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THE MELT DOWN OF SOFT SERVE 

IMITATION'ICE MILK 
BY 

G.C. WALKER, J.M. TUOMY AND C.C. WALTS 

Experimental Methods 

Continuation of Experiment 7. The effect of CMC and MCC on the melt 
down of_iee_milk. Basic mixjsgjsgared in 175 pound batches. Experiment 7 was 
designed to decrease the amount of variation suspected when mixes were 
prepared in small batches. The basis mix composition was? fat, 4.1%; milk- 
solids-not-fat, 11,1%; sucrose, 10.07.; corn syrup (43DE), 4.07.; tween-80, 
Q.03&S water to bring formulation to 100%. The basic mix was prepared, in 
175 pound lots. 

Experiment 8. ?^g_gff§gt==P^-6^,vJ^^jand draw temperature on the melt 
down,of iee milks. The effect ©f va^ioua levels of CMC and MCC and draw 
temperatures of 19, 20, 21 and 22F on the melt down of ice milk was investi- 
gated in experiment 8. The basic mix used was similar to that used for 
experiment 7. The combinations ©f stabilisers uied is shown in Table 23. 

Experiment 9. The effect of WQ1  gelatin and^draw temperature on the 
melt down .of .ice milks. This experiment was conducted in the same manner as 
experiment 8 except that gelatin was substituted for CMC at the same levels. 
Table 26 shows the combination of MCC and gelatin used. 
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FOREWORD 

The Uo So Navy has changed the da$£gs ©f ice eraam preparation facilities 
aboard ships thus many new vassals are equipped with soft serve "ice cream" 
freezers only, Th© result ©f the change ig a savings in valuable spaca aad weight. 
The above change created a seed for dehydrated mix for preparing an acceptable 
soft serve "ice cream". Paste arid pewder mixes, designed for hardened ica craam5. 
are unsatisfactory because they require extensive modification before thay can par» 
fomi as mixes» for soft serve ic® milk« The Navy also requested that resistase© 
to rapid melt down be built into the product» The Navy's request is the basis 
for the work reported herein. 

The contributions of the following forrasr military personnel are acknowledged 
and appreciated; 6. S, Hubar, §« T. Newten9 J. Tcfeissj G. W. Monaglas J, Halms»,, 
P. Bryan» and E. J, Braden, 



TABLE OF CONTENTS 

fe- Pa&£_No. 
List of Tables v ; iv 

Abstract viil 

Introduction 1 

Experimental Methods ? 

Experiment No. I - Preliminary Investigations   ,2 

Experiment No. 2 » The effect of combinations and levels of stabilizers 
and emulsifiers and portion size on the melt down of ice milk , 2 

Experiment No, 3 » The effect of three types of fat and two levels of milk 
solids=not=fat on the melt down of ice railk..  .3 

Experiment No. 4 - The effect of three types of fat and two levels of sucrose 
on the melt down of ice milk. , „ .3 

Experiment No. 5 - Investigation of levels of coconut fat, sodium carboxymethyl 
cellulose and microcrystalline cellulose on the melt down of ice milk . , „3 

Experiment No. 6 - Investigation of the effect of CMC and MCC on the melt 
of ice milk ,  

Experiment No. 7 - The effect of CMC and MCC on the melt down of ice milk. 
Basic mix prepared in 175 pound batches. .......... 

Q       e      ti , 

Ö*«*ÖO*0, 

Experiment No. 8 - The effect of CMC, MCC and draw temperature on the melt 
Qown or xce mxi.K, o*. «*...««.. ..«»..«». .«**.. ©«3 

Experiment No. 9 - The effect of MCC, gelatin and draw temperature on the 
melt down of ice milk, .  .3 

Experiment No. 10 -The effect of MCC, algin and draw temperature on the melt 
down of ice milk , . , , » . .4 

Experiment No. 11 - The effect of low dextrose equivalent corn syrup solids 
draw temperature on the melt down of ice railk, .,...,.  .4 

Results and Discussion 

Experiment No. 1 - Preliminary investigations .   •  *  *  « 

Experiment No. 2 - The effect of combinations and levels of stabilizers and 
emulsifiers and portion size bn the melt down of ice milk. ........ .5 

iii 



Page 
No. 

Experiments Noa. 3 and 4 ° The effect of three types of fat and two levels 
of milk golids^not^fat or sucrose on the melt down of ice milk. , .... .5 

Experiment No. 5 =■ Investigation of levels of coconut fat, sodium carboxy» 
methyl cellulose (CMG) and mieroerygfcalline cellulose (MCC) on the melt 
0CJWXI   QX   ±6©  lOXAK.      ft0»«»0q##<voftq«»*&«*.j««*     e     •     *     <     ■     *5 

Experiment No» 6 • Investigation of the effect of CMG and MCC on the melt 
down of iee milk,  <- . . .6 

Experiment No. 7 - the effect of CMC and MCC on the melt down of ice milk. 
Basic mix prepared in 175 pound batches» ..,.♦....,♦,.....6 

Experiment No. 8 - The effect of CMG, MCC and draw temperature on the melt 
down of iee milk , . , ... . . . , . . ........ .   . . . 6 

Experiment No, 9 - The effect of CMG, gelatin and draw temperature on the 
melt down of iee milk . ,i 

Experiment No. 10 » The effect of MCC, algin and draw temperature on the 
melt down of ice milk ...........................7 

Experiment No. 11 » The effect of low dextrose equivalent corn syrup solids 
ari<3 draw temperature on the melt down of ice milk ....7 

Conclusions —  8 

Literature cited 48 

TABLES 

Table No. Page No. 

1 List and composition of ingredients used in ice milk 
mixes in experiment 1..................,,9& to 

2 Composition of iee milk mixes 1 to 18 for experiment 

3 Composition of ice milk mixes 19 to 36 for experiment 

4 The percent overrun (O.R.)>draw... temperature (F) and per- 
cent mgit down (M.D.) for ice milks tested for experiment 
1*  (Mixes 1 to 18) ,  .... 6 15 

5 The percent overrun (O.R,)„draw temperature (F) and per- 
cent melt down for ice milks tested for experiment 1, 
(Mixes 19 to 36);*, . . . . -;..        .  ,     ...... 16 

iv 



Table No. Page NO. 

