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SYNOPSIS

Experiments have been carrlied out to determine
how ths‘storage life of spray-dried full-cream milk
pOWdef might be extended. In powders of low molsture
content the only 1mpértant type of storage

deterioration 1s fat oxidation, which leads to the
%development of objectionable tallowy flavours. The
?specific object of the present work was to devise
%means by which the onset of such tallowlness could
be delayed as long as possible.

Dekails of the various analytical methods are
given in Part I. |

In Part II storage tests at 47°, 37°C and room
temperature are described in which powders made on
three different types of commercial spray~drier were

used. The experiments showed that an increase in

?the temperature to which the milk was heated before
Edrying had a marked effect on the keeping quality of
éthe resulting powder, the storage life being increased
ztwo- to three-~fold by this means alone. Various !
preheating temperatures from 160° to 200°F were studied.
Clarification of the liquid milk had no effect and

selection of the milk with the best bacteriological
properties had a significant effect only when a low

'preheating temperature of 165°F was used. With a
épreheating temperature of 190°F selection of the milk
did not significantly affect the keeping quality of



the powder.

The higher preheating temperatures imparted to
the milk powder a slight cooked ®lavour, and although
this was not objectionable, experiments were undertékan
to find whether a powder of equally good keeping

quality but without the cooked flavour could be made by
%adding antioxidants to the milk before drying. In
%preliminary work carried out jointly with members of
‘the staff of the Low Temperature Research Station,
Cambridge, ethyl gallate and ascorblc acid were found
to be the most promising antloxidants of the many
substances which were investigated. It was therefore
decided that these two antloxidants should be tested
on a commerclal spray drier. In Part III the
experiments undertaken with this object in view are
described. It was found that in powder containing

.0'7% of ethyl gallate tallowiness took about three
times as long to develop as in the control powder, and
ﬁhat ethyl gallate was not itself destroyed during stor-
@ge. With 0.110% ascorbic acid the storage life was
70% longer than that of the control, but the ascorbic

acid decreased as the storage period increased.

In Part IV some preliminary experiments are
detsiled in which 1t is shown that under the packing

ponditions used in this work glass and lacquered
finplata contalners gave an increase in storage'life
of from 10 to 40% over that obtained by packing in
plain tinplate containers.



INTRODUCTION,

The work described in the following pages forms
part of a series of investigations devised to

determine the feasibility of various methods of

increasing the storage life of full-cream midic powder.
;thn milk powder 1is stored two main types‘of
%deterioration may oceur.

i In one type the powder becomes increasingly
Einsoluble and develops most objectionable gtale,
"ca:dboardy“ or glue~like flavours and a brown
discolouration (Findlay et al., 1944). The changes
which occur involve the protein and probably also the
lactose of the milk. They are closely related to the
moisture content of the powder for, if the molsture
content exceeds 4%, thls type of deterioration renders

the powder unpalatable in & few weeks in temperate
climates and in a few days at 37°C. The higher the

§moisture content, the more rapidly the deterioration
gsets in. It can be avoided entirely by ensuring that
the powder is manufactured and stored in such a way
that the moilsture content never exceeds 2.5%.

The other main type of deterioration presents a
problem which is not so readily solved. In this type
the fat of the powder becomes oxidised, with the
result that tallowy flavours develop which sometimes

render the product quite unpalatable even after only

three months storage at moderate temperatures. The
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: épresent work 1s concerned with the prevention of this
‘%type'of deterioration. '

The development of tallowiness is influenced by
at least five factors: (1) the nature of the powder,
(2) the oxygen content of the gas in which the powder

;13 packed, (3) the storage temperature, (4) the
%balance of pro- and anti-oxidants present in the
powder, snd (5) the type € container. It will be
;useful at thils stage to discuss briefly eéch of these
five factors. |

(1) The nature of the powder.

Milk powder may be made from elther separated or
fﬁllfcream mlilk and it may be dried by either the
Uroller" or“spray" process. Separated mlilk powder
dried by elther process contains only about 1% of fat.
Consequently the development of tallowiness 15 not an
important problem in this type of dried milk. In

;full-cream powder, however, there is usﬁally about

;27% of fat in which small portions of the wumsaturated
componants such as olelc and linoleic acid can réadily
become oxidised to form foul-tasting tallowy compounds .
Under similar conditions of storage roller-dried

full=cream powder usually develops tallowiness more

Islowly than the spray-dried product. The latter is f
bowever far superior to the roller-dried product in
1ts mach greater solubility, in its relative freedom
rrom "processed" flavours, and 1n the closer resemblancé

which exists between the reconstituted powder and fresh



%liquid milk, The present work has therefore been
confined to a study of methods by which the storage
1ife of full=cream spray-dried powder may be extended

8o that a satisfactory keeping quality may be added

‘to the other deslrable properties possessed by this
brnduct.

5(2) The oxﬁgen content of the gas in

; whic e powder 1s packed.

% .The exclusion of oxygen from the powder by packing
&t in ni#rogen or by compressing the powder into

blocks has already been extensively studled by Lea

et _al. (1943), Waite (1942 ), Thiel (1941), and
Findlay et al. (1942). These authors have shown that

hen the oxygen content of the gas in contact with the
Eowder is reduced to 2 or 3%, the storage life of the
dried milk is extended several years, while by reducing
1% to less than 1% the powder can be stared indefinitely
Both inert gas-pa&king and blocking require, however,

costly apparatus and expert labour to make them
?uccessful. In the present iInvestigation attempts have
therefore been directed towards establishing simpler

pethods by which the storage life could be extended,
hf not indefinitely, at least sufficlently long for

%11 practical purposes, = the minimum storage life aimed
}t being 2 to 3 years in temperate climates and 1 to 1%xé
years in tropical climates., |

(8) The storage temperature.

Except when oxygen 1s almost entirely removed from



.

ithe gas associated with the powder, the storage
Etemperature is of great importance in determining the

|
‘length of successful storage. Data which have been

!collected in the present work on storage at different
;temberatures have shown that the rate at which
‘tallowiness develops‘increases two= or three-fold for
‘each increase in storage temperature of 10°C. Valuable|
iinfommation is thus available regarding the probable
%storage properties of dried milk destined to pass

through, or to be stored in, the tropics.

(4) The balance of pro=- and anti-oxidants
in %Eb prrs B

Milk contains both pro= and antieoxidants and the

balance between these systems can be altered by raising
the temperature at which the liquid milk is heated
before it is dried., It is possible that the higher
temperature destroys some of the pro-oxidants, but

probably its main effect is to produce compounds
icontaining sulphydryl groups which act as antioxidants

and; so postpone the onset of tallowiness. The longer

keeping quality of roller-dried milk, to which refer=- |
ence has already been made, is almost certainly due to |
this type of change, for in roller-drying the heating,

though of short duration, is far more intense than in
Bpray-drying. Other methods by which the pro- and

anti-oxlidant balance in the milk might be altered so aai
to retard oxidation include the selection of fresh milk?

of good bacteriological quality, clarification of the



imilk and the addition to the liquid milk of substances

iknown to have antloxidant properties, In the present
ginvestigation a detalled study of the effect on the
Estorage life of the dried product of various preheating
%témperatures, of milk selection, of clarification and
iof the addition of antioxidants to the liquid milk,
Zhas therefore been included,

(5) The type of container.

| Lea (1944a) has shown that the keeping quality ofa
feabrigy vary with the type of container in which it is
stored. Opportunity has therefore been taken in the

present experimegts to study the importance of this
factor in milk powder storage.

=3



% PART I.
| METHODS .

Molsture content.
Since the specific defect under investigation in

‘the‘present experiments was tallowiness, it was
Eessential to ensure at the outset of each experiment
that the moisture content of the powders to be used
was below 2+5%: otherwise the interpretation of the j
iresuli:s would‘have been complicated by the simultanecusi
;development of defects due to changes in the protein
gand lactose. The apparent moisture content of a,mi}k |
Epou@er varies slightly with the technique employed.
%The following method was found to glve concordant

%results and was adopted throughout. 5

; 1l g. of powder was weighed into a flat

. aluminium dish, 6 cm. in diameter and 1.5 cm. |

| In depth and provided with a tightly fitting ‘
lid. After the uncovered dish had been heated 5
for 3 hours at 100°C, it was removed from the
oven, covered, and allowed to cool for 30
minutes in a desiccator containing P20s. It
was then weighed and the results expressed as ‘
grags of moisture per 100 g. of the original s
powaer, ;

Solubillity.
If reconstituted milk powder is to resemble normal

%milk it i1s important that the poﬁder shquld be readily
?soluble. It was necessary, therefore, to ensure that
fany alterations in the methods of manufacture which
were made during the present work did not adversely
affect the solubility of the powder.

The standard method used for determining

solubllity was the rapid method of Howat et al. (1939).



1l g. of powder was welghed into a 15 ml,.
centrifuge tube. About 2 ml. of water was
added from a burette and the mixture stirred
well with a glass rod which had been previous-
ly wetted. When all the powder had become
thoroughly moistened, more water was added
until a total of 9 ml., had been used. The
tube was then stoppered and kept in a water
bath for 5 min. at elther 20 or 50°C, It was
then shaken rapidly (4 to 6 double excursions
per second) for one minute, When the
solubility at 50°C was required the tube was
sheken in an insulated container. It was then
centrifuged for 20 minutes et 3000 r.p.m., the
volume of sediment noted, and the fat and
supernatant layer removed as completely as
possible to another tube. The total solids
content of the mixture in this tube was then
estimated by the method of Golding (1934).

; The ratio of the dissolved solids to the solids
s Initially present in the original gram of milk
g powder gave the solubility index as described’

. by Howat et al.

It was found that for a very soluble powder the
%aolubillty index obtained in this way sometimes

igxceeded 100 by almost two units. It appeared possible

%that this might be due to the fact that in milk
%powder the lactose 1is almost entirely anhydrous,
whereas when it is dissolved iIn water and dried at
'100°C it 1s converted to the hydrated form. Thus in

. the determination of the solubility the 0.35 g. lactose
‘contained in 1 g+ Dowder would become hydrated and the

%total solids would be increased by 0.018 g. of water
éor erystallisation. To allow for this addition of
iwater, 1t would be necessary to subtract 1.8 from the
80lubility index in calculating the percentage
solubility. |

To test this hypothesis the requisite corrsction

|

;
1
i
!

i
|




TABLE I,

The solubility of powders at 20°C estimated by the rapid
method of Howat et al. (1959) and corrected for the

hydration of lactose compared with values obtained by the
“method 6TTIa@g§§E and Bushell (J19o1a).

Spray=-dried full-cream Method
«22¥bi§d§§g§é€§gegnogﬁﬂ waat’et al, Lampitt &
| plent ' Tul;‘ﬁe
Gray=-Jensen , 92.0 9245
Milkal - 98,1 9846
Kestner 92,0 90.7
Krause 99.0 99.5

Spray~-dried separated milk 98.5 98,6



iwas applied in g series of determinations in which the§
rapid procedure of Howat et al., was compared with |
Eresults obtained by the more elaborate and 1engthy
‘method of Lampitt end Bushill (1931a) in which the
solubility 1s estimated from the actual weight of
‘undissolved ' solids contained in the sediment after
‘centrifuging the reconstituted powder. Typlcal
‘results, which are recorded in Table 1, demonstrate

- that the values so obtained show excellent aéreement.

ﬁAssessment of flavour.

| The most sensitive of all tests so far available
- for detecting deterloration in drlied milk is simply

‘that of tasting the reconstituted product, For this

?test the powders were always reconstituted with elght
- times their weight of water at 250C and labelled in a
- code unknown to the tasters. A reconstituted control
‘powder known to be of good quality was included with

ithe others as a standard. A panel of five workers, |
éall with experience iIn assessing the flavour of milk
%powder, tasted the samples within two hours of their |
gbeing prepared. Each member of the panel wrote his

verdict on a form speclally provided for the purpose.
- A number was then allotted to each sample for each

taster according to the following schemes- O = very

~good and palatable, 1 = fairly good, still‘quite
gpalatable, 2 = slightly unpalatable due to the
@presance of slight but definite off-flavours, 3 m

16



‘definitely unpalatable due to more pronounced off=-
flavours, and 4 sz extremely tallowy. The values
.recorded by the five tasters for each sample were
‘averaged to give the off=flavour score by which the
'palatability of the powder was quantitatiﬁely assessed.

These off=flavour scores were then plotted against

}

the storage time to give curves such as those shown in i
Fig.2. When the curves so obtained pass off-flavour ;
score 1, the trained tasting panel are beginning to
‘detect the development of slight off-flavours. When |
;score 2 is reached the off=flavour would be sufficientm%
iobvious to be noticed by the average untrained ﬁ
consumer. |

With tallowy powders there is a tendency for the
objectionable taste to linger on the palate and to make
:the ta;ting of subsequent samples more difficult. As
;far as possible, therefore, the samples which obviously
ismelt tellowy were tasted last. Even when this was done
%it was found advisable to clear the palate with the

control sample after a milk of doubtful quality had

ébeen tasted.

: It was also essential to rinse the mouth with
%tepid water between each sample. Cold water should
Qot be used since it reduces the semsitivity of the
palate. For reliable results, it was found that not
:more than eight samples should be tasted at one time:

i1
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;with greater numbers the tasters became fatigued and ;
the velue of the results was reduced. |
| This technique was used in the work on inert
‘gas=-packing by Lea et al. (1943) and was found to be
‘most reliable. Weaver (1939) in work on milk flavour

has alsb found that tasting tests are dependable even

when four of his seven tasters were inexperienced

in such work.

The absorption of oxygen by the ;
: ' gowaer. g

Tasting tests, however reliable they appear to be,

;are necessarily subjective. It is therefore important
ito have some objective test by which the general |
iconclusions from the tasting results may be confirmed.
-As regards tallowiness one such test will obviously

ibe the rate at which the powder absorbs oxygen from the °
%gas with which it is in contact, since this will
%furnish.a direct measure of the degree of oxidation., |

.In the present experiments a given weight of !

