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materials and the sediments collected from them. The determinations

made were for solids, fat, protein, ash and some of the ash constituents.
In analysing the sediments, the greaf difficulty encountered was that of
obtaining representative samples, and in order to secure these, much time

wag spent in trying to separate out the sediments

Methods used for obtaining sediments:

l. A quantity of the sample was diluted with distilled water
in the proportion of four to one, placed in separatory funnels and allow-
ed to stand for several hours. The lower portion was then drawn off and
whirled in a centrifuge at 2000 revolutions per minute for ten minutes .-
About helf of the centrifuged ligquid was then decanted off and the re-
mainder diluted with distilled water and whirled as before. This pro-
cess was repeated until the fluid was about clear. The amount of dilu-

tion necessary to clear the sediments of almost all soluble material

. was egbout 1 to 4000 parts. The sediments were then collected, dried

in a water oven and weighed.

Per cent of Sediment:

The first sediments from evaporated milk were very granular
and only an average of 0.29 per cent of the original material was re-
covered as sediment. For this reason the method of collecting sediments
was changed, and the sample was taken directly from the can, weighed,

diluted, and placed in the centrifuging tubes and completed as before.



Per cent of Sediment.

|
E
E
| Table I.
E ' Ven Cemps Brand, Can No., 2 ---| 0.55
H b ¥ # W 8 --=F 0.21
F Pet Brand | S 4 ---1 0.56
Van Cemps " L 5 ---] 1.63
. g b P 6 ---] 0.44
; ¥ - y SV 8 -=--| 0.44

These results are variable but are more uniform than the
analytical ré8utls secured for the different constituents. This may
be explained by an inspection of the analyses which shows that much of
the material must have been lost in the process of dilution and centri-
fuging. This.method was considered unsatisfactory after the work of
collecting sediments and analysing had progressed far enough to secure
' a comparative survey of the remlts, for with some brands thaet contain-

ed granular sediments, notably "Pet" and "¥an Camps" evaporated milks,

the grenular substance preponderated greatly in the washed sediment;
the ash content rose as high as 38.67 per cent with a Ca0 content of

70.2 per cent.




Table I.

Ash Constituents of Original Milks and Their Sediments.

Original Milk Sediments.
ample No. 3 5 8 1 2 3 @ 5
I
er Cent
ediment 0.29] 0.55] 0.21 0.56| 1.63
Cent
1.68| 1.66 1.59 11.21138.6729.19|17.80
Cent * % *
20.38117.37 | 13.84 31.82|70.20 |63.60]|53,20
2.77] 2,560 1.22| 0.87| 0.94| 1.44
20.87]28.35 | 29.00 1.90 10.40
25.52 |28.43 |26.00
6.20 ]| 9.74 9.76

@ granuler particles in the sediment



Sample lloe 1 was taken by the separatory funnel method and
the per cent of sediment determined. Because of the granular appearance
of the sediment & further analysis was not made.

A great variation exists in the results obtained in Samples
2, 3, 4, and b. The per cent of ash in the sediments varied from 11.21
to 38.67. Sediments 3, 4, and b were very coarse in appearance, and
these coarse particles were evidently calcareous in nature since the
per cent of Ca0 was extremely high while the other constituents were
relatively low.1

Samples for the per cent of sediment were taken directly
from the can for Numbers 4, 5 and 8, and in these particular determina-
tions greater uniformity was secured. But evén with this method the
objection noted in the previous method was evident. The lighter floec-
ulent particles of the precipitate were lost in decantation for it
seemed that these became so finely divided when being washed and cen-

trifuged that they would not settle by gravity in the centrifugal tubes

after whirling.

Table II.

Calcium Determination in Sediment.
Grams Dried lMaterial 0.1345
Grems Cal 0.0403
Grems Equivalent CaCO5 0.0718
Per Cent CaCOg 53.4

l.5ee analysis of granular sediment



The sbove sediment after washing was dried on a steam bath

and weighed. It was then treated with HC1l and effervescence took place
showing that the lime was partly in the form of carbonates. A gelatinous

precipitate also appeared. This was filtered out, washed, ignited, amd

the ash added to the HCl solution.

The foregoing results were not satisfactory enough to waerrant
~ a continuation of this method of extracting sediments and for this reason

the complete anelyses were not made.