6 Correlation coefficients (r) for draw temperature, 
percent overrun and percent melt!down of ice milks 
tested for experiment 1, « » • .......... ( 18 

7 Combinations and amounts of stabilizers and emulsifiers 
in 48 ice milk mixes. The percent overrun (O.R.), draw 
temperature (F) and average percent melt down (M.D.) for 
1/2 and i~cup portion sizes for ice milks tested for 
experiment 2  ...... .19 

8 Analysis of variance and percentage of variation for the 
effect of stabilizers, emulsifiers and portion size on 
melt down of ice milks tested for experiment 2 .... .21 

9 Correlation coefficients (r) for draw temperature, percent 
overrun, percent melt down and mix viscosity of ice milks 
tested for experiment 2. , „ „ „ ....22 

10 Composition of 6 ice milk mixes containing £br<s© types of 
fat and two levels of milk solids-not-fat. The percent 
overrun (O.R.), draw temperature (P) and average percent 
melt down (M.D.) for ice milks tested for experiment 3. 23 

11 Composition of 6 ice milk mixes containing three types of 
fat and two levels of sucrose. The percent overrun (O.R.), 
draw temperature (F) and average percent melt down (M.D.) 
for ice milks tested for experiment 4.......... 24 

12 Analysis of variance and the percentage of variation for 
the effect of type of fat and levels of milk solids°not~fat 
on the meltMown of ice milks tested for experiment 3.,,25 

13 Analysis of variance and the percentage of variation for the 
effect of type of fat and levels of sucrose on the melt^down 
of ice milks tested for experiment 4. ....... . . 26 

14 Combinations of coconut fat, sodium carboxymethyl cellul©se 
(CMC) and microcrystalline cellulose (MCC) used in 27 ice milk 
mixes. The percent overrun (O.R.),draw temperature (F) and 
average percent meltvdown (M.D.) for ice milks tested for 
experiment 5.,,....,..  .27 

15 Analysis of variance and percentage of variation for the 
effect of levels of coconut fat, sodium carboxymethyl cellulose 
(CMC) and mieroerystalline cellulose (MCC) on the melt down of 
ice milks tested for experiment 5.  ............ .28 



Page No, 

Correlation coefficients (r) £©ff draw temperature, 
percent overrun and percent msit=down of ice milks 
tested for experiment 5« , „ , , . . , 0 , . . ,,♦.,,, .  29 

17 Combinations öf sodium earboxymefchyl cellulose (CMC) 
and mieroerystaliine cellulose (B3C) used in 9 ice milk 
mixe3. The percent overran (OoR.), draw temperature (F) 
and average percent melt down (M»B.) for ice milks tested 
tor experiment Oo..»,.,,..«««««.♦«•»«,«« J" 

18 Analysis of variance and the percentage of variation for 
for the effect of sodium earbösepisthyl cellulose (CMC) 
and micrcorystallin® cellulose (MOO) on the melt down of 
ice milks tested for experiaisnt 6. «,»,,..».»,,,,  31 

19 Gorrelation coefficients (r) for d» temperature, percent 
overrun and percent melt dsm of iee milks tested for ex° 
periment 6, .....♦,♦,...««♦.....,»♦.♦..32 

20 Combinations of sodium earboxymethyl cellulose (CMC) and 
raieroerystallin® cellulose (MSG) used in 36 ice milk mixes« 
The percent overrun (0,R>)} draw temperature (F) and average 
percent malt^down (M<D«) for ice milks tested for experiment 7. , 33 

21 Analysis of variance and percentage of variation for the effect 
of sodium earboxymethyl cellulose (CMC) and micro-crystalline 
cellulose (MCC) and the melt down of iee milks tested for 
expexim^nc /e< » o o « © « »<> • © © © » © • ...,.,,«« • JH 

22 Correlation coefficients (r) for draw temperature percent over» 
sun and percent melt down of ice ©ilks tested for experiment 7.. 35 

23 Combinations ef sediuai e&rb&xyaiethyl cellulose (CM3) and micro- 
crystalline cellulose (HOC) used in 6 ice milk mixes. The per- 
cent overrun (0»R,)?and average percent melt down (M.D») at draw 
temperatures of 19, 20, 21 and 22 F for iee milks tested for 
experiment ö»,,;,,,,^,, ....,, ,.,»,,,,. .»«. 35 

24 Analysis ef variance and percentage ©£ variation for 'the effect 
of sodium earboxymethyl cellulose (CM0)s mierecrystalline cellulose 
(®C) and draw temperature (F) cm the melt down of ice milks tested 
for experiment 8, ,..«,,,*...♦.♦«,«, .   37 

25 Gorrelation coefficients (r) £©r draw temperature, percent overrun 
and percent melt down of iee milks tested f©r experiment 8. , . ,38 

vi 



Table Ho. 

26 Combinations of microerystalline cellulose (MCG) and 
gelatin used in 6 iee milk mixes. The percent overrun 
(O.R.) and average percent melt down (M.D.) at draw 
temperature of 19, 20, 21 and 22F for ice milks tested 
for experiment 9. . . . ••■••«•...,»»•»« »39 

27 Analysis of variance and percentage of variation for the 
effect of microerystalline cellulose (MEG), gelatin and 
draw temperature (F) on the malt dorm of ice milks tested 
for experiment 9« ....................40 

28 Correlation coefficients (r) for draw temperature9 percent 
overrun and psreent melt down ef iee milks tested for 

29 Combination of microerystalline cellulose (MCC) and algin 
used in 6 ice milk mixes. The percent overrun (O.R.) 
and average percent melt down (M.D») at drsw temperatures 
of 19, 20, 21 and 22F for ice milks tested for experiment 10. .42 

30 Analysis of variance and percentage of variation for the 
effect of microerystalline cellulose (£I2C), algin and draw 
temperature (F) on the melt down of iee milks tested for 
experiment 10. •«.»••*•«»»••••••»»•»•• .43 

31 Correlation coefficients (r) for draw tsmperature, per= 
cent overrun and percent melt down of iee milks tested for 
experiment 10. .......................44 

32 Combination of corn syr«ip solids (€83) used t© replace 25 
percent ©f the sucrose in 6 ie© milk mixes. The percent 
overrun (©<,R.) and average psreent melt down (M.D.) at draw 
temperatureg ©f 19, 20, 21 and 22F for ice milks tested 
iÖlf    ®ÜEp®J* 34SS3J t     Jlilo      «••ao«oo«0904«&o»«a«o      »^¥0 

33 Analysis ©f variance and percentage of variation for the 
effect of sweetener combinations and draw temperature (F) 
on the melt d@wa of iee milks tested for experiment 11. . * 46 

34 Correlation coefficients (r) for draw temperature, percent 
overrun and percent melt down of ice milks tested for 

vii 



ABSTRACT 

The effect of stabilizer and emulsifier combinations, portion size, 
type of fat, amount of fat, level of serum solids, level of sucrose, combi- 
nations of. sucrose and corn syrup solids and draw temperature, oh the 
melt down of soft serve ice milk tested under constant conditions was 
evaluated; A large portion size and low draw temperature caused a low melt 
dowhi whereasi  increasing the levels of milk solids-not-fat and sucrose 
causeM an increased percent of melt down. The other factors studied generally 
showed a lesser effect on the melt down when the percentage of variation 
was Computed; 
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INTRODUCTION 

The Ö7S. Sfavy expressed a desire for a soft serwe iae milk that would re- 
sist rapid melt down» The nda was to be la powdered form. The conditions im- 
posed by the W&vy were stringent. The Havy required a product that would not 
melt down B@K« than 15 percent in IS minutes when the ice milk was extruded 
onto a hot stainless steel mess tray and served in a dining compartment with 
an average ambient temperature of 85 degree® Fahrenheit and a high relative 
humidity, Theme conditions ware later modified by increasing the. maximum amount 
öf melt down to 20 percent. 

According to Kelson and Trout (1964) high quality ice ereaw wilt show little 
resistance to melting when held at room temperature. Deviations from this melt- 
ing qualitys inelading excessive retistaaee to melting, are considered to be 
defects. 

A ©©RBiderable body of lifcfisa&ure to® been developed concerning the effects 
of ingredients and processing and freezing conditions on the various criteria, 
including melt down.*, uged to measure (the quality ©f ice cream. Very little of 
the available literature, howevers deals directly with the frozen dessert 
commonly known as "soft serve/' and a substantial amount of this "soft serve" 
1iterators concerns "soft e«nre ice cream" in contrast to "soft serve ice milk" 
which is the product commonly served at the roadside stand. 

