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INTRODUCTION

The search for a food constituent which has the ability

to retard staling in baked products has received much emphasis

during recent years. For some time, commercial bakers have

been interested in securing a method to prevent bread staling.

Institutional food services are_faced with a similar problem.

The discovery of such a food constituent would be a great aid

to the housewife as well.

The annual economic loss from staled baked products is

tremendous. A food constituent which has the ability to

enhance the keeping qualities of baked products would be a

great aid in their distribution. In addition, the consumer

needs assurance of a palatable baked product for several days

after the date of purchase or preparation.

Stamberg and Bailey (1959) suggested edible ingredients

which might retard the rate of staling of baked products.

Among these ingredients are eggs, milk, and flour. The action

of proteins from milk, eggs, and flour in retarding the stal-

ing process may be the result of their water-binding capacity

when contrasted with that of starch.

Dry milk solids are a convenient form of milk to use in

baked products. Retarded staling in cakes with the use of

dry milk solids has been suggested by Stamberg et al (1940)

and Stamberg and Bailey (1940). However, Bailey (1952) stated
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that dry milk solids did not delay the staling rate.

Most of the literature discusses the effects of dry milk

solids on enhancing the keeping quality of bread. The general

principles which pertain to staling of bread may also be

applied to cake. The staling of cake proceeds rather rapidly

but at a somewhat slower rate than in bread.

As the literature suggests that dry milk solids may or

may not have an effect on the keeping quality of cake, it was

considered desirable to undertake a study to investigate whether

the use of whole and defatted dry milk solids enhance the keep-

ing qualities of plain cake. For this study, dry milk solids

at different concentrations were used; equivalent to fluid milk

and at 8, 14, and 20 per cent concentrations calculated on the

flour basis. Dry milk solids prepared by the spray and by the

atmospheric drum processes were compared for desirability.



REVIEW OF LITERATURE

Dry milk solids

Definition

Whole: Definitions and standards for dried whole milk

solids were issued by the Food and Drug.Administration in

November, 1936.

IDried milk is the product resulting from the removal

of water from milk.. It contains not less than 26

per cent of milk fat and not more than 5 per cent

of moisture.“ ,

Defatted: The Federal Food, Drug and Cosmetic Act of

March 2, 1944 has defined defatted milk solids as follows:

“That for the purposes of the F deral, Drug and

Cosmetic Act of June 26, 1958 ct. 675, sec. 162

Sta. 1040), non-fat dry milk solids or defatted

milk solids is the product resulting from the

removal of fat and water from milk, and contains

the lactose, milk proteins, and milk minerals in

the same relative preportions as in the fresh

milk from which made. It contains not over 5 per

centum by weight of moisture. The fat content is

not over 1-1/2 per centum by weight unless other-

wise specified. The term milk when used herein,

means sweet milk of cows.”

Methods of manufacture

Dry milks consumed in the United States are manufactured

by three principal processes: spray, atmospheric roller or

drum, and vacuum drum. In all processes, the milk is pas-

'teurized before or during the drying procedure. A brief

Iheat treatment reduces fresh fluid milk to a dry form. The

method of heat treatment in the drying process may have an

effect upon its quality for baking uses. In most drying pro-

cedures, the milk is partially concentrated to increase the
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drying speed. The amount of concentration varies with the,

method but it may be as great as 40 per cent of the solids.

According to Holm (1949), skim milk is usually pre-heated to

185 degrees Fahrenheit since the milk treated in this manner

has better baking qualities than skim milk which has received

only a pasteurization treatment. Whole milk is heated to 170 or

180 degrees Fahrenheit for 50 minutes to destroy lipases.

Spggy} According to Lampert (1947), the fluid milk is

sprayed by centrifugal force or by pressure into a chamber

where a current of heated air is directed. The fluid milk

dries quickly to a powder. Force of gravity or cyclonic mo-

tion removes the milk powder from the air.

Atmospheric roller gg,d§gmt Holm (1949) explained that

revolving metal rollers or drums are coated with a thin film

of milk which dries by steam heat as the rollers or drums

revolve. A steel blade, which is placed parallel to the sur-

face of the roller or drum, removes the film of dry milk in

one complete revolution. The milk product is then reduced to

a powder by a grinding device.

Vacuum gggm g; roller: The drums or rollers are enclosed

in a chamber which is maintained under a partial vacuum during

the drying process.

Characteristics

Greenbank et a1 (1927) have shown that drying brings about

a change in the degree of hydration and dispersion of proteins



- 5 -

in milk products. Dry milk powders manufactured by the spray

and vacuum drum processes are 99 per cent soluble and retain

many of the properties of fluid milk as reported by Eckles et

a1 (1956). Drum dry milk solids prepared by the atmospheric

drum process dissolve in water slowly. According to Holm

(1949), the high temperature necessary for drying the film

causes denaturation of protein constituents, casein and lact—

albumin, which makes them "insoluble.'I A few seconds contact

with the hot drum or roller renders calcium caseinate and

albumin incapable of redispersion in water. Davies (1939) stat-

ed that the degree of denaturation of the proteins of milk

depends upon the time and temperature of heating.