Separation of Sediment by other lMethods:

The method next tried was as follows: 100 to 200 gms. of the
sample were diluted to ebout 1000 ¢ ¢ with distilled water, thoroughly
shaken for at least five minutes, pleced in a 2000 ¢ ¢ graduated cylin-
der and made up to a définite volume. To the solution was added a few
drops of formaldehyde to prevent bacterial action. The sediment was
allowed to settle by gravity, and after four hours the upper portion

of the solution was drawn off by means of a siphon bent so that the

suction end was turned upward. At first, only about one-third was
siphoned off and the remainder diluted to the original volume, but
later more than two-thirds were siphoned off each time. Dilution and
drawing off were repeated until the washings were fairly clear, when

the sediment was dried and weighed.




Teble IIIX.

Amount Dilution and Sediments Obtained.

A, Water used in wghing 10200 ¢ ¢ to 369 gms sample.
Amount of Sediment 0.015 per cent

B. Water used 8000 ¢ ¢ to 133 gms.
Amount of sediment 0.02 per cent

Washing Sediments:

Before proceeding further it seemed desirable to ascertain
if this large amount of washing actually eliminated the solutble con-
stituents so that they would not interfere with the sediment analyses.
Earlier in the work, gqulitative tests showed sugars in the sediments
when all these should have been eliminated froh & properly washed sed-
iment. In order to trace the amount and nature of the sugars in wash-
ings end sediments the following procedure was followed: Sweetened

condensed milk was being used at this time.

a. Determine totel and reducing sugars in the original
condensed milk.

b. Dilute 100 ¢ ¢ of sample to 1000 c c,centrifuge, and
analyze washings for sugar. lake up sediments to
1000 ¢ ¢ and analyze for sugar.

¢. Thoroughly wash and dry sediments and analyze for sugar.



Al1]1 sediments were washed by dilution, centrifuging

and decanting in 1 to 1000 parts water.

The results f rom this procedure were as follows:

In 100 ¢ ¢ (128.9 gms.) condensed milk were 16.77 gms. Lactose

97.5% of the wshings contained 16.70 "

2.5% " and sed. contained 0.09 "
Weight of Sediment 082 "
Per cent Lactose Actual 28.1 %

" " " Theoretical 21.6 0/0

This result corresponds fairly well with a previous ansal-
ysis which showed 21.6% Lactose in the sediment when the copper re-
duction me thod was used.

Hence it is apparent that although the amount of lactose
left in the washings ﬁas small, it was very large when evaporated
and dried with the sediment. Much more washing would be required
to eliminate it completely. It follows that all the previous analy-
ses of sediments must have been influenced by this residue and also
by residues of other soluble constituents that should have been elim-

inated.

The following teble gives the per cent of the sugars found

in the original meterial, serum and sediment.



10 , e

The last method for separating sediments as outlined was adhered
to, but on account of the foregoing results with sugars more washing
was given, being 1 to 1000 parts of water. The final wakhings gave
practically no indication of sugars when tested with Fehling's solution.

Sweetened condensed milk was used in this rnart of the work. There
were no heavy, greainy sediments in these cens, this being due probably
to the greater density of the sweetened product, which prevented the
recrystelization or coalescence of the particles and held them in a

state of fine dividion or suspension. The sediment was present, however,

. apparently in as great proportion as before, as can be seen by Fig. I,

which shows the centrifugal tubes with different proportions of milk.
Difficulty in separating &ll of this finely divided sedimentbwas
to be expectqd, and it is shown in-the results of the quantitative de-
termination of sediment thaet the amount of sediment was very variable,
so much so that the whole method of procedure had to be changed after
this trial.
Table V.

Per cent of Sediment Can 11 0,32 =a
" 3810.08 B
b ¢ 0.022 Db
"o 381 0.006 ¢
L 0.008 ¢

a. Centrifuged small portion of original milk

b. llade up to 1 - 10000 parts water, allowed to settle by gravity,
and decanted.

¢, Centrifuge method with whole can.
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four of water.
three of water.
two of water.
one of water.




Before finally deciding to abandon the method, much work had

sults are given in Table VI.

Sediments from cans 12 and 13 were combined snd the analysis
shows that the calcium content of the ash is high.
Sediment No. 10 was analyzed but No. 11 was used for sugar de-

termination.

Ash Constituents of Sweetened Condensed Milk and Sediments.