Shearing and Rossi (1956) s&adied sosse of the problems associated with the 
manufacture of soft ice creaai mines» From their study fh&y  concluded that a 
drawing temperature of -'SÖF*1 would aLlov? a smoother product with a higher 
overrun to be obtained than would lower drawing temperature, Thege investigators 
found that the use of stabilisers, emuisif£«r«s increased levels of fat, and sub- 
stitution of one»haIf of the sucrose with either dextrose ss corn syrup solids 
all had an effect isi obtaining a good soft ice cream« They studied 95 different 
mixes and concluded that an average composition of six percent or more of milk 
fat, nine percent of milk »®lids-a®t**£ftt.g 15 percent of Sagas solids, 0.15 
percent of email si filer and 0.40 percent ©f stabilise* was the best overall formula. 
Brown et al,  (1959) determined that the substitution of glucose for part of the 
Stwaroa« did not greatly $I,ter the melt down of s©£t serve or hardened ice milks. 
Lombard (1965) obtained a soft frozen product with a stiff foody., smooth texture 
and glossy appearance »fish a mis composed of five percent fat s. 12.1 percent 
milk solids-not=*fats 10 percent tasrosft, 4 percent maise syrup solids, 0.9 per"- 
cent stabil i&er-esnulsiflsr and 0 = 05 percent calcium gulf ate. Ciobanu et al. 
(1962) found that decreasing, the levels of sonfat dry milk increased the melt 
down rate of low-fat products while increasing the overrun decreased the rate of 
melt down. Other reported (Studies concerning the conditions causing the churning 
of milk fat in soft serve ies cream, are not germane to this research report 
feecaisse &  lower fat level-' is employed in the current work than was used in the 
studies of fat churning* 



All 50 states, the District of Columbia md  Puerto Rico allow the pro- 
duction of ice milk. The minimum milk fat content ranges from 2.0 to 4.0 
percent and the maximum from approximately 5.0 to 10.0 percent. Only 16 
states and Puerto Rico allow a non-milk fat low fat frozen item to be manu- 
factured. 

In this research a fat content of four to six percent is used because 
this is within the fat range specified in Definitions and Standards for Frozen 
Desserts for ice milk (1964). Coconut fat was used because it was readily 
available and could be purchased in large enough lots to prevent excessive 
variation in composition as might be experienced with a milk fat source. How- 
ever , the use of coconut fat makes the product studied an imitation iee milk. 

The term "iee milk" is used as synonymous with "soft serve imitation ice 
milk" in this report, except for data reported as experiment 1 in which fat 
was obtained from a dairy products source. 

EXPERIMENTAL^ METHODS 

Experiment 1 - Preliminary investigation. Thirty-six mixes were prepared 
and tested in the preliminary trials comprising experiment 1. Table 1 lists 
the ingredients used and any characteristics pertinent to the identification of 
the materials. Tables 2 and 3 shows the mix formulas and the results of the 
tests. The mixes were prepared by pasteurizing the liquid slurry of Ingredients 
at 165°F for 30 minuses followed by homogenization at 2500 lbs per square inch 
(psi) then cooling to 50°F, During the test periods May to October, the am- 
bient temperature of the laboratory varied between 76 and 90F and the relative 
humidity between 12 and 80%. No attempt was made to control these factors. The 
iee milk was extruded into a standard stainless steal mess, tray that had been 
heated isi hot wa£er and dried just prior to sampling. The pile of iee milk was 
allowed to sit under the ambient conditions of the laboratory for the 15-minute 
test period. After 15 minutes had elapsed the unmalted iee milk was removed 
and weighed then the melted portion was weighed. The percent meltdown (M.D.) 
was calculated by the formula: 

7M.D. -      B      X 100 (i) 

where A is the weight of the unmelted portion and B is the weight of the melted 
portion. A portion of fro2en ice milk was used for measuring the temperature 
of the product as drawn from the freezer. 

Experiment 2. •» The effect of combinations and levels of stabilizers and 
emulsifiars andjportipn^g^ge^on^thjj^l^^o^^f^j^^ilk^s ♦ Experiment 2 in- 
vestigated 48 combinations and levels of stabilizers and emulsifiers. The basic 
mix composition was: fat, 6.0%; milk, solids-not-fat, 13.0%; sucrose, 12.0%; 
vanillin, 0.1%; stabilizers and emulsifiers, (see Table 7); water to bring 
formulation to 100%. The mixes were prepared individually in 20-lb batches. 
Each mix was pasteurized at 155°F for 30 minutes than homogenized with a two- 
stage homogenize? using 2000 psi on the 1st stage and 500 psi on the 2nd stage. 
The mixes were prepared in random order. Triplicate melt down tests were con- 
ducted with one-half and one~cup portion sizes. The viscosity of the mix was 
measured using a Brookfield Viseometer, The percent overrun was calculated. 



For the melt down test the samples «©.re drawn from the foeeser into standard 
oval shaped kitchen measuring cups then transferred to  a glass dishs and placed 
in a room esattol.led ät ?2öf »ad 10-12% relative humidity. The initial weight 
of the sample was determine«! sad the weight of the uramelted portion after the 
15 miiaiuite test period,, The percent of melt down was calculated msing the follow- 
ing formulas 

7, H.B, » _A + E_  3£ 100        (2) 
A 

where A is the weight of frozen iee milk drawn from the freezer and B is the 
weight of fragen ice milk remaining after 15 minutes. A portion of frozen iee 
milk was y$ed for measuring the temperature of the product as drawn from the 
freezer» 

Experiment 3 - tfae, effect of _ three types of fat and two levels off milk 
solidj^not^at^jan the_jge1t^jygjj^ns4-A'

a@~^^lfe• T*M* W ©how© the formula© of 
mixes containing three types of fat and two levels of milk solid®-not»£at used 
in experiment 3. The mixes for this experiment and experiments 4S 5y and 6 
were prepared in 20<*pound batches, and pasteurised, and homogenised as shown 
for experiment 2. The overrun ami  temperature of the frozen ice milk were de- 
termined for each mis tested in each experiment. Seven samples were drawn in 
quiek succession int© 4-®öa©ö paper cups. The samples were leveled and then 
transferred to the controlled tessparafeure and temidifcy room previously noted. 
Each saasple was weighed then a hole was punched in the bottom o£ the cup and 
the ice milk transferred to a dish by gently blowing the sample out. After 
the 15*-is£nute test period the «nmsitad portion was weighed and the two weights 
were used to calculate the melt down by  formula 2. The initial weight was 
corrected for the tare of the sup. 

Experiment 4 - lhg_effeg^jsf __ t^^^J&Jjgeg.-gJL^i^.l--J;Bd._two_leve 1 s of_ sucrose 
on the_raelt #^n jajLioejallks^ Experiment 4 tested the effect of 190-hour 
shortening;, e@ra oil and cottonseed oil flakes and two levels of sucrose on the 
melt down of soft serve iee milk. Table 12 show» the formulas of the mixes. 
Five replicates were tested for saelt down u©ing the method described for ex- 

»eat .3. 