Epowder was stored in gas-tight cans of known volume,
zand at 1ntervalé during the storage perlod a sample |
éof,gas was withdrawn (by the method slready described f
iby Waite (194la)) and analysed in the usual way in = »
}thdane apparatus. By this means the percentage of
foxygen in the atmosphere of the can was readily
‘determined. In order to record the results in wmits
‘which.mdght be readily compared with the results of
other workers who have used different types of milk



épowder and different powder-can ratios, it was
éessential to calculate, from the percentage of oxygen
iin the gas, the weight of oxygen which had been
éabsorbed per 100 g. powder. To do this the welight

5of powder in the can, the volume of the can and the
.barometric pressure and temperature on the day when
the powders were packed all require to be known.

‘The actual technique adopted iIn the present work,
jwhennver gas analyses were undertaken, was to pack

190 g. of the powder in a cylindrical 6 oz. Danish
écream‘can. This was found to have a volume of 186 ml.
éwhen the sealing machine, by which the can was closed,
‘was carefully adjusted to the normal setting, The
volume was found to be the same whether the can was
Emade of lacquered or plain tin plate. The method of-
?calculation may be illustrated from the following !
Etypical experiment., The temperature when the cans were
‘packed in the open packing-room was 12°C and the
‘barometric pressure was 759 mm. The welght of oxygen
absorbed by this powder at any given time during
storage was arrived at as followss- The density of

milk powder solids is 1.31 (Lea et al. 1943).




*The volume of 90 g. powder is therefore €8.7 ml.

The original volume of the air in the
can containing 90 g. powder would

therefore be 186=68.7 = 1173 ml,
At N.T.P. this would be
11l7.3 x 273 x 759 g 1123 ml.
285 Y60

The original volume of nitrogen
in the can would therefore be
79.1 X 1173 = 9248 nml.
1060 under atmospheric conditions

or 88.8 ml,
at N.T.P.

Suppose that on a given day during storage 1t was
found by gas enalysis that the nitrogen content
of the gas was n%? Since the amount of nitrogen
would remain unchanged during storasge, the total
volume of gas in the can on that day must have
been 8880 ml.,

n

The oxygen absorbed by 90 g. powder must therefore
have been (112.3 - 8880) ml, at N.T.P.
n >
But 22.4 ml, Og = 32 mg.

The weight of oxygen absorbed
by 100 g. powder would

therefore be 32 x 100 (112.3 - 8880)mg.
22+4 x 90 n

= 1.588 (112.3 - £880) mg.
. n

The amount of oxygen absorbed at any time could
therefore be calculated by substituting the value
found by gas analysis for n.

By substituting 100 for n, the total amount
of oxygen avallgble for absorption under the
packing conditions used in this particular sample
was therefore 37.3mg.

The values recorded in the various tables and

disgrams for oxygen absorption were all obtained in

‘this way.

i




;Peroxide value,

Another objective method by which the conclusions
éobtained from flavour tests can be confirmed is to
estimate the peroxide value of the fat contained in
fthe milk powder. As the fat oxidises, peroxides are
iformed at the double bonds of a smell proportion of
Vthe unsaturated fatty acld constituents, and under

suitable conditions the peroxide can be deﬁermined by - |
its property of liberating iodine from potassium
iiodide or of oxidising ferrous to ferric iron.

Qualitative methods for detecting peroxides 1odometri-‘
cally bave been deseribed by Heffter (1904) and Powick

| (1923) and quantitative methods by Yoder (1926) and

been made by Lea (1938) who has introduced a method
for determining peroxide values in which the fat is

extracted with peroxide~free ether, treated with

'potessium lodide, and the liberated iodine titrated
with standard thiosulphate. The extraction of the fat
from spray~dried milk powder presents some difficulty
gbut for all samples complefe extraction 1s possible if

Delore (1929). A most thorough study of the subject has

éthe molsture content of the powder has been raised to
:iabout 12%, (Lampitt and Bushill, 1931b). This can |
%be done by exposing small welghed amounts of powder 1:0‘E
- an atmosphere of 100% relative humidity overnight.

To avold this complication and to obtain a more rapid
method Smith (1939) suggested the extraction of the

fat from the powder by a mixture of acetic acid and

15



chloroform. Almost complete extraction of the fat
is obtained by this method, but the peroxlde value is
' always lower than that obtained by Lea's method and 1t

'1s unlikely that the first small traces of peroxide
are detected. This lack of sensitivity is probably |

due to the fact thet the acetic acid and chloroform
‘extract other substances besidés fat, which are capdblé
of absorbing small amounts of the iodine liberated by i
- the peroxide from potassium iodide. Moreover, all
giodometric methods suffer from tyo disadvantages
%first, they seldom detect peroxide before tallowiness f
gis detected by taste,’and second, the end=point tends
%to be wnsatisfactory with the very dilute thiosulphate
%required (0,005 N or 0,002 N). : ;
i During the course of the presenﬁ work a methbd of
%estimating the peroxide value of the fat in milk powder
was published by Chapman and McFarlane (1943). It
depends on the oxidation of ferrous to ferric iron in
the presence of ammonium thiocyanate, the intensity of
the resulting colour of ferric thiocyasnate giving a i
;measure of the peroxide originally present. This

‘method was modified slightly and adopted in the later
Eexperiments of the present investigation. The details
%are as follows:- '

2 g. lots of milk powder were weighed into
small petri dishes and exposed in the dark to
an atmosphere of 100% relative humidity for
24 hours or 48 hours. The powder was then
transferred to 100 ml. volumetric flasks and
refluxed for 20 minutes with 50 nle acetone
which had previously been redistilled twice



TABLE II,.

The calibration of the Spekker Absorptiometer for the
determinatlion of pDeroxide Values.

Welght of ferric iron = Absorntiometer
o/ml. solution Readigg'

0,00 - . 0,010

0.09 0,026

0.50 0.096

0.70 0,146

0.93 0,186

1l.16 0.218

) 1.60 0,302
: 2430 0.436
+ 3470 y 0,620

4,90 0,790



over calcium chloride. The flasks were cooled
and the contents made up to 100 ml, with
redistilled acetone. They were well mixed and
filtered through a Whatman No.42 paper. While
this part of the process was proceeding, a
reagent was made up by dissolving 1.0 ge. ammonium
thiocyanate in 7.5 ml, water in a 250 ml. flask
-and adding 100 ml. acetone. This was followed
by 0.25 g. ferrous sulphate and acetone up to

the 250 ml. mark. The mixture was well shaken
and then allowed to stand for a few hours with
occasional shaking after which it was filtered.
10 ml, of the reagent and 2 ml. of the acetone
filtrate from the powder were mixed and warmed in
a water bath for 1 minute at 70°C followed by

10 minutes at 50°C. The acetone mixture was then
cooled and the concehtration of ferric thiocyanate
determined in a Spekker Absorptiometer which had
been previously calibreted by using known
concentrations of ferric chloride in acetone
instead of the mllk powder flltrate. A
calibration curve was drawn from the figures in
Table II which were obtained by using the Spekker
Colour Fillter No.6.

™e peroxide value in millliequivalents per Kg.

{of powder was calculated as followsi-

Suppose the absorptiometer reading for a

iron per mi. To obtain this reading 2 ml. of
filtrate or one~fiftieth of the acetone extract
from 2 g. powder had been made up to 12 ml. with
10 ml. of reagent. The amount of ferric iron
equivalent to one kilogram of powder was therefore
12n i_;ooo ge ferric iron/Xg. powder.

Converted to milliequivelents this becomes

l2n x 50
° X

or S5¢38 n milliequivalents of

ferric iron or of
peroxide.

not however raise the moisture content of the milk

ipowder before refluxing it with acetone. The
advisability of raising the moisture content at any

glven sample showed the presence of nM g, of ferric

In their origlnal method.Chapman and McFarlane did.

i
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rate with spray-dried powders, was demonstrated in
preliminary work dufing the present Study by
determining the peroxide values for two samples of
-Epoﬁder with and without previously ralsing the
?moisture content. The values before treatment were

1,1 and 2.2 milliequlvalents per Kg. of powder whereas
:after treatment they were 3.4 and 9.,6. The differences
were undoubtedly due to the much more thorough fat
extraction which occurred when the molsture content was
%raised to about 10%, Without such treatment very low !
%peroxide values would clearly not be detected.

‘ A brief comment should be made regarding the
Eexaet method used in raising the moisbture contents of
the powders. For results of the highest accuracy the
;powder should be kept, not at room temperatufe and in
?moist air, but at about 0°C in an atﬁosphere of moist
gnitrogen. Thus for one sample of powder a peroxide
%value of 9.6 was obtalned by exposing the powder to
‘moist nitrogen at 2°C, as compared with 12.0 by
Zexposing it for the same time to moist air at room
Etemperature. The latter method had obviously caused

‘some additional oxidatlon during treatment. Exposure

%of a powder to molst nitrogen is not, however, feasible
éas a routine for large numbers of samples. In the |
Epresent work uniform treatment in air at room
itemperature had, therefore, to be adoptéd as the

only practicable alternative. This fact should not

serlously invalidate the results, since the peroxide

18



‘values obtained with any given group of powders
- exposed to similar conditions willl furnish comparable
évalues, 1.e. will indicate the relative extents of
%deterioration. Moreover it should in any event be
%noted that during fat oxidation peroxides are not
‘merely being formed, but are also being continuously
idecomposed: thus by whatever method they are
determined the resulis cannot be regarded as absolute.
Chapman and McFarlane state in the description
éof their method that the water content of the acetone
?in which the colour‘develops 1s of great importance.
%They recommend the use of acetone containing 4% of
%water but they do not give details as to the magnitude
Zof the change which results from altering the water '
Econtent. Since it is not always easy to be certain
‘of the water content of the acetone within very narrow
{limits, an experiment was carried out in which the
thiocyanate reagent was made up with acetone containing
gsix different proportions of water and this reagent

:was then used to determine the peroxide wvalue of a

'?powder in which oxldation was just commencing and of

a second powder in which deteriorationt was far advanced
From the results showm in Fig.l, 1it-is obvious that with
‘water contents ranging between 3 and 6%, the colour
éintensity 1s constant. It is true that absolute acetme
glves a more intense colour than 97 to 94% acetone,

and that the 1qtensity qulckly diminishes as the water

content increases. Absoclute acetone is, however, clearly
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- The influence of the water content of the

reagent acetone on the apparent peroxide
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‘not suitable for routine work of this type, since it
rapidly absorbs small amounts of moisture on exposure
jto ailr. Rellable results are more reédily obtained by
ihaving 3 to 6% moisture present.

% All appaﬁatus used in the determination of the
gperoxide value was boiled with nitric acid and
%thoroughly rinsed before use., If this was not done,

ZGPratic results were obtained.

. Copper content,

| For many years it has been well known that copper
{1s an active pro-oxidant in milk. As early as 1905
Golding and Feilmann observed that when milk was
passed over copper=-plated coolers it very rapidly

acquired a tallowy flavour. In 1923 Supplee studied

;ths effect of copper contamination in dried milk qnd
éfound that it greatly accelerated the onset of
Etallowi.ness. With pure lard Rail (1917) found copper
lto be 16 times more active as a pro~oxidant than iron
%or zinc. It was therefore clearly esgential to estimge
}copper In the samples of milk powder used in the
?present experiments in order to ensure that any
;observed'differences in tallowiness between different
samples of powder were not due to differences in cOppef

content.

For determining copper the method of Sylvester

in that the copper diethyldithiocarbamate was
exhaustively extracted with carbon tetrachloride and

i
|
i
I
i

and Lampitt (1935) was used. It was modified slightly
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TABLE III. | |
.The callbration of the Spekker Absorptiometer for
. tThe determinat %on of copper.
Mz. cog_‘ger Absogtiometer |
Ber \ md . 108,

0.000 0,008
0.005 0,073
0.010 0.130
0.020 0,260
0.025 0330

0.030 0.398




the final colour estimation was made in a Spekker

Absorptiometer and not visually in Nessler tubes as in

the original method. Diphenylthiocarbazone reagent
%was made up as described by Sylvester and Lampitt.

The absorptiometer had first to be
calibrated. Into each of six 100 ml. flasks
2.5 g. ammonium sulphate, 15 ml. water, 3 ml.
5N ammonia and 5 ml. of 0.1% diethyldithio-
carbamate were introduced. -Sufficlent copper
sulphate solution was added to five flasks so
that after the volumes were made up to the
100 ml. mark a range of 0.0l to 0.06 mg.
copper per 100 ml. of solution would be
obtained. To one of the flasks no copper was
added. 50 ml. were transferred from each

. flask to a separating funnel and extracted

|  five times with 2 ml. carbon tetrachloride,

!  the carbon tetrachloride extracts being

. pemoved to a 10 ml. cylinder. After all the
five extracts had been combined the carbon
tetrachloride was made up to 10 ml. end

. filtered into a Spekker Absorptiometer cell.

. The reading was made with the Spekker No.7

colour filter. The calibration curve was

drawn from the figures recorded in Table III.

The details of the method for estimating the
copper in milk powder were as follows:-

20 g. of powder were accurately weighed into
& silica basin and ashed by heating gently with
a glass-tipped bunsen burner. The residue was
cooled, 3 ml, concentrated HgS04 added and the
basin heated ti1ll no more fumes were evolved .
The basin was then kept in a muffle furnace at
400°C for 4 hours. The resulting ash was
dissolved iIn 20 ml. 6N HCl and washed. into a
250 ml. volumetric flask. It was neutralised
with 5 N ammonia, acidified with 1 ml. 6N HC1
and finally made up to the mark. Glass-distilled
water was used throughout. An aliquot, the size
of which depended on the amount of copper present
was pipetted into a separating funnel and shaken
vigorously with three 5 ml. portions of the
diphenylthiocarbazone=-chloroform reagent, each
portion being washed with the same 10 ml. of
water contalned in a second funnel. The extracts
were combined, the chloroform distilled and the
residue boiled with 2 ml. 60% perchloric acid
and 2 ml. concentrated HoS04 until it was
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“of the technique were mastered the method was very
‘reliable. Thus, in one test, an andlysis of a copper
~sulphate solution containing 0,020 mg. copper was

10,0199 mg. In another typical test. a milk powder was
'used which had been found by analysls to contain 1.40

iin a silica basin sufficient copper sulphate solution
%was édded_to raise the copper content to 2.40 p.p.m.

