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ABSTRACT 

In this experiment the physical properties of, whipped cream 
were improved by the addition of dry skim milk. Dry skim milk 
added to cream for whipping purposes increased the viscosity and 
the acidity of the cream but had little influence on its surface ten
sion. The foaming ability and viscosity of fluid skim milk were 
increased when dry skim milk \Vas added to it, whereas the sur
face tension was slightly reduced. Of four different types of whip
pers used, the air whipper proved to be most satisfactory. The 
addition of six per cent of clry skim milk decidedly improved the 
whipping properties, flavor, body and texture of whipped cream. 
The flavor, body and fat clumping of cream \Vas largely dependent 
upon the whipper used. Sugar markedly influences the physical 
properties of whipped cream. The data also showed that pasteur
ized cream was satisfactory for whipping purposes; aging of cream 
for twenty-four hours was essential and that a whipping and aging 
temperature of forty-two degrees Fahrenheit was most satisfactory. 
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The Relation of Dry Skim Milk to 
Several of the Physical and Chemical 

Properties of Whipped Cream 
w. H. E. REID AND \V. c. ECKLES* 

INTRODUCTION 

The use of cream for whipping purposes has, until recent years, 
been of little importance to the milk distributing plant. Because 
of large increases in consumption and improvements in the meth
ods of manufacturing and storage, it novv occupies a prominent 
place in the industry. With the increased demand for whipped 
cream, many new problems have arisen, espccia:lly because of the 
limited time during which this product could be stored, or held 
before it was consumed. Normally the structure of whipped cream 
is easily impaired during storage and it soon collapses, resulting 
in much o.f the material draining to the bottom of the container. 

Some investigat(1rs have shown that the whipping properties 
of cream and ice cream mixtures are ma:rkedly influenced by the 
percentage of solids-not-faL Others have shown that drainage of 
whipped cream may be dne to insufficient water absorbing col
loids and material that will retain the moisture. Dry skim milk 
serves as an exceliePt source of serum solids because it is high in 
nutritive value, very wholesf1me, relatively inexpensive, available 
during all sc:asons of the year and has splendid keeping qualities. 
It seems logical, therefore, to assume that a· considerable amount 
0£ dry skim milk could be used advantageously in the manufacture 
of whipped cream. 

The pwpose of this investigation was to determine the relative 
influence of dry sJ.:im milk on several of the physical and chemical 
properties of cream prior to and subsequent to its being whipped 
and to give consicleratic,n to factors other than the serum solids
not-fat content, which are als0 inflnentia 1 in the production of a 
whipping cream possesl'ing desirable q11alities. 

REVIEW OF LITERATURE 

Dahlberg and Henning (1!)2.5) found that two distinct and 
simultaneous changes occur when cream is whipped. These are 
the incorporation of air and the formation of fat clumps. They 

*The data presented in this hulletin were taken from a paper submitted by, th e junior 
author in pertial fulfillment of the 'requirements tor the degree. of Master of Arts in the 
Graduate School of the university of 'Missouri, 1933. 
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state that fat clumps form a heterogeneous network in which the 
serum is held, that this gives the whipped cream rigidity or stiff
ness, and that aging usually increases the viscosity and improves 
the whipping properties of cream. Factors contributing to the im
provement of whipping properties gave reductions in overrun and 
decreased the amount of drainage. They assume that the milk 
proteins help stabilize the incorporated air by surface adsorption. 

Associates of Rogers (1928) state th:at the fat globules and 
their aggrega:tes gather on the liquid·air interface or tilms, pro
ducing a piling up effect that results in quite a rigid structure. 
They state that viscigene, like many other protein materials that 
are protective, enhance aggregation and whipping properties. They 
also state that increa:ses in acidity decrease the viscosity but have 
little effect on the whipping properties. 

Palmer (1923) states that whipped cream is an air-in-water 
emulsion, the aqueous phase being a concentrated oil-in-\vater type 
of emulsion and th~t the methods of improving the whipping qual
ity of cream are either increasing the viscosity of the hyclrophyllic 
.colloids present or adding them in great amounts in the form of 
other materials. 

Doan (1D29) found that normal variations in the acidity of 
cream had little influence on the whipping properties of the cream. 

Sanman and Ruehe (1D30) found that increa:ses in acidity up 
to .35 per cent were influential in promoting the whipping of cream. 

Babcock (1922), Henning (192-±), and Dahlberg and Henning 
(1925) found that pasteurization is usually detrimental to wh:ip
ping properties of cream, although some pasteurized creams whip
ped nearly as effectively as raw cream and in most cases produced 
a greater overrun. 

Baldwin and Combs (1931) show that pasteurized cream whip
ped in a shorter time tha:n raw cream. 

Tracy and Ramsey (1931) state that heating to temperatures 
of 170 degrees Fahrenheit or belm,· does not affect the whipping 
properties of cream. Pasteurization of whole milk, the cream 
of which is to be used for whipping purposes, is more harmful than 
the pasteurization of the sepa:rated cream. Reduced temperatures 
gave the desired a:ging effect in a shorter time. 

Babcock (1922), Henning (1924) , Dahlberg and Henning 
(1925) and Reid (1928) agree that a cream of 30 to 35 per cent of 
bntterfat is best for whipping purposes, that aging is necessary 
to produce a crea:m that "·ill \Yhip -..vell, and that the maximum 
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imp rovement clue to agi ng is compktecl after 48 hours but the 
greatest improvem ent occurs during th e first 24 hours. 

Sommer (1927) advanced the th'eory that cream w hipped bet
t er if it had had time for part of th e serum to be drawn from the 
solution by the fat. Greater serum adsorption occurs at low tem
peratures clue to the kinetic energy of the particles being reduced . 
and the greater the adsorption the better the resultant whipped 

cream . 
Melich (1909) found that some salts, m ilk powders and s ug ar 

promote whipping. 
Glabau (1932) shows that the greatest overrun occurs in the 

presence of low whipping temperatures and that sugar mcreases 

the time required to whip and reduces the overrun . 
Reid and McCroskey (1930) show that increasing the solid 

content by the addition of either gelatin or dry skim milk, in com
bination or when used separately, gave a \vhippecl cream more rig
id in body. By the addition of either or both of t he se materials 

the dra inage could be reduced. 