Experiment 5 - JiKgegtigafcigjLJ'iLJ^yJ6I£-ISfjSQjSgnut^£at,, so^iuB^ea^bqayjagthvl. 
ce!Jlulo!|ej=§j^ffli^f^ry^ga^|j.ne ^elluligj^%j5)ja_the_jnislt_down. o£_iea milk. Three 
levels each of eecastut fat, sedium earboxymethyl cellulose COM2) and micro- 
crystalline cellulose (BSS) were tested for their Influence on melt down in 
experiment 5. The basic miss composition w&g; milk sol ids «-nöt-fat a ll.«23tj 
sucrose, I1.0%| corn syrup (43BE)9  4*61| vanillJLa, 0.04%; Twe*B-8Ö, 0,03%, water 
to bring formulation to 1001.. The combinations and percentages of coconut fat, 
CMS and MCC are shown in Table 14. Five replicates were tasted for melt down 
by the technique previously described. 

Experiment 6 °> I^egjKigation_offete effect of €W^ß.nd_W2€,_m^_th§  iaelt_dpwn 
of_i@g_jailkg. Experiment I employed a feagic misr. similar to that used in ex- 
perimest 5, except that 4.0% coconut fat was used. The levels of CMG and MCG 
used are shown in 'Table 1?. Five repliestes were tested. 

Experiment 7 - The effect of CMS  and mSjm  th,e ^ej^^owa^t£..iige,jmilk. Basic. 
g|^l^^.^^fpss'%d^n_^7i^POffd_lQi^. The hot mist was drawn off in 24 pound batches 
and 16-ounces of sucrose 9 containing the percentages of CMC and MCG shows?, in 
Table 20 plus the vanilla flavoring9 was mixed into the hc-t liquid! Five repli- 
cates wsre tested for melt tesra. 



Es.psriiB«nt 10 - Tjiejgfjfect, of MCC, alein and draw, temperature on  the melt 
down of soft s&rvs Icg^llfc. Experiment 10 is similar to experiments 8 and 9 
except that algin was substituted for CMC at the same levels. Table 29» shows 
the combinations of MSC and algin used, 

• The effect of low dextrose equivalenteorn syrur 
asd draw_fasmj^atuEajan_J^ of ice milks. Experiment 11 was designed 
te tegt the phenomenon that certain amounts of low dextrose equivalent corn 
syrup solids will cauge an increase in the resistance to melting of ice cream. 
The basic mix composition was; fat,, 4.1%! milk, solids»not-fat, 11.1%; 
sweetener9 15.0%; CMG9 0,5%J Tween~80, 0.03%; vanillin, 0.03%; water, 69.24%. 
The' sweetener combinations are shown in Table 32, Five replicates were tested1. 
for melt down» 

Analysig of data. The melt down data from experiments 2 through 11 was 
analyzed by a standard analysis of variance procedure. The results of the 
analysis of variance w&re further analysed by the components of variance test 
described by Kicks (1956). Linsar corralations were determined for draw tempera- 
ture, percent overrun and percent melt down. 

RESULTS AND DISCUSSION 

Experiment 1 - Preliminary investigations. An analysis of variance was 
mot mad® of the data obtained from experiment 1<, The results (Tables 4 and 5) 
show that the melt down of the samples ranged from 9.0 to 58.8%. Thirty-two 
of the 33 mixes (97%) tested showed over 20% melt down, 5 mixes (15%) had over 
40% melt down. The draw temperature ranged from 18 to 25F'and the overrun ranged 
from 20 to 60%. Correlation coefficients for draw temperature, percent melt down 
and percent overrun are shown in Table 6. The lack of significant correlation 
between the draw temperature and percent melt down is probably because of the 
variability in the ambient temperature and relative humidity of the area ia which 
the melt down test was conducted«, The correlation between percent overrun and per- 
cent m-elt down while significant is low» 

Experiment 2 - The effect of combinations and levels of stabilizers and i 

effiu^sjfJLfjg_jadjg>3rfcigii_gige on the melt'down of ice mllks^ Table 7 shows the 
results of the experimentation and Table 8 shows the statistical analysis of the 
data fog melt dowa obtained in experiment 2. As noted from Table 8, the size of 
the serving portlcm contributes tha bulk of the variation. Emulsifiers contribu- 
ted more to tha variance than did the stabilizers. The average melt down was 
13% for the 1 cup portions and 17.9% for the 1/2 sup portions. The range of the 
average malt dowa values was 8.7 to 18.1% for the 1 cup portion and 7.7 to 23.7% 
for the 1/2 cap portion. 

The data indicates that all of the emulsifiers were functioning to about the 
same degree.. Bassett (1958) recommends a combination of monoglycerlde and 
"poly*1 typs. emulsifiers to achieve a soft serve product with a dry appear» 
anee which indicates resistance to melting. The results of this experiment 
isdicafie no advantage in «sing a combination of emulsifiers over the us® of 

4 



"polys" alone. When the data for the stabilizers was examined an average melt 
down of 13,27» for the 1 cup portion with a range of 12 to 14% and an average 
meltdown of 17% for the 1/2 cup portion with a range of 16 to 20% could be 
calculated. No one of the stabilizers tested showed any advantage in its use 
over any of the others tested. Table 9 shows only one significant correlation; 
between the draw temperature and the percent overrun. The effect of the freezing 
temperature on the overrun ie well recognized. Sommer(1951) and Turnbow, Tracy 
and Raffetto(1947) discuss the subject of overrun at great length. The vis- 
cosities of the mixes varied from 20 to 1,000 centipoises at a speed of 20 rpm 
and spindle 3. No trouble was experienced with any of the mixes in flow of 
product from the supply hopper, through a narrow diameter tube, to the freezing 
cylinder. 

Experiments 3 and 4 - The effect of .three types of fat and two levels of 
milk solids-not-fat or sucrose on the melt down of ice milks. 

Tables 10 and 11 show the percent overrun, draw temperature and average 
percent melt down for experiments 3 and 4 respectively. Tables 12 and 13 show 
the statistical analysis of the data obtained for melt down for experiments 3 and 
4, respectively. 

Tables 12 and 13 indicate that although the type of fat used in the mix 
was a significant factor in the variance of the results the milk solids-not- 
fat and sucrose contributed approximately 2 and 5 times more to the variance, 
respectively, than did the fat. Examination of the data in Table 10, for 
experiment 3 shows the mixes containing 100-hour shortening or eora oil had 
average melt down values o£ about 21 and 19% respectively, whereas, the mix 
containing cottonseed oil flakes had an average melt down of ZH%*    The mixes 
containing the lower amount of milk solida-not-fat also had the lowest average 
percent melt down. The data for experiment 4 (Table 11) indicates the same 
trend with the lower level of sucrose giving a product with a lower melt down. 
Throughout experiments 3 and 4 the draw temperature was the game. The increased 
meltdown, under the same conditions, of ice milk containing the higher levels 
of milk solids-not-fat or sucrose may be attributed to the increase in the 
amount of solute. The freezing point of the mix was lowered. The draw tempera- 
ture remained the same, therefore, less of the water in the product was frozen 
which led to an increased rate of melt down. No correlation between the draw 
temperature and the percent melt down or overrun was possible because the draw 
temperature was the same in all instances. The correlation between the percent 
overrun and percent melt down was not significant in either experiment. 