Holm (1949) indicated that dry milks manufactured by the

spray and vacuum drum processes are hygrosCOpic, while the

powders produced by atmospheric drum process are partially non-

hygroscOpic.

Ilsaiaaakme.

Stamberg and Bailey (1938) observed the use of dry milk

solids in loaf and layer cakes. Their tests showed that satis-

factory cakes were prepared with good grades of either roller

or spray process dry milk solids. If roller milk solids were

incorporated in the cake batter, the viscosity of the batter

increased, especially when high concentrations of milk solids

were used. In the latter case, a change in the formula with an
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increase of liquid in prOportion to dry ingredients for the

roller powders gave satisfactory results. Spray process dry

milk solids produce very good cakes. Bohn (1955) studied the

use of three types of defatted milk powders in cake baking tests.

The roller process dry milk powder in the cake batter had a

greater emulsifying effect than either the spray or vacuum

process powders.

Amount ig cakes

Dry milk solids at varying concentrations calculated on

the flour basis have been used in the preparation of cakes. The

results of Stamberg and Bailey (1959) showed that cakes con-

taining 15 percent defatted milk solids retarded staling but

50 per cent defatted milk solids was still more effective.

Fifteen per cent dry milk solids is considered a moderate amount

according to Stamberg and Bailey (1940). They also suggested

that better results were obtained when 10 per cent more water

was added for each 15 per cent concentration of dry milk solids.

Stamberg and Bailey (1958) cited the average percentage of milk

solids now commonly used in cakes as from 8 to 15 per cent

calculated on the flour basis. Lampert (1947) stated that dry

milk solids up to 20 per cent may be used to replace fluid milk.
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Staling

Theory

Platt (1950) discussed three types of changes which contri-

bute to the staling of bread and cake. First, a loss of volatile

constituents may occur. The volatile constituents consist of

water, carbon dioxide, alcohol and volatile fatty acids. These

constituents contribute to the aroma of a freshly baked product.

Secondly, changes due to oxidation occur. Many foods which take

up oxygen acquire a tallowy flavor. However, an off-flavor is

not noticeable except after long periods of storage. Thirdly,

inherent staling consists of changes other than losses or gains

from the surroundings that take place in the product. Inherent

staling is an approach of the crumb to an equilibrium at a new

temperature during aging.

Crust; Crust staling is more simple to interpret than

crumb staling but there is no similarity in the process of the

staling. According to Katz (1946), the crust attracts moisture

and takes up water from the surrounding atmosphere or from the

crumb. Alsberg (1955-56) noted that as the moisture was trans-

ferred from the interior to the exterior of the product, an

equilibrium between the crust and crumb was attained. Since

the crust possesses hygroscOpic preperties, Pyler (1948) be-

lieved it absorbed moisture which diffused from the interior

to the crust. Fresh crust is dry, crisp, and brittle while

the stale crust becomes soft and leathery after absorption of
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water. An increase in the moisture content of the crust caus-

es a loss and deterioration of flavor. The crust may acquire

a slightly bitter flavor during staling. The cause of such a

change in flavor of the crust is not known.

Crumb: Alsberg (1955-56), Cathcart (1940) and.Py1er (1948)

stated that staling of the crumb took place in three stages:

the crumb became tough and hard, crumbliness developed and

eventually the crumb dried out. All of these changes occur

simultaneously but at varying rates. Other detectable differ-

ences observed in the staling of the crumb were a decrease in

the water-soluble starch content and in swelling,power.

Katz (l954d) and others believed that changes in the

bread crumb through staling were due to changes in the starch

only and not to gluten. Platt (1950) stated that investigators

have focused their attention on starch because chemical changes

of starch are easier to follow than in gluten. During staling,

starch changes to another form which is shown by a different

X-ray pattern. The contour of the starch granules are sharp

and accentuated in the stale product. Gluten, which is coagu-

lated by heat during baking, produces an X-ray pattern which

does not change after several days. Numerous studies have been

carried out on the aging of starch pastes to gain knowledge of

the chemical nature of the change in starch during staling.

It is necessary to have some knowledge of the starch

properties to interpret the phenomena concerned in the staling
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of bread. Starch grains have a laminated structure, give double

refraction and are crystalline in the natural state as des-

cribed by Alsberg (1955-56). The granules consist of two sub-

stances, alpha-amylose which is very insoluble in water and

beta-amylase which is somewhat soluble in water. Fuller (1958)

suggested that alpha and beta amylose appear to be forms of

the same substance; the only difference being in the state of

aggregation of the basic starch molecule. Partial disaggrega-

tion of the starch micelles which occurs on heating alters the

preportion of alpha-amylose to beta-amylase. There would ap-

pear to be a definite equilibrium between the two forms at any

one temperature. The phenomenon of staling may be attributed

to a slow attainment of an equilibrium between the two forms

of starch; if so, staling could be affected only by a major

alteration in the equilibrium proportion of alpha to beta

amylose.