Copper was then estimated .and found to be 2.28 p.p.m.,

~can be estimated by the above method in concentrations

'as low as 1,0 p.p.m. With an-error not exceeding 10-12%

gaverage copper content of uncontaminated cows! milk

parts of copper per million. To 20 g. of thlis powder

colourless. When it was cool, 10 ml. water

were added and the solution neutralised with

5N ammonia. The neutral solution was then
transferred to a 100 ml. flask, 3 ml, SN ammonia
and 5 ml. diethyldithiocarbamate reagent added
and the volume made up to the mark with water.

A suitable aliquot was then transferred to a
separating funnel and the copper estimated
exactly as described for the calibration of the e
absorptiometer.

Preliminary tests showed that once the details

carried through by the same technique as that used for

the milk powders. The amount found to be present was

a recovery ' equivalent to 88% of the added copper.

From these and similar tests it 1s clear that copper

According to Sylvester and Lampitt (1935) the

'i1s 0,12.p.p.m. Since in drying, milk is concentrated

‘about eight times, the assumption can be made that a

~copper content of less than 1,0 p.p.m. of dried milk

indicates that no copper contamination has occurred

during the drying process.
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Sulphydryl content.
When milk is heated to a sufficiently high

temperature, sulphydryl groups are formed and a "cooked"
flavour develops. (Josephson and Doan, 1939, Gould and
Sommer, 1939). It appeared possible that: the sulphydn&
?groups might act as antioxidants and prolong the
jstorage 1ife of the resulting milk product. It was
Etherefore considered essential in the pﬁesent
%experiﬁents to obtain some estimate of the relative
sulphydryl content of the various dried milk samples
§Whidh were undergoing storage tests. For this purpose,
;a method very simllar to that described by Josephson
%and Doan (1939) was used.

1l g. of powder was weighed Into a test=tube,
5 ml, water added and the mixture thoroughly
shaken for one minute. 5 g. "analar" (NH4)23804
were added and the mixture shaken again. It
was then cooled in ice-water for a few minutes
and again shaken with a few drops of 0.88 ammonia.
When 5 drops of freshly made 5% sodium nitro-
prusside solution were added, a plnk colour
developed 1f sulphydryl groups were present. The
intensity of the pink colour varlied with the
concentration of sulphydryl groups. If none were
present, a dull brown colour resulted. Unless
lce-water was used the colour was exceedingly
transitory. In lce=water it remained relatively
unchanged for 10 minutes or so and an estimate
of 1ts Intensity could be made in a Lovibond
Tintometer.

| While the present work was in progress Townley |
land Gould (1943) published the results of experiments |
fin which they made a very thorough investigation of
‘the formation of sulphydryl groups in milk and for
‘Which they devised a new method of estimation. In this
method the milk was aerated and the volatile sulphur



collected 1n zinc acetate and estimated colorimetrice
ally. Townley and Gould found, however, that the
amount of volatile sulphur removed frdm a sample of
heated milk varied greatly with the length of the

- aeration period and other conditions. In the absence
"of a simpler and more reliable quantitative test,
~suitable for routine work, that used in the present

l study may, however, be regarded as providing a
ireasonably accurate indication of the relative
ésulphydryl contents of the various milk powders under
investigation.

Storage technique.

The methods of packing and storing the powders
varled somewhat iIn each experiment. Details are

therefore given separately in the succeedling pages.
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PART IT,
THE INFLUENCE OF THE PREHEAT ING TEMPERATURE,

- o TS - .‘. e
TORAGE 0
WILK POWDER SPRAV~DRIED BY THREE DIFFERENT

Introduction.

In experiments carried out in 1926 by Holm et al. |

Ethree observations were made. (1) Butterfat prepared

Ef;om.milk whilch was 12 hours old was less susceptible

Eto oxldation than fat from milk which was 24 hours old.

§(2) The removal of separator slime from milk by
Ecentrifugal force gppeared to improve the keeping
%qnality of dried milk. (3) Preheating the liquid milk
iat 181°F for 30 minubtes before drying appeared to

iresult in a powder of better keeping quality than when

‘prebeating temperatures of 145, 163 and 200°F were used.

%Uhfortunately Holm and his colleagues published few

details of their work: it is therefore difficult to

}assess the magnitude of the effects which they obtained

| More recently Jack and ﬁenderson (1942) found that

a roller-dried powder made from milk preheated at 175°F
for 15 minutes kept for two years as compared with a

" lcontrol made from milk preheated st 142°F for 30

Eobserved that & spray-dried powder made from milk
preheated to 2200F for 10 seconds kept for two years
witile the control deteriorated badly in 3 months.

Hollender and Tracy (1942) reported that preheating to

nﬂnntes which only kept for 5 months. The same authors:
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? |

i

| >
‘1VO°F for 30 minutes before drying resulted in a roller% 2i)
dried powder of much better keeping quality than when |
1500 or 190°F was used. Although little detail was
ipublishad in these papers it appeared clear that the
‘preheating temperature could exert a marked influence
éon the storsge life of the resulting powder. Confirm- |
‘ation of this finding, as applied to milk-fab |

‘generslly, is avallable in the work of Kende (1932) who

Zobserved that the oxidative flavours which developed
%1n some milks (particulaerly during low temperature

, |
storage) could be prevented by heating the milk at 1859

|

,
for 5 minutes. Dshle et al. (1941), Scheib ot sl. |
(1942), end Trout (1942) also found that the keeping
quality of cream was much Improved by preheeting it
to a temperature between 170° and 190°F. The cooked
flavour produced in the cream by the higher temperatures
was not consldered to be objecticnable.

g No work has, however, been published in sufficient
detail to enable a declislon to be made as to the exact

temperature of preheating which glves the greatest
improvement in keeping quality, nor 1is information

avellable as to whether clarification, clesner milk
supplies or increased attention to plant cleanliness
can also bring sbout an increase in the storage life

of the product. The following experiments were

\therefore designed® to Investigate these various points

The general outline of the experiments was plenned in
conjunction with the Agricultural Research Council,
the National Institute for Research in Dairying,

Shinfield, Reading, and the Low Temperature Resesarch
Station, Cambridge.
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The eight principal batches of driled milk made
on the Kestner plant.

TABLE IV,

Inclusive dates Milk Collection Clarifier Pre=heatin
July 27th-29th Ordinary Once Not used 1165°F
July 30th=Aug.lst " " " 190°F
Aug .3rd=Aug.5th L " used 190CF
Aug.6th-Aug.8th " " # 1650F
Aug.l3th=15th -  selected - twice  not used 165°F
Aug .17th=18th " " " 190°F
Aug.19th=-20th - " . ~ used 165°F

Aug.2lst-22nd . " " 190°F



?1n greater deteil than had hitherto been Attempted.
iThree types of spray-drying plent were avallable for
éthe ﬁoﬁk. The experiments carried out at each plant
%qnd the results obtained on storage of the powder will

%be discussed 1in chronological order.

é;(a) A KESTNER SPRAY-DRYING PLANT.
i Through the courtesy of the Directors of Messrs.
%Aplin and Barrett Ltd., the Kestner spray-drying plant
iinstalled at Frome, Somerset, was used for this
éexperiment*.

The general principle of the Kestrner drying syatem
has been fully described by Hunziker (1935), and by

chott (1932). 1Its speciel characteristic is the use of|

‘a centrifugal spray to convert the liquid milk into a
fine mist in the drying chamber. Full detalls of the
zactual plant used in the present work will shortly be
ipublished by Mattick et al. (1944).

| For the storage tests eight principal batches of
ipowder-were made.from milk which had been treated as
\shown in Table IV.

It will be seen from this Table that three
conditions were independently varied in the péodqction
of the powders for these tests: (a) the quality of

Eth.e milk supply was either 'ordinary! or !selected?;

3The work at the factory was under the direction of Dr ﬁ

- AJT.R. Mattick. of the National Institute for Research
in Dairying at Shinfield and of Mr E.L. Crossley of
- Messrs Aplin and Barrett ILtd.
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(b) the milk was either clarified or unclarified, and
(c) the milk was preheated to either 1650F or 190°F.
In preheating, the milk was held at the stated
étemperatures for 20 seconds and then for 3 to § minutesr
at a slightly lower temperature. As regards the ;
3quality of the mllk supply 'ordinary! represented the %
étype of milk received at the factory under normal i
%conditions and a once daily system of collections’ {
E'selected' represented milk of relatively low bacterial
%count collected twice daily, i.e. in the freshest
gpossible state. On the completion of the eight trials

'Esamples of the powder in 1 1lb. cans were sent to the

Hanngh Institute for storage tests.
Storage technigue. |

A number of the 1 1lb. cans from each trlal were
‘opened and the contents well mixed, The powder was
then packed in smell brown glass bottles with screw-on
caps and also in 12 oz. Danlsh Cream ceans. Since
jstorage at room temperatﬁre was expected to give
results only after a very prolonged period, it was
decidéd that taccelorated! tests should be carried out.

For this purpose samples were stored in incubators at

47 and 37°C as well as at room temperature. Several’

samples were nitrogen-packed in cans and stored at 0°C !

to act as controls. Owing to lack of storage room in

the aveilable 37 and 47°C incubators it was inmpossible j
%at this stage of the work to store sufficient powder

for the whole experiment: iIn cans. It was therefore



" TABIE V.

The solubillity and molsture contents of the powders
prepared on the Kestner plant.

Trial Sediment at Solubllity at . Molsture  Gopper

~ No. 20YC__509C 509C T & (p.p.m.)
1 0.3  0.05 92 98 1.7 0.6
2 0.3 0,05 93 98 1.9 0.7
3 0.3  0.05 92 - 98 1.2 0.6
4 0.3 0,05 92 98 1.9 1.0
5 0.3  0.05 93 100 2.2 0.6
6 0.3  0.05 93 100 1.5 0.6
7 0.3 0.05 92 100 1.8 06
8 0.3 . 0.05 94 100 = 2.2 0.8



“decided that it would be best to store a part of the
powder in bottles end the remeinder in cans, and to
use the bottles first. Wnen all the bottles had been
‘used, they were cleaned, dried and re=filled from the
cans.,

It will be observed from Table IV that more than
three weeks elapsed between Trial 1 and Trial 5, so
that the powders were of different ages when they
|arrived at the Hanneh Institute. The powders were
therefore placed in the 47 and 37°C incubators at such
lintervals that they would all be of the same storage
age when tasting tests began. For this purpose one
day at room temperature was considered equivalent to
6 hours at 37°C or 3 hours at 47°C. Any error involved
in making this assumption was negligible compared with
the duration of the whole storage experiment.

At sultable intervals during the storage period
samples were reconstituted and the flavour of the
reconstituted milk asseésed by the method described on
p. 10, |

Results.
Moisture'and solubility,
The moisture content and solubility of the various

powders are recorded in Table V. None of the moisture

éthe results. The solubilities were, within the limits f

of the experimental error of the method, all identical.

contents exceeded 2.5%. so that there was no danger of %

the protein-lactose type of deterloration compiicating f

>



The high preheating temperature to which the milks were
subjected in Trials 2, 3, 5 and 7 did not result in any,
3

ired'uction in the solubility of the powder. !

Copper content.

|
i
!
I

The copper contents are also recorded in Table V. :

With the exception of powder No.4 the values obtained {

Ewere uniformly low. It is obvious from these low

%values that there could not have been any measurable
%degree of copper contamination from the plant (cf.p.22);
E‘Ata will be noted later, the higher value for No.4 may i
have contributed towards the relatively short storage 5
life which this powder possessed.

Sulphydryl content.
Tests for the presence of sulphydryl groups .

gave only a brown tinge wlith the low temperature milks
(Nos.l, 4, 6 and 8), but a very marked pink éolour was
obtained with all the high temperature powders. |
Preheating of the 1liquid milk had therefore heen
sufficlent to produce very definite amounts of |
sulphydryl compounds in these milk powders.

Initial flavours.

Examination of the fresh powders divided them into

two easily distinguishable groups according to the

?rehaating temperature. The powders of the low
temperature group were very palatasble and tasted fresh ;
and uncooked, but had that characteristic flavour |
frequently found in spray=-dried powder which suggests
incipient tallowiness to the trained taster. Differences

ol
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No. ‘ . temperature
Euﬁi 420

TABLE VI.

The keeping quality of the powders made on the

“Restner piLant.

Nature of the milk dried Pre-heating Weeks to deteriorate to Poff=

Ordinary unclarified
Ordinary clarified

Selected unclarified
Selected clarified

Ordinary unclarified
Ordinary clarified

Selected unclarified
Selected clarified

O KN OO K

Mean for ordinarg milk preheated
to 1656-F

Mean for selected milk preheated
' to 165°F

Mean for ordinary milk preheated
to 190°F

Mean for selected mllk preheated
to 190°F

) Selecting the milk.
Increase

)

in ) (1) When g;eh ating to

storage ) 165

1life ) (2) When greheating to
; 190°F d/c

) Ralsing the preheating temp-
erature from 165 tO ISOU?

165
165

165
165

190
190

190
190

(a)
(v)
(c)

(d)

1) With ordinary milk

as ratios)
caused

by

)

(expressed é (2) With selected milk d/b
)
)

Selecti the milk and raisin
EEb4preEeaEIﬁg fqugrafure d/a

c/a

vour score or

1.0 0 1.0 2.
at 47°C. at 379 C. at 159 C,
346 5.7 TJ7 1l.9 42 61
2.1 3.9 6.4 10.0 38 54 |
7.4 847 13.6 18.9 47 70
6ed 7.9 15.1 19.1 47 66 |
10,7 12.3 23.3 26.1-92 ->92
11.4 13.7 30'0 31.5792 792
11.7 13.1 32,9 35.,0,92 592
13.6 1406 32.9 54.6 792 792 |
2.9 4.8 7.1 11.0 40 57
6.9 8.3 1l4.4 18.6 4% 68
llol 13.0 26.7 2807792 792
12.7 13,9 32,9 34.8>92 > 92
2¢4 17 240 1l.7 1.2 14
1.1 1.1 1.2 102 - -
|
!
|
3.8 2.7 5.8 246 72,3 ,14
108 107 23 109 7200 ?1‘
4ed 249 446 342 >2.3 5 lﬁ




between the individual powders of the low temperature
group were slight. The powders from the high
temperature milks all possessed a boiled milk or cooked
Eflavour but were none the less very palatable.® The
éverdict of the tasting panel was that the slight
:boiled taste was not in any way objectionable. It was
of a type frequently assoclated with milk products.

th was much less noticeable than in boiled or
?sterilised milk and was not so intense as in the average
%roller-dried powder. It possessed no element of
’staleness. |

Deterioration during storage.

