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IlffllOD'O'CTION 

The purpose of this experiment was to study the effect of some aalta 

and of eat flour upon lactose ceyatallbation in ice cream. Experimental 

work by Keith (4) incl1cates that the magnitude of t~ electrical charge 

on the active ions 1n a mix a.y be an important factor in controlling 

sandiness in iee cream_. The · work w.i th oat flour waa lmdertaken in an 

attempt to cheek experilllental work at the Oklahoma Agricultural Experi

ment Station, which had indicated that oat flour aggravated lactose 

oryatalli1ation in ice cream.. 

Before proceeding further, it may be well to e.enaider a brief' his o• 

'!Y of our knowledge ' of lactose., a few of its properties., its relation to 

sandiness., and the import.nee of a smooth texture 1n ice cream. 

In 161.9 Bartolettua (16). a philosopher and peysician of llantau, 

Italy., mentioned butterfat,. casein., and whey as the only constj.tuenta of 

milk. In 16281 however, he apoke of a tt seri" (glass-like food) 

which he obtained by the evaporation -of whey. In 1688, Ettmuller (16) 

described the evaporation of whey and the purification of' the crude 

lactose by recrystallization. 

Ludovico Testi of' Venice (16) advertised lactose as an invention 

l 

of his 01IXl cmd sol d it as a medicine under the IWne of "saccbarum la.ctis". 

The identity or the "aaccharum laotis" of' Test1 with the "manna ser1• of 

Be.rtolettua a.a pointed out by Fick (16) a few years · later. 

Iii 1870 Scheele (9) proved that lactose was a true sugar. 'l'hia 

diaoovery was the i'irst proof of the fact that a true sugar existed 1n 

milk. It is present in the milk of all manmala,. w1 th the possible 

exception of that of the whale (9). Uncorroborated reports indicate 

that it is present in two tropical fruits (9). The lactose content of 



milk vari&a trom 1. a per cent in rabbits• milk to 7. 56 per cent in mares • 

mil k (16). Normal eowa• milk contains about 4 . 88 per cent. kotose · 

oonat1tutea about 50 per cent of milk solids-not-rat (l.3) . · Experiments 

oondueted by Bert (l:6) indicate that la-ctose 1a formed in the manmiary 

gland by the condensation and internal rearrangement of two molecule& 

of glucose. this internal rearrangement o.onaia-ta Qf a change o·f a gluooae 

molecule to a ga"laotose structure. for upon eydrolysia in the laboratory 

lactose yields a. molecule of gluooee and a molecule of galactose for every 

molecule of lactose present fl G). 

lactose (9) 1s a diaacobaride sugar w1 th the empirical formula 

c12~ 40:J.2• which ia the same empirical formula as maltose and suerose. 

The d1sa.ocharide sugars differ only in the internal a.rr,ngement of the 

atoms; this factor ., however,. is responsible fer several important 41.f:fer-

eneea ' in properties, one ot wbioh is the low so~ubi]._i ty of- l.a.noae ,oom-i:--

pared to other ' augara. 

If l actose eydrate is added to water at so0 e •• it immediately be

comes saturated with alpha- lactose. Tho quantity which dissol ves at this 

point 1s called the initial solubility (15). Solution. however, is not 

complete at this stage. for some of the alpba..-lacto•e changes to beta

Iactose. Thia £actor disturbs the alpha-i-laotoae equilibrium and more or 

it enters into solution. Thia process goea on until there are 1.58 

parts beta.• to l part alpha~laotoa• -(9) . At this stage there is an •qui• 

librium between the twn tonne of le.otose and the point which Hudson (15) 

oalls the .final solubility of 1actos·e . 

· If a aolution in whioh lactose has reached· its final solubility 

were cooled to 28° c • • o• would e-.ct some or the lactose to cnyatal

lbe out; cryatala_, however, do not form but r-ather a state ot super• 

aatura.tion is reached. Oeiiwald (15) calls this state the meta- 1table 



area. l,aotoae probably occurs 1n this state in ordi'llary e<>:mmercial ice 

eream. It the solution wre cooled f'urther, o tyatala of' lactose would 

probably f'orm. Ostwald (15) ~ calls thia area the labile area, The line 

which divide• the met&-watable area and the l•bil,e area. eannot be def'i-. 

nite:ty pointed out 1n ioe cream mixea. 

Perhaps crystals which gave the physical appearance of sand in ice 

o:r.-eam bacl been observed yea.re e.go, but it was not until recently that the 

1dent1t1cat1on or these oryata.la was definitely e•tablished. ln 1920, 

Bothell worked. with some ice cream which contained ha.rd crystals that did 

not dia.solve at once 1n the mouth (1). Although he ottered no proot".. be 

atate-d that theae crystal• were lactose cry-eta.la. His statement was · 

oorrobore.te4 by Zoller and Willie.ma (17) ., in 1.921. These illV'estigatora 

conceived the id.a or isolating the crystals by oentrituging the melted 

ice oream at high ap.-eda (1) • Thia tluty did and identified the rhombic 

prilm8 aa almost pure 'laoto••• Thus it beo-.me . 

lactose crystallization produces a coarse texture in ice cream. 

The American Dairy Science Aasoo1at1on score card for ice cre,un 

allota 25 po1nta for body and texture. Bod:{ and texture are so closely 

related that 1 t is d1ff'ioult to differentiate between the two. Somner 

(1·o) . states that texture 1a the attribute of a aubate.nce relating to 

its finer structure - tlie abe. shape. and arrangement or the s-.11 

particles. The same author defines bodf aa the attribute of a substance 

relating to the muss •• a: whole - its coneiatency or firmness and, 1n the 

caa.e of ice oream, 1te melting reaiata'noe.. turnbow and Raff'etto (14) . 

state that ooarae. anowy. buttery. or sandy texture aerioualy imp&i.rs 

the flavor of a frozen product-. !o an average coneum.er body and texture 

are fully as important as flavor (14). Of'f•flavon often elude the moat 

ak11U'Ul judges, but any one can det•ct a coarse., sandy texture. Ioe 



cream manutaoturers report that texture, more than any other t~etor on 

the aoore card, is a source or complaint (14). · A smooth texture ls an 

indiapensible · attribute to high quality ice cre&mJ any raotor which 

tenda to produce a ooa..ree, sandy product beeomes a tt.otor which the 

experienced anutaoturer strives to eliminate. 

