
horizontal scale or X-axis oflog. - Iog, graph paper. Similarly, plot mean sinking times in seconds 
on the vertical scale or Y-axis. Draw a smooth curve through the points and determine the 
concentration of wetting agent which corresponds to a sinking time of 15·0 sec. (Fig. 2). 

A deviation of approximately ±7% may be expected for results evaluated by the log.- log. 
procedure. 

In the case of cloudy solutions it may be difficult to observe movement of the tape when 
tests are made with emulsions or suspensions. Where great accuracy is not required, attach a 
short length of nylon thread to the free end of a length of tape and counter-balance over the 
side of the cylinder with a 20-mg .. weight. Upward movement of the weight indicates the sinking 
time. 

For greater accuracy use a square-sided vessel with side illumination from a powerful light 
source, or alternatively, wind a length of insulated single core copper wire closely round a soo-ml. 
cylinder to a height of one inch from the base of the cylinder. Similarly, construct a secondary 
coil of 4-5 times the number of turns on the primary. Connect the primary coil to a source of 
alternating current at 6--12 v and the secondary coil to a sensitive milliammeter. When a hook 
of iron wire enters the field produced by the primary coil, a current is induced in the secondary 
coil. Record the sinking time by observing the movement of the ammeter needle. 

The sample of sodium di-(2-ethylhexyl) sulphosuccinate for the preparation of standard 
solutions should be of such purity that only 2-ethylhexanol is detected by gas chromatography. 
Additional analytical confirmation and 
specifications of purity are described in 
the Merck Index, 1952, 6th edn, pp. 146- '2 
147. [Sodium di-(2-ethylhexyl) sulpho- ~.. 4 

succinate may be obtained from Messrs. 3 W7 

Hardman & Holden, Ltd., Manox House, ~' 
Miles Platting, Manchester 10.] '-' 

FIG. 2.-Evaluat"ion of wetting agents (log. x log. 
scale) 
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Table V 

Comparison of results obtained by various lest methods 

Conen., % w lv, per 15 sec. 
wetting time 

Draves test S'hapfro 
American English B.S. r625 

yarn yarn tape 

0'°4° 
0'420 

0'018 

0'058 
0'°52 
0'035 
As W3 
0'°72 

0'072 

0'560 
0'025 
o·o6.l 
0'°76 
0'°5° 

0'057 
0'54° 
0'020 

0'055 
0'06G 
0'°3 2 

O'II7 

0'°46 
0'176 

Minimum conen. , g.-% w/ v, which gives 100% wetting of 
the surface indicated 

January King Carnauba wax- Polythene Cabbage, wax-
cabbage leaves coated strips film coated stripes 

0'02 5-0 '05° 0'05- 0 '06 0'°4 0 '°9 
>0'50 >0'50 

0'025-0 '05° 0'°5- 0'08 0'0</ 0- 1 5 
0'02 5- 0 '05° 0-05- 0 -00 0'°5 0'06 

0'050 -> 0'10 0'10-0'50 > 0'50 > 0'50 
0'020- 0'°5° 0'03- 0 '05 0'02 0'°5 

0'10-0'14 0'30 

0'030 - 0 -05 0 0'°3 
0' 150 - 0 '20 0'20 

(I) The results given in columns 1 and 2 were determined with S-g. skeins and a hook of 4'5 g. 
(2) The results in column 4 (January King cabbage leaves) were recorded as ranges of concentrations 

of wetters which will produce 100% wetting of cabbage plants from 6 to :20 weeks' growth respectively. The 
upper surface of a cabbage leaf is more easily wetted than the lower surface. In general, the leaves at the 
apex and base of the stem of a cabbage plant are more easily wetted than the larger middle leaves. 

(3) All t ests were carried out with solutions of wetters in distilled water. 
(4) Throughout this paper the code letters used refer t o the same laboratory or wetter. 

Discussion 
In his original paper Shapiro describes in some detail the basic work carried out on the tape 

test, so it is not proposed to dwell further on this aspect. Fogg' has used an advancing contact 
angle as a measure of the extent to which wetting takes place on leaf surfaces. The contact 
angle varies diurnally and with the position of the leaf on the plant-thus accounting for the 
range of concentrations obtained by different laboratories with the leaf-dipping test in Table V. 
Even so, the agreement between different laboratories using this test is surprisingly good. 
The ability of a solution to wet plant surfaces has been investigated by Juniper4 with an electron 
microscope to examine the surfaces of the leaf, and this work would undoubtedly provide useful 
clues if it were deemed worth while to do more work on prepared surfaces. 

It would seem desirable to indicate with some precision the limits of usefulness of the tape 
test . The results obtained show that a correlation between the tape test and the wetting of 
cabbage leaves by dipping or spraying at high volume to run off is reproducible for anionic and 
non-ionic wetters. Cationic wetters were not examined. 

Clearly the tape test would need detailed investigation if it were intended to apply it to the 
examination of solutions to be used for application at low volume, if, indeed, it has any signifi­
cance for such a purpose. Further, it does not give any indication as to the degree of leaf wetting 
desirable to give maximum biological efficiency for a particular pest. If the concentration of 
wetter used in a formulation designed to eliminate woolly aphid (Eriosoma lanigerum) on apple 
leaves wets only the leaves and not the aphid, the test must be standardised against the wetting 
of the insect if maximum biological efficiency is to be obtained. 