The average off-flavour scores recorded by the
tasting Panel are shown diagrammatically in Fig.2 in
1which the results have been plotted in pairs, the
%difference between the powders in each pailr being that
;qne of them was made from milk preheated to 165°F and
2the other from milk preheated to 190°F¥, The
iquantitative differences in the keeping qualities of
‘the powders are best seen by reference to Table VI, in
jwhich the time; required for each sample to reach off-~
%flavour scores l1l.0 and 2.0 are tabulated.
| Storage at room temperature has not progressed
sufficliently for off-flavours scores of 1.0 and 2.0 to

be passed by the more stable powders; nevertheless the

i

# For key to numbers in Fig.2, see Table IV.



Figure 2. |

The deterioration in flavour of the
Kestner samples stored at 47°, 37°C
end room temperature. Nos.l, 4, 6
and 8 were made. from milk preheated.
to 166°F. Nos.2, 3, 5 and 7 were
made from milk preheated to 190°F.
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iissue is sufficiently clear~cut to enable reliable
‘gonclusions to be drawn from the available data.

'Peroxide values.

The method of Chepman and McFarlane (1943) was not
published until this work was well advanced. It was
g’only possible, therefore, to apply it to the powders
stored at room temperature. Values were determined at

intervels for all eight powders and are recorded

disgremmatically in Fig.3%

Discussion.

The results shown in Fig.2 and Table VI are best
discussed by deallng first with the factor which had
least effect on the storage life of the milk powder,
namely clarification. When this factor has been
disposed of, the more important effects, dﬁe}to the
selection of the milk and to the raising of the
preheating temperature, stand out more clearly.

Clarification.

There are three main points to observe. First,
clarification had no significant effect with selected

milk whether the preheating temperature was 165° or

190°F. Second, with ordinary milk and a preheating
temperature of 190°F, clarification had no effect on th?
storage life at 47°C, but at 37°C it appeared to result%
in a slight extension in storage life. Thus the numberj
of weeks required to reach off-flavour scores of 1.0 ‘

.

and 2.0 was increased from 23.3 and 26.1 for powder No.é

to 30.0 and 31.3 for powder No.3. Storage has not yet

continued

'* For key to numbers in Fig.,3, see Table IV.
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Figure 3. |
Peroxide formation, expressed as milli-
equivalents per kilogram of powder, in
the Kestner powders stored at room
temperature. Nos.l, 4, 6 and 8 were
made from milk preheated to 168°F. Nos.
2, 5, 5 and 7 were made from milk
preheated to 190°F.
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1ong enough for this effect to be confirmed at room
§temperature. it is, however, in any event a very small
Incerease and of doubtful significance. Third, with |
ordinary milk preheated to 165°F, clar;fication appeareé
to be deleterious, since it caused a.deérease in the |
%storage life of the powder at all three storage |

- | temperatures. It is very questionable, however, whether

‘clarification per se was responsible for the shorter
storage 1life of powder No.4. It has already been
noted (Table V) that this particular powder had a
‘higher copper content thah the remainder. Moreover, ;
when all the detalls of its manufacture were obtalned
1t was found that some doubt existed as to whether
the preheating temperature of 165°F had been
leonsistently reached by €1l the 1iquid milk dried during
this experimental period. These factors would almost ?
cegtainly exert a far greater effect on keeping qualityé
than clarification. |
Except, therefore, for the slight difference
with Nos.2 and 3 at 37°C, clarification appears to have£
had no beneficial effect on thé powders. In considammé
the remaining two factors, milk selection and preheatkqg
‘temperature, clarification can clearly be neglected. |

The results for the paired powders, 1 and 4, 6 and 8,
2 and 3, and 7 and 5 have therefore been averaged,

as shown in Table VI. !
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Selection of the milk. |
| The effect of milk selection is shown as a ratio ;
in the lower half of Table VI. With a preheating "
Etemperature of 165°F, the storage life at 47°¢c and
'37°C was roughly doubled by using selected: milk, |
Zthough at room temperature the increase in storage |
;11fe was only about 20%. With a preheating tem.pera.tures
of IQOQF, the effect of milk selection on the storage i
;life at 47° and 37°C was much less, the increase in
ékeeping quality being only some 10 or 20% and of
zdoubtful significance.

%TheApreheating temperature.

The greatest effects were obtalned by ralsing the
preheating temperature from 165° to 190°F. With
ordinary milk there was a three-~ to four-fold increase

éat 47° and 37°, while at room temperature the "high
temperature” powders have already kept for almost
twice as long as the "low temperature" powders and are {

not yet deteriorating significantly. With selected

milk a two-fold increase was observed at the two higher
storage temperatures and there 1is every indication that
this will ultimately be confirmed at room temperature. ?

When the combined effect of milk selection and thel
high preheating temperature are considered, it is found
that practlcally a four=fold increase in storage life
was obtained at 47 and 37°C.

The temperature coefficlient.

The rate of deterioration at 47°C has been



TABLE VII.

The temperature coefficlents of the rate of deterioration of the

mp
-ﬁéstner powders for Eifferences of 100C In storage temperature.

-Range Measured at off- Low temperature High temperature
TTavour score of preheated samples preheated samples

1 4 & Sivemm 2 3 5 I Average

417..3706 1.0 2.1 3.0 \108 204 203 2.2 2.6 2.4 2-8 205
: 2.0 2.1 2.6 242 204 2.3 2.1 245 2.4 2.7 2.4
-] 50N 1.0 22 262 18 1.7 1.9 - - - - -
87-157¢c 2.0 9.1 2.2 1.7 1.8 1.9 = = = = -

# C10 for the temperature range of 37°=-15°C was
ca cglated from the relationships: Cig =
N-2.2 where N is the number of weeks required

for an off-flavour score of 1.0 or 2,0 to be
reached at 15°C divided by the number of weeks
required at 379C.

The average room temperature was taken as 15°C.



compared with that at 37°C and the latter with the

‘rate of deterioration at room temperature and the

|

itemperature coefficients for 10°C obtained as shown

in Table VII. Considering that these values have |

 resulted from tasting tests, they are reasonably

consistent. Average values of 2,3, 2.4 and 2,5 for thd

?temperature coefficient between 47 and 37°C compares

~well with that of 2.2 observed by Lea et al. (1943)

for the same 10° difﬂerence‘between 47° and 37°C in

itheir experiments on inert gas-packing. Similarly,

_the value of 1.9 for a 10° difference between 37° and
115° compares well with that of 2,05 recorded by Lea

iet al., for the corresponding temperature range. By

E

%the use of the appropriate coefficient it should be
épossible to obtain a reliable indication of the
%keeping quality of this particular type of powder at
Zany temperature between 15° and 47°C provided the
keeping quality at any oth;r temperature within:the

;range is known.

(b) A KRAUSE SPRAY=-DRYING PLANT,

In the experiment with the Kestner plant the most
important factor influencing keeping quality was found |
to be the preheating temperature. It was therefore

decided to carry out a further experiment on a
different type of plant in which five different
Eprehea.ting temperatures could be tested. The two
%main ob jects of this second experiment were (i) to

Gt
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find whether the preheating temperature was equally

?important on a different type of plant, and (b) to find
gwhat particular preheating temperature would give a
}powder with the longest storage life.

Through the courtesy of the Directors of Driled
Milk Products Ltd. an experiment was carried out on a
Krause plant at Northallerton, Yorkshire®. The
principle of the Krause plant has been described in
detail by Hunzlker (1935) and by Scott (1932). As in
the Kestner plant, the milk is converted into a fine
spray by centrifugal force, but the type of disec from
which it is sprayed and the arrangement of inlets and
outlets for the hot alr differ from those used in the
Kestner plant.

During the experiment the plant was run normally
except that five different preheating témperatures were
used. These were 1609, 170°, 1809 190° and 200°F.

For the four higher temperatures the liquid milk was
passed through two heaters. The first heater‘warmed
the milk to about 150°F, while the second raised the

temperature to the desired degree. For the

preheating temperature of 160°F only one heater was

lrequired. The milk was held at the varlous temperatures

*The work at the factory was under the direction of the
Menager and Assistant Manager, Mr Wood and Mr Shutter,
- while extensive bacterial tests were carried out on

- milk sampled at various points throughout the plant

- and on the resulting powder by Dr C. Higginbottom of

- the Hanngh Institute.

e



TABLE VIII.

Various chemlcal end physical data for
the powders made on the Krause plant.

Trial Temperature % Copper Sulghp;_'%l Solubilit
“No. of Moisture content content. % ag-o
20 0°c

Proheating  content Red unitsi
O “
1 160 1.3 l.4 0.5 99 99
2 170 1.2 Se5 0.6 100 100
S 180 0.9 36 0.8 100 99
4 190 1.6 l.1l 1.0 100 99
5 200 l.1 1.5 l.1 99 99

1 0.5 yellow units were used
throughout.




ifor about 20 seconds. Each preheating temperature

- econtinued in use for two consecutive days, the milk
zpowder for the storage tests belng collected on the
isecond day. Any risk of contamination of powder from
one trial with powder remaining in the filter bags
from a previous trial was thus avoided. . The samplgs
gfor storage tests were packed in %} lb. cans and

3sent to the Hammah Institute.

Storagg technique,.

At this stage of the work more storage
iaccommodation was avallable, It was therefore decided
ito store the powder in sufficient 6 oz. Danlsh Cream
?cans of plain tinplate to make gas analyses possible
at frequent intervals during the storage periods. It
was hoped that by this ‘means objective confirmation
of the tasting tests would be obtalned. 90 g. of
powder were therefore packed in each can, the seams
of the cans lacquered externally to ensure that they
were gas-tight, and the cans stored at 47°, quCand
room temperature. A number of nitrogen-packed cans
were stored at 0°C as controls,

Results.

Molsture content.

The moisture contents of the powders are recorded

iin Table VIII. They were all below 2.0%, so that there

Was again no risk of the occurrence of the protein-
glactose type of deterioration, which might otherwise

have confused the results.

G2
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TABLE IX.

The storage life of the powders made on the Krause
E_I_ang Eacge_af_ Zn ’_E_an_I_a_’l_i_e cans an§ iE&geE '51 Tlavour.

Trial
[+

Preheat in
EeqperaEure

(SN

(SR R R o

OF

160
170
180
190
200

160
170
180
190
200

Weeks to reach off=flavour score of$

1.0 2,0 1,0 2.0 1,0 2.0
at 479C at 379C ‘at room
tempprafure
6.0 9.0 6.0 9.0 16.0 19.2
4;2 '700 6.2 808 1508 20.0
8.8 12.0 14,8 17.2 41,0 47.2
10.0 12.0 21,0 23.6 bl bd
940 11,.6 18.8 21.6 %* %

Relative storage life expressed as a

multiple of the storage litfe of the

shortest-lived powder.

led 1.3 1.0 1.0 1.0 1.0
1,0 1.0 1,0 1.0 1.0 1.0
201 1.7 ’ 24 1.9 2.6 205
2.4 1.7 3e4 2,7 #* *
2.1 1.7 3¢l 2.5 # *

% Storage at room temperature has not yet
proceeded sufficlently for these values
to be obtained.



Solubility.

' to 200°F did not diminish the solubility of this

i
|
1
z

Increasing the preheating temperature from 160°

extremely soluble powder (Table VIII).
Sulphydryl content.

The effect of increasing the preheating
temperature on the sulphydryl content can be seen from
Teble VIII, where the results are expressed in Lovibond
red units., A brownish tint was obtained with Nos.l and
2 and an increasingly vivid pink with Nos.3, 4 and 5.

Copper content.

Copper was estimated in gll the samples by'the
method already described. The results, which are
recorded in Table VIII, show that Nos.l, 4 and S had
low values ranging from 1.1 to 1.5 p.pem., while in
Nos. 2 and 3, the values were as high as 3.5 and 3.6
P.pem. AL one stage in this plant the liquid milk had
to pass through a tank in which the copper surface was
exposed and which obviously led to different degrees of
contamination dn different days. As shown in the
folloﬁing discussion, this variation in copper content
had a significant effect on the results.

Assessment of flavour,

The tasting results are shown in Fig.4, and the

ﬁtimes necessary for off=-flavour scares of 1.0 and 2.0

to be attained are collected in Table IX. The powders |

‘made from milk preheated to the three higher

temperatures had a slight cooked flavour initially, but

QD
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TABLE X.

The time required for 10 and 20 mg. oxygen to be
absorbed Dy 100 g. Of powder at 4$5§1>§%50 and

room temperature.

Trial Preheating Weeks required to absorb

No. tb erature 1 o . 1 20m 1 oom
i Vo gl s o
- quperafhre
1 160 4.8 6.8 8ed 13,2 20,8 28.8
2 170 4.4 546 860 1244 -22.8 32,8
3 180 546 7.6 14,4 18,0 40 .4 b
4 190 6.0 9.6 17.2 23.2 &
5 200 5.6 8.4 16,0 22,0 #* #
-Relative times for the absorption of
oxygen tekIng the sbortest time as 1.0
1 160 1.1 1.2 1el 0 1.1 1.0 1.0
2 170 1.0 1.0 1.0 1.0 1.1 1,2
3 180 1.3 1.4 1.8 1.5 1,9 *
4 190 1.4 1.7 2.2 1.9 * %*
5 200 1.3 145 2.0 1.8 * *

Storage at room temperature has not yet
proceeded sufficlently for these values
to be obtained.

TABLE XI.

The peroxide values of powders stored in plain
Tinplate cans at room temperature.

Trial Preheating Milliequivalents of peroxide/kg.powder

No, tempergture
F After 36 weeks After 51 weeks
1 160 1247 14.2
2 170 15.8 16.6
3 180 242 10.1
4 190 25 2.0
5 200 1.8 2+4



‘this was not in any way objectionable, -

?Gas analysis,

5’

The rate at which oxygen was absorbed by the
gpowdefs was determined for all three storage tempera=-
§tures. The results are recorded in Fig.4. The times
?which elapsed before 10 and 20 mg(-oxygen were absorbed
by 100 g. powder are shown in Table X.

ZPeroxide values.,

Peroxide values were determined on two occasions
Efor all the powders during storage at room temperature.
%The results are recorded in Table XI,

Dlscussion.