There are aeveral de.feota which texture may undergo. Among the 

:most imp0rtant o~ these deteote Sommer (10) mentions coar•• or 1oy 

texture, snowy or tlaky texture, buttery texture, and sandy texture·. 

Only the latter de.feet ia treated 1n this report •. 

ln the hardened lee oream made ot the average cCIIIIDl8roial ice cr8'Ull 

mix, the solution of laotoae•in-n.ter al-.ys passes the point or final 

aolub111ty (10). Thia has been .found to be true even in ioe cream with 

6 per cent a.erum. solids and 30 per oent total solids. (10). 

Very emall c:eyat&la which cannot be detected in the mouth f'requent

ly fonn in ice crea.. Thia type of o eystal is not o bjeotionable J oc• 

casionally, however,. the crystals become large and leave a gritty 

aenea.tion in the mouth as though the ice cream cont•1ned sand. These 

crystals linger on the palate and between the te•th dUe to the ditfio• 

culty with which lactose enters into solution. This defect 1a appropr1• 

ately designated by the term "•andiness". J.ithough sandiness is not a 

serious defect, it impairs the- texture of the ice cream and is objected 

to by the consumerJ therefore, every precaution should be taken to pr9: 

Tent it. 

Bunciker (3) atate1 that the diameter of lactose cryate.l.s 1n 

.... tened oandenaed milk must not exceed 12 microns · if the product 1a to 

have a smooth.texture. According to this author oryetals which exoeed 

30 miorons in diamet.r produoe an objectionably sandy texture. A similar 

oondition with respect to ice and lactose. crystals probably exist.a 1n 



ice cream .• 

I11 ordinary comme~ial ice oream mixes there ue about 62 per eent 

water and 38 per cent total solids. Lactose cr,ys.tallization cannot occur 

in the mix due to the high per cent of water which 1s present. Williauq 

and Peters (15), however,. have shown that the , final a-olubili ty or laotoae 

is diminished in sucrose solutions, and .all ice cream mixes contain about 

14 per cent suorose. Whitaker (15), however, states the.t some of' the 

ionized ' salts may inoreue the solubility or lactose or may, by the!l" 

electrical charge,, prevent crystallization. A.t , the Oklahoma Agricultural 

Experiment station ice cream 'W1 th 12 per cent serum solids seldClll d.evelopa 

aa:ndine .... but in c.,tbe-r loealitiea aandinesa ia a common occurreno• 1n ice 

cream :made trom· mb:es with 12 per cent serum solids. !hese mixes apparent• 

'ly have exactly the same composition, with a possible exception of' the 

salt o.ontent. These observations, together with conflicting experilliental 

results on aandl.neea· in nut ioe creain., by Keith (4), .Re1.d (6); and Dahle 

(2) ,:, haw 'led the author to make this study upon the effect of some aalts. 
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The literature indicates that much experimental work has been under• 

taken in attempts to control lactose oeyetall1zation in ice cream. since 

Bothell•e (1) discovery in 1920. Some or the literature which has been 

encountered while pursuing this study 1e briefly discussed in the follow-

ing pages. 

Bothell (15) was the first to call attention to the fact that aandi-

neB1S may be controlled by limiting tp.e serum solids content of the mix. 

Although Sommer (10) has shown that in a mix with only 6 per cent serum 

solids and 30 per cent total solids the solution of lactose-in-water alwaye 

pasaee the point of final solubility after the mix is frosen,. t he serum 

solids concentration is an important tactor in controlling sandiness. At 

the Oklahoma Agricultural Experiment station ice cream with 12 per cent 

serum solids seldom develops sandiness. but the author was able to secure 

a sandy product in a r~ days with ice cream: containing 14 per cent serum 

solida. 

It is impossible to state a definite per cent or serum solids at 

which aandineas will appear t.mder al 1 conditions. The percentage ot milk 

solida•not-rat mat have a definite relationship to the ~e water 

present (13). Dahle (13) . states that the percentage of lactose in tree 
• 

water oannot exceed 8.7 per cent based upon a total solids oontent of 36.5 

per oent in the mix. 

The 1;reatment of the mix should be 'ftried to some extent with the 

treatment given the ice cream. Whitaker (ls)· suggests that the eompo

aition of the mix be varied with treatment aa is shown 1n the following 

. table. 
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lla:dmwa percentage or milk-eolida-not-rat to 
avoid aand defect under various conditiona 

,Per cent aolid.1-not-1 
Treatment .itat to use with 12% d.&otoae to 

atat and 15% sugar iwater ratio 
Rapid turn over- 1 • 

I 

aold in a few daya 1 11.3 s 1 , · 11 

Held 2 web 

Held 4 weeks 

I I 

I 

' I 

10.s 

10.0 

I 1 l 11.9 
I 

s 1 s 12.6 

In oalcul&ting the per cent serum solids f'or a mix, 1 t ia always 

assumed that the aldmmilk which is added contain• 9 per cent seruas 

solids. Sommer (11) . . points out that the solids-not-tat content of' milk 

varies with age or t he cow, breed, and period ot lactation. The per 

cent aerum so Uda or milk is always higher in the winter montha • and 

this taot should receive some consideration in calculating the winter 

ice cream mix (12). 

B.unziker cs)/ -has shown that sucrose in sweetened condenaed·mtlk 

decree.ae, .the aolubility ot laoto••• Thia oond1tion ·is probably true 

in ice cream. According to the :f'Undamental lawa of' physical chemistry, 

rat and gelatin tend to produce aandinesa ina1SD1ch as they increase the 

concentration ot total solids~ On the other hand, they increase the 

viscosity and reduce the kinetic motion ot particles within the mixJ 

theretore, they are important factors in preventing aandineaa (10). . . 

