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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 great difficulty encountered was that of 

obtaining representative samples, and in order to secure these, much time 

was 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 half of the centrifuged liquid 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 about 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. Fort his reason the method of collecting sediments 

was changed, and the sample WGS taken directly from the can, weighed, 

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



Per cent of Sediment. 

Table I. 

Van Camps Brand, Can No. 2 0.55 

Tl n n 11 " 3 0.21 

Pet Brand Tl " 4 0.56 

Van Camps lJ TT lf 5 1.63 
n n TT lT ll 6 0.44 
lJ " ff !I fl 8 0.44 

These results are variable but are more uniform than the 

analytical re~utls 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 resilts, for with some brands tm t contain-

ed granular sediments, notably npetn and nvan Campsn evaporated milks, 

the granular substance preponderated greatly in the washed sediment; 

the ash content rose as high as 38.67 per cent with a CaO content of 

70.2 per cent. 



~able I. 

ABh Constituents of Original Milks and ~heir Sediments. 
Original Milk Sediments . 

ample No . 3 5 8 1 2 3 4 5 8 

er Cent 
ediment 0.29 0.55 0.21 0.56 1.63 .44 

er Cent 
sh 1.68 1.66 1.59 11 . 21 38 . 67 29.19 17 . 80 

* * * 20.38 17.37 13.84 31.82 70 . 20 63 . 60 53 . 20 

2.77 2 . 50 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 

ge granula:r particles in the sediment 



Sample No• 1 was taken by the separatory funnel me;thod and 

the per cent of sediment determined. Because of the granular appearance 

of the sediment a further analysis was not made. 

A great variation exists in the results obtained in Samples 

2, 3, 4, and 5. The ~r cent of ash in the sediments varies from 11.21 

to 38.67. Sediments 3, 4, and 5 were very coarse in appearance, and 

these coarse particles were evidently calcareous in nature since the 

per cent of CaO was extremely high while the other constituents were 

relatively low. 1 

Samples for the per cent of sediment were taken directly 

from the can or Numbers 4, 5 and 8, and in these particular determina-

tions greater uniformity was secured. But even with this method the 

objection noted in the previous method was evident. The lighter floc-

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 Material 

Grams CaO 

Grams Equivalent Caco3 
Per Cent CaC03 

l.See analysis of granular sedlinent 

0.1345 

0.0403 

0.0718 

53.4 



The above sediment after washing was dried on a steam bath 

and weighed. It was then treated with HCl 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, ani 

the ash added to the HCl solution . 

The foregoing results were not satisfactory enough to warrant 

a continuation of this method of extracting sediments and for this reason 

the complete analyses were not made. 

Separation of Sediment by other 1Iethods: 

The method next tried was as follows: 100 to 200 gms. of the 

sample w~re diluted to about 1000 c c with distilled water, thoroughly 

shaken for at least five minutes, placed in a 2000 c c graduated cylin-

der and made up to a definite 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 me2ns 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. 



A. 

B. 

Table III. 

Amount Dilution and Sediments Obtained. 

Water used in w~hing 

1imount of Sediment 

Water used 

1imount of sediment 

10200 c c to 369 gms sample. 

0.015 per cent 

8000 c c to 133 gms. 

0.02 per cent 

Washing Sediments: 

Be~ore 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, qulitative tests showed sugars in the sediments 

when all theEe should . have been eliminated from a properly washed sed-

iment. In order to tr~ce the amount and nature of the sugars in wash-

ings and sediments the following procedure was followed: Sweetened 

condensed milk was being used at this time. 

a. Determine total and reducing sugars in the original 

condensed milk. 

b. Dilute 100 c c of sample to 1000 c c,centrifuge, and 

analyze washings for sugar. vfake up sediments to 

1000 c c and analyze for sugar. 

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



All sediments were washed by dilution, centrifuging 

and decanting in 1 to 1000 parts water. 

The results f rem this procedure were as follows: 

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

97. 5~~ of the wamings contained 16.70 H 

2 5o/ • JO 
lT and sed. contained 0.09 TT 

Veight of Sediment 0.32 lf 

Per cent Lactose Actual 28.1 % 
tr " Tl Theoretical 21.6 % 

This result corresponds fairly well with a previous anal-

ysis which showed 21.6% Lactose in the sediment when the copper re-

duction method was used. 

Hence it is apparent that although the amount of lactose 

left in the ~rashings was small, it was very large when evaporated 

and dried vvi th the sediment. Huch more vvashing 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 othe,r soluble constituents that should have been elim-

inated. 