When starch granules are heated in water, gelatinization

takes place according to the amount of water present and the

temperature. Gelatinization is defined as the conversion of

starch to a gel by heating with water. Fuller (1958) eXplained

that the extent of gelatinization of starch affected to some

degree the rate of staling. Alsberg (1955-56) reported that

during the first degree gelatinization, the starch was convert-

ed from one crystalline form to another in a manner demonstrat-

ed by x-ray. The granules swell and become permeable and
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translucent. When the starch is heated to 100 degrees Centi-

grade, second degree gelatinization changes the starch from a

crystalline to an amorphous state. The granules are greatly

swelled and nearly opaque. During the baking of bread, the

glut’en is coagulated and loses most of its power to hold water.

However, the starch granules become partially gelatinized and

take up some water from their surroundings.

Alsberg (1955-56) stated that as the bread left the oven,

the moisture was distributed as follows: in the form of vapor

filling the pores of the crumb, in the gluten, as a solvent for

the salts and sugars in the crumb solution, and in the partially

gelatinized starch.

As the bread cools, the soft starch jelly sets and becomes

a still gel which contains less water than is necessary for com-

plete gelatinization. Starch gels and possibly the gluten

shrink. Katz (1954b) found that as the gel lost water and became

smaller, the starch separated from the coagulated gluten.

Crumbliness developed due to strains caused by a change in the

moisture distribution. Kuhlmann and Colossowa (1956) have re-

ported that the water-binding capacity of the bread crumb de-

creased with staling.

In the aging of a gel as starch paste, two phenomena occur:

retrogradation and syneresis. Retrogradation is defined as the

change from an amphorous to a crystalline form in second degree

gelatinized starch. Syneresis may be defined as a physical
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process whereby gel particles unite into a denser gel and par-

tial extrusion of liquid from the starch gel occurs. Alsberg

(1955-56) reported that the two phenomena did not necessarily

proceed at the same rate. He believed that retrogradation was

a slow process but staling proceeded quite rapidly. However,

Katz (1954c) believed that the primary cause of bread crumb's

staling was the retrogradation of starch gelatinized through

baking. The various starches show different degrees of retro-

gradation indicating differences in the molecular structure.

These differences have not yet been explained. According to

Katz (1954c), wheat starch which has retrograded may be reju-

venated if a loss of moisture is prevented. Alsberg (1955-56)

and Fuller (1958) reported that during retrogradation, the

water-holding capacity of the starch gel decreased. Syneresis

may occur. Many kinds of dilute gels show the phenomena of

syneresis due to a change in the starch. Fuller (1958) sug-

gested that the retrogradation of starch gels, the syneresis

which they undergo and the changes which take place in bread

on staling were all manifestations of the same phenomenon;

that is, a decrease in the hydration capacity of starch gels

with aging.

gage

According to Olsen (1951), the rate of staling for all

cakes was more rapid during the first 24 hours in their
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study. The cakes staled fairly rapidly from 24 to 48 hours but

continued at a slower rate from 48 to 96 hours.

Measurements

Compressibility: Platt (1950) recommended compressibility

as one of the best methods for determining the velocity of stal-

ing. Many of the methods described by various investigators

for measuring compressibility of a baked product are based on

the same principle; the sample of a given thickness is subjected

to a specified weight for a given period of time. The amount

of compression is measured. Usually the apparatus constructed

for measuring compressibility obeys Hooke's Law; "that the

strain produced is in proportion to the stress producing it.“

Fuller (1958) criticized compressibility methods of deter-

mining staleness because of the great variations between samples

and the fact that crumb pore structure affected the results

without being a staleness factor.

Katz (1928) showed that the greatest change in compres-

sibility occurred during the first eight hours after baking. The

consumer cannot detect staleness at this point. Platt (1940)

concluded that the most logical period for determining compressi—

bility was between 12 and 48 hours after baking.

Moisture absorption: Another method for evaluating stale-

ness of baked products is the moisture absorption test. Fresh

cake absorbs water readily, but this power decreases with

staling. Swartz (1958) showed in her eXperiments that the
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ability of the cake to absorb water decreased with an increase

in the age of the cakes. The method involved weighing a sample

and dipping it for five seconds into a dish containing a

specified volume of water at room temperature. The sample was

inverted and reweighed. The difference in the weights represent-

ed the moisture absorbing capacity of the cake.

Moisture: The rate of evaporation of moisture is a possi-

bility for measuring the rate of staling. However, Platt (1950)

has shown that differences in the rate of loss of moisture in

fresh and stale bread are very small. Loss of moisture may be

measured accurately, but it does not have much relationship to

the changes in starch. Cathcart (1940) mentioned the signifi-

cance of moisture loss in wrapped bread. If the bread had been

wrapped in moisture-proof paper, a loss of two per cent mois-

ture occurred after 72 hours of storage. Staling takes place

when the loss of moisture is prevented; therefore, measurement

of moisture in fresh and stale samples of baked products was

considered unsuitable for measuring staleness.

Subjective testing: Pyler (1948) explained that chemical

staling did not necessarily correlate with staling which was

perceptible by subjective tests. Consumers show a preference

for 12 hour old bread on the basis of flavor and texture. King

et a1 (1957) indicated that flavor tests were not sensitive

enough for evaluating early staling. In their studies, a com-

parison of 12, 24, and 48 hour old bread was used. The judges

showed a preference for 12 hour loaves on the basis of taste

and aroma.