Experiment 5 - Investigation of levels^of^ceconutfat^sodium earboxymethyl 
cellulose (CMC) and mieroerysfcalline cellulose(MSC) on the melt down of ice 
milks,. Table 14 shows the percent overrun, draw temperature and average per- 
cent melt down and Table 15 shews the statistical analysis of the results. 
In this experiment the use of sodium earboxymethyl cellulose {&&)  had no 
significant effect on the melt down of the ice milk. Examination of the data 
shows an average melt down of 11.3 to 11.9% in ice milk containing CMC. In 
ice milk containing microcrystalline cellulose (MOC), however, average melt 



down veittes were 10. 9a 11.3 and 12.5t. with äeereasirag amounts @f stabilizer. 
Although the amount @f fat had a significant effect on the variances n© trend 
was evident when the data was examined. Ms It dwn values averaged 12, 12 and 
11% with increasing amounts ®f fat in the mix. Cerreiafciesui were determined 
between draw temperature, percent overrun and percent malt down. The results 
©£ the correlation teat are shewn-in Table 16» A low degree of correlation was 
obtained between the percent overrun aiad percent melt down. 

Experiment 6„ » Investigation of the__effgjgt_of GMiS ajsd_jfgG en thejaelt 
down of ii£g_roilka ■■ Table 17 shows the percent overrun,, draw temperature., and 
average pe^eeat melt down obtained when various levels of MOO and €M0 were 
tested for their effect ©a melt down ©f soft serve ice milk. Table 18 show® 
the statistical analysis of the data shorn in Table 17 which was obtained 
for melt down for the mixes tested la experiment 6« 

The data (Table I?) shew» that the average melt down decreases when the 
level of CMS increases. The gam® tendency is not evident with increasing 
levels ©f HäS. The data (Table 18) shows that the use @f SMC contributed 
more than three; times a© much to the variance than did the use ©£ MCC. A 
correlation test between the draw temperatureB percent overrun and percent melt 
dowsi was conducted» The results of the correlations are shown in Table 19. 

Experiment 7 <•  Thgjsffeet_gf QMS and tCG oa the melt down gf ice milks. 
Basic mix preparedjlm_JL75 pound batches. ~~The ic^ milk mixes used in the 
previous experiments reported bereis were prepared In small batches. As in- 
dicated in the experimental procedures the basic mixes used in experiment 7 and 
subsequent experiments were prepared in large amounts to minimise the errors 

"emit ia small 1 

Table 20 shows the percent overrun9 draw temperature and average percent 
melt d&mi  obtained when various combinations of CMS and MSÖ were listed. Table 
21 shows the statistical analysis ©£ the data obtained for melt down for the 
mixes tested in experiment 7. The data in Table 20 for melt down and overrun 
shows no identifiable trend with increasing levels ©£ either CMC or MCC» The 
average melt down ranged from 4.5 £© 14.5%. Twenty-two (61%) samples had less 
than 10% melt down. The statistical analysis (Table 21) shows that about 2/3 
of the variance is attributable ZQ  (SMC. A positive significant correlation was 
found between the draw temperature and the vjercesat aselt down (PXD\01,1), and the 
percent; overrun (F,>O..,0$}« (Table 22). 

Experiment 8 - The effect of QMS. Mg@ and draw_temj)e,Eature ©n the melt 
down of ice_ffl£lk. The influence of the draw temperature on the resistance to 
melt down was n@ted when mixes with the same source of raw ingredientss <som- 
position and processing were compared. At draw temperatures of 20 9 20 „ 5 a and 
23F£ 8.7S 9.5 and 13.Si melt down,, respectively was noted. Table 23 shows the 
percent overrun9 and average percent melt down obtained when various combina- 
tions of SK8C and Sffiß were tested for their effect on the melt down of soft 
serve ice milk drawn "from the freeger at 19, 2©3 21 and 22F. Table 24 shows the 
statistical analysis of the data obtained for aaelt dowss for the mixes tested in 



estperissent 8, 

effteet öf draw temparatnr® on overrun and malt down can he seen in 
Table 23. Tb® draw temperature contributed 10 and 17 times more to this 
variance than did the MCCÜ and Ö82, respectively. The results öf the 
correlation test between draw temperature und perceist overrun and percent over- 
rmi and percent melt down is shown In Table 25. 

Experiment 9 - TJtejgfjfgeJ^^fJjSgji^^ 
ma 1t dowi^ojMLejg _saiIks,  Table 26 shows the percent ovarrtätti» and average 
percent me it down obta lined at draw temperatures of 3.9, 20 „ 21 and 22F when 
combinations of ECC and gelatin wer® tested« Table 27 show® the statistical 
analysis of the melt down data for the missies tested« The data show that in 
general the ateragi percent melt down was lower at each draw temperature when 
highes Itvtli of geiatia and Mßö were «sse4< Howevers the statistical analysis 
(Table 2?) shows that almost half of the variance wag attributable to the 
effect öf gelatia, while the affect af M9S w»s responsible for less than 1/5 
of the variance. The effect ©f draw tenipeature was approximately 3 times 
greater in experiment 8 than in experiment 9, Table 28 shows the results, of 
the correlation test between draw temperature^ percent overrun and percent 

Experiment 10 - ^^^iec^o^^^j^^g^jmd^^^t^^^T^t^cm  on the 
melt do\amjg£ J^"S..MiM^ß • ^® percent overrun and average percent melt down 
obtained when the effect of three levels of DCS and algin were tested at 
draw temperature of 19, 20, 21 and 22F are shown in Table 29. The data shows 
that algin hag no significant effect in the melt down and that MCC has only 
a small, effect» Table 30 shows the result® of the statistical analysis of the 
melt down data. As seen from the table the draw temperature had the greatest 
influence on the variation. The eorrelation between draw tsmpeiratttr«, percent 
overrun and percent melt down are shewn in Table 31. 

Experiment 11 - The_effeet, p£J~®^A^%tS9S3.,J~-Tl&y&lß'&£-£®^ ,syrttp solids 
aad dray temperatese en. the melt down of ice milks, teahdi and Bradley (1968) 
noted that the "does not meitIa defect could be obtained when excess amounts 
of low destroy® equivalent (K) corn syrup solids were used. Experiment No. 
il was designed to see if this "defect" could be used to advantage» Table 32 
shows the percent overrun and average percent melt down at draw temperatures 
of 19, 20s, 21 and 22F„ Table 33 shows the major influence on the melt down 
was the draw temperatsare« The sweetener combinations used contributed only 
a minor portion of the variance«, In this experiment the amount of substitution 
was confined to 25%, of the total" amount of sweetener because of flavor problems 
associated with the use of large amount of corn syrup solids. The correlation 
coefficients for draw temperatures percent overran and percent melt down are 
shown in Table 34. 



CONCLUSIONS 

1. Portion size and draw temperature causes reduction in the percent melt 
down under the conditions used. 

2. Increasing the level of sucrose on milk solids-not-fat causes the percent 
melt down to increase because of a solute effect. 

3. Garboxymethyl cellulose influences melt down to a greater extent than 
mieroerystalline cellulose by effecting a reduced melt down as the level of 
CMS increases. 

4. The use of a combination of monoglycerides and "poly1' type emulsiflers 
had no advantage over "poly" type emulsifier used alone. 

5. The use of low DE corn syrup solids has no apparent effect on the melt 
down when used within the guide lines of not more than 25% replacement of the 
total sweetener. 