The following table gives the per cent of the sugars found 

in the original material, serum and sediment. 



lU 

The last method for separating sediments as outiined was adhered 

to, but on account of the foregoing results vii th sugars more Vfoshing 

was given, being 1 to 1000 parts of water. The final washings gave 

practically no indication of sugars when tested with Fehling's solution. 

Sweetened condensed milk wus used in this nart of the work. There 

were no heavy, grainy sediments in these cans, this being due probably 

to the greater density of the sweetened product, which prevented the 

rccrystalization or coalescence of the particles and held them in a 

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

appaxently in as great proportion ~s before, as can be seen by Fig. I, 

which shows the centrifugal tubes with different proportions of milk. 

Difficulty in separating all of this finely divided sediment was 

to be expected, and it is shovrn in the results of the quantitative de-

termination of sediment that 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 
n 

If 

H 

YT 

12 

13 

12 

13 

0.32 a 

0.02 b 

0.022 b 

0.005 c 

0.008 c 

a. Centrifuged small portion of original milk 
b. I.lade up to 1 - 10000 parts vrater, allowed to settle by gravity, 

and decanted. 
Centrifuge method with whole can. 



Fig. I. 

Sweetened Condensed Milk. 

/ 

i 3 

I. Dilution one to four of water. 
2. Dilution one to three of water. 
3. Dilution one to two of water. 
4. Dilution one to one of water. 
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Before finally deciding to abandon the method, much work had 

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

sults are given in Table VI. 

Sediments from cans 12 and 13 were combined and the analysis 

shows that the calcium content of the ash is high. 

~· Sediment Fo • 10 was analyzed but no. 11 was used for sugar de 

Ii 

I. 

'· 
. 

termination. 

Tabl VI. 

Ash Constituents of Sweetened Condensed :Milk and Sediments. 

Original Milk Sediment 

v!PLE llO. 10 12 & 13. 10 12 & 13 

Per Cent ttsh . 1.93 1.90 14.19 19.00 

" 11 cao 14.7 18.81 51.74 40.58 
n 1T ItgO 2.92 4.00 2.42 2.17 
ff TT P205 22.79 58.77 3.74 ·32.51 
TT H 03 4.50 2.17 
If H Ha 0 11.39 5.83 2.40 1.28 
n Tl K20 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 &sh are high, while magnesium is present in normal unntity 

Q 



Sediment from owder. 

The characteristic sediment previously mentioned in this paper 

referred to that obtained from milk powder. It wa s found that the milk 

powder went into ~elution with gres t difficulty and that a large ~r 

cent of the materic.l.l would. not go into solution, but remained in a very 

findly divided condition ~nd was separated by decantation with difficulty. 

The sediment did not become floculent but persisted as fine1.y divided ~ 

but well defined particles, and had tho consistency of a fine sil --;------

11 the samples lnalyzed were mixed with distilled water, 

shaken continuously for fiftaen minutes and then at intervals afterwards. 

few drops of f or mal i n were ~dded and the material allo,1ed to stand 

over night. They were shaken again thoroughly before analysis next 

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

ently there was a much larger amount of sediment in th tubes than in 

the condensed milks, ~nd qu&ntit~tive determination showed this to be 

so. See Table VII, also Fig. 2. 

Miik 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 froCT the evaporated and condensed milks. 

From an inspection of the centrifugal tubes the amount 

s med to be more than was actually recovered after washing. 



Fig. 2. 

Milk owder. 

/ 

ilution one of powder to ten of W'ter. 



Table VII. 

Milk Powder and Sediment. 

Per Cent I.1ilk Powder Sediment . 
....___ 

Sediment 0.77 

uolids 98.21 100.00 

Ash 7.92 12.10 

If Cao 16.47 38.01 

n MgO 3.06 2.53 

n 
P205 26 .11 18.96 

n K20 29.28 9.81 

n Na2o 10.25 8.04 

·In the sediment the calcium oxid is high, the phosphorus 

somewhat lower than in the original material; the alkal s very low, 

while the ash as a whole is high. 



PART II. 

Mew M:ethod Used For All Determinations. 

All the previous work done up to this point WLS not per-

fectly satisfactory in analytical results or quantitative determina-

tions, due mainly to the dif~ iculties encountered in separating out 

the sediments, in washing these sediments, and in retaining all of 

the constituents in insoluble form when being washed . ~/hen 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 the.~ t certain constituents seemed to 

floculatc when treated with repeated washings of water have been noted 

previously. 

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 

results would not be more definite. 