EXPERIMENTAL PROCEDURE

Preparation of cakes

A basic forumla for plain cake was mixed by a conventional

method. Dry milk solids were substituted for fluid milk in the

formula at varying concentrations; equivalent to one cup of fluid

milk and at 8, l4, and 20 per cent concentrations calculated on

the flour basis. Spray whole and defatted as well as atmospheric

drum defatted milk solids were incorporated into the basic formula.

The cakes were baked and then cooled for three hours. Five

replications were prepared for each of the variables.

Formula

The basic formula used in the preparation of the cakes was

taken from Lowe (1945).

Ingredients Amount

Hydrogenated fat 224 gm.

Sugar ~ 600 gm.

Eggs, whole 192 gm.

Milk, fluid 490 cc.

Flour, cake 568 gm.

Baking powder (S.A.S.) 16 gm.

Salt 12 gm.

Dry milk solids were substituted for fluid milk in this formula

as recorded in Table l on page 15. The fat content of the

formula was not adjusted to the normal fat content of fluid

milk when defatted dry milk solids were added. A preliminary

investigation (Appendix, Tables 16 and 17) showed that addition

of fat to this formula for the defatted milk solids did not

improve the baked cakes.
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Table l

Substitution of dry milk solids for fluid milk

 

 

Kind of Weight of Volume

Amount of dry milk solids dry milk dry milk of

solids solids Water

gm. cc.

Equivalent to two cups of Whole 62.0 425

fluid milk Defatted 45.6 425

8 per cent (flour basis) Whole 45.4 425

Defatted 45.4 425

14 per cent (flour basis) Whole 80.0 422

Defatted 80.0 422

20 per cent (flour basis) Whole 115.6 422

Defatted 115.6 422

 

Source 9; ingredients

Fluid milk was obtained daily from the Michigan State

College Dairy. The spray whole and defatted milk solids were

purchased in one lot from the Michigan Milk Producers.Associatial,

Incorporated. Atmospheric drum defatted milk solids were obtained

in one lot from the Michigan State College Dairy. All of the

milk solids were held under refrigeration throughout this study.

Assesblias.issredienis

All of the ingredients in the formula were stored at or

allowed to attain room temperature before mixing. The ingred-

ients, with the exception of liquid and egg, were weighed on a

Torsion balance. Liquids were measured in cubic centimeters.
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The eggs were beaten 50 turns by a rotary beater prior to

weighing on a trip balance. The flour, baking powder, salt

and dry milk solids were sifted together twice. Both the dry

and liquid ingredients were divided into three portions.

Mixing ingredients

The cakes were mixed in lots; eight cakes were baked from

each lot. For the mixing process, the mixer‘ with a flat beater

and a five-quart capacity bowl was used. Throughout the mixing

process, the mixer was set at low speed. After 50 second inter-

vals of mixing, the mixture was scraped from the paddle and sides

of the bowl with a rubber spatula.

The hydrogenated fat was creamed for one minute, then the

sugar was added gradually over a period of two minutes of cream-

ing. The beaten eggs were added to the creamed mixture and

allowed to mix for three minutes. A one-third portion of the

dry ingredients was added to the creamed mixture and mixed for

ten seconds. One-third of the liquid (milk or water) was added

during the next 20 seconds. Dry and liquid ingredients were

incorporated into the batter through three additions. A final

one-minute mixing completed the procedure. One hundred and

eighty grams of batter were poured into each aluminum foil

pan. All of the pans measured 5-1/2 x 4 x 1-5/4 inches. Waxed

paper was used to line the bottom of each pan.

 

* KitchenAid Mixer, Hobart Manufacturing Company, Troy, Ohio.
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Baking

The cakes were baked for 55 minutes in pre-heated gas

ovens at 550 degrees Fahrenheit.

Cooling

As the cakes were removed from the oven, they were placed

upon a wire cooling rack in the pans and allowed to stand for

20 minutes. The cakes were loosened from the sides of the pans

with a spatula, removed from the pans, and turned upright on

the rack to cool for approximately three hours.

Storage of cakes

Each cake was labeled and wrapped in moisture vapor-proof

ce110phane for storing. The cellophane was sealed with a heated

spatula. All the cakes were stored in a wooden cupboard in the

food research laboratory at room temperature and humidity with

the exception of the cakes which were tested while fresh (three

hours after baking). The room temperature ranged from 20 to

26.6 degrees with an average of 24.5 degrees Centigrade. The

relative humidity ranged from 29 to 55 per cent with an average

of 59.8 per cent.

Testing

Subjective

A panel of five members from the Food and Nutrition Depart-

ment scored the cakes. Four cakes, placed in random order, were

scored in each period. The cakes were sliced one-half inch
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thick in a mitre box and placed on a white background for judging.

Volume, appearance and outside color were scored before the judge

es removed a slice of each cake to a white plate. The other

factors, inside color, flavor, tenderness, texture, general con—

clusion, and acceptability, were then scored. A sample of the

score card is included in the appendix.