PROCEDURE 
Throughout this investigation attempts were made to s tudy 

the influence of variable factors one at a: time. Practices were fol-
10\·ved that v;oulcl elim inate so far as possible those factors which 

did not contribute to the point under study. 
The cream used for the investigJ.tion was frot:.1 the milk of 

the University dairy herd and was obtained direct from a surface 
cooler after having been pasteurized and .separated. It was stand
ardized by diluting with the milk from vvh ich the cream had been 
obtained. Spray process dry skim milk of the highest quality ob
t a inable ·was added to the standard ized cream in the form of a 
cold paste at 42 degrees Fahrenheit (5.55 degrees Centigrade) un
less otherwise stated. The different creams were aged and all 
chemical and physical d eterminations were made at a constant 
temperature of 42 degrees Fahrenheit. 

A ll cream \.vas whipped at 42 degrees Fahrenheit in batches 
of 500 cubic cntimeters. 

The relation of the dry skim milk to the chemical and physical 
properties of the treated cream and the resultant whipped cream 
were compared on the bas is of: 

1. Titratable acidity of the cream prior to whipping. 
2. Viscosity of the cream prior to whipping, u sing the Mac

Michael Viscosimeter. 
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Fig. 1.-Part of the apparatus used in the study. 

3. Surface tension of the cream prior to w hipping, using the 

du Nou y appa ratus . 
4. Time required to \vhip. 
5. Percentage of overrun or volume increase due t o w hipping. 

6. Relation of \vhipping t o body (resistance and condition) . 

7. Texture and microscopic examination. 

8. Relation of whipping to drainage properties. 

9. Flavor 
10. Color. 

EXPERIMENT AL DAT A 

Methods of Adding Dry Skim Milk To a Cream To Be Used For 

Whipping Purposes and The Influence of Aging On Its 

Chemical and Physical Properties 

1. Heating to 90 degrees Fahrenheit (32.22 degrees Centigrade). 

-A 32 per cent cream that had aged for 24 hours was heat ed to !·10 

degrees Fahrenheit (82.22 degrees Centigrade) and the dry skim 

milk added. The treated cream \vas t hen quickly cooled to 42 

degrees Fahrenheit. 
Chemical and physical determinations w1ere made on the cream 

immediately after cooling to the aging temperature and after .2, 4, 

and 6 hours of aging. The different batches of the cream were 

then whipped with the egg- beater whipper and the resultant 

whipped cream compared. 
A desirable wh ipped cream was produced from each batch but 

the best results were acquired when the cream had aged 4 hours 
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TABLE 1.-THE EFFECT OF AGING ON THE CHEMICAL AND PHYSICAL PROPERTIF.S OF CREAM SUBSEQUENT TO THE 
ADDITION OF DRY SKIM MILK 

Surface 
Acid Tension 

Per Cent Dynes 

.29 54.12 

. 31 52 . 70 

. 31 54.80 

. 33 56 . 26 

Cu. centimeters drai ned from 
Time to Whip Pene- 20 gms. 

Viscosity - ----- Overrun tration -------
Centipbises Min. Sec. Per Cent M.M. 1 Hr. at 68'F 24 Hrs. at 42°F. Te xture 

99 5 5 101 25 4 1. 5 Close, medium, uniform cells 109 7 5 99 13 2 11. 5 Close, medium, uniform cells 141 7 JO 103 ll I 2 Close, medium, uniform, velvety 146 5 5 90 17 2 2.5 Close, medium, uniform, velvety 

TABLE 2.-THE INFLUENCE OF AGING AND TEN PER CENT OF DRY SKIM MILK ON THE 
SURFACE TENSION

1 
OF A THIRTY-TWO PER CENT CREAM 

Normal Dry Skim Milk Low Lactose Dry Skim Milk 

Body 

Medium 
Good 
Good 
Medium to good 

32 Per Cent Dry Skim Milk Dry Skim Milk Added 32 Per Cent Dry Skim Milk Dry Skim Milk Added Cream Control Added Immediately After 24 Hrs. of Aging Cream Control Added Immediately After 24 Hrs. of Aging 
50.56 64.09 49.85 50.56 46.29 55 .54 49.85 50.56 50.56 50.56 50.56 52 . 70 49 . 13 51.98 49.85 52.70 51.89 55 .54 
51.98 53 .41 
49 .85 53 .41 53 .41 51. 27 51. 98 . 54.12 51. 27 53.41 51. 27 50.56 51. 27 53.41 50.56 
50.56 52. 70 59.39 H . 12 53 .41 53. 41 51. 27 53 .41 54.83 51.98 52 . 70 50 .56 53 .41 53.41 52 . 70 53 .41 51.27 54.12 53 .41 5 l. 98 54.12 50 . 56 

1 Surface tension expressed in dynes. 
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Fig. 2.-The Effect of Normal and Low Lactose Dry 
Skim Milk and Aging on rhe Acidity of Cream. 

or longer subsequent to the addition of the dry skim milk. Table 

1 shows the results of the various periods of aging following the 

addition of the dry skim milk. As this method of adding the dry 

skim milk acted unfavorably on the chemical and physical prop

erties of the cream, due to the heating and cooling, it was discon

tinued in all later experiments. 

2. Dry Skim Milk Added at 42 Degrees Fahrenheit ( 5.55 De

grees Centigrade) .-Ten per cent of dry skim milk in the form of a 

cold paste was added to 32 per cent cream received direct from the 

surface cooler at a temperature of 42 degrees Fahrenheit. 

Both low lactose and normal dry skim milk were used and 

treated identically. A control sample of 32 per cent cream was 
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Fig. 3.- The Effect of Normal and Low Lactose Dry 
Skim Milk and Aging on the Viscosity of Cream. 

9 

kept for both of the dry skim milks for direct comparison. In 
other samples the addition of the dry skim milk was delayed until 
the cream had aged 24 hours . 

Determinations for acidity, surface tension and viscosity were 
made with definite frequency during the aging period. The in
fluence of aging and of the addition of the dr y skim milk on the 
surface tension are shown in Table 2 and on acidity and viscosity 
in Figures 2 and 3 respectively. 