‘The effect of the preheating temperature
on _storage life.

The results in Table IX show that at 47° and 37°C
the three highest temperature powders (Nos.3, 4 and 5)
kept for about twice or three times as long as the
two lower temperature powders (Nos.l and 2). Moreover
‘at room temperature Nos. 3, 4 and 5 have already kept
‘for more than twice as long as Nos.l and 2, and Nos.4
and 5 are still very palatable., The advantage of high
preheating tempérafures 1s thus very clearly

demonstrated.

On examining the results in Table IX in more detell,

%it will be found that powder No.2 kept for a shorter :
?time than powder No.l at 47°C and for about the same ‘
‘time at 37°C and room temperature in spite of the 10°
Erise in preheating temperature. This result, which at

first sight appeared anomalous, was undoubtedly



‘due to the higher copper content of powder No.2 (3.5
:p.n.m.) as compared with powder No.l (l¢4 DeDele)e

Such a high copper value in powder No.2 would ma.zkedly

shorten the storage 1ife of the powder and so nullify

the effect of increasing the preheating temperature.

With powders 2 and 3, preheated to 170° and 180°F

the copper content was almost identical and the
{doubled the storage life of the powder. This
therefore provides a clear-cut example of the effect
of an increase in the preheating temperature with two
| otherwise comparable‘powders.
It 1s lmpossible to assess the value of raising

the temperature from 180° to 190°F (Nos. 3 and 4),
since this increase was unfortunately accompanied by
& decrease in copper content from 3.6 to 1.1l p.p.me
(Table VIII), = a decrease which would itself cause
a marked extension in storage life. For powders
preheated to 190° and 200° (Nos.4 and 5) the copper
| contents were, however, very similar, but no
differences were shown in the storage life. It 1s
therefore apparent that no advantage was gainedtin
this particular plant by raising the preheating
temperature beyond 190°. It would appear, therefore,
' that the critical temperature lies somewlere between

170 and 190°F.

The oxygen absorption results in Table X confirm

'in general the conclusions obtained for the tasting

h
1
\

increase of 10°F in preheating temperature approximatiu

10



éresults. Thus 1t wlll be observed that the rate of
ioxygen absorption (and therefore of deterioration)
Ewas greatest with Nos. 1 and 2 and least with Nos. 4
and 5, with No.3 falling within these two extremes.
There was also little difference between Nos.l and 2,
a marked difference between Nos. 2 and 3, and little
§difference between Nos., 4 and 5.

! It is not reasonable to expect the flavour and

gas analysis results to confirm one another in every

ldetail, for oxygen absorption will not necessardily run
strictly parallel with the subsequent decomposition of
the oxldised products to give foul-tasting compounds
iof smaller molecular weight. This may explain the
fact that the oxygen absorption figures for Nos. 3,
4 and 5 d1d not differ so much from those of Nos.l and
2 as did the off-flavour figures. This fact also
emphasises the practical value of tasting tests in the

study of food storage problems, since flavour and not

oxygen absorption is the ultimate criterion by which

the powder will be judged.

Reference to the peroxide values in Table XI also
shows the advantage of the higher preheating tempera-

tures. After 9 months at room temperature, the

| ‘

peroxide values of Nos. 1 and 2 had risen to 12.7 and
%15.8 compared with values of about 2 for the remaining

three powders. After another 4 months, the peroxide

§va1ue of No.3 had risen to 10.l1, while the corresponding

values for the two highest temperature powders were

i

i
1
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TABLE XII.

Temperature coefficlents for the Krause
gggpIes {calculated from the flavour

Tesults). ‘

Prial Preheating Calculated for 10°C from the
No.  Temperature off-?lavour score

OF
1.0 2.0 1.0 t2 .0
at 8

470=37°C sv°=15°c
1 160 1.0 1.0 1.6 1lo4
2 170 1e5 lel 1e5 145
3 180 1.8 1e5 1.6 1.6
4 190 2e1 1.9 e %
5 200 2.1 1.9 i hd

¥ Storage at room temperature has not
yet proceeded sufficlently for these
values to be obtalned.

TABIE XIIX.
Temperature coefficlents for the Krause s les
!cafcuiafea Trom the oxygen absorption data).

Trigl Preheating Calculated for 10°C from oxygen.

No.  Temperature absorbed.
e .
1 160 1.8 1.9 1.5 2.2
2 170 . 1.8 2.2 1.6 234
3 180 246 2.4 1.6
4 190 249 2.5 * %
5 200 2.9 2.6 * *

¥ Storage at room temperature has not
yet proceeded sufficiently for these
values to be obtained.



| éstil; only about 2, This rapid increase in No.3 was.

éprObably due to 1ts high copper contgnt. '

‘ The effect of increasing the preheating tempera=-

ture from 160° or 170° to 180° or 190% and the reliability
and value of tasting tests has therefore been clearly

shown in this experiment.

Temperature coefficients.

The temperature coefficients of the rate of
deterioration, as measured by taste and oxygen
Eabsorption tests, are recorded in Tables XII and XIII.
Between 37°C and room temperature, the coefficlents
varied between 1.4 and 1,6 for a difference of 10°C

when calculated from the tasting results. The

corresponding coefficients for the time required to
absorh 10 mg. oxygen were very similar, ranging from ;
1.5 to 1.6, but for 20 mg. oxygen they increased to
2.2 and 2.4. Evidently as the temperature increases,
the rate of absorption increases more rapidly than the
rate of the development of off-flavours. Similarly
gfor the 47° to 37° range of storage temperatures the

coefficients calculated from the oxygen absorption

results were higher than those from the tasting results.

One very unexpected observation was made regarding the

&emperature coefficients for the 47° to 37° range. It .
ﬁas found from both the flavour and gas analysis resuﬁaj
That the temperature coefficient of storage increased |
ﬁith the preheating temperature. As far as flavour

1s concerned the low temperature powders deteriorated

4

~



‘almost as rapidly at 37° as they did at 47°C, while the

%high temperature ones kept twice as long. No

éexplanation for this observation can yet be advanced.

(c) A GRAY~-JENSEN SPRAY-DRYING PLANT.

The object of this experiment was to determine
whether raising the preheating temperature,
rciarification and greater attention to the details of
processing would improve the keeping quality of milk
powder made on a Gray-Jensen plant. This type of.
plant differs markedly frém.both the Kestner and the
Krause plants. In the Gray-Jensen plant the milk is
converted into a spray by forecing it through a fine
orifice under high pressure. Moreover the hot air

' leaving the drying chamber is passed through the

At the same time, any powder in the air leaving the
drying chamber is washed out into the precondensed
milk and thus passes back to the drying chamber. The

markedly from those of the other two plants. Detaills
of a typical Gray-Jensen drier are given by Hunzlker

(1935) and by Scott (1932).

‘Director of the Scottish Milk Powder Co. Ltd., a

Plant ¢f this type was made avallable for experiment
%at Kirkcudbright¥. The preheating system in use at

liquid milk thus effecting its partial pre-condensation

.|preheating system and the type of condenser also differ

1
!
I
|
i

Through the kindness of Mr W.B. Barbour, Managing |

%he experiment was under the direction of the Manager

of the factory, Mr M. Neilson and of the present
author.
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TABLE XIV,

The pre-heating and holding temperatures for a typical
day En the con%roI period and for a typical day Tn the

OXp erimental perlod.

Time Preheating Te erature_ép
Temperature holding tan
R o
Control period

A QM ]

10.00 171 168

10.30 . 170 169

11,00 169 165

1l.45 170 167

P.M.

12,15 172 ' 170
215 179 178
500 179 ’ 178
.00 173 178 .
8630 171 176
9.00 180 178

Mean 173 ,4°F 172.89F .

. ) Experimental period

AM,.

10.00 179 176

10.30 & 180 180

11.00 180 175

11,30 182 - 180

P .M 9 . . .

12.30 180 179
2.00 180 179
4,00% 180 179

Mean 1800F ‘ 178 (4OF

# Shorter period of rumning; mly
morningts milk was used.



zthe plant did not allow a free choice of preheating

temperature, nor was it possible to limit the heating
>of the milk to only a few seconds. The temperature of |
the milk had to be raised by pumping it continuously
from a holding tank through a heater and back to the

holding tenk until its temperature was about 170°F.
4It was then held at or near that temperature for
perhaps three-quarters of an hour until it could be
passed to the condenéer and thence to the drier. The
holding tank contalned about 1,000 gallons.

It was decided, in view of the difficulties
. Involved in the control of the time and temperature ?f
preheating, to limilt the temperature changes to the
maximum which coﬁld be effected under exilsting

practical conditions, although it was realised that the
differences between the control and experimental perlods
might be relatively small, It will be seen from the
typlcal days' runs in Table XIV that the average
Preheating temperatures of the control and experimental
periods varied by about 7°F and the holding temperatures
by about SOF.

The experiment, as finally planned, comprised
two main periods, of which the details may be
Sunmerised as follows:=-

Control Beriod of 6 days.

(l) The running of the plant was carried out
according to the usual procedure at this
factory.

44



TABLE XV, -

The sampling times in the Gray=-Jensen experiment.

Control
Perdod

Experimental
erio

letter

P T T T W, N

Code

Quk

R HEG

Hours after.

W

O~ O~V

egan

Pime before or after change«=over
from control to e;pngEenfaI
pericd ‘

6 days before change=over, no
clarifier.

y
)

)

) 3 days before change=-over,
g clarifier in use.
)

1 day before change=over, no
clarifier.

in use. .

6 days after change-over, clarifier

; 1 day after change-over, clarifier
; in use,




(2)

(3)
(@)

(5)

The milk was the usual September milk supply,
consisting of mixed evening and morning milk,
eand was collected once daily.

No clarifier was used except on one day in the
middle of the period.

The plaﬁt was cleaned daily with hypochlorite
solution renewed every 5 days.

The milk was preheated for a few mlnutes at
170-180°F and was then held at 168-178°F for
an . average of about 45 minutes. Since the
milk flowed continuously through the heater
to and from the holding tank, the holding
time and temperatures cannot be stated more
precisely.

fgzperimental period of 6 days.

(1)
(2)
(3)

(4)

%day in each period. The plant was thoroughly cleaned

Only selected morning milk was dried.
The clarifier was used throughout.

The plant was cleaned daily with fresh
hypochlorite.

Except for the last day of the period, the
tem%erature was rigidly maintained at 180°F
i 10 in the preheater while the holding

temperature was 176-180°F., On the last day

of the period the holding temperature
dropped (for unavoidable technical reasons)
to 1700F, though the preheating temperature
remalned unchanged.

Table XIV shows the temperaturesfor one typilcal

iand overhauled on the day before each period began.

?Representative samples of powder which were taken

‘o the days and at the times shown in Table XV were

%taken to the Hannah Institute in 21 1lb. cans for

istorage experiments. It will be observed that A and

‘B in the control period (Table XV) correspond to

G and H in the experimental period and that.D and E

-correspond to J and K, C and F differ from I and L

’,t.\'\
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| TABIE XVI.

-Jensen samp.

The solubility and moistur
the Gray-J

Sample

Average

PR HHGQ

Average

Solubilit

209¢ 50°¢

92
94
90
91
91
95
91
89

90

89
90
92
92
91

Moisture

Control Perlod

98
99
98

96
99
97

o7
96
93

96

1.9
2.0
1.7

1.9
1.9
2.4
1.9
2.0
1.5

2.0

Experimental Period

97
9%
96

94
o7
95

- 96

2.0
1.5
1.7

2.1
1.6
1.6

1.8

e d . eo T content of
Tes.

C

er content

arts per
-million.

2.4
0.8
0.7

0.6



'in that they were taken after 15 end 12 hours of drying

i

i
1

\

i

i
i
!
i

Instead of after 9 hours. This was caused by the fact
that only morning mllk was used in the experimental

lperiod, with the result that the drying period only
lasted for nine hours compared with 12-15 hours in the |

control péfiod. Sl,'Sg and Sz correspond respectively
to A, B and C and also to D, E and F except that the
clarifier was in use. '
The storage technique was identical with that
used for the Kestner samples (p.28 ). At each test
the flavour of 15 samples had to be assessed. Since
this was too large a number for the palate af one

time, 211l the 5-hour samples and a controlwere tasted
first. At least one hour later the 2=hour and final

samples from each of the five days were compared with

the S5=hour samples.
Results.

Moisture content and solubility.

 The results in Table XVI show that all the
molsture contents were below 2.5%. Tallowiness was
therefore the dnly type of deterioration to be expected
The solubilities showed variations within the °*
1hdiv1dua1 periods, but the aversge for the control
periocd was practically jdentical with that for the
experimental period.

Sulphydryl test.

No clearcut positive test was obtained with any

of the powders, although the keeping quality of most

th




TABLE XVII.

The storage life of the Gray-Jensen powders.

Weeks to deteriorate to
olf-Tlavour score o

0 2.0 1.0 2.0 1.0 2,0

Samples 1
at 47°C af 379C at _150C

A 4 6 9 15 30 46
B 6 11 22 28 * %
c 8 12 21 26
D 7 9 19 25 59 69
B 9 14 27 32 73 #
F 14 16 20 33 * %
s1 6 v 14 19 45 59
82 21 25 - = 69 80
S3 13 15 22 34 77 ¥
G 9 13 22 27 *
H 10 14 24 34 % %
I 13 17 31 38 #
J 10 13 26 30 . 74 %
X 10 13 25 34 76 ¥
L 12 14 32 41 # W

Mean for ‘

A, D, S1 6 7 11 20 45 58

Mean for ' % %

G and J 9 13 24 29

Mean for 10 13 24 30 % F

) 'B,C,E,F’SS .

Mean for ' % %

CELEL 11 14 28 38

* Storage at room temperature has
not yet proceeded sufficiently
for these values to be obtained.
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TABLE XVIII.