In the average oGl1Dll8rcial ice cream mix there is it.bout 62 per cent 

-.ater and 38 per cent total aolids. Mixes do not become sandy dlle to the 

high per oent of water which is present. In the freezer. however, some 

of the water is frozen into ice. This increases the oonceritration or 

total •,olids and of lactose in the remaining water. Whitaker (15). how• 

, ever. points out that crystall1zation of lactose seldom occurs in the 

f'reezer because the point of final solubility of lactose is not reached 

above 21° F. lfith freezer temperatures below 21° r.,. oeyatalllzation or 
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lactose •Y .occur, ~ the tree;er. 

In the f ·reezer also th&r<e are other factors whieh ahould not be over-

looked. If the mix hat to be agitated a long time to seoure the pr0per 

. overrun. the tend-eney f'or ceyatalli:zati-on 1.s greater sinoe ~gitation 

promotes nuc1ei t'ormation. Whitaker (15).,_. haa demonatrated this tact 

•xperimentally and 'recorded the results in the following'table. 

l_ntluenoe or tempena.ture and length or ti.me ot whipping ice 
oream. ~ in t~19ser on r•te ot appearance or lt.ctolie crystal• 
. : · · - - • · :1 · · Time ice cream was remond· trom. f'reeaei' 

!enip~re.t.uns 1-Lmitdiately on . ·titter whipp!iii_'. o:r-..iiter whipping for 
of ice oreuurea~hing deeir-e4a5 minutes a.t de- 110 minutes at de• 
1n freezer •tempex-ature uired telDP!rature saired teml)!r&ture 

• Da,ys to 1 J>ays to • Daya to 
o F. 
24 

23 

22 

21 

• cryatalll&e i oryetA.ll1M:.· • qryatallia•~ 
I 20 • 11 I 14' 
a I I 

• 26 I 11 I 

I I I 

a 
. I 

25 

8 
• • 

14 I 

8 

Inf"luenoe Gt Rate or Hardening on 
Lacteae Orya.tallisation 

14 

10 

6 

Ioe cream. is drawn from the freezer at 22 ... z.,° F. ( ... 5.5 to -4,.4° c.). 

wi.n l t ls placed in the bar<lming room. the tempe.rature deoreaaea to o0 

F., (•18° c.) or leas. !he time re.quired to reach this temperature depends 

_upon the amount of water troz-en into ice in the treeser. type or container. 

and method or stacking (15). Bayer (15) ~ showed that quick hardening 

tended to retard the eryatallbation ot lacto:ee. 



The influence ot rate of hardening of ioe 
cream on lactose erystall1zat1on 

S I 
l s 61 i 32 

15 

28 

I i 
I 

• 
I 

44 

S'l . : 26 

19 

In order for cryatallbation to occur, the molecules of lactose 

muat·move together in the ice cream. Thia kinetic motion of' molecules 

1s greatly reduced at low temperatures due to the loss of translational 

e:a.ergy and increased viacoaity of the solution. 

Influence or llethod of' Packaging on 
the Development of Sandiness 

Whitaker (15) . .,prepared three different types of packages of ice 

cream, namelya tive•gallon cans, small pacbges which we-re filled by 

hand, and freezer. drawn packages. Be found that bulk ice cream showed 

sandiness in 27 days• hand packaged in 11 days• and machine packaged in 

18 days. 

The probable explanation of' this-tact is that the bulk ice cream 

experienced less temperature fluctuation. The bulk goods also hardened 

more slowly. But these factors were more than orr-aet by the temperature 

fluctuation and agitation incident to hand packaging. 

Crystallbation in Containers 

Crystallization is usually uniform throughout the container. Oo

caaionally, however, 1 t may ooeur only 1n the center due to slow cooling 

ot the ice cream, or it may appear only on the outside due to the effect 

or temperature fluct'Q&tiona (15). 

9 



Influence or temperature Fluctuation 
on the Development or Sandine•• 

Thi• factor h otten called *heat shocking". but the term is mis-

leading since 1 t 1mpl1e, a sudden temperature change. temperature 

fluctuation ia a better tenn. Raising and lowering the temperature tends 

to produce lactoH cry,tallbation. Thia ta.ctor was quite a problem with 

the old salt and 1ce ·cabinet. !he electric cabinet, however, has elhd-

nated this t'actor to some extent. When the temperature or ice cream is 

raised, some of the ice melts. Ir lactose crystals are present, the 

smallest ones may completely dissolve in thia water. If the temperature 

is lowered, the water again goes into ice. The lactose which went into 

solution cryatallbea again, but this time it may be deposited on larger 

crystals wh~oh .did not completely dissolve. Thua the lactose crystals 

grow. 

Effect of lleobanical Shocks on Lactoae 
Cryatallbe.tion in Ice Cream 

Any sudden shock due to bumping, shaking, falling on the floor, or 

hauling 1n trucks or cabinets tenda to hasten the development ot nndi

neaa (15) A shock reaulta in a sudden movement er the liquid in the 
. . 

10 

trozen maaa which may re•ult 1n colliaion of lactose cry-ate.ls or molecule1. 

Etteot of Nuclei on the Itate of 
Lactose Crystallization 

The presence of nuclei 1n ice cream promotes lactose crystallisation. 

liuelei with sharp angular structures are the beat seeding agents. Thia 

factor bas been demonstrated experimentally by Whitaker (15). (See table 

below).· 



Influence of insoluble foreign material on rate 
0£ lactose orystallbation in ice cream 

a Days to first appearance 
Material added t of lactose cryatale 

s Cabinet 1 2 Cabinet 2 
a days days 
s ' Jrothing a lone at 28 t Bone at 28 
l a 

Aa~at1ne a 21 I loat 
a, I 

Sand • 2.S a 21 
t I 

la'Oli:n ' 23 C 17 
• : 

Ground ;lass & 17 ' lS 
a I. 

earborundrum I 23 t 17 

Buclei serve as centers on which the lactose molecule• 111AY oey1ta1.;,; 

lize. Oooaaionally eryatals of lactose and of inorganic salts in milk 

powder and oondenaed milk may not completely dissolve in processing the 

mix. Such crystals may serve as nuclei in the ice cream and precipitate 

an outbreak ot sandineH. 