6. A product meeting the requirements was not produced. Further investigation 
using other ingredients and additives could possibly produce the product the 
N&vy wants but we doubt the investment in time and funds would be justified. 
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■■* ■ .••'■, FOOT'NOTES APPLICABLE TO TABLES 2,3,4 and 5 

1/  Basic mix fosmula: dehydrated iee cream mix, 1,0 poundsj nonfat dry milk, 
0.265 pounds^ sucrose, 0.190 pounds^ water, 3,045 pounds. 

2/ Sam® formula as pr@öeeding mix. The draw temperature, percent overrun and 
persant male down w&ra measured after 20 servings had been drawn from the 
freezer.     ':' '' ■ '''■ 

3/ Sam® formula as pr«cseding mix. The draw temperature, percent overrun and 
percent melt down were measured after 12 servings had been drawn from the 
freeger,    '''■'•' 

y  Ounces of ingredient.     

5j Grams of ingredient. '■:■' 

j>/ Mix was tö visöoue to feed properly. 

Jj  Over eraulsification caus&d mix to separate, 

8/ An additional 21.25 grams (g.) of sodium carboxymethyl cellulose, 21.25 g.of 
guar gum, and 2.82 g. of Irish moss was mixed with 86 g. of sucrose and was 
added to the mix. 

17 



Table; 6. Correlation coefficients (r) for draw 
temperature, percent overrun and percent 
melt down of ice milks tested for experiment 1. 

Correlation Factors 

Draw temperafcure/pereent overrun 0.781** 

Draw temperature/percent melt down 0.241 n.s. 

Percent overrun/percent melt down 0.364* 

*p> 0.05 **P> 0.01      n.e -not significant 
0.349 0.449 

18 



d cv u 
41 +> 
a c 

.9 
Lc 

S 4J s CJ- 
l< X 

•o 1) 

*-N t, • o 
« 'H 
O -Ö *«» 6) 

+> 
C CO 

P 41 
-t-> 

tn 
i; M 
> -Ü 

:i 
& ^ 

c 
a 

11 3 
u o 

•H ( 
rH 

(U -a 
"4 a 

d 

15 
c c 

■^ fe 
o a 
CTI <J 
t^ to 
c tö 
3 J< 
O 41 

§ 0) 

T3 XI 
c c 
d d 

d 

1 

^ 

^ 

a 

u fcO 
g§ NO 

O C5 c> 

^ 
Ü -o 

-4-1 a 
S> t* 

n 3 
<<1 

u d 
d 41 
a. s 

UN 

ON <0 

o 
o   <0 

Q W<rH , 

> 

^     . 
O KO 
00 t-- 

I   ■ 

O NO 

00 C\J 

NC| 

NO O 

CN. CN, 

?J 

B 
O 
O 
r-l 

o o 
CO  o 

CO CO  u> 

JtS rH 

•• a 

HKrlH 

O 

B 

t 

19 

CO   tj) 

a   . 

IA o 

"<  -1 

fc5     o cv 
^H (M   rH 

9 w" 

-51 

^ ° 
5 -4 

<0 c^ 

5 • • a. • H •  3 
M Q   u a 

S •  r 3 
o •ISN y 

t, \ j 
w. QW.W H 

I    60 

41 CN 

-4 

O 
CO -4C 

-4 rH        r-)r- 

{-NT 

£N-0 

S ■• a. 

«ÜÄH 

« 

^1 

-J o 

in o      cS cv 

H   ON 

H   CN 

• t->     •   3 

o d a <N u 
M           ^^ 1 

WOWr-| H 

5 
u 
& 

EH 



FOOT NOTES APPLICABLE TO TABLE 7 

1/ Mono-and=di=glyeerides, 60%; polyoxyethylene 20 sorbitan tristerate, 40% 

2/  Polyoxyethylene (20) sorbitan monooleate. 

3/ Mono-and di-glyeerides, 80%; polysorbate 80, 20%. 

4/ Mono-and di«glycerides9 80%; polyoxyethylene 20 sorbitan trietearate, 20%, 

5/ Polyoxyethylene (20)sorbitan tristearate 

6/ Sodium earboxymethyl cellulose, high viscosity. 

7/ Sodium earboxymethyl cellulose, medium viscosity. 

20 



Table 8. Analysis of variance and percentage of variation for the effect of 
stabilisers, emulsifiers and portion size on the melt down of ice 

milks tested for experiment 2. 

Seuree of Verlange Analysis of Variance 
Percentage 
of variation 

Stabilisers * 3.6 

Etrmlgifiers ** 8.1 

Portion Siza ** 87.3 

Stabilizer=sfflulsifier 
interaction 

** 0.6 

Stabiliger^portion size 
interaction 

n.s i 

Ennilsi£ier«*pertion size 
interaction 

n.s. 

3°Fac.eor interaction 

Not accounted for 

** 0,3 

0.1 

*P7-O.OS **p>0.01 n.s. - not significant 

21 



Table 9. Correlation coefficients (r) for draw temperature 
percent overrun, percent melt down and mix viscosity 
of ice milks tested for experiment 2. 

Correlation Factors r             d.f. 

Mix viscosity/Ave. percent melt down 1/ -0.127 n.s.            46 

Mix viscosity/Ave. percent melt down 2/ -0.108 n.s.            46 

Draw temp./Ave, percent melt down 1/ -0.098 n.s.            38 

Draw temp./Ave. percent melt down 2/ 0.070 n.s.            38 

Draw temp./percent overrun 0.443**              38 

**p   0.01 n.s. - not significant 

0.393 

1/  1/2- cup portion size 

2/ 1-cup portion size 

22 



Table 10. Composition of 6 iee milk mixes containing three types of fat 
and two levels of milk solids-not-fat. The percent overrun (O.R.), 
draw temperature (F) and average percent melt down (M.D.) for iee 
milks tested for experiment 3. 

Percent of Ingredient in Mix No. 

Ingredient 1 t |  3 4 5 6 

100-hour shortening 6.1 6.1 

corn oil 6.1 6.1 

Cottonseed oil flakes 6.1 6.1 

Milk solids-not-fat 15.1 15.1 15.1 17.1 17.1 17.1 

Sucrose 12.0 12.0 12.0 12.0 12.0 12.0 

Vanillin 0.04 0.04 0.04 0.04 0.04 0.04 

Irish moss 0.15 0.15 0.15 0.15 0.15 0.15 

Tweenmo-s -280VS 0.25 0.25 0.25 0,25 0.25 0.25 

Tween=80 0.03 0.03 0.03 0.03 0.03 0.03 

Water 66.33 66.33 66.33 64.33 64.33 64.33 

%  0. R. 36.0 33.3 36.0 40.0 28.6 35.9 

Draw Temperature 18 18 18 18 18 18 

%  M.D. 18.5 15.9 23.5 22.9 
,—_____ 

22.0 26.5 



Table 11. Csasposition of 6 ice milk mixes sustaining three types of fat and 
two levels of sucrose. She percent overrun (Q.R.), draw temperature 
(F) and average percent melt down (M.D«) for ice milks tested for 
experiment 4. 

Percent of Ingredient 
■■■'■■- ■- ,■■■■■ 

In Mix No. 