Objective

Specific gravity: Specific gravity is the ratio of the

weight of a given volume of batter to the weight of an equal

volume of water. The batter and water were weighed in a meas-

uring cup on a trip balance. After mixing the batter, the cup

was filled approximately two-thirds, tapped 10 times on the

surface of the table, and completely filled. The batter was

leveled off with a spatula for weighing.

Viscosity: Viscosity of a solution is the measurement of

resistance to flow. A viscosimeter’ (Fig. 1, page 21 ) with a

26 gauge wire was used for determining the viscosity of the

cake batter. Following the mixing procedure, the small inner

cup, which measured three centimeters in diameter, was filled

with approximately 50 cubic centimeters of batter at room tem-

perature. The one centimeter cylindrical plunger was immersed

in the cup of batter for a rotation (20 R.P.M.) period of

five seconds. The reading was taken in MacMichael degrees.

 

‘MacMichael Viscosimeter, Fisher Scientific Co., Pittsburgh, Pa.
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Volume: The seed displacement method was used in measuring

volume of the freshly baked cakes. (Fig. 5, page 21).

Compressibility: The instrument used for the compressibil-

ity test was a penetrometer.* (Fig. 2, page 21). For this test,

four samples were taken from the middle sections of two adjoin-

ing slices of cake. The samples were one inch in diameter and

approximately one-half inch in thickness. A plunger of the

same diameter as the sample was attached to the penetrometer.

The needle bar and plunger weighed 72.5 grams. A 50 gram weight

was placed on the needle bar: the total weight upon the sample

was 122.5 grams. As the sample was placed in position, the

stage was adjusted to bring the upper surface of the cake into

contact with the lower surface of the plunger. The needle bar

was released for five seconds and the extent of compression

was read on a dial in millimeters.

Morgture absorption: Duplicate samples of each cake were

tested for their moisture absorbing capacity. The cake discs,

which measured one inch in diameter and one-half inch in thick-

ness, were out from the middle section of one slice of cake.

The cake discs were weighed on an analytical balance and

dipped for five seconds into a petri dish cover containing 25

cubic centimeters of distilled water at room temperature. As

 

3:New York Testing Laboratory Penetrometer
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the samples were removed, they were inverted and reweighed.

The difference between the two weights of the sample represent-

ed.the moisture absorbing capacity of the cake.

Mgisture content: A semi-automatic moisture tester‘ was

used for determining the moisture content of the cake samples.

Readings in per cent moisture were taken after two hours of

drying at 120 degrees Centigrade with forced air circulation.

garg_print : Prints were prepared of the fresh cakes.

The sliced portion of cakes was placed on an inked pad for

absorption of black ink. After one minute of absorption, the

cake was transferred to a sheet of paper, pressed lightly on

the paper, and removed carefully.

Statistical methods

Analysis of variance and correlation coefficients were

calculated according to the methods recommended by Snedecor

(1946).

 

* Brabender, Brabender Corporation, Rochelle Park, New Jersey.
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DISCUSSION OF RESULTS

Srbjective test;

The judges scored the cakes three hours after baking

and at storage periods of 24, 48, and 72 hours. Their scores

for volume, appearance, inside color, outside color, flavor,

tenderness, texture, general conclusion, and acceptability

are discussed in the following pages.

Volume: Analysis of variance of the volume scores showed

that the storage time was significant. (Table 2) A slight de-

crease in volume was noted with an increase in storage time,

but the decline in scores was not always consistent. The storage

time produced variations which may have been due to a slight

shrinkage or possibly a difference in the individual cakes.

The batter for each cake was weighed into the pan; therefore,

individual cake differences should have been negligible. Possi-

bly the judges could not detect small differences accurately.

Analysis of variance of the volume scores showed that the

amounts of dry milk solids produced highly significant differb

ences. When dry milk solids at the eight per cent concentration

were added to cakes, the volume remained approximately the same.

As the concentrations of dry milk solids were increased above

eight per cent, the volume of the cakes decreased.

The differences between volume scores of the cakes pre-

pared with spray whole, spray defatted, and drum defatted milk

solids were very small. Analysis of variance of the kinds and

the interaction between amounts and kinds of dry milk solids did
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not show any significant differences.

Appearance: The scores in Table 5 show that the kinds
 

and amounts of dry milk solids produced little effect on the

appearance of cakes. As the storage period was increased, the

appearance scores declined slightly. The cakes which were

wrapped and stored developed a moist crust.

Inside gglgr: The amounts of dry milk solids used in the

cake formula caused greater differences in scores than did the

kinds of dry milk solids. (Table 4) Cakes prepared with dry

milk solids at the 14 and 20 per cent concentrations were given

lower scores in color than the other amounts of dry milk solids

and the control. The effect of the use of dry milk solids on

color in a yellow cake was not pronounced. However, a white

cake might show the color differences with increased concen-

tretions of dry milk solids. A change in color did not occur

'upon aging as the scores varied little between the 5 and 72

hour old cakes.

Outside gglgr; The results of the scores for outside

color of the cakes are recorded in Table 5. Changes of the

crust color during aging were small and inconsistent. Dry milk

solids did not improve the crust color of the cakes as shown

by the scores of the judges. However, Stamberg et al (1940)

believed that the use of dry milk solids did improve the crust

color. When dry milk solids at the 20 per centamount were

substituted, the cakes received lower scores than cakes con-
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taining the other amounts of dry milk solids and fluid milk.