Table VI.

been done in analyzing the original milk and sediments, and these re-

?ﬁ Original Milk Sediment
f SANPLE NO. 10 12 & 13. 10 12 & 13
i Per Cent Ash. 1.93 1.90 14.%9 19.00
n ¥ Onb 14.7 18.81 51.74 40.58
. 1ig0 .2.92 4.00 2e42 2417
Y i P205 22479 584,77 3.74 324561
X e SO5 4.50 2.17
" by Na20 11.39 5.83 2.40 1.28
e " Ey0 28,39 24,08 5.44 14.00

The results shown in Table VI indicate a great variation with

 respect to the phosphorus

and potash.

The ash, and lime content of

the ash are high, while magnesiwm is present in normel quantity.




| Sediment from Milk Powder.

The characteristic sediment previously mentioned in this paper
i referred to that obtained from milk powder. It was found that the milk
é powder went into solution with great difficulty and that a large rer

cent of the material would not go into solution, but remeined in a very
findly divided condition and was separated by decantation with difficulty.
The sediment did not become floculent but persisted as finely divided

. el

|
-

but well defined particles, and had the consistency of a fine sil—~ }

All the samples analyzed were mixed with distilled water,

shaken continuously for fiftéen minutes and then at intervals afterwards.

. A few drops of formalin were gdded and the material allowed to stand

over night. They were shaken again thoroughly before analysis next

day, end the centrifuging was conducted as for condensed milk. Appar-

ently there was & much larger amount of sediment in the tubes than in

the condensed milks, and quantitative determination showed this to be
so. See Table VII, also Fig. 2.

MiYk Powder Sediment.

An analysis of the extracted sediment is given in Table VII.
From this table it will be seen that the amount of sediment recovered
was higher than that obtained from the evaporated and condensed milks.
From &n inspection of the centrifugal tubes the emount

seemed to be more than was actually recovered after washing.




Fig. 2.

Milk Powder.

Dilution one of powder to ten of water.



Table VII.

Milk Powder and Sediment.

Per Cent Milk Powder Sediment.
Sediment YT
Solids 98.21 100.00
Ash 7:98 12,10
w cald 16.47 38.01
" MgO 3.06 £.68
. 26, .
P205 6.11 18.96
" Kzo 28.28 9.81
- Nazo 10.85 8.04

-In the sediment the calcium oxid is high, the phosphorus
somewhat lower than in the original material; the alkel s veryribﬁ;

while the ash as & whole is high.




PART II.

New lethod Used For All Determinations.

All the previous work done up to this point was not per-
fectly satisfactory in analytical results or gquantitative determina-
tions, due mainly to the difficulties encountered in separating out
the sediments, in washing these sediments, and in retaining &ll of
the constituents in insoluble form when being washéd. When dealing
with the quantitative amount of sediment in milk powders, the amount
visible in the sedimentation tubes was unquestionably far greater than
that obtained after complete washing and decantation.

The difficulties encountered in securing a sediment that
was free from all soluble constituent (see work done on sugar deter-
minations) and also the fact thut certain constituents seemed to
floculate when treated with repeated washings of water have been noted
previoﬁsly.

: These difficulties suggested the use of a method in which
| it would not be necessary to separate the sediment to obtain the de-
sired results, hence analysis of the serum was tried to see if the
result s would not be more definite.

This new method naturally divided itself into o parts
as did that previously mentioned, but instead of endeavoring to sep-
arate out the sediment, the serum, which contained the soluble constit-
uents and the fat, was analysed and the @ifference between the amount

of total consitutents found in the originsl substance and that in the

serum, was taken as reprecenting the amount that remained insoluble.



The sugar, being entirely soluble, was not determined, but

the total solids, fat, total pretein, total ash, and the individual
ash constituent were all determined, since it was necessary to find
out what rearrangement, if any, had taken place between these constit-

uents.

Analysis of Original Substance.

The analysis of the original material was carried out for all the
constituents. This was regular in every respect, except that the sample
for total solids had to be gquite small so that evaporation would not be
delayed. With large samples of sweetened condensed milk, it is aimost
impossible to obtein constant weight, due probably to the early oxida-
tion of the sugars. The fats were determined by the Roesse-Gottleid
method, two extractions. In dealing with the problem, the fat had to
be eliminated from the calculation, for it could hardly be held in the
sediment in any appieciable guantity. The solids, not fat, therefore
formed a convenient basis on which to work, and was used as such for

making up solutions.

inalysis of the Serum:

A variation in the density of &ll the solutions would cause a
variation in the.ability of a definite force, either gravitational or
'centrifugal, to separate out‘the sediment from the serous portions, and
since the accuracy of the results depended on a complete separation,

all solutions were made up with as near the same percentage of solids,



not fat, as possible. The amount of dilution necessary to give the
standard of normel milk containing 9% SnF was used.
One other standardizing condition must be noted als in

connection with the length of time samples were taken after solution w
was effected. This time was ebout 24 hours afterward and was limited,
because of the floculating effect noted previously.