Relative storage 1ife of the Gray-Jensen powders,

: Samples 417%¢ 37°¢ 15%¢
p 2 Y 2 i 2
( A 1.0 1.0 1.0 1,0 1.0 1.0
( B 1.5 1.8 2.5 1.9 % %
E c 2,0 2,0 2.3 1.7 % #
Control ( D 1.7 1.5 2.1 1.6 1.9 1.5
Period ( E 2.2 243 3.0 2.1 2,4 #
- % F 35 27 3.2 2.2 #
( S1 1.5 1.1 1.5 13 1.5 1.3
( 82 5.2 4.1 - - 2.3 107
( 83 3.2 245 2e4 243 2,5 ¥
( G 2.2 2.1 2.4 1.8 bl *
( H 2e¢5 243 2.6 243 bl %
Experimental ( 1 3.2 2.9 3.4 245 * %
Period (
( J 2.5 2.2 3.0 2.0 2.5 ¥
( K 2.5 2.2 2.7 23 2,5 ¥
( L 3.0 23 35 2.7 # #
feag’fgi' 140 1.0 1.0 1.0 1.0 1.0
>
Mean for 1.5 1.9 2.2 1.5 * %
G and J
Mean for 1.7 1.9 2.2 1. * %
B,C,E,F,83 5
Mean for - 3.8 2.0 . | 1, % %
H,I,K,L * 2,5 o .

¥3torage at room temperature has .
not yet proceeded sufficiently '
for these values to be obtailned. :



TABIE XIX.

The' peroxide valﬁes of the Gra -Jensen owders
after B5 weeks at Troom temperature. .

Sample Mi1liequivalents
“powder.
17 .6

del
5.2‘

7.0
1.5

Control
Period

HEY auwbk

81 8.2
s2 4.3
33 3.9

EEEerimental
eriod

.
PN TN SN, PN PN PN N, P Y U L e L e Lo L S P NN
'

PHRa HH®@

‘Mean for A, D & S1 (Group I) 10.9
Mean for G and J (Group II) 2.9

Mean for B, C, E, F and S3 Sed
. (Group III) '

‘Mean for H,I,K and L (Group IV) 2.0




of them was good. It seems possible that the
exceptional method of preheating and holding affected
‘the test, but it was not feasible to investigate this
‘point in detail.

‘Assessment of flavour.v

The tasting results are shown in Figs. 5 and 6.
The times required for off=-flavour scores of 1.0 and
22.0 to be reached are recorded in Table XVII, and the
Erelative storage life of the powders in Table XVIII.

éPeroxide values.

% The peroxide values of the powders were estimatef
iafter 85 weeks at room temperature. The results

ﬁare recorded in Table XIX.

_EConer content.
% Copper was estimated in all the samples by the

E;méthod given In Part I. The resulfs, given in Table
%XVI show that the only badly contaminated powderé‘were

isamples A and S1.

Discussion.

i
i
1
!
|
i

Keeping Quality.
| In}all, 15 samples of powder were avallable

E(Table XV). The more important conclusions of the
experiment can best be éunmnrised by dividing these

15 samples into the following four groups:-.

Group I A, D and S3, the three samples taken in the
; control period 2 hours after drying began,
arxd which were contaminated with copper.




Figure 5.

The deteriloration in flavour of the Gray-
Jensen powders made during the control
period when the clarifier was not in use,
X & powders stored at 47°C, o = powders
stored at 370C and e = powders stored at
room temperature. :

Figure 6.

The deterioration in flavour of the Gray-
Jensen powders made during the experimental
period (ssmples G to L) end also of those
made during the control period on the day
when a clarifier was Inserted (samples S8;,
S2 and 83). |

x = powders stored at 47°C, o = powders
stored at 37°C and e = powders stored at
room temperature. '
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Groun IT G and J, the two samples taken in the
experimental period 2 hours after drying began.

Group III B, C, E, F and S3, the remaining samples
taken in the control period.

Group IV H, I, K and L, the remaining samples taken
' . in the experimental period.

Reference to Tables XVII and XVIII shows that the |
Zaverage storage life of the members of Groups II, III |
iand IV was of the same general order except that Group
IV was very slightly superior to the two other groups.
‘ The powders in Group I, particularly sample A,
gpossessed a much shorter storege life than any of the
%other powders., The high copper content of powder A would
@ndoubtedly shorten its life and the same would apply to
Sl. Furthermore, these short-lived powders, A, D and
Sl’ were all collected 2 hours after drying began.
&heir short life, therefore, may also be due to
ﬁnsuffiéient attention being paid to the preheating of
%he liquid milk during the first hour or so of drying.

iater in the day when the heating system may have beanm
@ore stabilised and in the experimental period when the
ﬁeating arrangements were under more strict control fro
%he beginning of the day's drying, none of the samples
ghowed thils shorter storage life. This may be
éllustrated by samples H and J which had more and the

?ame amount of copper respectively as sample D and

1
?et had a muich longer storage life.

|
5

%III and IV were very similar in keeping quality, it

From the fact that the powders in Groups II,

Ewould appear that with the Gray-Jensen plant';as normally




The temperature coefficlients for the

TABLE XX,

Average

Mean for
A, D, 81

Mean for
@ and J

Mean for
B,C,B,F,33

Mean for
H,I,K,L

Gray-Jensen powders.

Tempersture eoefficients (10°C)

37-47° range

off-Tlavour score of

1,0
22
Sed
2.6

267
3.0

2.0

2.3
1.7
2.4
2.4
2.4
2‘.6
265
2.7

2.5

2.4

245
2.5

2.5

200

" 245
2.5
2.2

2.8
1.8
2.1

.
OANW Wb

Ay !\')NE\)' DWW

[ ]
W

N
L J
~1

2.2
2.2

2.5

Room temperature to
"“‘3VU%E55"3"“‘
OffJTIiﬁﬁﬁiaﬁicre of
W—

1,7
%

1.6

' - -
¥k Rk i!iQ» *tta‘ LR

1.6

1.6

# Storage at room temperature has
not yet proceeded sufficlently
for these values to be obtained.



used in this partiéular factory - the storage life of
the powders (which is usually very good) cannot be
:significantly improved by selecting the milk, by
éclarification or by paying additional attention to the
;cleaning of the plant. The fact that clarification
gger se had no significant effect on storage 1life 1is
%confirmed by the general similarity between Sg and
385 and B, C, E'and F, = for all these powders were
Emanufactured under comparable conditions except for the
E»introduot ion of the clarifier during the manufacture
%of the "S" samples. These results confirm in general
Ethose obtained with the Kestner plant (p.32 ). |
‘Moreover, as with the Kestner samples, milk selection
;also had no effect with samples in which the
?temperature of preheating was high. 1In this comnexion

1t may be noted that with the Gray-Jensen plant the

preheating was probably sufficiently drastic %o cause

%the powders to resemble tlie 190°F samples made on the

éKestner plant rather then the 165°F samples.

| The peroxide values recorded In Table XIX for the
&ndividual samples and the average values for the four
groups confirm the conclusions from the tasting tests.

gperature coefficients.

} The temperature coefficients between 47° and 37°
‘Tecorded in Table XX varled considerably from sample

to sample but for most of the powders the value lay

PR
o



Eclose to the average of 2.5 and 2.4 which is very
- 8lightly higher than that found for the Kestner powders
(p. 34) and for the high temperature Krause powders

_over the same temperature renge. Between 37° and 15°C§
_the coefficlent for 10°C lay between 1.6 and 1.8, whicﬂ

is intermediate between the corresponding valugs of

1.9 for the Kestner powders and 1.5 for the Krause
?powders (Tables VII and XII).

gconclusion and Summary to Part II.

il. A description has been glven of experimemnts which
?were designed to improve the storage life of mllk -

gpowder made on Kestner, Krause and Gray-Jensen plants.
2. Three maln methods were employed. The preheating

‘temperature was raised with the object of improving

the antioxidant properties of the milk powder through
'en increase in the sulphydryl content of the milk.

‘The effects of clarification and of milk selection

‘were also investigated, since 1t was felt possible }
ithat by these means any pro-oxidaents resulting from
%the proliferation of micro-organisms in the milk might
%be reduced.

%5. The preheating temperature was found to exert a

%greater effect on the keeping quality of a milk powder
Zthan any other factor. In the Kestner plant preheating
‘at 1909F in place of 165°F for 20 seconds roughly
‘doubled the storage life with selected milk and
‘increased it three~fold with ordinary milk. With the

‘Krause plant the storage life of the powders was



idoubled by ralsing the preheating temperature from
170 to 180°F and more than doubled by raising it from

- 160° t0'1909F. A further rise in temperature to 200°F,

‘however, gave no further significant increase. It
éseems probable that the critical preheating tempera-
;ture lies between 170 and 190°F,

%4. With both the Kestner and Gray-Jensen plants

i

_clarification had no significant effect on the storage

'1ife of the powder.
5., With the Kestner plant, milk selection resulted

in a doubling of the storage life when the preheating
Etemperature was 165°F. With a preheating temperature
of 190°F, however, milk selection had no significant
‘effect.

/6. The temperature coefficlent for the rate of
%development of tallowineés has been calculated for a
gdhange in storage temperature from 37°C to 4790 and
?also for a 10°C difference in the temperature range
ébetween»room temperature and 37°C. Except with the
EKrause powders made from milk preheated to 160° and
'170°F, the average values for the range 47-37°C for
each of the types of powder varied from 1.9 to 2.5.
Por the range between room temperature and 37°C the

‘average values were about 1,9 for the Kestner powders,

1.5 for the Krause powders and 1,7 for the Gray-Jensen
gpowders.
‘7« In all three plants the presence of excessive

~amounts of copper in some of the samples was detected.

!
|
i
|

i
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'The storage life of these samples was shortened, in |
some instances seriously, by the presence of this metalﬁ
' The need for freedom from copper in both experimental

and commercially-made powders is emphasised.

-~




PART III.
ASCORBIC ACID AND ETHYL GALLATE AS ANTIOXIDANTS
IN MILK POWDER.

Introduction.

The experiments so far described have shown thgt
the keeping quaiity of full cream spray-dried milk can
be greatly extended by increasing the preheating
‘temperature of the liquid milk to 180° or 190°F. The
higher preheating temperatures impart a slight cooked
flavour to the resulting milk powder. To most unbilased
%tasters the cooked flavour 1s not objectionable, but
ihowever slight it may be, it admittedly tends to
idécrease the close resemblance that otherwise exists
ébetween the flavour of fresh milk and that of the hest
Ereconstituted powder.

é It was thought possible that a milk powder of
glong keeping quality but having no undesirable cooked
flavour might be secured by the addition of an
;antioxidant to the liquid milk before drying. Such a
%ethod of extending the storage life of a milk powder
would be extremely simple to carry out under factory
conditions. No specially skilled 1abour or unusual
pthipment would be required and the contsiners for the
@owder would not have to pass the exacting gas=-
%1ghtness tests which are essential with powders packed
ﬁn inert gas (Iea et al., 1943). The substance used




as an antloxidant in milk would of course have to
conform to certain basic standards. It would have to
‘be harmless to the human body, cheap, plentiful,
ftasteless and odourless.

i For many years in many branches of food chemistry
ésueh substances have been sought. Recently Walte
3(1941b) used a small scale spray=-drier to test the
ieffect of a number of possible substances on the
;keeping quality of dried milk. He found hydroquinone
Eto be effective when added to the liquid milk in an
~amount representing .0.12% of the dried powder.
Eﬂydroqninone, however, is toxlic and at this
%concentration imparted a disagreesble metallic taste
%to the milk. Oat flour, which is believed to contain
%natural antioxidants, was found by Waite to afford
}only a very slight increase in keeping quality when
%present to the extent of 0.25% of the liquid milk. At
éhigher concentrations it imparted a dlsagreeable toat!
‘taste to the product.

f In a cooperative investigation between workers
%at the Low Temperature Research Station, Cambridge, and
éthe Hanneh Institute, a number of possible substances
iwere tested by incorporating ;hem in liquid milk and
?drying the liquid milk in a laboratory spray-drier such
ias that described by Waite (1940). Among the
substances tested in $his way were ascorbic acid,

reductic acid, and dehydroxy maleic acld, gallic acid

and some of its esters, citric acid, potassium



metabisulphite, gelatin hydrolysate, sodium i
hypophosphite, cystine, tocopherol concentrates and !
synthetie chroman (6-hydroxy=2.2.5.7.8=pentamethyl |
‘chroman) and haematoxylin. The conclusion reached
from these varlous Investigations was that of all the
%substances tested, ascorbilc acid and ethyl gallate
Ewere the two most promising antioxidants. Neither of
‘them produced any flavour in the milk in effective
éconcentrationsvand both markedly increased the
%resistance to the development of tallowiness of powders
fproduced on a laboratory-scale spray-drier. (Findlay
ot al. 1944). | |

l Gray and Stone (1939) had previously claimed

éthat the addition of ascorbic acid or of gluco=ascorbic
Eacid to milk before spray-drying improved the keeping
%quality of the powder, but their published data
Ecovered a storage period of only 7 weeks. More
érecently, Hollender and Tracy (1942) have investimgated
%the efficliency of ascorbic acid as an antioxidant in
milk powders prepared by the roller-drying (vacuum)
process. They found it to be moderately effective.

Lea (1944b) has studied a number of substances as
Possible antloxidants for edible fats. With dry

butterfat he found that galllc acid was a very powerful
antioxidant and showed that the activity of ethyl
gallate, molecule for molecule, was equivalent to that

of the acid, the activity decreasing with increasing

holecular welight. He also showed that ethyl gallate



‘'was odourless and tasteless in effective
‘concgntrations, and that it was therefore preferable
ito the acld itself and to its higher esters. This
substance has been shown (Hilditch, 1944) to be non-
toxic to the animal body.

Since the results with ascorbic acid and ethyl
gallate seemed so promising in powders produced on a
|laboratory scale, 1t was decided to test them out on
a commercial scale on a large factory drier.
;COnditionsvin a commercial plant cannot be entirely
duplicated in the laboratory. The method of pre=-
condensing the milk, the type of spray and the time-

temperature treatment of the droplets of milk in a

ifull-sizé drying chamber differ from those of a small
élaboratory drier. Moreover it had already been found
‘from experience that powders made on a laboratory
édrier tended to have an unusually long storage life

and that they did not develop the same off-flavours as
commercially-made powders. These facts made 1t clearly
esgential to confirm the preliminary findings on a
large scale drier.. ‘

Experimental.