The data show that the addition of the dry skim milk had lit
tle effect on the surface tension of the cream. The addition of 10 
per cent of d.ry skim milk caused an increase in acidity of O.L3 per 
cent in the case of the normal drv skim milk and an increase of 
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0.04 per cent in the case of low lactose dry skim milk. The acidity 
increased more rapidly in cream that contained dry skim milk than 
in normal cream d:tte to the increased amount of lactose which was 
converted into lactic acid. The greatest increase in acidity oc
curred in all batches during the first 6 hours of aging. When the 
addition of the dry skim milk was deferred 24 hours the increa·se 
in acidity was not as marked as when a<ld1ed to the unaged cream, 
Figure 2. · 

The viscosity of the cream wa.s markedly increased by ·the 
addition 0f 10 per cent of dry skim milk regardless of the kind of 
powder or the time it was added. \:Vhen norm<l'l dry skim milk 
was addt:d at the time of standardization, the greatest increase 
occurred dnring the first J 2 hours of aging, followed by a slight 
increase during the second 12 hours. When the addition of the 
dry skim milk was deferred ~4 hours after standardization, as in 
the instance of the normal dry skim milk, there was an increase in 
viscosity for several hours followed by a. gradual decrease, Figure 3. 

When low lactose dry skim milk was add1ed, greater increase 
in viscosity was observed than in the instance of the normal dry 
skim milk. The increase continued during the first 36 hours of 
aging. The later work was conducted with normal dry skim milk. 

The Influence of Variable Increments of Dry Skim Milk On The 

Chemical and ,Physical ProP'erties of Skim Milk, 

Particularly Its Foaming Ability 

The object of this part of the- investigation was to study the 
effect of dry skim milk in the absence of butterfat. 

Skim milk from fresh whole milk that had been pasteurized', 
separated and cooled was used. A control sample and samples 
containing 2, 4, 6, 8, 10 and 12 per cent of d'ry skim milk were 
prepared and aged for 24 hours. Previous to whipping, w1ith the 
egg beater whipper, determinations were made for chemical and' 
physical properties of the skim milk. The rigidity of the whipped 
skim milk could not be obtained because of insufficient body 
resistance in all samples. 

Due to the rapidity with which the structure of the whipped 
skim milk disintegrated, the usual drainage procedure could1 not be 
followed. As a substitute for such, the time tha:t elapsed during 
the drainage of 10 cubic centimeters of liquid from a 30-gram sam
ple of each of the whipped skim milks was recorded, Table 3. This 
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determination was conducted' at 42 degrees Fahrenheit. 
Increasing the dry skim milk content up to 8 per cent imparted 

a more desirable body and texture to the whipped skim milk. How
ever, additional increments produced an inferior product. Figures 

4, 5, G and' 7 are typical of the variations found :in texture and air 
cell structure due to the variable increments of dry skim milk used. 

Increased increments of the dry skim milk were accompanied 

by an increased acidity, viscosity, overrun and time required to 

whip. The drainage determinations show that increased incre

ments of the cl'ry skim milk caused the formation of a structure 
that broke more rapidly. This was probably due to the increase 

in density. It is evident that the increase in viscosity was due to 

the large amount of soluble and suspended' material added to the 

batches in the form of dry skim milk. 
A vari'ation in the color of the batches containing different 

increments of the dry skim milk vvas not noticeable but greater 

amounts of the dry skim milk than 4 per cent imparted a very 

glossy appearance to the whipped skim milk. 

The Use of Four Common Types of Cream Whippers 
This study was conducted to determine the influence that dif

ferent types of whippers had upon several of the physical proper
t~es of whipped crean1, particularly when dry skim milk was added. 

A 32 per cent cream .and a cream containing 25 per cent of 
butterfat to which 6 per cent of d1ry skim milk had been. added 

were used. Both creams were aged for 24 hours at 42 degrees 

Fahrenheit. The dry skim milk was added, as a cold paste. before 

aging. The 32 per cent cream had an acidity of 0.15 per cent, a 

viscosity of 34 centipoises and a surface tension of 52.7 clynes per 
centimeter. The acidity of the 25 per cent cream was 0.22 per 

cent, the viscosity 33.5 centipoises and: the surface tension 52 dynes 

per centimeter. Figures 8, 9, 10 and 11 show the different types 
of whippers that were used. 

The data, Tables 4 and 5, show that the air whipper produced' 

a whipped cream having the most desirable flavor, gave greater 
overrun and required the shortest whipping time. 

The egg beater whipper produced a whipped! cream that was 

more r.esistant and from which less material drained. In the instance 

of the 32 per cent cream, however, the whipped cream had a greasy 

taste w·hich was apparently clue to the partial churning and the 
fat clumping .. resulting from the excessive agitation which is typical 

of this kind of whipper. 
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Fig. 4.-Normal Whipped Skim Milk. 

Fig 6.- Whipped Skim Milk Containing 
8 Per Cent of Dry Skim Milk. 

Fig. 5.-Whipped Skim Milk containing 4 
Per Cent of Dry Skim Milk. 

Fig. 7.-Whipped Skim Milk containing 12 
.Per Cent of Dry Skim Milk. 
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Fig. 8.- The Air Whip. 

Fig. 9.-The Egg Beater Whipper. 
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Fig. 10.-The Turbine Whipper. 

Fig. 11.-The Kitchen Aid Whipper. 



Type of 
Whipper 

Air 
Egg Beater 
Kitchen Aid 
Turbine 

TABLE 4.-THE lNFLUEKC\> OF DIFFERENT TYPES OF \ VHTl'P ERS ON THE WHIPPING PROPERTIES OF A 
I 

THJRTY-Twr PER CENT CREAM AND THE RESULTANT \VmrPED CR EAM 

I 
Time to Cu . bcntimcte rs drained from 

Whip Over- Pene- I 30 gms. ------ run tration 
1 hr. lt 68°F. Min . Sec. Per Cent MM. 24 lirs. at 42°F. Body Texture Flavor 

-------
' 7 2 48 287 19 8 Desirable, res istant Cells cl ose, medium, uniform Rich, crea my 

2 56 139 2 \4 11 Heavy, very resistant Very close smal l air cel1s Rich, greasy 
10 12 114 32 13 15 Lacking resistance Smooth, close , uniform, velvety R ich greasy 
6 20 137 27 8 15 Very weak Smooth, uniform , velvety Rich creamy 

Color 

1 .. ight cream 
Rich cream 
Cream 
Light cream 

TABLE 5 .-THE EFFECT OF DIFFERENT TYPES ~F WHIPPERS ON THE WHIPPING PROPERTIES OF A TWENTY-FIVE PER CENT CREAM AND THE 

RESULTANT Vi' HIPPED CREAM 

Time to Cu. centimeters drained from 
Whip Over- Pene- 30 gms. 