It is generally agreed that ice cream containing nut meats develops 

sandiness more frequently than any other flavor. This peculiarity baa 

drawn the attention of Reid (6). Dahle (2). Keith. Fouts. and Weaver (4). 

Reid ('f); believes that the nuts serve as nuclei which induce premature 

lactose orystallbation. Be delayed sandiness in ice .cream by -.ahing 

the nuts in wal'm water and autocle.ving under ateam pN-asure and also by 

soaking the nuta in a gelatin solution prior to using in the ice cream 
' 

(6). Dahle (2.)., delayed. sandiness by washing the nut• in a auga.r syrup 

betore using in the ice cream. ! eid (1)-/ maintained that this had little 

or no .,rrect. 

This controversy attracted the attention of Keith. Fout,. and Weaver 

(4). They treated nuts with hot and cold augar syrup solutions and 

altered the salt balanoe of' the mixes. using calcium chloride a.nd sodium 

11 



oitrate. In e.ase,a where calcium chloride waa &dded,. f.11 aample-s were 

aandy. The:ae f'indinga- are in ao_cord with those of Re1d.. On the other 

. hand,. when &'Odium ci tr.ate was added,. mixed results lfttre obtained. 

Sandiness did not appear in the ice cream whioh contained no salt•• 

These results bear out Dahl.et-a work. The salt balance apparently influ• 

eneed the d&velopnent of eandinee-a •. 

Whitaker {16) believe.a that dry nuts ca.use aandine.aa bec:au.• they 

~bibe •ter._ thereby increasing the lact.o•e in water concentration. 

!his 1-otor &utomatioally haatens the develop!18nt of aandinesa. 

lDfteet o·t Fat Clu.:mping on Development 
of SandineH in Ice Cream 

11 

Sommer (10) ate.tes that mixea in which the fat globules have clumped · 

have a high.er viscosity than mias in which the fat globules have not 

clumped. The kinetic movement of the unfrozen ma.terials in 1oe cream 

must be greatly influenced by the viscosity of the mix. In an exceedingly 

viaooua mix. one would expect the movement to be retarded. In order for 

ice cream to become objectionably sandy the molecules or small crystal, 

of lactose must move together; thereror6,. rat olwaping should tend to pre-

vent aa.ndineaa. 

Whitaker {15) has demonst.rated this experimentally. A mix which 

showed tat clumping on microac,opic examination and ·one of the same 

composition, but whic~ ahond no tat globule clumping, were frozen and 

stored in electric cabinets under identical conditions. The data col-

leoted in one such experiment are ahown in the following table. 

, 



Influence or rat globule clumping on the rate 
or lactose crystallization 1n ice cream 

a a Time of appearanoe or 
Fat globule11 Viscosity I lactose orystallization 

t I Cabinet 1 a Cabinet 2 
a sec. a days I days 
l 

Not clumped 1 

Clumped 
I 

I 

16f 

161 

I 

' 
I 

I 

11 

31 

I 

I 

I 

I 

l'I 

31 

Lucas and Spitzer (5) '.' have found that lactose crystalliza~ion ii 

neither prevented nor affected ao far as can be determined by high 

or low pasteurizing temperatures. 

Nothing was encountered in the literature which indicated that 

neutralizers, per cent overrun, per cent acidity, _or protein atabili~ 

had any effect UP?Jl the development of sandiness. 

13 



PLil OF STUDY 

All dairy products used in this experiment were or a uniformly 

high quality.. The skimm.ilk powder, which was made by the spray process 

or manufacture, was about two months old. The skimmilk and cream were 

leas than two days old at time of use 'and were free from pronounced off• 

flavors and odors and extraneous matter. All dairy products except the 

milk powder were secured from the college dairy herd. 

The sugar used was finely granulated sucrose, free from foreign 

materials. The gelatin was of a high quality, free from lumps and 

toreign substances. In oases where oat flour was added, Avenex No. 7 

11as employed. Thia flour was made by grinding the oe.t kernel, a.tt the 

hull had been removed. 

14 

I~ the course of this study four trials were ma.de at weekly intervals 

1n order to check the resul ta secured trom each trial. In each trial ta. 

40-pound batches (numbered batch I and batch II) of' mix were made and each 

batoh was d1Tided into three 12-pound lots. The mixes of both be.tches 

were numbered 1~ 2, 3, 4, 6, 6. Batch No. I was always divided into m.1xea 

1., 2, 3; and batch No. II was always divided into mixes 4, 5., 6. 

The composition of each batch was calculated so as to correct the 

dilution error which resulted WN?n water, salt solutions, and oa.t flour 

119re added. The total solids oontent was the same 1n the frozen ice cream 

ot all mixes. A volume or water exaotly equal to the . volume or salt 

solution was added to each control mix. The oat tlour 11&.s used to replace 

part of the serum solids content in the mixes where it was used. The in

creased concentration due to the salts which were added was such a small 

ractor that it wa.a disregarded. 

The composition or each frozen mix in the tour trials is shown 1n 

the table below. 



15 
Table I 

f • ~ Gelatin ' Oat FloUJr 
r ,.. • fr!a11 " !rlala 

Io.a I II .. III,.~I, II,. 111., I, II, III, 
I I ' • IV • IV I lY 
f ' ' • I ~ 

l f 10 • 12 f 14 I 12 ' 14 I .2 ~ 

' f f ' ~ ~ I 

2 f 10 t 12 I 1, I 12 ' lf ~ ,2 I 

& l • • f ~ I 

3 I 10 f 12 ; i4 ; 12 • 14 l .2 ' I • • f f i ~ 
4 ' 10 ; 12 f l3,6t 11,6 ' 14 I ,2 • .4 

' 
,. f f • ~ 

-6 I 10 I 12 I 1s.s, 11,6 • 14 ,. ,2 : .4 

' f • t • ~ • 4 • 10 f 12 ' 1s.s, 11.6 14 ; .2 I .4 

The per cent or fat and the per cent of serum solids were changed in 

ti-ials II, III, and IV, because sandiness developed within three days 

after freezing in the ice cream of the tirat trial, The observation which 

led to this discovery was not a -part of the original plan of the study, 

Two salts, calcium chloride (cacl2 ) an.d sodium citrate (2Na3065so7,~ 

lIBiO), wre t.taed in thil experimental work, Water solutions of thea• 

salts were prepared so that equal volumes of each solution would contain 

the aame number of active ions, The calcium and citrate io~ are the 

aotlve ions in theae salts, In very dilute aolutiona each molecule ot 

oaloium chloride breaks down into one poa1tively charged ~lcium 1Qn 

(ca++) and two negatively charged chloride ions (ell'!h sodium citrate 

yield• aix ,odium ions (Ba+) and two citrate ions (C6IfsOf ), A molar &O'!" 