'The plant used for carrying out the commercial

trials with ascorbic acid and ethyl gallate was the

Gray-Jensen plant on which the powders were made for
%the exper iments described in Part II (c) above. Owing

Eto the high cost of ascorbic acid and to the fact that

|
i
'
i

P




|

ethyl gallate cannot meantime be legally added to milk
powder, only the smallest practicable batches of powder
were prepared. For this purpose 100 gallons of milk
Ewere preheated according to the normal proce&ure at

%this factory (see Table XIV) and transferred to a

fsmall tank from which they could be passed to the

.flarge spray-drier,

Addition of entioxidents.,
i When drying began, the first 25 gallons of milk
éwere dried without any addition of antioxlidants. This
%gave the control powder. Successive additions of
ethyl gallate, dissolved in a little water, were meade
ﬁafter the first, second and third 25'ga1. portionsof
the milk had passed Into the drler. The concentrations
of ethyl gallate almed at were control, none: sample 1
0.05;‘ sample 2, 0.10; eand sample 3, 0.20% of the
powder. The concentrations actually obtalned in
samples 1 to 3 were 0.07, 0.07, and 0.20% corresponding
to about 0,009, 0.009 and 0.026% of the’liquid milk.
The divergencece from the expected figures for samples
1l and 2 was attributable to the fact that in drying so
small a quantity of milk as 25 gal., it is not posgible
to know exactly when any particular portibn of the
liquid milk entering the drier emerges again as powder.
Sample 1 was apparently collected a little late and |
sample 2 a little early.

After completion of the run with ethyl gallate,

yhich occupied about 20 minutes, the drier was operated



. PABIE XXI.

The moisture and copper content and the solubilities
of the various eEEEE gallate end ascorbic acld powders:

Sample Moils ture Copper as parts ‘ Solubilit
NO . %z per million 0O 0

Ethyl gallate

Control 2e1 1.2 . 98 100
1 1.8 1.5 98 100
2 1.9 1.3 98 100

3 1.8 1.1 - 98 100
| Ascorbic acid |

Control . 1.8 0.8 96 100
1 1.8 - 0.7 96 100
2 1.9 0.7 o% 100




‘continually for three hours; by which time it was
‘assumed that all traces of ethyl gallate woulﬁ have
been removed. A further 100 gal. of milk were then
.dried, but with the addition of ascorbic acid in
quantities calculated to glve the following concentra=-

tions: control, none¥; sample 1, 0.10; sample 2,

10.15; and sample 3, ¢.30% of the powder. When |
éestima?ed 15 déys after manufacture, the quantities of
%ascorbic ecid found were, control, 0.,008%; sample 1,
50.11%; sample 2, 0.14%; sample 3, 0,31%; correspond-
ing %o approximately 0.001%, 0,014%, 0.018% snd 0,040%
of the 1iquid milk. No trace of ethyl gallate was
present in any of the samples.

Moisture and solubilitI;

The moisture content and solubility of the various

powders are given in Table XXI. The moisture contents

were sufficiently low to ensure that the principal
type of deéeterlioration would be fat-oxlidation. The
!solubilities were higher than wual for a full-cream
powder prepared on a Gray-Jensen plant.

Copper content.

The copper content of the various samples,
estimated by the method given in Part I, is shown in

Table XXI. None of the powders had very high copper

;*It was assumed, however, that the control powder would
. in fact contain small quantities of ascorbic acid
. derived from the liquid milk.




TABLE XXII.

‘Time at 479C and 37°C required for the various othyl

gallate and ascorbic acid Qowders To reach off=
scores o and 2e0 .

S le Concentrationl of Weeks to reach of f=
ﬁo. antioxidant in “Tlavour score o

The powder as % .

’

1.0 2,0 1.0 2.0
at 47°8 at 37°C

Ethyl gellate.

Control None 8 11 18 23
1 0,07 25 28 49 5%
2 0.07 27 29 52 66
3 - 0.20 25 28 51 72
Mean of . 25 28 61
1 and 9 0.07 2 50

Ascorbic acld.

Control 0,008 12 14 31 34
1 0.110 15 19 48 57
2 - 0,140 19 20 45 &7
S 0.306 20 24 45 54

1l 7o convert these values to the
approxilimte equivalents on the
liquid milk basis, divide by
7.7. The ascorbic acid values
were estimated 15 days after
manufacture.



contents, but it will be seen that the ethyl gallate
samples had slightly more copper than the ascorbie

acld powders..

%Storggp technlgue,

? The method of packing and storing the powders

'iwas identical with that described for the Kestner
;samples in Part II (a), p.28 . |

,Assesément of flavour.

At intervals during étorage the flavour of the
%reconstituted powders was assessed by the method
galready described in Part I, p.ld . The results are
gshown In Figs. 7 and 8, while the times required for
ioff-flavour scores of 1.0 and 2.0 to be reached are
%recorded in Teble XXII.

éEstimation of ascorbic acid
and_ethyl gallate.

i Since cow!s mllk 1s normelly a relatively poor
%source of ascorbic aéid, the addition of thié vitamin
ito milk before drying would be of great physiological
§Value, provided the ascorbic acid was not materially
%reduced during storage. Information on this latter
'point was obtained by estimating ascorbic aci@ at
éintervals throughout the storage period. As already
éstated, ethyl gallate is itself non=toxic. There

‘eppeared, however, to be a remote chance that this

I
1
t

compound might be oxidised during storage into
?harmful substances of unknown constitution. Furthermor

1t was of interest to determine whether or not ethyl

G



Figure 7.
The deterioration in flavour of the ethyi
gallate samples during storage at 47° and
370C, Control, no ethyl gallate; No.l,

0.,07%, No.2, 0,07% and No.3, 0.20% ethyl
gallate. .

e = control powder, and o w powders contalin-
: ing ethyl gallate. C

Figure 8.

The deterioration in flavour of.the ascorbiec

acid samples during storage at 47° and 37°C.

:Controd, 0.008%; No.l, 0,110%; No.2, 0.140%

and No.3, 0.306% ascorbic acid.

.._g gontrbl powder, and o =‘ascoﬁbic acid |

powders.
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.gallate owed 1ts antioxidant properties to preferentiaﬁ
‘oxidation (like ascorbic acid) or not. The content.ofi
’ethyl gallate in the varlous samples was therefore |
‘estimated at intervals during the experiment. The
.%methodradopted was that of Radeff (1937) for ascorbie
facﬂd and a modificatilon of that of Mitchell (1923) for
Eethyl gallate.

,%, Ascorblc acld.

!

Approximately 0,0lN dichlorophenolindophenol
solution was prepared by mixing 0.15 or 0,20 g. of
"the dye with warm water and diluting the mixture
to 500 ml. The next day it was filtered and
standardised against a freshly prepared ascorbic
-acld solution of kmown strength, 1=3 g. of milk
powder (according to the content of ascorbic acid)
was thoroughly mixed with 25 ml. of water in a
100 ml, flask. 5 ml. of 20% sulphosalicylic acid
were added and the mixture made up to the 100 ml.
mark. It was then well shaken and filtered and
20 ml. aliquots of the filtrate titrated with the
dye solution contained in a 5 ml. burette
. graduated to 0.01 ml. The titration had to be
i completed within 1-2 minutes.

Ethyl gallate,

Approximately 2 g. of milk powder were
accurately weighed into a 100 ml. flask and
thoroughly shaken with 50 ml. water at 559C.

The mixture was allowed to stand at room
temperature with occasional shaking for half

. an hour. 10 ml. of 10% trichloroacetic acid

! were then added and the volume made up to the

100 ml. mark with water. The flask was again
vigourously shsken and allowed to stand for a
further half-hour with further occasional shaking.
The mixture was then filtered through a Whatman
No .42 paper to give a water=clear filtrate. A

75 ml. aliquot was removed to a 100 ml. flask

and treated with 5 ml. of 10% NaHCO3 and 5 ml. of
ferrous resgent containing 1.0 g. ferrous
sulphate and 5.0 g. sodium potassium tartrate per
litre. The volumes were then made up to 100 ml.
1 hour later the colours were read in a Spekker
absorptiometer which had previously been
calibrated using the colour filter No.S.

The Spekker absorptiometer was calibrated
by preparing some milk powder filtrate from 1lOg.




TABLE XXIII.

The calibratlon of the Spekker absorptlometer for the
estimation of ethyl zZallate.

Ethyl gallate Absorptiometer

mg.per 100 ml. . reading
0.00 0.012
0.50 0.064
0.75 0.092
1.50 0.188
2450 0.244
5450 0.298
TABLE XXIV.

Egmgeggg%re coefggc;ents (10°C) for the ethyl
"gallate and ascorbic acid powders,

Sample Antloxidant TemEeratuge coefficients for
O. % C= calculated from the
' off-flavour score o

Ethyl gallate 10 2s0
Control None 263 2ol
1 0,07 . 261 ' 240
2 ) 0.07‘ 1.9 ‘ 2.3
3 0,20 2.0 246
Mean of . |
1 ond 2 0.07 o 20 23
Ascorblc acld
Control 0.008 T 2.6 2.4
1 0.110 ‘ 3.2 3.0
2 0.140 24 2.8
3 0.306 23 23

Mean 246 . 2.6



of typical Gray-Jensen powder by the same method
as that employed for the 2 g. lots of powder.

To 76 ml. aliquots of the filtrate in 100 ml.
flasks, sufficient ethyl gallate was added to
cover the range, and the NaHC03 and ferrous
reagent added. Table XXIII gives typical *
calibration figures. ;

The ferrous reagent used in these estimations
was the same as that described by Mitchell (1923).
Mitchell In 1924 suggested the use of osmic acid but
this reagent was found to offer no advantage in the
present study.

In using this modification of Mitchell'!s method
applied to dried milk three points are to be noted.
'Firstlz, sulphosalicylic acid cannot be used aslths
precipitating reagent since it gives a colour with the
ferrous reagent. Secondly, the strength of thg_reagént?
hust be exact Sincé the colour develops only if»ﬁhe
ﬁsolution is alkaline and deepens with inereasing
éalkalinity. The same amounts of the same reagents
@ust therefore be used for the actual estimation
;aé for the calibration. Thirdly, the colour must be
gread within 1 hour of its development as 1t deepens
' with time.

: The éscorbic acld results are shown in Fig.9 and
‘the ethyl gallate results in Table XXVI.

Discusslion.

Ethyl gallate.
|
: From Fig.7 and Table XXII, it will be seen that

the presence of ethyl gallate caused a very marked

increase in the storage life of the powder. Whereas |
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TABLE XXV,

Estimated storage 1life of the powders containing ethyl
gallate and ascorblc acid.

S le Antioxidant Estimated storage life in years
%o. - % T 150C calculated* Irom %Ee
tiﬁe at 87°C requir :

- ed to reach
off=flavour score orfs
Ne 2.0
Ethyl gallate 1.0 —
Control " None 1.9 .20
1 0.07 4.8 4.9
* 2 0,07 | ‘ 5.1 - 5l7
3 0420 5.0 6.2
Mean of 5.3
1 and 2 0.07 R 4,9 5
Ascorbic acld.
Control 0.008 340 3.0
1 0.110 4.7 4.9
2 00140 404 ’ 4.9
3 0306 4.4 4,7
+ The temperature coefficient for 22°C
used 1s 1,7 at off=flavour score 1.0
and l.6 at off=-flavour score 2,0 (see
text on p. 82 ).
' TABLE XXVI.
The ethyl gallate content of the various samples during
storage at 470°C, 370C end room temperature.

e of powder Temperature Concentration of ethyl
eeks ol storage allate as
Control 1 e 3

0 - - None 0.07 0,07 0,20
9 47%¢c None 0,07 0,07 0.22
9 37°¢C None 0,07 0.07 0.21
9 Room None 0.07 0,07 0.21
35 47°¢ None 0,06 0,06 0.18
35 37°¢ None 0.06 0,06 0,20
35 Room None 0.06 0.06 0,20

54 47°C - 0 007 - 0 020



the control kept for some 8~11 weeks at 47°C and 18-23 .
weeks at 379C, the pdwders containing ethyl gallate
kept for two and a half to three’times as long, the'
‘lower concentration of 0.07% ethyl gallate being
}almost as effective as the higher concentration of
0.20%. This was accomplished without any foreign
flavour being perceptible in the milk.

The temperature coefficlents for the 37=-47°C
range are shown in Table XXIV. They are of the same
order as those already found for fhe same ranges of
ftemperature for Gray-Jensen powders as recorded in
Teble XX. If it may be assumed that the coeffiéients
iof 1.7 and 1.6 recorded in Table XX for the room
Etempefature to 37°C range also hold in the present
tex.periment, the probable storage life of the ethyl
%gallate samples should be between 5 and 6 years as
:compared with Just under two years for the control
;(Table XXV). Room temperature storage has not yet
progressed sufficiently far for this assumption to be
confirmed, but after 92 weeks the ethyl gallate samples
Ere still in excellent condition, while the control is
beginning to be very slightly tallowy.

The ethyl gallate content of the varilous powders
ﬁs shomn in Table XXVI. Within the limits of the method
?of estimation, no change in concentration was detected.

EEthyl gallate therefore acts as an antioxidant without

|

‘1tself becoming decomposed even after the powden has

>



become extremely talloﬁy. The stability of ethyl
gallate is interesting since the ma jority of
antioxidants that have been used in milk powder E
ibehave as such by being preferentially oxidised. It
;would appear that the ethyl gallate acts as a true
catalyst in retarding the oxidation of the fat. Much
- of 1ts efficlency may be due to its higher solubility
' 4n fat as compared to water, thus allowing intimate
_contact with the medium it is proteating. While the
imode of action of ethyl gallate has not yet been
elucidated, it seems probable that its antioxidant
zproperties have a physical basls. |
-Ascorbic acid.