1 2 3 4 5 6 

100~hour shortening 6.1 6.1 

Corn Oil 6,1 6.1 

Cottonseed oil flakes 6.1 6.1 

Milk solids°not-fat 13.1 13.1 13.1 13.1 13.1 13.1 

Sucrose 13.5 13,5 13.5 15.0 15.0 15.0 

Vanillin 0.04 0.04 0.04 0.04 0.04 0.04 

Irish moss 0.15 0.15 0.15 0.15 0.15 0.15 

Xweenmos - 280VS 0.25 0.25 0.25 0.25 0.25 0,25 

Xween-80 0.03 0.03 0.03 0.03 0.03 0.03 

Water 66,83 66.83 66.83 65.33 65.33 65.33 

W Vcfto 59.1 25.0 50.0 52.2 29.6 40.0 

Draw Temperature 18 18 18 18 18 18 

% M.D. 13.8 12,4 17.1 20.2 17.4 21.4 

24 



■Table 12 - Analysis of variance and the percentage of variation for the 
effect of type of fat and levels of milk solids-not-fat on 
the melt down of ice milks tested for experiment 3• 

Percentage of 
Source of Variance Analysis of Variance Variation  

Type of Fat ** 31-3 

Levels of Milk Solids-not-fat #* 68.6 

Interaction U.S. 

Not accounted for - 0.1 

;-*p> 0.01 n.s. - not significant 

25 



Xable 13. Analysis of variance and the percentage of variation for the 
effect of type of fat and levels of sucrose on the melt down 
of ice milks tested for experiment 4. 

Source of Variance Analysis of Variance 
Percentage of 
Variation 

Type Of Fat "A* 16.9 

Levels of Sucrose ** 83.0 

Interaction n. 8« - 

Kot Accounted for •=> 0.1 

**p>.0.01 n.s«, ■ not significant 



Table 14. Combinations of coconut fat, sodium carboxymethyl cellulose (CMC) 
and microcryetalline cellulose (MCC) used in 27 ice milk mixes. 
The percent overrun (O.R.).draw temp (F) and average percent 
melt down (M.D.) for ice milks tested for experiment 5 

 ■ ' 

MCC 

Parameters 

Measured 

% Coconut Fat 

CMC 2 4 6 

1.2 

%  O.R. 

Draw Temp 

%  M.D. 

33.9 

19.5 

10.0 

54.1 

21.0 

13.0 

33.3 

20.5 

12.7 

0.3 1.3 

% O.R. 

Draw Temp 

X  M.D. 

36.4 

18.5 

9.6 

25.4 

20.5 

12,8 

29.8 

19.6 

9.2 

1.4 

%  O.R. 

Draw Temp 

%  M.D. 

63.0 

21.0 

11.0 

51.1 

20.5 

14.1 

27.1 

21.0 

9.3 

1.2 

%  O.R. 

Draw Temp. 

% M.D. 

53.2 

21.0 

14.2 

43.5 

21.0 

14.5 

27.1 

•  20.5 

12.7 

0.4 1.3 
1  O.R. 
Draw Temp 

% M.D. 

41.5 

19.7 

8.8 

58.7 

21.5 

13.4 

42.0 

21.0 

13.7 

1.4 

% O.R. 

Draw Temp 

%  M.D. 

46.0 

20.5 

13.8 

31.6 

18.0 

9.2 

21.0 

20.5 

9,0 

1.2 

t  O.R. 

Draw Temp 

% M.D. 

57.4 

21.5 

12.1 

48.0 

21.5 

12,2 

30.9 

20.5 

10.9 

0.5 1.3 

%  O.R. 

Draw Temp 

%  M.D. 

62.2 

21.0 

13.0 

25.9 

21.0 

12.9 

22.0 

20.5 

10.6 

1.4 

% O.R. 

Draw Temp 

% M.D. 

60,9 

19.5 

11.5 

38.9 

20.5 

9.5 

44.0 

20.0 

10.4 

27 



Table 15. Analysis of variance and percentage of variation for the effect of 
levels of coconut fat, sodium earboxymethyl cellulose (CMC) and micro* 
crystalline cellulose (MGC) on the melt down of ice milks tested for 
experiment 5. 

Source of Variance Analysis of Variance Percentage of 
Variation 

Levels of Coconut fat 

Levels of CMC 1/ 

Levels of MCC 2/ 

Fat-CMe Interaction 

Fat-MOC Interaction 

Cm-mQ  Interaction 

3 Factor Interaction 

Not Accounted For 

n.s. 

** 

30.5 

44.5 

8.9 

6.9 

7.2 

2.0 

<0.1 

** p>0.01 n,s. - not significant 

28 



Table 16. Correlation coefficients (r) for draw temperature, 
psrcent overrun and percent melt down of ice milks 
figst&d for experiment 5« 

Correlation Factors r d.f. 

Draw temp./Ave, Percent m@lfc<8ewn 0.585** 26 

Draw temp./Percent overrun 0,313 n.s. 26 

Percent overrun/Percent mslt dawn 0.428* 26 

*p> 0,05 **P> 0.01   n.s. -not significant 

0,374 0.478 

29 



Table 17. Combinations of sodium carboxymethyl cellulose (CMC) and micro- 
crystalline cellulose (MCC). used in 9 ice milk mixes. The percent 
overrun (O.R.), draw temperature (F) and average percent melt down 
(M.D.) for ice milks tested for experiment 6. 

7. 
CMC 

0.5 

0.7 

0.9 

Parameters 
Measured 

%  O.R. 

Draw Temp 

7. M.D. 

% O.R. 

Draw Temp 

7. M.D. 

7. O.R. 

Draw Temp 

1.4. 

63.3 

23 

23.8 

32 

21 

16.4 

54.1 

21 

12.3 

7. MCC 

1.7 

51.0 

22.1 

12.1 

39.6 

20 

11.4 

48.1 

21.5 

5.8 

2.0 

44.0 

24.8 

18.5 

40.7 

20.5 

13.2 

39.6 

22 

27.0 

X 
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Table 18. Analysis of variance and the percentage of variation for the 
effect of sodium carboxymefchyl cellulose (CMC) and mierocrystalliKe 
cellulose (MCC) on the melt down of iee milks tested for experiment 
6. 

Source of Variation Analysis of Variance     Variation 

Levels of CflftO • %■' ** 69.0 

Levels of ^CC  f * 20.8 

Interaction ** xo.O 

Not?  Accounted For                                                   - 0,2 

* p> 0.05 $r>0.01 

31: 



Table 19. Correlation coefficients (r) for draw temperature, percent overrun,: 
and percent melt down of ice railks tested for experiment 6. 

Correlation Factors 

Draw Temp./Percent melt down 

Draw Temp,/Percent overrun 

Percent overrun/Percent melt down 

0.396** 

0.344 n.s. 

0.033 n.s. 

d.f. 

44 

8 

44 

** p> 0.01 

0.372 

n.s. - not significant 
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Table 21. Analysis of variance and percentage of variation for the effect 
of sodium carboxymethyl cellulose (CMC) and microcrystalline 
cellulose <MCC) on the melt down of ice milks tested for experiment 
7. 

Source of variance Analysis of variance      Percentage of 
„. „ ,, .—-———— . . Varfatinn ., , 

Levels of MCG * 32.8 

Levels of CMC ** 63.7 

Interaction * 3.1 

Not Accounted For - 0.3 

*p> 0.05 ** P> 0.01 

m 



Table 22. Correlation coefficients (r) for draw temperature, 
percent overrun and percent melt down of ice milks tested 
for experiment 7. 