lution (147.02 grams per liter) ot calcium chloride and a one-halt molar 

solution (357,16 grams per liter) of sodium. citrate were prepared. Ion~ 

bation of these aalta should have been complete when they were added to 

the ice oream mixes we to the high dilution which reaul-ted; therefore, 

mixes to which the aal ts were adde.d should have contained equal numbers 

of calcium and citrate iona, 



The important difference 1n the salts was in the sign or the chargoee 

ot their active ions. The caloiwn ion, carrying a positive charge, ia 

very active ,rh1le the chloride ion 1s relatively inertJ in sodium citrate, 

however, the negatively charged citrate ion is the active factor. 

The 12-pound mixes of' each trial were pl-.ced in tan. three-gallon 

cans. The salts were added to the mix.es of each trial, aa 1e shown in 

table XI. Mixes 1 .and 4 :were uaed as controls. All material• wre added 

immediately before paeteq.rlaation. 

Table II 

Jlateriah added to mixes of each t~j.al 
I J'u:mber or mix 
t: 1 • 2 : ! I 4 f 5 • 6 
I • I I a 

;l• water • so , I I 30 &, • 
• calc1~t 

-
I : 1 I 

chloride J, i so I I I 30 ' id. sodium ' ~' I I ' I 

citrate : ' t ~e t I a so 

It should be ,reoalled here that mixes 4, 5, and 6 contained. oat flour in 

addition to the above materials. Mixes 1, 2, 3 contained no oat flour. 

After the salt solutions were added, the mises were heated in a 
. 0 

water bath to 160 F • . for 20 minute•• The tempe~ture in the bath wae 

regulated by intro~ucing steam and cold water. Mixes were introduced 
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into the be.th at tive minute intervals to prevent delay at the homogenizer. 

At the end of the 20 minute period ot pasteurization. eaoh mix waa 

homogenized in a two •tage hQIII.Ogenlzer, using 2600 po~ds of pressure on 

the first valve and 500 on th$ eeeond. About 6 pound, ,or preperly 

h.omogenbed mix was obtainec! from each l2•pound lot. The homogeniser 

waa tluJMtd ·•1th hot water after homogenizing eaoh mix to prevent 

eontaminatien of the auoceeding m,.x. 

Immediately after all mix•• were homogenized, they were oooled to 

45° F. over a t\lbular cooler with circulating brine. 



,A.t'ter aging for 18 hours at 40""45° F •• the mixes were frozen in the 

treedng unit shown in figure I. 

This treezing unit ,vas designed by J. I. Keith and c. w. Rink and 

constructed by the Department of Industrial Arts Education and Engineering 

Shop Work or the Oklahoma Agricultural and Mechanical College (8). 

The unit 1s essentially a 4• x 4' brine box with four one-gallon 

freezers aet 1n it. The pinions trom ea.ch treeaer all engage a main 

driving gear 1n the center of the box. .An electric motor. through the 

V•belta. pulleys. and aba.rts. revolves the main gear. The one-gallon cans 

are turned at the rate ot 90 r. p. m. J the scrapers on the inside revolve 

in the oppoeite direction at the 9&me epeed. This would be equivalent to 

revolving the dashers at 180 r. P• m.. if the cans were stationary. 

· Only three of the one-gallon freezers nre used in freezing. The 
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cans were exactly half-filled ( about 4,t pounds) w1 th mix and place d in 

position. From a large tank brine at 1s° F. was siphoned by means or a 

rubber tube into the brine box. When the box became about two-thirds filled• 

the brine solution passed through an overflow pipe into a s-.11 galvanized 

tank. From here it was pumped back into the original bl'ine tank. As aoon 

as the brine solution started passing through the overflow pipe. the 

electric, motor was started and the mixes were frozen to 100 per cent over

run. 1. ••• until the ice cream in the cana became level with the top. 

When the mix reached 100 per cent overrun. it was removed from the 

f'?'eezer and placed in three-ounce. paper cups which were numbered 1 to 24. 

Cups 1 ·to 12 were placed together. and cups 13 to 24 were placed 

together in storage. This procedure was followed with each of the mixes 

of all four trials. All samples were atored in a hardening room at •100 F. 

At weelcly intern.ls samples l to 12 of' each mix were removed to an 

ante-room at 40° F. for one hour~ Theae sample• wre then retumed to the 



Figure I. Experimental ice cream freezing unit. 
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hardening room. Samples 13 to .24 wel'e not subjected to such temperature 

tluotw,.tions. 

Samples ot mix tor labora.tory determination, were taken at the end 

or the aging period+ Acidity tests. viscosity detenninations. tat clumping 

determinations, and protein stability tests were made on the mixes • 

.Acidity Teats. Nine gram samples frODl each m1x were titrated with 

1/10 a.odium eydrox,.de. !he tb llowing formula wu used to calculate the 

per oent aoid in the mix. 

% a.old • lll. w/~o l'aOH ,uaed x .009 x 100 
Wt. or sample in grams · 

The eamplea were weighed on a Torsion balance into 150 ml. Erlenmeyer 

tlaska. The aodium hydroxide was dispensed trom an automatic burette. 

Phenolphtlialein •• uaed to determine when the· end point had been reached. 