Type of --- --- run tration 
Whipper Min. Sec. Per Cent MM. I h r. a t 68'.F. H hrs. at 42'F. Body Texture Flavor Color ----------

Air 2 16 181 23 5 13 Desirable, Resistant ivt:cdi um close Rich, sweet, 

Egg Beater 4 49 109 23 6 13 J,ess desirable, med. Very uniform 
creamy 

Greasy, 
T.ight c re am 

sub- Rich cream 
resistant merges 

sweet ness 
Kitchen Aid 16 IO 88 38 IO 14 Less desirable, lacks Uniform Greasy, sub- Cream 

resistance merges 
sweetn ess 

Turbine 7 27 93 H 13 18 Less desirable, v ery U niform S weet, rich Light cream 
weak huttcrfot 
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The air whip produced the most desirable whipped cream 
·when a cream containing 25 per cent of butterfat and 6 per cent 
of dry skim milk was used. 

The turbine whipper used by several other investigators was 
not satisfactory and proved less d'esirable than either the egg 
heater or air whipper. 

The colors of the whipped creams \Vere quite similar except 
when using the egg beater whipper which gave a more intense 
butterfat color. The partial churning of butterfat causes an in
t ensification of the color of whipped cream. 

The Effect of Variable Increments of Dry Skim Milk On The 
Chemical and Physical Properties of a Thirty-Two Per 

Cent Cream And The Resultant Whipped Cream 

Tbe dry1 skim milk was varied from 0 to 12 per cent in incre
ments of 2 per cent. The cream used w·as 32 per cent butterfat. 
This phase of the investigation was divided into two parts on the 
basis of the type of wh ippers used, i. e., the air whip and1 the 
egg whipper. 

1. Variable increinr11ts of dry sNm milli using the a.ir whip.- · 
The dry skim milk \Vas added to the freshi pasteurized! 32 per cent 
cream in the form of a cold paste at 42 degrees Fahrenheit (5.55 
degrees Cent igrade) and aged for 24 hours. Determinations for 
acidity, surface tension and viscosity ·were made at the expiration 
of the aging period. The overrun was' calculated from the weight 
of the cream before and subsequent to whipping. The drainage 
\\'as obtained by allowing· the material from a 30 gram sample' of 
the whipped cream to drain int'J a graduated cylinder. The weigh
ed samples ·were .placed in gbss funnels in the neck of which was 
placed a small portion of steel wool. The body rigidity was de
termined by the penetration of a plunger having a displacement 
area of 1.55 square inches, and weighing 67.74 grams, when placed 
on the surface of a container filled with the whipped cream. 

Table G shows the effect of the variable increments of the dry 
skim milk on the chemical and physical properties of the 32 per 
cent cream and the resultant whipped cream when the air wh1p 
was used. Graphs .A, B and C respectively of Figure 12 show the 
influence of variabl.e increments of the dry skim milk on the viscos
ity a:nd acidity of the cream and the influence on the overrun of 
the whipped cream. 



TABLE 6.-THE EFFECT OF VARIABLE INCRE MENTS OF D RY S KIM M I LK ON THE PHYSICAL AN D CHEMICAL PROPERTIES OF A 

THIRTY-Two PER C ENT C REA M AND TH E RESULTA NT WHIPP E D CREAM WHEN THE AIR WHIPPER Is U sED 

I Pene-

Cu. centimeters 
drained from 

Dr y Time to 30 gms . 
Sk im Surface Wh ip --------
Mi lk Te nsion ----- - t ration I hr. 24 hrs. 

Per Cent Dy nes Mi n. Sec. MM. at 68'F . at 42°F. Rody Texture Color F lavor - - --------- ------ - --- -
0 51. 98 1 50 29 7 12 Medium resistant La rge cells, fl uffy Light cream, du ll Rich, creamy 
2 51. 27 2 5 34 10 12. 5 Medium res istant Medium cells, fluffy Light ere am, g)ossy Rich, sweet, creamy 
4 49. 85 I 50 19 4 11 Desirahl<>, resistant Small ce1l s, uniform, vel· 

vety Very glossy Rich, sweet ere a my 
6 50.56 I 36 10 3 9 Very desirable, rcs istnnt Small cell s , u ni form, close, 

51. 27 
velvety Very b right gloss Very rich, sweet, cream y 

8 I 47 32 9 15 Medium resistant Uni lorm, close, velvety Very bright gloss Very rich, sweet , creamy 
10 49.85 2 19 36 4 14 Medium resis tant Velvety, some large cells Cream, very glossy Very swe et, coats mouth 
12 50 . 56 I 5 1 43 7 17 Lacks r~s i stancc, soggy Velvety, large cell s Cream, very g1ossy Ve ry sweet. coats month 
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Figure 12.~Thc Influence of Variable Incre~nent s of 
Dry Skim 1Iilk on the Acidity, Viscosity and Overrun When 
Using the Air Whip. 

19 

A very desirable whipped cream was produced fro m bat ches 
containing 6 per cent or less of d ry skim milk. The a:dd it ion of 
increments of the dry skim milk exceeding 8 per cent resulted 
in a whipped cream that \Vas less desirable than the cont rol batch . 
The viscosity and acid ity were increased with each additional in
crement of dry skim milk while the overrun was consistently re
duced . T he texture, body and drainage properties were improved 
by the addition of the dry skim mi lk ;.1p to 6 per cent. Figures 13 
to 16, inclusive, are typical of cell st ructure and text ure of the re
spective whipped creams ·when the air whip was used. 
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Fig. 13.-Contro1·32 Per Cent Whipped 
· Cream Using Air Whip. 

Fig. 15.-32 Per Cent Whipped Cream 
Containing 6 Per Cent of Dry Skim Milk. 

Fig. 14.-32 Per Cent Whipped Cream 
Containing 4 Per Cent of Dry Skim Milk. 

Fig. 16.-32 Per Cent Whipped Cream 
Containing 12 Per Cem of Dry Skim Milk. 
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Fig. 17.-Control-32 Per Cent Whipped 
Cream U>ing Egg Beater Whipper. 

Fig. 19.- 32 Per Cent Whipped Cream 
Containing 6 Per Cent of D ry Skim Milk. 

Fig-. 18.-32 Per Cent Whipped Cream 
Containing 4 Per Cent of Dryl Skim Milk. 

Fig. 20.-32 Per Cent Whipped Cream 
Containing 12 Per Cent of Dry Skim Milk. 



TABLE 7 .-THE E FFECT OF V ARIABLE I NCREMENTS OF DRY SKIM l\11LK ON THE PHYSICAL AND CHEMICAL PROPERTIES OF A 
THIRTY-Two PER CENT CREAM AND THE RESULTANT WHIPPED CREAM WHEN THE EGG BEATER WHIPPER Is USED 

I Cu. centimeters 
drained from 

Dry Time to 30 gms . 
Skim Surface Whip Pene· --------
Mi lk Tension ------ tration l hr. 24 hrs. 