Correlation Factors r            d.f. 

Draw Xemp./Percent Melt Down 0.530**           35 

Draw Temp/Percent overrun 0.348*           35 

Percent overrun/Percent melt down 0.270 n.s.        35 

*P7 0.05 
0.325 

**p? 0.01 
0.418 

n.s.-not significant 
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Table 24o Analysis of variance and percentage of variation for the effect of 
sodium carboxymethyl cellulose (CMC), microctystalline cellulose 
cellulose (MCC) and draw temperature (F) on the melt down of ice 
milk tested for experiment 8. 

Source of Variance 

Levels of WC  1/ 

levels of CMC 1/ 

Draw Temperature 

MCG-GtSG Interaction 

frSGG-Temp. Interaction 

CMC-Serap Interaction 

3-Factor Interaction 

Not Accounted for 

Analysis of Variance 

* 

** 

* 

n.s. 

ft* 

n.s. 

Percentage of 
Variation 

8.5 

4.9 

85,2 

0.8 

0.7 

0.1 

*p> 0.05 Aftp^O.Ol n.s.»not significant 
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Table. 25. Correlation coefficients (r) for draw temperature, percent 
overrun and percent melt down of ice milks tested for experiment 3c 

Correlation Factors r        d.f. 

Draw Temp/Percent Overrun ,0.736**       35 

Percent Overrun/Percent Melt Down 0.711**       35 

** p> OoOl 
0.418 
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Table 27. Analysis of variance and percentage of variation for the effect 
of mieroerystalliaa cellulose (MCC), gelatin and draw temperature 

on the melt down of ice milks tested for experiment 9 

Source of Variance 

Levels of &CC 

Levels of gelatin 

Draw Temperature 

MGG-Gelatin Interaction 

M5C-Terap. interaction 

Gelatin-Temp. Interaction 

3-Factor Interaction 

Not Accounted For 

Analysis of Variance 

n.s. 

** 

n.s. 

Percentage of 
Variation 

16.6 

48.1 

30.2 

3.9 

1.1 

m 

0.1 

**p> 0.01 n.s. - not significant 

®m 



Table 28. Correlation (r) for draw temperature, percent overrun and percent 
melt down of ice milks tested for experiment 9. 

Correlation Factors r       d.f. 

Draw Xerap/Percent Overrun 0,508**      35 

Percent Overrun/Percent Melt Down 0.119 n.s.    35 

** pV 0.01 n.s. - not significant 
0.418 

41 



X) 
4) 
<f> 

■a -p 
•H c 
ho v 
H o 

!t 
<0 

c 
nj   4) 

60 

u 
a> 
> 

0)   -Ö 
w C 
o Co 
(-( 
3'-- 

rH      • 

O O 

f-i 
•H 
s 
a> 
Ü 

•H 

^ 
O 

<H 

cv 
cv 

■o 
ß 
rd 

H 
cv 

o 
CV 

c C 

-P 
w  o 

o 
Ü 

•H 
e 
c £ 
to 
c 
o 

•H 
P 
nJ 
C 

•H 
XI 
0 X 
3-7} 

0 • 
ON «> 
CV   O 

•H 
• ~ .HON 

XI 
ft)   C 

O 
H 

«H 
O 

</) 

3 
P 
to 

0, 

§ 
■P 

s o 
ft) H 

O 

<D 

U 
0) 

(D 

U 
o 

•o 
4) 

■P 
W 
<D 
-P 

O 
o 

rH 

CO 

o 
o 

It! f- 

B 

ED 

M 

w 

s 

CV 

CV 

O 
CV 

o 

to 
en 

en 

cv 

-4 
en 

ON 
H 

H 

t> 
O 
H 

NO 

ir\ 
H 

-4 

o 
to 

rH 

to 
CV 

t> 
-4 
CV 

CV 

UN 
<H 

CV 

CV 

en 
H 

H 
NO 

CV 

o 
CV 

o 
o 
CV 

CV 
CV 

o 

o en -4 
CV 

CV 

en 

en 
o 
CV 

o 
-4- 

CV to 
en 

CV 
CV 

o 
CV NO 

en 

H * 

cv 
ON 
en 

■4 
en 

in 

cv 
ND 

CV 
-4 

o 
en 

ON 
H 

NO 

CV 
en 

■qr 
v 

NO 
H 

"NO" 
I 

H 

CO 

CV o 
en 

cv 
CV 

H 
CV 

CV 

C-- 
cv 
ON 

4 

ON 

NO 

to* 

3 

H 
-4 

T3N- 

cv 

en 
in 
cv 

o 
cv 

ON 
CV 

H 

O 
H en 

H 
CV 

UN 
-4 

en 
-4- 

NO 
en 

CJN 

H 

C-- 

NO 
en 

-4 
rH 

NO 
en 

ir\ 

cv 

cv 

u 
-P   <1) 

O 

P * o 
vi 

a 
9 

S3 

VI 

O 

V?. 

•H 

H 

O 
■ 

o 
en 

* 
o 

cv 
cv 

-4- 
♦ 

-4 
r-l 

~4 - * 
iH 
H 

en 
-4 

{N- 

NO 
cv 

NO 

o 
cv 

o 
CO* 

ON 

-en" 

CV 

(V 
CV 

to 
en 

r- 
rH 

s 
VJ. 

• 
o 

42 



Table 30. Analysis of variance and percentage of variation for the effect of 
mieroerystalline cellulose (friCC), algin, and draw temperature (F) 
en the raelt down of ice milks tested for experiment 10 

_, , , .^Source of Variance 

Levels of MCC 

Levels of Algin 

Draw Temperature 

MCC-Algin ■liiteraction%vi 

MCC-Totap,   Interaction 

Algiiv-Tciup Intersutiön%$. 

3-Factor Interaction 

Not Accounted For 

Analysis of Variance 
Percentage of 
gaxi&Lifln 

** 

rt.s. 

*ft 

** 

AA 

ft 

20,7 

68.0 

8,4 

1.5 

1,1 

0.3 

0.1 

*p> 0.05 **p> 0.01 n.s. - not significant 
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Table 31. G&sselatioa eoeffleienSs (r) £ox  draw temperature, percent 
©veerim and psresnt roslt down of i<s@ milks tested for experiment 10. 

Gorrelatioa Faetorg r d.f. 

Draw Temp,/Peresnt Overrun 0VyG9'-'* 35 

Percent Osrerrun/Pereent Melt drmn 0.385*Ä 35 

*p> 0.05 **p?0.0l 
0.325 0.418 
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Table 33. Analysis of variance and percentage of variation for the effect 
of sweetener combinations and draw temperature (F) on the melt 
down of ice milks tested for experiment 11. 

Source of Variance Analysis of Variance   va^tion* °^' 

Sweetener Combinations ** 6.6 

Draw Temperature ** 92.4 

Interaction ** 1.0 

Not Accounted For - 0.1 

**p> 0.01 
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Table 34. Correlation coefficients (r) for draw temperature, 
percent overrun and percent melt down of ice milks tested 
for experiment 11. 

Correlation Factors      r   , „ , d«f» 

Draw Temp,/Percent Overrun 0.441*       23 

Percent Overrun/Percent melt down 0.512**      23 

*p  0.05 **P  0,01 
0.396 0.505 
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