Two results which checked within .05 per cent were secured with each mix. 

Vilooa1 ty Detemination. Al though there are several special 

instrument• tor determining viscoeity. fairly consistent results may be 

obtained by using a 10 ml. pipette and a stop wateh. The pipette waa 

me.de stationary by clamping it to an iron stand. Distilled water was 

then drawn up into t~ pipette to the zero mark. and the time for 9 ml. 

to flow out w.s recorded by the atop watch. Rink (SL tound that a. 

greater variation in time occurred when the tenth cubic centimeter was 

allowed to flow through the tip or the pipette. Re believed that thia 

wa.a due to the reduced head pressure and the curved aides at the bottom 

ot the pipette. After the time tor wate.r had been determined by three 

or more trials. the mix to be teated was drawn up into the pipette. and 

the time .tor 9 ml. to flow out was recorded. Three results which ohe-oked 

very closely were secured. The viscosity ot the mix was then calculated 

by the following tormul.ai 



Viscosity 9f mix a Time in seconds tor mix 
'Time in seconds for water 

The pipette waa walhed and dried when changing from one m!.x to 

. 0 
another. ill viaood.ty determinations were made at 70 F. 

!!,! C'lwn.ping. !o determine the degree of tat clumping l ml. of the 

mix was added to a 300 ml. bottle and it waa filled with distilled wa.ter. 

J. hanging drop n.a pr•pared from the above solution and ex&.min~d under a 

microscope. using a. 4 mm. objective and a lOx eyepiece. The degree of 

tat clumping was recorded as none, evident. very evident, prominent. very 

prominent, pronounced, or very pronounoed. In a mix with no clumping the 

globules appear e.a diatinot tndirlduala. In the ease of clumping the 

globule• are diatinot but appear as conglomerated masses which have 

no definite ahape or tonn. 

Protein Stability !eata. To detennine the protein stability 5 ml. 

samples 1'9re used. A aeries or teat tubes were scratched at the 5 ml. 

mark with a glaaa cutter. The mix waa introduced into the teat tube with 

a piece or glass tubing, using the glass tube as a pipette. The high 

viaeodty or ice cream mb:ee prohibits the satisfactory use ot a. pipette. 

Jrinety-riTe pr cent ethyl alcohol and ll/20 }v'drochlorie acid were used 

in this test. 
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To determine the stability or the proteins toward ethyl alcohol• the 

6 ml. aam.ple of mix was diluted with 1••• than 10 ml. or water. The aclded 

volume was then made to 10 ml. with alcohol. The tea,.t tube was inverted 

quickly three times. and the wa.lls of the tube were exarnined for a 

precipitate. !he at.ability of the mix tc,:ward alcohol was expressed as 

the number ·ot milliliters of alcohol which were required to produce e. 

taint precipitate on the walls of the teat tube. 



'rhe acid stability test was performed in much the s.ame manner as was 

the alcohol teat. All reagents,. water, alcohol. and acid, were dispensed 

trom burettes. T~se tests were performed at room temperature which was 

a.bout TOP. r. 

8eor1ng ~ ,!!! Gream. The ice cream omph• 'W9re scored for flavor 

and body and teiXture by three judg&a, who were members of the faculty of. 

the X.iry Department Kt Oklahoma Agricultural and Mechanical College. 

When the samples ot the first trial were tiro 118eka old. all number 1 

aain.plea wre sooredJ thereaf'te'l", the samples in numeri.cal order, were 

aoond at . weekly intervals. When aandineas was encountered in the ice 

cream tran any lot, aample number 13 of that lot was removed t'rom the 

hardening room and aoo:red. -The purpose or this practice waa to determine 

whether the temperature tluctuat.1on hastened the development of sandiness. 

The samples tr-om the mixes of each trial were scored in this manner. 

The judges wer• g1Ten no 1nf'ormat1on regarding the identity of the 

samples. aoores of the three judge• tor each sample were averaged end 

recorded. Partioular attentlon waa glven te sandy texture, and oxidized 

th.v.orJ criticisms on these detects were recerded. The oriticbm of each 

ju.dge on ea.ch sample •• counted aa one obcern.tion. 
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IIPERDIEJft'AL RESULTS ADD DISCUSSIOI 

All 1oe ere Id.Ra 1n th1• ex.per1-nt •.re putnrlnd, haaogentse4, 

o.ooled. and troNn in tbe man,ner which has been daaorlbed. Whethor or 

not 8Jl1 ot the added aelta •re pl'ee1p1tatea. 1n pe.ateurl.zation-. not 
"'' 

dote~..s. All mises frQse . to 100. pe.z- cent Oftl'1"Ull in 9 to 4& m!.nutea. 

The time required to obtain the 4ealred (fflJJ"rull "'l&l"ied with the poaltlon 

1n the brine box cd -the oondition ot the gears. dMhera, and aOl"&per•• 

These taotors •re ot auolt. gnltuu that the etfect of the sal ta on the 

speed of whlppitlg ooul.4. ~ be 1Jtu41ed. 

In all labontoey t.nta whioh were act 1n this atu4)r tllo or mo;n 

Ao1d1ty tens toz- mba• ot all trlala checked ~lrly cloael1'• So 

tv &1 could bo 4-termhled 1n the College Dab::v laboratol'Y • d1at1llec1 

•ter aolut1ona ot oalola ohlorlde,. aocl1m citrate, and oat tlour •re 

~ 1n ntaetion. 10..De whloh cont&S.Jaed oalclua oh'lorl gaw a 

trltle hlghaJ" :aoldit)- than otbtl'· la-. -1.tbough tbia ft\otor waa w1th1a 

the lhdt• or uperl:m&ntal error •ncounteNd while tltratlng 111\;h e. 

bantte~ ID no oaae di.cl the aoWty ·ot any mix UOMd .11 par cents the 

awrage tor &.ll Jlltaea •• .28 per oent acid. 