Per Cent Dynes Min . Sec. MM. at 68°F. at 42"F. Body Texture Fl avor Color ------------ - -- - -- - - - -
0 50 . 56 2 13 35 4 .5 15 Medium res istant Close, smooth Greasy, creamy. rich Light cream 2 49.85 2 13 H 3 8 Medium resistant Close, smooth , uniform Greasy, creamy, rich Light cream 
4 47. 72 2 3l 17 3 12 Desirable, resistant Close, velve ty Rich, slightl y sweet Rich cream, glossy 
6 48 .43 2 39 7 5 10 Desirable, resistant 1Vcry close, velvety R ich, sweet, fat submerge:I Rich cream, glossy 8 47.00 2 53 48 3 II Medium resistant JVery close, ve lvety Sweet richness, good Rich crea·m, very glossy IO 48.43 3 8 30 3 IO Heavy, lacks resis tant F cw large cells, veh-ety Rich, v e ry sweet! coats 

I mouth Creamy, very glossy 12 +9.85 3 38 49 5 8 Heavy, soggy, weak !Few large ce ll s, ve lvety Very sweet coats mouth Creamy, very glossy 
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Figure 21.-The Influence of Variable Increments of Dry 
Skim Milk on the Acidity, Viscosity and Overrun When Using 
the Egg Beater Whipper. 

2. Variable increments of drv s!~im milk 11si11g tlze egg beater 
7.c•hipper.--The cream used in this part of the experiment and the pro
cedure practiced was identical with that outlined in Part 1. Th:e 
only variation was in the type of whipper. 

Graphs A, B and C of Figure 21 show the effect of variable in
crements of dry skim milk on the viscosity and acidity of the 
cream and the overrun of the resultant whipped cream. 

The data, Table 7, show that the results were very similar to 
those obtained with the air whip . The whipping time, vis
cosity and acidity were uniformly increased with each additional 
increment of the dry skim milk while the overrun \Vas consistently 
decreased. The body and the drainage of the ·whipped cream were 
improved with each additional increment of the dry skim milk to 
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G per cent inclusive. The texture of the whipped cream was im
proved with 8 per cent or Jess of the dry ski m milk. Figures 17 to 
;!O inclusiYe, show typical structure and air cells of the creams 
'1..vhipped with the egg beater whipper. When 4 per cent or more 
of d'ry skim milk was added, the whipped cream acquired a glossy 
appearance. The fla\·or of the whipped cream was improved by 
the addition of increments of the dry skim milk up to 6 per cent as 
the lactose and protein added submerged the greasy fat taste that 
is cha·racteristic of cream whipped with this type of whipper. 

The data shovv that 6 per cent of the dry skim milk can profit
ab ly be added· to cream to be whinped with this type of whipper. 
Its presence in cream will improve the texture, body, color and 
flavor and markedly reduce the amount of material drained from 
the whipped cream. 

The Effect of Variable Increments of Dry Skim Milk On The 
Chemical ·and Physical Properties of a Twenty-Five Per 

Cent Cream And The Resultant Whipped Cream. 

Preliminary experim en ta ti on consisted1 of decreasing the but
terfat content and increasing the solids-not-fat content by the ad
dition of variable increments of dry skim milk. This pa-rt of the 
investigation was conducted on cream containing 25 per cent but
terfat .and the dry skim milk was increased in increments of 2 per 
cent from 2 to 12 per cent inclusive. It was found that a. whip
ped cream could be produced from cream containing as little as 
25 per cent of butterfat, with at least one of the whippers. 

1. Variable increments of dr'y skim milk added to a 25 per cent 
cream using the air 'Whip.-The data, Table 8, show that a whipped 
cream considered to be quite satisfactory could be produced from 
a cream containing 25 per cent of butterfat and 4 to 6 per cent of 
dry skim milk. Either greater or less amount s of dry skim mil:::: 
than 4 to 6 per cent were less effective in producing a satisfactory 
wh=pped cream. 

Figures 22 to· 25 inclusive, are typical of the texture and cel
lular structure of the whipped creams containing- ~~5 per cent of 
butterfat and variable increments of dry skim milk. 

2. Variable incremi?nts of dry ski111 milk added to a 25 pe1~ cent 
cream using the egg beater whipper.-Table 9 shows that there was 
an increase in the acidity, viscosity and time requiren to whip e:ich 
additional increment of dry skim milk while the ~!feet upon the 