This new method naturally divided itself into -W o parts 

as did that previously mentioned, but instead of endeavoring to sep-

arate out the sediment, the serum, which cont~ined the soluble constit-

uents and the fat, we.s an&.lysed and the di:ifference between the amount 

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

serum, was taken as re presenting the amount that remained insoluble. 



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

the total solids, fat, total pretein, total ash, and the indiYidual 

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 quite small so that evaporation would not be 

delayed. '17i th large samples of sweetened condensed milk, it is almos t 

impossible to obtain constant ~eight, due probably to the early oxida-

tion of the sugars. The fats were determined by the Hoesse-Gottleib 

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 appreciable quantity. The solids, not fat, therefore 

fanned a convenient basis on which to work, and was used as such for 

making up solutions. 

Analysis of the Serum: 

A variation in the density of all 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 normal milk containing 9% SnF was used. 

One other st~ndardizing condition must be noted arm in 

connection with the length of time samples were taken after solution .-r 

was effected. This time was about 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 formor 

work, namely, 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 11Petn and nvan Campsn; the sweet-

ened TTBordensn and a so called skim milk powder. 

At the very beginning of the new method of procedure several 

-----difficul tics were encountered, which may be explained as follow~ 

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

with distilled water. Some of this material 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 



But the derivation of any formula for a case of this k ind, deal-

ing with volumes, is extremely difficult , seeing that the unknown 

specific gravity of the sediment must be determined and that the re-

lationship between the volumes of the soluble and insoluble parts 

of complex mi~tures 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 Sv was so great that v, 
would, in some cases be zero, thus leaving no sediment whatever by 

calculation. 

It was found that by substituting weight, throughout the whole 

procedure, for volume, the difficulty admitted of solution by easy 

mathematical methods. 

The formulae may be derived as follows: 

Let w = Total weight of mixture in grams . 

w, = Vleight of solids put in mixture. 

w, t = VI eight of solids in l gram of serum. 

x = Weight of serum in gTamS. 

Then 

And 

W-X = 7eight of sediment in grams . 

Wr - WnX = Tf n tT n H 

Therefore W - X · = W1 - WnX 

x = 
1- Wn 



ls 

Th second difficulty that ~.rises is that fat forms part of the ori-

ginal solids. On diluting and centrifuging, part of the fat rises to the 

top, nd for r asons that Lr evident, n"" .. nnot be included wholly in th 

serum analysis, · nd pa.rt is loft in the serum. So fi - X ( 2) c'-'-nno t be 

11 sediment, but is sediment plus th f· .t thti.t rises. So ""'lso is W , - WnX 

(3). From this it is apparent that the amount of fat tr t ris s must b 

determined and subtracted from 1 - 'lnX to get th grams of true scdim nt. 

Let p = per cent f t in the solids of original material. 

Then 

And 

Th r for 

Or 

p , : per cent fat in the serum 

y = grams of f t risen 

S = grams of tru sediment. 

p '{ 1 = total gr ms fat 
100 

P,X y = total gr'"ms fat 
100 

1!L ... P,x + y • 
100 100 

p 'l , - P 1 y --
100 

s w, -w:, W- W, 
= 

1- 1T 

s = 

( 4) 

pW, - :P v - w, 
' 1- wn 

100 

(ditto) 
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Th third problem that aros in connection with the calcul tion of 

iesu1ts was in the determination of , the total weight of the mixtur 

in grams. This could have been don by direct weighing but much of the 

c...nalyticql vrnrk hud been completed before it wc..s found that weight hc....d 

to be substituted for volume. The mixture had been made up to definit 

volmn s '"'nd ali uot portions tuken for c...n' lysis. To find W from V, 11 

that is necessary is to obtein the specific gravity of the solids put in, 

then from their weight calculate their volum , subtract this i. rom V, nd 

thus secure the c c of water in V, which may be taken as tho gr~ms of 

The gr ,ms of water plus the grams of the solids put in, gives tho 

ight of V, or w. The specific gr'vity of milk solids may b d tormincd 

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

s = sp c if ic gr vi ty of milk 

t = p r c nt solids 

S =specific gravity of solids. 

In 100 gr .ms of milk 

100 = Q c of mmlk in 100 grams . --

100 -

s 

100 -- t 
s 

= c c of water in 100 grams 
s 

100 t --= s s 

s = 

t 

100 
s 

t 

t 100 



11pplying this formula to the case of ski m milk powder which vr s used 

in the an lysis following, the per cent of solids =nd specific gravity of 

skim milk are fQirly constant being 9 ~nd 1 . 036 respectively. The spe-

cific gravity of the solids (S) is therefore 1 . 63. rom this it is s en 

th~t th volume of th solids is 5.52 cc, und h nee in 100 c c of milk 

there would be 94 . 48 grams of w tcr, und the 100 c c would weigh 103 . 48 
1 grams. 