A. gr•t T&ri&tlcm 1n vlaoo1!.ty appeared 'bet.eon the mixes ot .uh 

trial aad beteen the .... mblea ot dlfterent trial.a. ne taotora whtoh 

-.y have be.en n•pouible ft)r thia ooo~noe will not be d1souaae4 

boa. ID ell tl"lal•• hammer .• it,... ob .. nect tba:t the ealoia aalt J.n

oreuect. the Tiaooe1t)'. Sane ot the•• mb:oe ere eo vlecoua that they 

f-lOINtcl only With great dltt1culv• A ohemical cbamge !ndlJHd b7 the 

•lclua ohlortae •Y be rnpcma1b1• tor· this o~. The 1~ 

Y.1.aofflty. hcmmtr. 41d not retard the develop:wat ot n.ndllle•• u W1U 
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be not1o•d in the following pages. The mixes containing sodium citrate 

and oat flour showed variable v1scos1 ties when compared with tho control 

mises. 

Very littl• tat clumping appea.reC!l 1n any m1x in this experiment. 

Four mix$S are marked aa "evident". lio correlation between the degree 

or tat clumping and the developnent of sandinea, 11aa ob•erved in this 

study • 

. The added salts exe~d. a pronounced effect upon the protein 

a~biUty. ea.lcium chloride decreased the stability of the proteina 

toward ethyl alcohol and 1noreaaed the stability toward }vdrochlorio 

acid. Sodium citrate exerted opposite effects. increasing the ata.b111ty 

toward alcohol and decreasing the stability to..ard acid (see table III). 

!able III 

lf'teot or o&loium chloride and aocllum 
·oltra.te on protein •ta.b111ty 

, · · • llill.Wt•n :required to 
Type· or mi% a ~roduoe a precipitate 

, D . ethyl ,t/!ohidro
a alcohol a chlorio &old 
1 • 

Control m1x I a.s I 3.6 
Iii oon.tilnlng I I 

o&lcium chloride, 4.2 • 4.1 
lb eonti!idiig I I 

ffdium. citrate 1 s.1 • z.o 
The proteins or milk mat 1n the term ot a sol. The stability or 

a aol is greatly_ influenced by the electrical charge on the ions which 

are adsorbed at the aur.faee or colloid.al particles. At their iao-eleotrio 

points • the point at which the charge on the particle equals the charge 

ot the medium• the particles of a sol are precipitated most eaaily. 

Calcium and citrate lona change the ionic equilibria or the ice cream 

mix. Caloim lou impart a positive chargeJ citrate ions. however. con

tribute a negative charge-. llhen positive ions are added to an ice cream 



mix, the stability of the proteins toward ethyl alcohol is reduced, but 

the stability toward hydrochloric acid is increased. Increased atabili-

ty toward alcohol and decreased stability toward hydrochloric acid may 

be expected when negative ions are added. 

ot the 576 samples which were prepared 452 were scored and the 

results rec<>rded. Of the 452 samples 150 were scored as sandy and 135 

as oxidized. (See table IV). 

Table IV 

Number or samples scored as having a sandy 
texture e.nd oxidized flavor 

No. or sample• a No. of judge• aooringa Total number or 
,cored as I sample a, I observations 

1 t I t ' Sandy aOxidized1 Sandy t O.ddi&ed 1 Sandy I Oxidi1ed 
I I I a 

S31 18 3 3 a 249 • 54 
I I I & 

S7t 38 I 2 I 2 I 74 ' 76 
. I a I ' l 

301 79 I l : 1 t 30 t 79 
I I I • I 

Total, 150• 136 ' I • 353 I 209 

The figures of the third colt.mm were secured by counting the report 

or each judge as one observation. Sandy texture and oxidized f'lavor 

appeared in the ice cream of each trial aa shown in table v. 
Table V 

Appearance or aandy texture and oxidiied flavor in the ice cream or 
eaoh trial aeoording to the total number of o'baerva.tiona 

1 NUmber or 1'li 
Trials 1 s 2 1 ! , 4 , 5 , 6 
No. ,San-soil- ,Saii-,oi1- 1San-10xi- tSan-i6ii- 1San•·10xi• aSan-toi!-

1 dy ,dbed, dy adbedt dy td.i&edt dy 1dised1 dy 1dbed1 dy sdhed 
I I 

l I 53 I 19 
I I 

2 J 0 I 10 
I ' 3 I 12 I 9 
I I 

4 I 0 • 6 

' I 

Total, 66 t 44 

I 

I 68 
I 

I 4 
I 

I 14 
I 

I 0 
I 

I 86 

I 

I 

I 

I 

I 

I 

I 

• 
I 

• 

I t 

18 I 46 I 

I I 

3 a O : 
I C 

11 I 3 I 

I I 

40 I 60 I 

t C I I 

39 I 31 I 19 s S7 1 13: $9 I 

I I I I 1 I 

4 I 9 I 2 I 1 I • I 0 : 2 
: I l I I a 

2 l 7 I 9 : 3 C 18 I 0 
J ' • I I I I C 

2 s s I 1 : 11 a 4 I 1 I 0 
I J I J I 

46 I 50 1 Sl I 52 I 39 I 40 t 10 
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fable V shows that aand1neas and oxidited flavor appeared in each type 

or ice cream in one or more trials. Al though no sure methods tor preventing 

these de:tecta were revealed. s.ome factors appeared which are worthy of 

closer atuey • 

The results concerning sandiness and oxidi,ed flavor in all tour 

trials have been 81.UIIJl&rized in the following table •. 

Table VI 

Appearance of sandiness and oxidiled flavor 
1n the ice cream of all triala 

I I I I l I 

ti% number •• l t 2 t 3 I .f, 1 5 I 

bhaern.!tiona ' 
,, 

I 1 I a 
ot aandineu l 65 I 86 l 60 I 50 l 52 ' Obeern.tiona ot I I I I I I 

oxidized f1.avo.-a 44 I 40 I 45 I 31 I 39 I 

6 

40 

10 

By comparing mixes 2 and 6 with 1 and 4 it will be noted that aandi-

ness was mch more pronounced in ice cream to which calcium ohloride had 

been added. It may be observed also by comparing mixes 3 and 6 with l 

and 4 that sodium citrate tended to inhibit the development or sandiness. 