TABLE S .-THE EFFECT OF VARIABLE INCREMENTS OF DRY SKIM MILK ON THE PHYSICAL AND CHEMICAL PROPERTIES OF A 

TwENTY-FIVE PER CENT CREAM AND THE RESULTANT ~'HIPPED CREAM WHEN THE AIR WHIPPER Is UsED 

Cu. centimeters 
Dry drained from 

Skim Viscos- Time to Over- 30 gms. 
Milk Acid ity Surface Whip run Pene- ----·----
Per Per Centi- Tension ------ Per tra tion 1 hr. I 24 hrs. 
~~~~~~~~~~,at42°F. Body Texture Flavor Color 

0 .13 14.75 49 .85 I 37 312 46 16 20 Veryweak Coarse,veryfluffy Lackedtypical 
richness Light cream 

2 . 15 18.10 47.00 I 45 275 41 14 21 Weak Fluffy, medium Lacked typical Light cream 

I coarse richness 
4 .18 19.JO 48.40 2 53 187 39 10 15 Weak Close, uniform, S1Veet, lacked Glossy, li ght cream 

6 

8 

10 

12 

Dry 
Skim 
Milk 
Per 

Cent 
---

0 

2 

4 

6 

8 

10 

12 

.23 

. 24 

.27 

. 31 

26.10 

JO . 70 

38.10 

39.80 

48 . 43 

49.85 

48 .85 

50.56 

42 

5 

51 

6 

236 

195 

181 

194 

24 

22 

H 

H 

19 

17 

22 

25 

22 

22 

28 

25 

f\1edium resistant 

Weak, soggy 

Weak, soggy 

Very soggy 

velvety typical rich ness 
Close, uniform, Sweet, rich, Very glossy 

velvety desirabl e 
Close, uniform, Sweet, rich , Very glossy 

velvety desirable 
Some large cells Very sweet, coats 

Very coarse, 
irregular 

mouth 
Very sweet, coats 

mouth 

Light, very glossy 

Light, very glossy 

TABLE 9.-THE EFFECT OF VARIABLE INCREMENTS OF DRY SKIM MILK ON THE PHYSICAL AND CHEMICAL PROPERTIES OF A 

TwENTY-FIVE PER CENT CREAM AND THE RESULTANT \ ¥HIPPED CREAM WHEN THE Ecc BEATER Is UsED 

Cu. centimeters 
drained from 

Vis cos- T ime to Over- 30 gms. 
Acid ity Surface Whip run Pene- ---- ----
Per Ce nti- Tension --- --- 'Per tration 1 hr. 24 hrs . 

Cent poises Dynes Min. Sec. Cent MM. at 68°F. at 42°F Body Texture Flavor Color ----------- - -- ------ - ----------
.1 J 14. 75 49.85 3 5 106 49 16 20 Weak ~fedium , close, Greasy, lacks Light cream 

uniform richness 
.15 18.10 47 .00 3 36 106 49 14 21 Weak Med ium , close, Greasy, lacks Light cream 

uniform richness 
.1 8 19.JO 48.40 3 39 100 49 10 15 Weak Nlediurn close, Sweet, subme rges Light cream 

uniform fat taste 
. 23 26.10 48.43 3 11 89 49 19 22 Weak Velvety, close, Sweet, submerges Glossy, light cream 

uniform fat taste 
. 24 30.70 49.85 3 5 98 49 17 22 Very weak Velvety, close, Very sweet, lacks Very glossy 

uniform fat taste 
. 27 38.10 49.85 4 27 100 49 22 28 Very weak Coarse, large cell s Coats mouth, very Very glossv 

sweet 
. 31 39.80 50.56 4 28 82 49 25 25 Very weak Coarse, large cells Coats mouth, Very glossy 

Very sweet 
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Fig. 22.-Control 25 Per Cent Cream 
Using Air Whip. 
Fig. 24.-25 Per Cent Whipped Crean1 

Containing 6 Per Cent of Dry Skim Milk. 

Fig. 23.-25 Per Cent Whipped Cream 
Containing 2 Per Cent of Dry Skim Milk. 

Fig. 25 .-25 Per Cent Whipped Cream 
Containing 10 Per Cent of Dry Skim Milk. 
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rigidity and surface tension was insignificant. Increasing the 
amount of dry skim milk decreased the overrun uniformly. 

The body of all of the whipped creams wa:s weak and lacked 
resistance while the texture varied from medium to very coarse 
as indicated Ly the drainllge. 

The Clumping Or Grouping Of Butterfat Globules Or Their 

Aggregates On The Surface Of Air Cells In Whipped Creams 

Prepared With Different Whippers And Containing 

Variable Increments of Butterfat and Dry Skim Milk 

This experiment was divided into two parts, the division being 
made on the basis of different types of whippers used. All cream 
used for comparison had been aged and' treated in the 'usual 
manner. Microscopic photographs were taken of each sa:mple 
immediately after whipping. The overrun and whipping• time for 
.each sample was that normally acquired as determined in previous 
phases of the inve5tigation. 

I. Egg B eaier Whipper.-Batches of cream containing the fol
lowing butterfat and dry skim milk contents were used: 

N orma·l 32 per cent cream. 

Thirty-two per ·cent cream containing 12 per cent of dry skim 
milk. 

Normal 25 per cent cream. 

Twenty-five per cent cream containing 12 per cent of dry skim 
milk. 

Figures 26 to 29 inclusive, show the clumping of butterfat 
on the air cells of the whipped creams prepared by this type of 
whipper from the various batches of cream. The micro-photo
graphs are of portions of air cells at a magnification of X300. 

The large clumps of fat in the different photographs indicate 
that cream whipped by this whipper is partially churned. Fat 
dumps as large as these are expla:nations for the pronounced and 
greasy butterfat taste and more intense color previously noticed. 

There were no apparent variations in clumping that could be 
directly associated with the 12 per cent of added1 dry skim milk. 
The slight increases of clumping that a:re apparent in the batches 
that contain the dry skim milk can, no doubt, be attributed to the 
increased whipping time for these samples. This is, of course, 
indirectly due to the added dry skim milk. 



28 MISSOURI AGRICULTURAL EXPERIMENT' STATION 

Fig. 26.-Control-25 Per Cent \Vhipped Fig. 27.--25 Per Cent \Vhipped Cream 
Cream. Containing 12 Per Cent of Dry Skim Milk. 

Fig. 28.-Contrnl-32 Per Cent \Vhipped Fig. 29.-32 Per Cent \i\Thipped Cream 
Cream. Containing 12 Per Cent of Dry Skim Milk. 

The Clumping of Butterfat on the Surface of Air Cells as Influenced by Dif
ferent Increments of Butterfat and Dry Skim Milk When Using the Egg 
Beater Whipper. X300. 

2. Air TVhip.--Batches of cream identical with those in Part 
1 \Vere used. The magnification of all the micro-photographs W<l'S 

X300 except Figure 34 which was magaified at X1800. 
Figures 30 to 33 inclusive, show typical distribution · of the 

butterfat globules on the face of air cells from the various batches 
of cream as produced by this particular type of whipper. 

All globules in the 32 per cent creani were very evenly dis
tributed over the surface of the air cells with very little clumping 
or grouping. In the insta!1ce of the ~w· p'er cent cream the slight 
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clumping can be explained by the more vigorous agitation that was 
required to produce a whipped cream of desirable body and tex