At the highest concentration of dry milk solids, the lactose

content is greater. Caramelization of lactose produces the

darker crust color and therefore, a darker crust color is

anticipated at the 20 per cent concentration of dry milk solids.

From the writer's observation of the baked cakes, all of the

cakes containing dry milk solidsappeared darker than the

control.

Flavor: The mean scores and an analysis of variance of

flavor scores are shown in Table 6. An analysis of variance

of the flavor scores was made to ascertain differences due to

variations in the amounts and kinds of dry milk solids, to the

interaction between amounts and kinds, and to the storage time.

The variations which showed highly significant differences were

the amounts of dry milk solids used and the storage time. At-

the highest concentration of dry milk solids, the scores de-

creased. The kinds of dry milk solids used in the cakes had

no effect on flavor scores according to the results of the

analysis of variance. Flavor losses were greatest between the

24 and 48 hour periods of storage. In certain cases, the

cakes which were stored for 72 hours did not show a decrease in

scores from the fresh cakes. In other cakes, the storage time

did cause a decline in scores. The judges detected a metallic

flavor which may be due to a baking powder residue in some of

the staled cakes. Dry milk solids seemed to have no affect on
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retarding losses of fresh flavor.

Tenderness: Scores of tenderness, which are tabulated in
 

Table 7, showed greater differences than the other subjective

scores. Analysis of variance of the tenderness scores re—

vealed that the variance attributable to the amounts of dry

milk solids used in the preparation of the cakes was highly

significant. Tenderness scores of the cakes prepared with

fluid milk were highest; whereas the tenderness scores of

the cakes prepared with the 20 per cent amount of dry milk

solids were lowest. An adjustment of the liquid in the

formula may be necessary for the 20 per cent amount of dry

milk solids since there was a tendency toward a less tender

cake.

The kinds of dry milk solids produced a significant F

value from the analysis of variance. Drum defatted milk sol-

ids produced a more tender cake than the other kinds compared

in this study.

A highly significant F value was obtained from an analysis

of variance of the storage time. The storage period caused a

decline in tenderness scores of the cakes. The decrease in

tenderness was due to the fact that the crumb became harder

during aging. A large spread in scores was shown between 5 and

72 hours. The rate of decrease in tenderness scores of the

cakes prepared with dry milk solids was comparable to the

control. Therefore, dry milk solids did not retard the de-

cline in tenderness of the cakes with aging.
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Texture: The texture of the cakes prepared with fluid

milk was rated higher by the judges than cakes containing dry

milk solids. (Table 8). When considering different amounts of

dry milk solids in cakes, the scores were not materially dif-

ferent from one another. Scores which showed the effect of

storage on the cakes were very inconsistent and difficult to

evaluate. During the study, the judges frequently commented I

that the aged cakes were dry. The kinds of dry milk solids

used in the cakes had no effect on the scores.

Genera; conclusion: Analysis of variance was used on

the general conclusion scores to separate variations due to

the kinds and amounts of dry milk solids, storage time and

the interactions between amounts and kinds of dry milk solids.

(Table 9) All of the variations except kinds of dry milk

solids were highly significant. The interactions between

amounts and kinds indicated that the scores due to the kinds

of dry milk solids were altered by the amounts of dry milk

solids used. Scores for the control were slightly higher than

for any of the cakes containing dry milk solids. At the 20

per*cent concentration, the scores for the cakes dropped. Such

a decline in scores at the highest concentration may be attri-

buted to the fact that more liquid is required for the amount

of dry milk solids incorporated into the formula. The greatest

decline of scores with aging occurred between 5 and 48 hours of

storage of the cakes.
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Acceprability: The cakes were considered acceptable by

the judges who served on the scoring panel. In a few cases,

two of the judges designated cakes as unacceptable after 48

and 72 hours of storage.

Objective tesru

Specific gravity and viscosity tests were performed upon

the batters of the cakes in thisstudy. Readings of volume,

compressibility, moisture absorption, and moisture content

were recorded from the objective tests of the baked cakes.

Ink prints were prepared of all the freshly baked cakes.

éPQOIIJG gravity: According to Pyke and Johnson (1940),

the specific gravity of the batters is dependent on the amount

of air incorporated. The batters prepared in this study re-

ceived approximately the same amount of aeration; therefore,

great differences in the specific gravity of the batters would

not be anticipated. The amounts and kinds of dry milk solids

produced very little variation in the specific gravity readings

of the batters. (Table 10) Specific gravities for cake batters

usually range from 0.7 to 1.0. The readings for these batters

were high. Thin batters are often associated with high spe-

cific gravities.



Table 10

Mean readings for specific gravity

 

 

 

 

Kind of Control _, Amount of dry milk solid;

dry milk (fluid Equivalent of 8 per 14 per 720 per

solids milk) fluid milk cent cent cent

Spray whole .96 .97 .97 .98 .98

Spray defatted .97 .97 .97 .97 .97

Drum defatted .97 .97 .97 .98 .98

Averages .97 .97 .97 .98 .98

The batters showed greater differences in viscosity than

the specific gravity readings indicated by the results in

Table 10. The fluid milk batters were always thinner than

'batters containing dry milk solids. In turn, batters which

contained drum defatted dry milk solids were much thicker than

the other dry milk solid batters. The higher concentrations of

dry milk solids produced thicker batters also.