The effect of the oa.lcium ion was of'f•set to a great extent by the oat 

flour as will be noted by comparing mixes 4 and 5. This may have been 

due to a chemical combination of 'the active calcium ion with some eon-

atituent of oat flour. 

Oat f'lour and a combination or oat flour and sodium citrate inhibited 

the development or o:ddbed tlavor as may be observed by comparing mixee 

4 and 6 with mix 1. 

The figures in table VII were obtained from table VI. The figures 

under mixes l and 4 were added together J figures under mixes 2 and 5 

were added togetherJ t'igurea under mixes 3 and 6 were added together; and. 

finally-. the tigure• under mixes 1. 2,. and 3 were compared with the figures 

ot mixes 4, 5, and 6 to ascertain the ef'f'eot of' the oat !'lour (See table VII). 



Table VII 

Effect or oalci chloride, aod1um citrate. anc1 oat tlwr 
on the dewl,opne.t or aandiuaa ud 

. «d.clhed tl.avor 
I 1 t I Oat tlour 

Jtt.terlal addecl t •Calolma 1Sodium , .,;t t Bone 
1Controlu,hlorihaoltrate1 Added I added 

o&1e"1Ltlona ot I t · ·• 1 • 
*9,1\dimaa I .115 t J.S8 I 100 I 14a t 211 

tibNrratlou it ' I I I . I 
axld1sed tlaTOl't 15 , '19 1 S5 1 ?S , : lat 

Then f'igurea enq,haalse the detri.mental ef"f'eeta or oaleium ohleride 

and the benefloial effect.a ti!!: aod1a oitrate on the developaent of aandi• 

neas. The oat flour tended to prevent laetoae orys.te.llization. Thia my 

bllve been due to the raot that oat flour was used to repla,oe, aom ot the 

serum a-ollda. which recblced the laotose-11\.,...te.r concentration. .Aa hq 

been mentioned pn.vioualy 1n thi,e report. the higher the l otose-in-water 

conoentn.tion, the greater 1'111 be the tendency f'or laotoae to form 

crywtal•• ·. 

The tahl• ahotrs that oat flour tended to pNvent the devolopnent or 

ox1d1s.ed flavor. the figure .in the fourth ool1Dl'll indicates that sodium 

citrate may lnhtbit the development or oxidized flavor. 

The temperature fluotua.tiona which occurred in the hardening room. 

wre of such •pttude that the pract1oe ot heat a.hoolrlng yielded 

negligible reaul ta. In r.ot more oases of eancU.naaa. occurred in the group 

whioh waa not a.poa•d to the anere tempen:t.ure tluotuat1ons. Thia 11U 

probably 1ntlueneed by the tact that cupa Ho. 13 t.o 24 wwre alway. t1.ll d 

last whioh allowed so• of the ice cream to melt. The practice of heat 

•hMldng apparently 1nh1bS.ted. the development ot oxidised flavor (See 

table VIII). 



Ta.bl.& VIII 

Etfte-t ottempere.ture. i'luetuatiba,. on, the ·d•• 
velopment ot aandineH and ex1dised .tlf.vor 

t ' 
t U.•t shocked i Kot •ho.eked 

Observat1'01'18 · 1 

or aandineas · 1 
&8.rfttiona or i 

oxidised. flavor) 

134 

99 
I 

t uo 
So far aa could be ascertained in this study the per cent acidity. 

degree or fat clumping.,, viaeoaity, or protein stability bad no errect 

on the development ot oxidiz«i f'l.avor. 
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A. atteot !! !,1!!! calo1ua ~ 

The et'teot ot the oel.o1m ion OD the apee4 of *1ppin,: could not be 

obael'Wd la th1• •tud7• The oalol:ma ton p!'Od.UOecl no notloea'blo of'feot 

cm the per cent ao1d1ty or tba. degree ot ~t CJl.uiaglng. A pronounced mo

o...._ 1a v1*00•1V .. Obael"'ted whioh 'IJA7 law been due to e. obemloal 

olmlge 1llduoed b;y the oalc1• ohloride., A decrease 1n protein lltabil1ty 

toari &loohol and an iacnaee 111 atlt.b1l1ty tcnla.rd ~blanc ao!d -. 

obnrved. Then •• an lnoreu cl ~ tor 18114lne•• to develop when 

aale1ua 1ou •re a&led 1n aplte of the tnoreaud viaoa1t,'. Whether 

thia 18 due to tho eleftrt-1 ohvge on tbe calo1ca .,._ or to a ,oheal-oal 

obalage-. n.ot determined. flu• aalt &ppa.Nlltly bad no effect on the de

fflopae8' or odc11ced f'lavo ... 

a. -~~ of tJw os.tn..te Ion. ------------· ........ 
the ett~ ot eodlua oitftw on tbe •l'ff4 or Whipping oould not 1-

studled in tlda ~rlsaent. So tar u coa-ld be determined 1D tb1• ezptrl• 

~ tbe aoilUDl alt bad no •ffec1i on the per oent ao141 t7, degree ~ t&'t 

olump1ng., or vi.ooa1ty. Thia alt p-oduoe4 an imrean 1n prote1.Jl ata

l>Ulty toward al~l ud 4ecnue4 the stal>illty toa?'d. Jvdi-oohlorio 

acid. Thi l()Jt altptly illhlblted the dtmtlopllt oE aaadlnuo anti 

ox141.&-•d f'l.aTor. 

o. ~eat or Oat rtaur.. ----- .. . 

. !'be •t tlcar apparently produced no etteot - 'the, per oat aewv. 

OgrM ot .tat olmaping. viaomdty, or protelll atab!ltty. It tecdecl to 

pnNnt t.he dft'&lopaitnt ot ucdSn--ae ta 1o.e ol'Ml'll. !'hh ma, haw been -. 

to the f'aot U.'t tt -.. -. t., repl&N part ot the •NB Mllda_. 1tbleh 

rechaoed the ~in..ter oanoentrat!oa. 



Ol.t .tlour tended to 1nhib1 t the dffelopment of oxidised tlavm-. 
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