ture. There was no visible evidence of variations in butterfat dis
tribution clue to the added dry skim milk in either the 32 or 25 per 
cent creams. 

mg. JO.-Control-25 Per Cent Whipped Fig. 31.-25 Per Cent Whipped Cream 
Cream. Containing 12 Per Cent of Dry Skim l\filk. 

Fig. 32.-Control-32 Per Cent \Vhipped Fig. 33.-32 Per Cent Whipped Cream 
Cream. Containing 12 Per Cent of Dry Skim :Hilk. 

The Distribution of Butterfat Globules on the Surface of Air Cells as 
Influenced by Different Increments of Butterfat and Dry Skim Milk When · 
Using the Air Whipper. X300. 

The theory that butterfat globules and their aggregates form 
a network that lends stability to a ·whipped cream, as advanced 
by Dahlberg and Henning (1925), may apply to the whipped cream 
prepared with the egg heater whipper, howeve·r, it does not apply 
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to cream whipped with the air whip. The creams whipped by the 

applicatiou of the air whip have a very small per cent of visible 

globules that touch each other or that tend to form a network. 

This is clearly iliustrated in Figures 30 to 33, inclusive. 

It was shoyrn earlier in the investigation that a more desirable 

whipped cream '"'as produced by this type of \vhipper than was 

produced with the egg beater whipper. The entirely different 

distribution of fat on the air cells, the difference in f1avor and color 

and the differences in overrun indicate that the whipping of cream 

\•1: ith these two wihippers are entirely different processes. 

The air whip apparently produces a whipped cream in which 

the butterfat globules and the colloidal particles are sufficiently 

uniform in distribution over the air cell surfaces to result in a very 

stable structure. The fact that the specific gravity of the butterfat 

is less than that of the serous membrane forming' the cell surface 

2.nd at the same time offers resistance· to the surface tension that 

is responsible for the breaking of the air cells, would' indicate 

that the greater the fat distribution over the air cell surface, the 

n10re resistant the structure would be. · 

The Effect of Five Per Cent of Sugar On the Chemical And 

Physical Properties Of Batches of Cream Containing 

Variable Increments of Butterfat and Dry Skim Milk 

This experiment was divided into two parts on the basis of 

the type of whipper used. 

Five pt>r cent of suga:r was added to the following batches of 

cream before the aging period: 

Thirty-two per cent cream. 

Thirty-two per cent cream containing 6 per cent of d-ry skim 

milk. 

Twenty-five per cent cream. 

Twenty-five per cent cream containing 6 per cent of dry skim 

milk. 

1. Air Whip .-The above mentioned batches of cream were 

aged normally after the addition of the sugar and dry skim milk 

and then whipped. The creams, to which the sugar had been 

added, were compared with the control batches of the cream 

corresponding to them on the basis of butterfat and dry skim 

milk, Tables 10 and 11. 
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<"TAULE 10.-'PHE EFFECT o,S. SuaAR ON T1i'E PHYSICAL A1'o CHEMICAL -¥ROPER TIES oi- A THIRTY-T\~ PER CE,.-T ~REAM A No T~ 

RESULT ANT WHIPPED CREAM WHEN THE Arn WHIPPER Is UsEo 

Cu. cen timeters 
drained from 

Vis cos- Time to Over- 30 gms. 
Acid ity Su rface Whip run Pene- --------
Per Centi- Tension --- --- Per tration I hr. 24 hrs. 

Batch Cent poises Dynes Min. Sec. Cent MM. at 68°F. a t 48°F. Body Texture Flavo r Color 

-------------------- - -------- -
Con-
trol .14 23 .90 50.56 I 50 358 29 1 12 11ediuro resistant Large, cells, fluffy Rich, ·creamy Light cream, dull 

-----------------------------
Con-
trol 
Plus Medium close, 

S~veet , rich, creamy 
Sugar .14 26. 12 49. 13 I 37 234 9 2 9 Resistant, smooth some large cell s Glossy light cream 

-- ------- - ---- ---------------- - ---------------------- --
Con-
trnl 
Plus 
5% Uniform, very close, Ver_., rich, sweet, Light cream, vt>ry 

D.S.M . . 26 56 . 10 48.43 I 36 225 10 3 9 Resistant, smooth velvety creamy glossy 

------ -------------- - --------- --------- - --------
Con-
trol 
Plus 
5ugar 

Very resistant, Very uniform, Very rich, R;ch cream, very 
5% 
D.S.M. .25 52 . 30 47 .00 1 47 9 4 2 8 smooth velvetv close sweet, creamy bright ~lossy 

TABLE 11.-THE EFFECT OF SuaAR ON THE PHYSICAL AND CHEMICA L PROPERTIES OF A TWENTY-FIVE PER CENT CREAM AND THE 

RESULTANT WHIPPED CREAM WHEN THE AIR WHIPPER Is U SED 

Cu. centimeters 
drained from 

Vis cos- Time to Over- 30 gms . 
Acid ity Surface Whip run Pene- --------
Per Centi- Tension ------ Per tration I hr. 24 hrs. 

Batch Cent poises Dynes M in. Sec. Cent MM. at 68°F. at 48"F. Body Texture Flavor Color 

----------------- - ------------
Con- Very weak, lacks Clean lacked 

trol .16 12. 50 4~.40 I 37 312 46 16 20 resista !lee Coa.,e, very fluffy richness Light cream 

------------------------------
Coo-
tro) 
Plus Very weak, lacks fluffy, coarse, Sweet, lacked 

Sugar . 15 15 .90 47.70 I 4() 275 48 9 14 resistance irregular cells richness GlnSS\' , LiQht croo m 

-------------------- ------ ----
C<'n-
trol 
Plus 
6% Velvety, Sweet, lacks fa t Liqht cream. 
D.S.M. .28 28.40 4Y.13 1 42 236 24 11 22 Mei.: iu m resistant uniform close ri chness ,-en· :-lossy 

------ - ------- --------- -------------------- ---------
Con-
twl 
Plus 
Su~ar 
Plus 
6% Medium resistant Vrlve t y, uniform Very swe'! t, lacks !Light cream, 
D.S.M. . 26 29 . 53 48.40 1 44 212 19 6 12 Sli ghtly soggy close fat richness \·c ry gk•ss~· 
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Figure 34.-The distribution of butterfat on the surface of 
an air cell. Magnification Xl800. 

The sugar had little influence on the chemical and physical 
properties of the whipped cream other than the overrun which \Yas 
reduced. The greatest reduction in overrun as a direct result of 
the added sugar occurred in the normal cream. The drainage 
properties, the body and the texture of the respective whipped 
creams were improved by the additio11 of the sugar regardless of 
their butterfat or solids-not-fat content. 

The most desirable whipped cream was produced from the 
batch of cream containing 32 per cent of butterfat and G per cent 
of dry skim milk. 

The batch of cream containing 25 per cent of butterfat, G per 