The results in Fig.8 and Table XXII show that
ascorbic acld also exhibited antioxidant properties.
ZAt 47°C the extention of storage life over that of the
fcontrol increased with increasing concentrations of
iascorbic acid. At 37°C, however, concentrations of
0,140 and 0.306% were no more effective than 0.110%.
At both 37° and 47°C the maxlmum increase in storage
'1ife as a result of adding ascorblc acid was about 70%,

- From the temperature coefficlents for the room
temperature to 37°C range recorded for Gray-Jensen
ipowders in Table XX, the various powders may be
expected to have the storage lives indicated in Table

XXV, 1.e. 43 to 5 years as compared with 3 years for

the control. After 92 weeks at room temperature all

;the powders Including the control are still in



excellent condition., |
It will be observed that there was a marked
difference in the storage life of the two controls,
the ascorbic aclid control keeping longer than the
iethyl-gallate control. This was in part due to the
ihigher copper content of the ethyl gallate control.
‘Ethyl gallate has:- thus been even more effective than
might have appeared at first sight, since it produced
1a greater extension In storage 1life than was conferred
%by ascorbilc acid, and this extension was moreover
:produced in powders which might have been expécted,
because of their copper content and by comparison with
:the control, to have had péorer keeping qualities.
| The estimation of ascorbic acid (Fig.9) éhowed
that the content of ascorbic acid decreased during
‘storage, partlcularly at the higher'temperatures, -
- very rapldly at first, and then more slowly.
Physiologilcally, therefore, much of the advantage of
‘adding ascorbic acid to milk powder would be lost
during storage. This observation, together with the
‘fact that ascorbic acid is relatively scarce and
;expensive and that i1t is not so effective an antioxidan
as ethyl gallate, justifies the conclusion that the
ilatter would in practice be a more suitable substance
for extending the storage life of milk powders.

Sumary .
l. Of a number of substances tested for antioxiaant




activity in laboratory-made spray-dried powders, l
ascorbic acld and ethyl gallate proved most promising.5
Both these substances materially increased the
‘resistance of the powder to the development of .
étallowiness without preducing any foreign flavour in
the milk.

‘2. The activity of both substances has been tested on
factory-made powdersusing a Gray-Jensen plant. Ethy}
;gallate wés found to be considerably more powerful
than ascorbic acid. At a concentration of 0.,07% it
;increasgd the storage 1life of the powder in accelerated
?tests two=-and-a-half to three;fold, while the méximum
;increase brought about by ascorbic acid was 70%.

S« BEthyl gallate remained unchanged during storage

%of the powder but the concentration of ascorbic acid
idecreased.

;4. Ethyl gallate 1s sufflciently plentiful and dhpap t
jmake its use as an antioxidant in dried milk feasible.
It is non-toxic and would be tasteless in the amounts

, |required.

O




PART IV.

\

THE STORAGE LIFE OF SPRAY=DRIED FULL=CREAM MILK

POWDER IN DIFFERENT TYPES OF CONTAINERS.

Introduct ion.

In thelr work on the storage of vacuum roller=

dried milk powder Hollender and Tracy (1942) found

.that powder packed in 1a§quered tinplate showed a
%significantly better keeping‘quality,than that stored
iin ordinary tinplate. Similar results were obtained
by Lea (19448)%n storage tests with butterrat, while
certain evidence in the earlier storage experiments
carried out jointly at Cambridge and the Hannah
Institute appeared to confirm the findings of
;Hollander and Tracy, = though the reésults were not

gclearcut. It was therefore decided to include in the

;present study a preliminery investigation of the effect

Eof the type of container on the storage properties
iof sprayudried milk powder.
| Experimentel .

Spray=dried milk powders made on a Krause plant,
on two Gray-Jensen plants, and on a Milkal plant
;were used 1in thesebpreliminary trials.. The powders
were stored in four types of container, i.e.A(i) acid-
washed glass bottles, (11) plain tinplate cans, (111)
plain tinplate cans which had previously been washed
with ._aléohol and ethe®, and (iv) lacquered tinplate

cans. .The storage tests were carried out on the same

# also in communications of 1941.




TABIEXXVII,

The storage }ife of the powders made on the Krause
plant_as %%ed by flavour.
Stor n ac washed glass ottles.

Trial Preheating Weeks to reach off=flavour score of:

-ﬁLO ° tTemperature .10 26 0 2.0 o0 Lol
at 470C at 37°C at room
temperature
1 160 5e2 664 7e610.0 17,2 2248
2 170 366 4,8 6,8 942 20.0 24,0
3 180 7.2 88 16.018.0 46,0 50.0
4 190 12.4 15.6 28.030.0 ¥
5 200 12.0 13.6 26.830.0 * *
Relative storage life expressed as a
muItiple of the stora egg'ﬁ‘e of the
) shortest-lived powder
1l 160 led 1e3 lel 1ol 1.0 16l
2 170 1.0 160 1.0 1.0 1le2 1.0
3 180 2¢0 1e8 244 1.9 2,7 242
4 190 Bed 3,3 4,1 3,3 * #
5 200 BeB3 248 3,9 3,3 ¥ ¥

# Storage at room temperature has not .
progressed sufficiently far for these
values to be obtained.



+ TABLE XXVIII.

The'kee 1 uallty of- Krause powders stored in glass bottles'
comparea with %he Keeplng quaellity in tinplate cans,.

Sample . Preheati Glassgplain tinplate ratic where the
No. %7 t

Apmgsgg ure storage 1ife in the plain tinplate is
, taken as 1l.Q.: )

Off=flavour Off=-flavour Off=-flavour
S Scare scorj_a_ sScore

1.0 2.0 1.0 2.0 1.0 2.0

= 4noC 3700 Room temp.

: 1 160 008 0.7 1.5. 1.1 1.1 102

2 ... 10 0.8 0.7 lel 1e1 1.3 1.2
3 ... 180 068 0.7 1.1 1.1 '1*1 1,1
4 190 1.2 1.3 1.3 143 %*
5 200 1.3 1.2 led 1.4 # .

# The results at room temperature
are not yet available for these
.powdors.



lines as those recorded in Parts II and III,
deterioration being judged by assessment of off=-
flavours (tasting tests) and - where feasible = by
igas analyses on the can contents. Since the det;ils
Eof the trials varied with the different powders, it
%will be convenient to discuss the results for each

%type of powder separately.

‘1. Milk powder made on a Krause plant.

The samples used were identical with those

-employed in the storage tests described in Part II(b).
gThe results there detailed referred only to powders
?stored in plain tinplate cans. A parallel series was,
Ehowever, also stored in acid-washed glass bottles. It
@was not feasible to obtain gas samples from the
%bottles for determining oxygen absorption; it was
;therefore necessary to rely on flavour tests to
Emeasure the gomparative rates of deterioration.

i The results for the powders stored in plain
itinplate cans have already been recorded in Table IX;
;the results for those stored in glass bottles (which;
shave been interpolated from Fig.l0) are contained in
éTable XXVII. By comparing these two sets of results
ithe relgtive keeping qualities of the powders In the
?two types of container can be calculated (Table XXVIII)
? This teble shows that for all samples stored at
?37°C and for the three samples stored at room

‘temperature for which results are available, the
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TABLE XXIX .

‘The molsture content and solubility of the Gray-
Jensen powders (Piant A) stobed gn different

containers.

Sauple Preheating Moisture §g%ub ility
No, temperature Z 20°¢ 50YC

6 190 3475 89 98
o 160 2,96 o1 99



storage life in glass was some 10 to 40% longer than
that in plain tinplate. At 47°C, however, a similar
difference (20=30%) was only found with powders made
‘from high temperature preheated milk: with powders
imade from low temperature preheated milk, storage in
‘plain tinplate was better than storage in bottles.

% Another point emerges from a comparison of the
‘results in Fig.l0 with those in Fig.4. With plain
‘tinplate (Fig.4) there was no significent difference
‘as judged by flavour between the storage 1life at 47°C
‘and that at 37°C for the samples made from milk which
ihad been preheated to 160°F, but with glass the
;difference was quite well marked, In both types of
‘container the difference between storage at 47°C and -
370C increased as the preheating temperature of the
%liquid milk incressed.

Differences between individual samples of only
%10 to 20% cannot of themselves be regarded as
Esignificéntz when however, as in this experiment,
}theré is an increase of from 10 to 40% in 10 out of
‘the total of 13 samples examined, 1t seems safe to
iassume that acld-washed glass glves a slightly extended

storage life as compared with ordinary tinplate,

;2. Milk powder made on Gray-Jensen plant 4

Two different samples of powder from Gray-Jensen

Plant A were available. The molsture contents and

solubilities of the two powders are shown in Table XXIXQ

Owing to clrcumstances outwith the control of the



writer, the moisture contents of these powders were
above 2.,5%. At these levels of moisture content
deteriorafion due to protein-lactose changes would

tend to mask the of f-flavours produced by fat
;oxidation. Rellable comparisons of the extent of fat
é;oxid.a.tion could not therefore be made by flavour tests.
éGas snalyses had, therefore, to be used as the sole |
gcriterion of the rate of deterioration.

5 90 g. of powder were packed in 6 oz. cans, -
‘Eall of which were of identical size and made by a
single manufacturer. The types of can used were
plain tinplate, plain tinplate washed with alcohol
and ether, and tinplate coated with 'meat! lacquer
‘(a commerclal lacquer the composition of which has not
been published but which may be a phenol-formaldehyde |
‘thermo-setting resin¥). The results for these three
tf’cypes of container are recordéd in Fig.ll and Table
XXx. The curves in Fig.ll show that for f)owders at

47°C the rate of deterioration as measured by oxygen

‘absorption was greatest in plain tinplate, slightly
%1ess in washed tinplate, and least in 'meat! lacquered
%tinplaf.e. At 37°C the lacquered cans again gave the
[longest storage life, but the difference between the

% Experiments were also carried out with blackplate
cans, but gas shalyses showed that leaks were present
in most of these cans, - due to the fact that the
seams of blackplate cans eannot be soldered.
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TABLE XXX,

Rate of absorption of oxygen by Gray-Jensen powders
(Plent A) stored in different, types of cans.

Sample Preheating Days required for the amount of oxygen
TNo. - Temperature I%?the gas of the can to decrease %o
- i 10% at ’
479¢ 379¢
POV L P ¥ L
6 190 49 61 76 160 144 . *
7 160 ‘ 47. 53 69 112 96 136

Relative merits of contailners expressed
as ratios ' '

/P L/W P/w ;[? L/W EAN

6 190 1.4 1.2 0,8 %* #*1,.1 -
’7 160 1.4 1.5 0.9 1.3 104 1.2

# Experiment discontinued before this
sample decreased to 10% (200 days).

- NOTE: P, plain tinplate can; W, washed tinplate
can; and L, 'meat! lacquered can.

TABLE XXXI.

The storage l1life of GrgX-Jensen powder (Plant B) in
lacquered and plain tinplate cans.

Days_to reach off-flavour Days to absorb OQ2 mge

score of 1.0 OXygen per g. of powder
Plain cans Lacquered Plain cans Lacquered
45 51 : 47 50
Ratio of Ratio of

lacguersgIaIn ' 1acguersgiain



fplain and washed tinplate was scarcely significant, -
the advantage, if any, being in favour of the plain
itinplate rather than the washed tinplate. The figures
gin Table XXX show that the lacquered tinplate gave an
increase in storage life of some 20=-40% as compared
'with the ordinary plain tinplatse.

3. Milk powder made on Gray-Jensen Plant B.

A sample of milk powder from Gray-Jensen Plant B
was élao:avéilable. This sample had been made from
milk preheéted to 170°F and had a moisture content
of 1.9%. The solubility was 92% at 20°C and almost
1 100% at 50°C. It was stored in cans of plain and

lacquered tinplate at 47°C. The results for the

‘‘absorption of oxygen and the development of off=-
flavour, which are recorded in Fig,l2, show that the

lacquered cans gave a slightly longer storage life

‘than the plain tinplate cans. It will be seen from

‘Table XXXI, however, that the increase was only of
éthe order of 10% by flavour and 20% by oxygen
’gabsonption. The difference between lacquered and
iplain tinplate with powder made on Gray-Jdensen Plant B
éwas therefore not so marked as with the powder made on
éPlant A, Estimations made on the two sets of samples
showed that this might be attributable to their
?different copper contents. The sample from Plant B
‘COntained 2.0 p.pem. of .copper, as compared with only
0.6 P.pem. for the powders from Plant A. It is not
unlikely that a powerful pro=-oxldant such as copper

f:u
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Sample

168°F
1740F

168OF
174°F

TABLE XXXII.

The moisture content and solubility of the Milksal

powders
Powder Molsture Solubility
% 200C 509C
174 25 o7 98
168°F 242 98 99

TABLE XXXIII,

The storage life of Milkal samples stored in
~ Llacquered and plain tinp.late.

.Days to reach off-flavour Days to absorh 0.10 mg.
score of 1.0 at oxygen per g, powder at
470C - .87°¢C 479¢ 37°¢
F L E L P L P L
36 51 66 88 30 40 74 96
37 46 74 100 37 49 68 100
Lacquered:plaln tinplate ratio
47°c 37°C 47%c 37°¢
1.3 1.3 1.3 1.3
1.2 1.3 _ 1.3 1.4

P a Plain tinplate.
L = Lacquered tinplate.



types of contalmer. : ‘

4. Milk powder made on a Milkal Plant.

;manufactured by the Milkal spray=-drying prbcess, which
ihas been described by Hunziker (1935) and Scott (1932).
?Two samples were avallable. They differed mainly
éin the fact that the preheating temperature of the
zliquid milk was 165°F for one sample and 174°F for the

E‘o‘r,he:c'. Their moisture contents and solubilities are

gtinplate at 47%nd 37°C, the rate-of deterioration

%being measured by both gas analyses and flavour tests.

'Table XXXIII, demonstrate that for both powders the

determine the relative keeping qualities of mllk powders
stored in different types of container®, With one

:

would tend to minimise the difference in storage life

which would otherwise have been obtained with the two

'The'powders used In this experiment were

shown in Table XXXII. The moisture contents were both
below 2. 5% and the solubilities practically 100%

The two powders were stored in plaln and lacquered

The results, which are shown in'Fig.lS and in

use of lacquered tinplate extended the storage life
at both 47 and 37°C by some 20 to 30% when measured
by flavour and by 30 to 40% when measured by oxygen
ebsorption. |

Summaryto Part IV.

Preliminary experiments have been carried out to-

#Tn order to obtain results within the time limit
i available, the experiments in Part III had to be

limited to accelerated storage tests at 470 and
370C, except with the Krause samples.

1
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type of, powder (Krause) the keeping quality in acid-
washed glass bottles was 10 to 40% better than in
plain tinplate. With other samples (from two Gray-
Jensen plants and one Milkal plant), the keeping
quality in lacquered tinplate was some 10 to 40% better
thah in plain tinplate. It 1s pointed out that-the
magnitude of this dlfference may be affected by the

copper content of the powder.

% K.  # #
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