~.Tilk Powder . 

The analysis for total constituents in milk powd r was mad 

s outlined. The results ar giv n in Table VIII as grams per 100 

of th original substanc • 

_fter this was completed the solution fer sertun analysis was mad 

up by\ eighing out nough of the powder to make e solution with 9 per 

cent solids. The powd r contained 6.79 per cent moisture, therefor 

9. 65 grams ere put in for every 100 c c made up. The weight per 100 c c 

of this mixture was 103.48 gms. 

The solution stood four hours ~t room temperature and then th s rum 

was drqwn off nd centrifuged for 15 minutes. 'fter caroEully drawing off 

portion of tho serum from the centrifugal tubes, = small but quite d f-

inite sediment was thrown down vith further centrifuging, S1 owing thc;;:.t 

some of the finest particles of sediment remained in suspension for a v ry 

long time. 1 cnce the scrum w· s allovved to stand 24 hours and was re-cen-

trifuged to extr ct the last traces of sediment. 100 c c of this cluri-

ue to volume change with partial solution, this is not strictly correct 
with milk powder. 



fied serum Wc.,s taken for analysis . 

~he results for milk powder, both orieinal substqnc ~nd 

serum obtained thcr from, are shovm in Table VIII. It will be noted 

that tho per cent of sediment is very high, being 14.55 of the total 

solids in the original substt.ncc, or 13. 57 per cent of the original 

substance. .1ost note rnrthy, however , c;,re the rcsul ts obtained for sh 

and ash constituents. The per cent of ash in tho sediment was double 

that in the original substance; the per cent of calcium oxid almost 

three times as much; that of m&gnesium oxid seven times, and the phos-

phorus three times. On the othex hand the potash decre sed to about 

one h lf, and the soda rcm~ined about the same. 

It is evident that the results show rearrangement in ash con-

stituents. The f· ct thc.1.t the sh content of the secliment is high points 

to a change in its constitu8nts, ~.nd the )er cent of ch nge in eqch ash 

constituent verifi s the total change. 

The calcium, magnesium and phosphorus seem to be chiefly concerned 

in the change from soluble to insoluble condition. Just wh~t the natur 

of this change is, can only be conjectured, but it would seem th t it 

is combination of calcium, magnesium, phosphates and carbonEtes, and 

that tho small mount of original magnesium ~as reduced fifty per cent 

to produce these insoluble comyounds. 

would natur ,lly be expected the soluble potash was reduced in 

tho sediment. Further, in T bl IX the effect of making up the solution 

to 140° ahr . reduces the alk li content of the cSh to almost nothing. 

The protein ~nd bSh tocether mrke u practically =11 the sediment. 

It would seem thr..t this protein consists of all the albumin and 

1. Previous papcr!..!Detection of Cmdonsed 1.:il.lk in Ice c eam. rr 

smc:....ll 



Amount of casein. The precipitation of this small amount of casein 

may be caused by the lactic ~cid concentration which occurs in condens-

ing. 

Tables 8 to 17 show the results of analyses of powdered milk 

at 60° and 140° Fahr.; of five samples of evaporated milk =nd 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 sediment. The samnrple of sweetened condensed milk 

that gave the high per cent of sediment had some decomposed lumps in 

it. Disregarding this analysis, the amount of sediment in 11 the 

evaporated and condensed milk samples was practically the s&me. 
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Conclusions. 

Insoluble sediments are contained in all the samples of evap-

orated milk, sweotened condensed milk, and milk made from powdered milk 

solids that were examined. 

The amount of sed:iment was greates~n the milk :powder milk, being 

over 13 per cent of the original subst~nce. 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 material had a high per cent of calcium. 

Grc.inula ti on ocru rred in the milks of the least density. The gran-

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

more quickly in fluids of low density. 

The sediments are characteristic of highly heated and condensed 

milk products, and their presence in milk would show th&t condensed 

milk or powdered milk had been used. 

The protein probably forms from one-half to two-th irds of this 

sediment. 

The results of the calcium, phosphorus and magnesium determina-

tions indicate tha.t insoluble compounds are formed with these constit-

uents. 

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

phosphates, since efferve~nce took place on addition of an acid to 

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

in greater proportion than normal. 
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