cent of dry skim milk and five per cent of sugar produced a very 
satisfactory '''hipped cream. The principal differences bet\Yeen 



TABLE 12.-THE E•·FECT OF SuGAR ON THE PHYSICAL AND CHEMICAL PROPERTIES OF A THIRTY-Two PER CENT CREAM AND THE 
RESULTANT WHIPPED CREAM WHEN THE Eco BEATER WHIPPER Is UsED 

Viscos-1 

Cu. centime te rs 
drained from 

Time to Ove r- 30 gms. 
Acid it y Surface Whip run Pcne- --------Per Ce nti- Tension ------ Per tration 1 hr. 24 hrs. Batch Cent poises Dynes Min. Sec. Cent MM. at 68°F. at 42°F. Body Texture F lavor Color ----------------------------Control_ ________ __ ___ __ .a 23 .90 50.56 1 13 140 35 4 .5 15 Medium \lcqr smooth, Rich cream, Rich cream 

resis tant close greasy ----------- - -------- ----Cont rol P lus Sugar ______ . 15 27. 26 47.00 3 39 I46 8 4 10 D es irable Close, velvety Rich, sweet Gloss y, rich 
resistant cream ------------------------2ontrol Plu s 6% D.S.M. . 26 56.80 48.43 2 39 I35 7 5 IO Ver y desi rabl e Very close, Sweet, rich, fat Glossy, rich 

_velvety sub merged cream --- - -----------------------
::ontrol P lus Sugar P lu s 6% D.S.M. ____ _____ _ . 25 46.67 47. 70 4 10 IH 3 2 

Very desirable, Velvety, ve ry Very rich Very glossy, 12 heavy smoo th sweet rich 

TABLE 13.- THE EFFECT OF SUGAR ON THE PHYSICAL AND CH EMI CAL PROPERTIES OF A TWENTY-FIVE PER CENT CREAM AND THE 
R ESU LTANT ';\,'HIPPED CREAM WHEN THE Eco BEATER WHIPPER Is UsED 

Acid ity Surface W hip run 
Viscos- 1 I Time to I Over-

Per Centi- Tension - ----- Per 
Ba ;ch I Cent I po ises Dyne< lliin . I Sec. Cent 

Cu. centimeters 
drained from 

30 gms. 
Pene- 1-----

t ration I hr. H hrs. 
MM. at 68°F. J at 42°F. Body Texture F!avor Color , ___ , ____ , ____ , ___ , ___ , ___ , ___ , ____ , ____ , _______ , _______ , _______ \-----Control_ ________ ____ ___ ! . 13 I4. 75 49.85 106 49 16 20 \.Vea k !\1edi um close !Greas}', lacks !Cream 

r~ch ness 
c;,:~r-;,lrhi;-5ugar~ l--:J5J!u?T-:i5:9ol--4-1471Js6IU-J--U-l--1-2--1Medium to !Medium close, !sweet, sl ight JGiossy _ __ _ 

1.::tckrng smooth greasy 
res istance 

I 2 

·-----1--1---1---1-- 1--1--1--1---1----1-----1 I 11--- -11 89 49 I9 Control Plus 6% D.S.M. I .23 26. JO 48 .-n 22 Wcak_·----IClose, velvety [Sweet, greasi- !Glossy cream 
ncss s uh merged 

Medium Very close, 1very glossy resistant velvety Rich sweet cream 

______ , ___ , ____ , ____ , ___ , ___ , ___ , ___ , ____ , ___ _ 
Co ntrol Plu s Sugar Plus 6% nsM. __ _______ _ I . 25 13 128 II 31. 80 48 . +3 IO 
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the latter whipped cream and that containing 32 per cent of butter
fat were in the drain~ge properties and flavor. 

2. Egg Beater Whipper.-The addition of five per cent of sugar 
to cream containing either 32 or 25 per cent of butterfat did not 
affect the overrun but ahvays increased the time required to whip. 

The body of the whipped cream was improved and the amount 
of material that ·drained from the whipped crea~ was decreased 
regardless of the butterfat content of the whipped cream. The 
most marked improvement occurred, however, in the presence of 
the (j per cent of added dry skim milk, five per cent of sugar and 
25 per cent cream. 

A fairly desirable whippc<l cream could be produced from a 
25 per cent cream, with this type of whipper, if 6 per cent of dry 
skim milk and five per cent of sugar were added before the aging 
period, Tables 12 and 13. 
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SUMMARY AND CONCLUSIONS 
1. The addition of dry skim milk to cream used for whip

ping purposes and subsequently aged is shown to. (1) Increase the 
viscosity of the cream markedly, the greatest increase occurring 
during the first 12 hours of aging; (2) Increa·se the acidity, the 
greatest increase being effected immediately upon its addition; 
(3) Have little influence on the surface tension of cream. 

2. Dry skim milk may be easily added to a cream for whip
ping purposes in the form of a cold paste. 

3. The addition of dry skim milk to fluid skim milk increases 
its foaming a:bility and viscosity and slightly reduces the surface 
tension. 

4. The a:ir whip was found to be the most satisfactory type 
of whipper, being superior over the egg beater type of ,,..·hipper be
cause it (1) Gave a more uniformly whipped cream; (2) Produced 
a larger and more uniform overrun; (3) Required less time to 
whip; (4) Imparted a superior flavor. 

i.i. The addition of 6 per cent of dry skim milk impro\'ecl 
cream for whipping purposes a:nd the resultant whipped cream re
gardless of the type of whipper used. The improve.ment was espe
cially noticeable by: (1) Imparting ct more desirable flavor; (2) 
Giving a closer, more uniform and smoother texture; (3) Increas
ing the resistance of thie body and reducing the material that drain
ed from the finished cream; (4) Imparting a more glossy desirable 
appearance; (5) Promoting a whip in some creams that would 
otherwise be undesirable for whipping purposes. 

6. A desirable whipped cream was produced with the air. 
whip if 4 to 6 per cent of dry skim milk was added to a 25 per 
cent cream and the normal aging procedure followed. Other whip
pers failed to produce a desirable body in whipped cream when 
this butterfat content was used. 

7. The intensity of the color, flav!)r and fat clumping is large
ly clue to the type of whipper used. The whipper producing the 
greatest agitation during the whipping· process intensifies these 
properties. 

8. The more pronounced the clumping, the more greasy ancl 
less desirable the flavor in the finished whipped cream. 

9. Sugar added to cream before aging improves the fla:vor of 
the finished whipped cream, reduces the overrun, improves the 
body and the amount of material drained from the whipped cream 
is decreased. 
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10. This investigation also showed that (1) Pasteurized 
cream is satisfactory for whipping purposes; (2) Aging ot cream for 
24 hours is sufficient to insure proper whipping, if the butterfat 
conten t is sufficiently high; (3) A 32 per cent cream proved uni
fo rmly satisfactory for whipping; (4) A whipping and aging t em
perature of 42 degrees Fahrenheit is very satisfactory. 
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