Kinds of Milks Analyzed:

There were three kinds of milk products used in the former
work, namelyj unsweetened condensed milk, sweetened milk, and milk
powder, and these were used in the second part also. The brands of
unsweetened condensed milk used were "Pet" and "Van Camps"; the\sweet-
enéd "Bordens" and & so called skim milk powder.

At the very beginning of the new method of procedure several \
difficulties were encountered, which may be explained as follow: i%

Pirst, the material was weighed and made up to a definite volume (V)

with distilled water. Some of this materiel did not go into solution,
and the volume of the serum minus the volume of the insoluble portion
had to be determined, so that from a portion of the serum the total
constituents contained in it could be found. If V represents the

volume of the sediment then the volume of the serum (Sv) would be ex-

. pressed by the formula

S Ve, ek



But the derivation of any formula for a case of this kind, deal-
ing with volumes, is extremely difficult, seeing that the unknown
specific gravity of the sediment must be determined and that the re-

| 1ationship between the volumes of the soluble and insoluble parts
of complex miétures in partial solution is indeterminate.

That the problem had to be solved was certain, far the error
introduced by taking the full volume V as S, was 80 great that V,
would, in some cases be zero, thu; leaving no sediment whatever by
calculation.

It was found thet by substituting weight, throughout the whole
procedure, for volume, the difficulty admitted of solution by easy
methematical methods.

The formulee may be derived as follows:

Let W = Total weight of mixture in grams.
Wy= Weight of solids put in mixture.

Wyy= Weight of solids in 1 gram of serum.

X = Weight of serum in grams.

Then W—X = Weight of sediment in grams.
And Wy — WuX = " " n " n
Therefore W — X = Wy — WnX

: R
X UM s

Lo B



The second difficulty thet erises is that fet forms part of the ori-
ginal solids. On diluting and centrifuging, part of the fat rises to the
top, and for reasons that are evident, mannot be included wholly in the
serum analysis, and part is left in the serum. So W—X (2) cannot be
all sediment, but is sediment plus the fat that rises. So also is W,— W, X
(3). From this it is apparent that the amount of fat tle t rises must be

4
determined and subtracted from W, — W,X to get the grams of true sediment.

Let P = per cent fat in the solids of original material.
P:= per cent fat in the serum
y = grams of fat risen
S = grams of true sediment.
Then .__Bgl__ = total grams fat (4)
: 100
4And AL + y = total greams fat
100
. R 4§
100 100
g e
100
W, = P %?EE}%%L
Therefore 8 = W, oW St 4, s 1 "
P Rmad 7 100
W — W
or g = W - — - (ditto)

3l




The third problem that arosé in conmection with the calculation of

iesults was in the determination of W, the total weight of the mixture

in grams. This could have been done by direct weighing but much of the
cnelyticgl work had been completed before it wes found that weight had

+0 be substituted for volume. The mixture had been mede up to definite
volumes and aliquot portions teken for analysis. To find W from V, all
:that is necessary is to obtain the specific gravity of the solids put in,
ﬁhen from their weight calculate their volume, subtract this f rom V, and
gthus secure the c¢ ¢ of water in V, which may be taken as the grams of
iwster. The grems of water plus the grams of the solids put in, gives the
iweight of V, or W. The specific gravity of milk solids may be determined

when the specific gravity and the per cent solids of the milk are known.

8~ specific gravity of milk

t =per cent solids

€3]
1

= gpecific gravity of solids.

In 100 grams of milk

100 = ¢ ¢ of milk in 100 grems.
s
100 __ jL = ¢ ¢ of water in 100 grams
~ S
100
100 — e
8 s
t
88

100 108




» Applying this formula to the case of skim milk powder which was used
in the anelysis following, the per cent of solids and specific gravity of
skim milk are fairly constant being 9 and 1.036 respectively. The spe-
cific gravity of the solids (S) is therefore 1.63. PFrom this it is seen
thet the volume of the solids is 5.52 cc, and hence in 100 ¢ ¢ of milk
there would be 94.48 grams of water, and the 100 ¢ ¢ would weigh 103.48

] 1
grams.

Milk Powder.