Specific gravity is correlated with volume according to

Tinklin and Vail (1946). The small differences encountered in

the specific gravity of the batters were related to the small

differences in the volumes of the baked cakes as observed in

this study.

Viscosity: Analysis of variance of the viscosities for

the cake batters showed that all of the variations were highly

significant. (Table 11) Cake batters containing dry milk

solids produced higher viscosities than the batters containing
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Table 11

Mean readings for viscosity in MacMichael degrees

 

 

  

 

Kind of Control Amount of dry milk solidu

dry milk (fluid Equivalent of 8 per 14 per #20 per

sglids milk) fluruumilk cent cent cent r

Spray whole 79 99 89 105 112

Spray defatted 86 87 76 96 97

Drum defatted so 127 108 140 170

_"'Analysis of variance:

Source of variation F values

Amount of dry milk solids l4.72**

Kind of dry milk solids 52.86**

Amount x kind of dry milk solids 5.50**

_“’Highly significant (1 per cent level)

fluid milk. As the amounts of dry milk solids increased, the

viscosity of the batters increased except in the case of the

eight per cent amount. The kinds of dry milk solids showed

greater differences since the drum defatted milk solids pro-

duced viscosities which were greater than those of the spray

whole or defatted milk solids. These results are in agreement

with the viscosities of batters observed by Stamberg and

Bailey (1958). The fact that drum defatted milk solids are not

as easily dissolved in the batters as the other kinds may ac-

count for the greater differences in viscosity. Apparently,

the variations of viscosity of the batters produced little or

no effect upon the texture and volume of the baked cakes as

shown by the judges' scores.
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Volume: The mean volume readings and an analysis of va-

riance are recorded in Table 12. Analysis of variance of the

volumes of the cakes was made but there were no significant

differences in volumes due to the amounts or kinds of dry

milk solids used in the preparation of the cakes.

Table 12

Mean readings for volume

 ......

 
 

 

 

Kind of Control Amount ofrdry_milk soliuug

dry milk (fluid Equivalent of 8 per 14 per 20 per

golids milk) fluid milk cent cent cent

co. co. cc. cc. cc.

Spray whole 482 487 488 478 496

Spray defatted 477 497 490 497 506

Drum defatted 478 495 490 495 484

”'Analysis of variance

Source of variation F values

Amount of dry milk solids .91

Kind of dry milk solids .55

Amount x kind of dry milk solids .57

.r

The differences between the volumes of the cakes were very

small. When dry milk solids were included in the cakes, the

volumes were slightly greater than in the cakes containing

fluid milk. As the amounts of dry milk solids were increased,

the volumes did not increase accordingly.

A correlation coefficient of the volume scores and volume

readings was calculated. An insignificant value of / 0.0249

was obtained. Apparently, no correlation of any significance
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was present between the two tests. The judges indicated by

their scores that the amounts of dry milk solids did affect

the volume slightly but the results of the physical test did

not agree.

Compressibility: The tenderness of the crumb is expressed

by compressibility. As the crumb becomes stale, compression

decreases. An analysis of variance and the mean compressibil-

ity readings are shown in Table 15. The amounts and.kinds of

dry milk solids and the storage time showed highly significant

differences. There was no interaction of any significance be-

tween amounts and kinds of dry milk solids. The cakes con-

taining fluid milk produced higher mean readings of compressi-

bility than the cakes containing dry milk solids. The

equivalent of fluid milk and the eight per cent concentration

of dry milk solids approximated the compressibility of the

control. As the amounts of dry milk solids were increased to

14 and 20 per cent, the compressibility readings decreased.

Drum defatted milk solids produced cakes which showed greater

compressibility than the other kinds used in the study.

The length of the storage period caused a decrease in com-

pressibility of the cakes; the greatest decrease occurred in

the first 24 hours of storage. Platt (1951) stored cakes

three days and his results showed the same rate of decrease in

compressibility. Such a decrease in compressibility may be
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attributed to the staling of the crumb which becomes tough

and hard. Dry milk solids did not retard the velocity of

decrease in compressibility.

A correlation coefficient of the tenderness scores

and the compressibility readings was calculated. A highly

significant correlation of / 0.6819 exists for the two tests.

The judges' scores for tenderness were related to the mechan-

ical test of compression.

Moisture absorption: Cakes vary in their ability to

absorb water. A decrease in the moisture absorbing ability oc-

curs as the cake becomes stale. The mean readings and an

analysis of variance of moisture absorption for the cakes are

included in Table 14. Amounts of dry milk solids and the stor5

age time were both highly significant. The amounts of dry milk

solids which appear equal or exceed the moisture absorption

of fluid milk were the equivalent of fluid milk and the eight

per cent. Moisture absorption readings decreased as the

concentration of the dry milk solids was increased in the

cakes. The added protein content from the milk solids did

not increase the water-holding capacity of the baked cakes.