The test gives no indication of the sticking properties of a particular formulation. By 
sticking property is meant the property of increasing the amount of spray retained on the leaf 
when a sticker is added to the formulation. Most wetters examined have little or no sticking 
properties, although there are exceptions. It is hoped to publish at a later date a paper on this 
aspect of formulation. 

As already indicated, where two wetters both wet a leaf surface at economic concentrations 
no information will be obtained from the test as to which will give the better biological control 
when a given toxicant is added. Consequently, all that can be claimed for the test is that it 
will show in the laboratory whether a particular leaf will or will not be wetted by high-volume 
spraying in the field. In this respect it is of considerable practical application since high-volume 
solutions that do not wet leaves are of doubtful value. 
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Table I 
Chemical composition of date meats from different varieties 

(figures as % of dry matter) 

Barhee Halawy I{hadrawy Maktoom ll Zahidi 11 

% % % % ~/O 

Total sugar 83'8 78 '4 81'6 77'0 78 '2 

Reducing sugars 83'0 78'4 8,,6 7i 'o 7°'7 
Protein 1'4 2'0 Y'5 
Ether extract 0'2 0'1 0'3 
Nitrogen-free extract 12· 4 1()'7 14 '6 
Ash 2'2 2'9 2'0 

the vacuum method, Avoidance of loss of sample, in transference, by adherence to the walls 
of the boiling flask, was achieved by extruding the material through a stainless steel tube into 
the receptacle which was weighed before and after transference of the sample, 

Apparatus 

For simple infra-red drying, a 250-W commercial infra-red lamp, mounted in an aluminium 
reflector, was used, The minced date meat was spread in a thin layer on an aluminium sheet 
of the same diameter as the lamp, 

By taking into consideration the specific energy distribution of the lamp,13 and its diameter 
(124 mm,). a distance of 30 mm, between the lamp and the sample was chosen, The voltages 
used in the different experiments were kept constant with a variable Powerstat transformer. 

For infra-red drying under forced ventilation the same lamp was used as above but in an 
all-glass apparatus (Fig, I), The apparatus was connected t o a vacuum pump operating at 
a residual pressure of 600 mm, Hg, No advantage was obtained by pre-drying the incoming 
air over conc, H 2SO" After the irradiation, forced ventilation was continued for a further 
minute in order to cool the aluminium sheet and sample prior to weighing, 

Results 
1. Comparison between the standard vacuum drying and the reference distillation methods 

Constant weight is reached with the vacuum method only after an a\'erage drying time 
of 18 h" where~s the distillation method gave comparable results after I h, To assess the 
efficiency of the latter method, it was checked against the vacuum method, Table II illustrates 
t he results with the Khadrawy variety (widely varying moisture content) and the Halawy 
variety (moisture content varying over a narrow range) , 

The coefficient of correlation between the results of vacuum drying and distillation is 0'90 
which is of high statistical significance, It was therefore decided to use the distillation method 
alone for reference purposes, 

Table II 

Comparisott of moisture contents (%) of date meat determined by vacuum dryillg altll dis/iltatiolt 

Sample Khadrawy variety Sample Halawy variety 
Vacuum Distilla- Vacuum Distilla-
Drying, tion Drying tiOll 

Dl 39'8 39'6 L, 3"3 3 1 ',2 

D2 39'S 39'6 L2 3 1 "1 3 1' 3 
D3 33'S 33'6 L3 32'1 32'3 
D4 33'0 32'8 L4 32'4 32'4 
D5 22'4 22'7 LS 31'3 31 ' 2 
D6 22'5 22'7 L6 31 '[ 3"3 
D7 1 7'2 17'2 L 7 32 ' [ 32'3 
D8 ,6,8 '7'0 L8 32', 32'4 
D9 ' 7'3 '7 ', 
D 10 17'5 17'4 
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bloomed plain chocolate. A number of different samples of ' bloom' were examined, all of 
which showed the same three glycerides as the original cocoa butter but with a smaller proportion 
of oleodipalmitin. The other two glycerides appeared to be present in a proportion similar to 
that in cocoa butter. 

Oleodipalmitin did not show up in the illipe butter, although according to Bushell & Hil­
ditch'· the fat contains about 8% of this glyceride. When a higher amount of fat was used for 
the chromatogram, however, a third spot could be obtained. 

When applied to butter fat and fats of the palm kernel type, the method was not found very 
successful. In particular, the staining technique for locating the fat would operate only when 
relative high concentrations of fat were used, namely about 500 "g. of butter fat and 1000 ftg. 
of palm kernel fats. At these concentrations cocoa butter produced one long streak stretching 
back to the origin. Butter fat behaved somewhat similarly but left the origin and exhibited 
rather more signs of breaking up. Both palm kernel st earins and hydrogenated palm kernel oil 
showed up as much smaller streaks with the stearin moving more rapidly than the other. 

The reasons why the technique developed for cocoa butter fails to work satisfactorily 
with these other fats are probably two-fold. Firstly, the individual glycerides after separation 
must be present on the paper in sufficient concentration to stain, and secondly, there must 
be some un saturation in the glycerides for the reaction with iodine to occur. Butter fat pre­
sumably did not adequately satisfy the former condition and the palm kernel fats would fail in 
the latter respect. 

It is possible that, by modifying the mobile solvent, suitable conditions for separating these 
fats into their component glycerides might be realised. This would almost certainly necessitate 
working with smaller quantities of fat, however, for which an adequate method of locating the 
fat on the paper must be found. 
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