The analysis for total constituents in milk powder'was made
es outlined. The results are given in Table VIII &as grams per 100
of the original substance.
After this was completed the solution fa serum analysis was made
‘up by weighing out enough of the powder to meke & solution with 9 per
‘cent solids. The powder contained 6.79 per cent moisture, therefore
9.65 grams were put in for every 100 ¢ ¢ made up. The weight per 100 ¢ ¢
of this mixture was 103.48 gms.
| The solution stood four hours at room temperature and then the serum
as drawn off and centrifuged for 15 minutes. After camwfully drawing off
' portion of the serum from the centrifugal tubes, & small but quite def-
-nite sed iment was thrown down with further centrifﬁging, ¢h owing thet
some of the finest particles of sediment remained in suspension far a very -
tong time. Hence the serum was éllowed to stand 24 hours and was re-cen-

irifuged to extract the last traces of sediment. 100 ¢ ¢ of this clari-

jue to volume change with partial soluti -
#ith milk powder. 3 ion, this is not strictly correct



fied serum was taken for analysis.

The results for milk powder, both original substgnce and
serum obtained therefrom, are shown in Table VIII. It will be noted
that the per cent of sediment is very high, being 14.55 of the total
solids in the original substance, or 13.57 per cent of the original
substance. Most noteworthy, however, are the results obtained for ash
and ash constituents. The per cent of ash in the sediment was double
thet in the original substance; the per cent of calcium oxid almost
three times as much; that of magnesium oxid seven times, and the phos-
phorus three times. On the other hand the potash decreased to about
one half, and the soda remeined about the same.

It is evident that the results show a rearrangement in ash con-
stituents. The fact that the ash content of the sediment is high points
to & change in its comsiituents, and the per cent of change in egch ash
constituent verifies the total change.

The calcium, magnesium and phosphorus seem to be chiefly concerned
in the change from soluble to insoluble condition. Just whet the nature
of this change is, can only be conjectured, but it would seem that it
is & combination of calciﬁm, magnesium, phosphates and darbonates, and
that the small emount of original maegnesium was reduced fifty per cent
to produce these insoluble compounds.

Ag would naturallﬁ be expected the soluble potash was reduced in
the sediment. Further, in Table IX the effect of meking up the solution
to 140° Fahr. reduces the alkali content of the ash to almost nothing.

The protein and ash together make up practically ell the sediment.
It would seem that this protein consists of all the albumin and & small

« Previous paper-Detection of Cmdensed Iilk in Ice (¢ ream."



Amount of casein. The precipitation of this small amount of casein
may be caused by the lactic acid concentration which occurs in condens-
ing.

Tables 8 to 17 show the results of analyses of powdered milk
at 60° and 140° PFahr.; of five semples of evaporated milk and three
samples of sweetened condensed milk. A summary of these tables is
given in tables 18, 19, and 20.

Table 18 deals with the amounts of each constituent that were
found to be soluble, and the figures given are the grams of each con-
stituent that were soluble for every 100 grams of the constituent put
in the original mixture.

Table 19 gives the number of parts insoluble for every 100 parts
of the constituent put in the original solution. This represents the
sediment.

Solids. The milk powder sample had the greatest amouht of insol-
uble total solids or éediment. The sample of sweetened condensed milk
that gave the high per cent of sediment had some decomposed lumps in
it. Disregerding this analysis, the amount of sediment in all the

evaporated and condensed milk semples was practically the same.
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Conclusions.

Insoluble sediments are contained in a&ll the samples of evap-
orated milk, sweetened condensed milk, and milk made from powdered milk &
solids that were examined. o oo e fjf

The amount of sediment was greates”?ﬁﬁfhe milk powder milk, being
over 13 per cent of the original substance. With the sweetened condensed
milk it averaged 6.6 per cent, and 2.2 per cent with evaporated milk.

The sediments from evaporated milk were coarse and granular. The
coarse meterial had a high per cent of calcium.

Gremulation ocarrred in the milks of the least density. The gran-

ular particles are the result of recrystallization, and this tekes place

more guickly in fluids of low density.

The sediments are charascteristic of highly heated and condensed
milk products, and their presence in milk would show that condensed
milk or powdered milk had been used.

The protein p&obably forms from one-half to two:thirds of this
sediment.,

The results of the calecium, phosphorus and magnesium determina-
| tions indicate that insoluble compounds are formed with these constit-
uents.

Some of the calcium is evidently in the form of carbonates and

. phosphates, since effervesence took place on addition of an acid to

the granular sediment, and phosphorus was shown to be in the sediment

. in greater proportion then normal.
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