Differences due to the kinds of dry milk solids used and the

interaction between amounts and kinds of dry milk solids

added to the cakes were not significant.

A decrease in water absorbing ability was shown with

the aging of the cakes. The greatest decrease in water absorp-

tion occurred in the first 24 hours of storage; over one-half
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of the water absorbing ability was lost in this period. Swartz

(1958) stored cakes for seven days and the results of her

tests showed the same decrease in water absorption with storage.

Spray and drum defatted milk solids at the equivalent of fluid

milk and at the eight per cent concentration may have a slight

effect on retarding the decrease in water absorption of cake

and thus the rate of staling.

Moisture content: The results of analysis of variance and

the mean readings of moisture content of the baked cakes are

recorded in Table 15. The amounts of dry milk solids and

the storage time showed highly significant F values. Cakes

containing fluid milk showed a slightly higher moisture con-

tent than the cakes containing dry milk solids. At the 20 per

cent amount of dry milk solids, lower moisture contents were

shown. An adjustment of the amount of liquid to the dry milk

solids may be necessary for a formula balance.

The total moisture loss during the 72 hour storage period

was slight but the loss was nearly constant with storage.

When moisture vapor-proof ce110phane is used for wrapping the

cakes, the loss of moisture is retarded; therefore, a decrease

in percentage of moisture is small with storage.

Cake prints: The cake prints are shown in Figure 4. The

cakes containing dry milk solids were similar to the control.

Apparently the kinds of dry milk solids had little effect on the

volume and texture of the cakes as recorded by the cake prints.
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SUMMARY AND CONSLUSIONS

An investigation was made of the effect of the use of

dry milk solids on the keeping qualities of plain cake. Dry

milk solids at different‘ concentrations were used; equiva-

lent to fluid milk and at 8, l4 and 20 per cent concentrations

calculated on the flour basis. Three kinds of dry milk sol-

ids, spray whole, spray defatted and drum defatted milk

solids, were compared. The cakes were tested while fresh

(three hours after baking) and at storage periods of 24, 48,

and 72 hours. A panel of five Judges scored the cakes for

volume, appearance, outside color, inside color, tenderness,

flavor, texture, general conclusions, and acceptability.

Specific gravity and viscosity tests were performed upon the

batters of the cakes. Objective tests were made for volume,

compressibility, moisture absorption, and moisture content

of the baked cakes. Ink prints were prepared of all the

freshly baked cakes.

The score card factors, with the exception of appear-

ance, were affected by the amounts of dry milk solids used.

Higher scores for texture and tenderness were obtained when

cakes were prepared with fluid milk. Cakes containing the

20 per cent amount of dry milk solids were scored lowest,

which may have been due to the need of a formula adjustment

in liquid to the solids content. Cakes prepared.with fluid

milk showed the highest moisture content, while those with
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the 20 per cent amount of dry milk solids showed the lowest.

The control and dry milk solids at the equivalent of fluid

milk and at the eight per cent amounts showed the greatest

moisture absorption and compression; whereas the higher con-

centrations of dry milk solids showed a decline in both tests.

The kinds of dry milk solids had little effect on the sub-

jective scores and the objective test readings for baked

cakes. Tenderness scores and compression readings were high-

er when drum defatted dry milk solids were used in the formu—

1a.

Dry milk solids produced very little variation in the

specific gravity readings although variations in the viscosi-

ties of the batters were present. The highest concentration

of dry milk solids produced the highest viscosity readings.

Dry milk solids produced higher viscosity readings than fluid

milk, while the drum defatted dry milk solids produced higher

viscosities than the spray whole and defatted milk solids.

The subjective scores, except for appearance and color,

and objective test readings for baked cakes showed a decline

with storage. The greatest decline in flavor and tenderness

scores, compression and water absorption occurred between

24 and 48 hours of storage. The total loss of moisture was

slight but fairly constant with storage. The use of dry milk

solids did not retard the rate of loss in flavor and tenderb

ness scores and compressibility. Spray and drum.defatted milk

solids at the equivalent of fluid milk and at ehght per cent
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amounts had a slight effect on retarding the decrease in water

absorption of cake.

On the basis of these results, the conclusions are as

follows:

1.

5.

5.

Cakes prepared with fluid milk were better in

texture, tenderness and moisture content than

the cakes prepared with dry milk solids.

The 20 per cent amount of dry milk solids showed

lower subjective scores and objective test read-

ings than the other amounts of dry milk solids;

therefore, an adjustment in this formula may be

necessary for the 20 per cent amount of dry milk

solids.

Drum defatted dry milk solids increased the

tenderness and compressibility of cake more than

the other kinds of dry milk solids.

Dry milk solids produced higher viscosity readings

than fluid milk; drum defatted.dry milk solids and

the 20 per cent amount produced the highest vis-

cosity readings. However, the difference in

viscosity did not seem to have any effect on the

quality of the baked cakes.

All of the subjective scores, except appearance

and color, and the objective test readings of the

baked cakes showed a decline with storage indica-

ting,the presence of staleness in the baked cakes.



6. The use of dry milk solids did not enhance the

keeping qualities of the cakes.
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