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Experimantal Methods

Continuation of Experiment 7. The effect of CMC and MCC on the melt
down of ice milk. Basie mix prepared in 175 pound batches. Experiment 7 was
designed to decrease the amount of variation suspected when mixes were
prepared in small batches. The basic mix ecomposition was: fat, 4.1%; milk-
solids-not-fat, 11.1%; sucrose, 10.0%; corn syrup (43DE), 4.0%; tween=80,
0.0%; water to bring formulation to 100%. The basic mix was prepared in
175 pound lots,

Experiment 8. perature on the melt
down_of ice milks. The effect of vaxious 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 basie mix useéd was similar to that used for

expeximent 7. The combinatims of stabilizers used is shown in Table 23,

The effect of CMC, MCC and draw tem

Experiment 9. The effect of MCC, gelatin and drav tempersture on the
melt down of ice milks. This experiment was cmducted in the same manner as
experiment 8 except that gelatin was substituted for CMU at the same levels,
Table 26 shows the combination of MCC and gelatin used.
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FOREWORD

The U. 8. Navy hag changed the design of ice erzam preparation faeilitiesg
aboard ships thus many new vessels are equipped with goft serve '"ice cream'
fregzers only. The result of the change ig a savings in valusble space and weight,
The absve change erested a need for dehydrated mix for preparing an acceptable.
soft serve "ice cream'. Paste and powder mixes, designed for hardened iea cresm, .
are unsatisfactory because they require extensive modification before they can pere
form as mizes: for soft serve ice milk. The Navy also requegted that iesistance
to rapid melt down be built inte the product. The Navy's request ig the besis
for the work reported herein.

The contributioné of the following former military persomnel are acknowledged
and appreciateds €. §. Hubezr, 8. T. Newton, J. Tobias, C. W. Monagle, J. Halman,
P. Bryan, and E. J. Braden.
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ABSTRACT

The effect of stabilizer and emulsifier combinations, portion gize,
type of fat, amount of fat, level of serum solids, level of sucrose, combi=-
nationg :of: sucrose and corn syrup solids and draw temperatute, on the
melt doim of soft serve ice milk tested under constant conditions was
evaluated: A large portion size and low draw temperature caused a low melt
dowinj wliereas; increasing the levels of milk solids-not-fat and sucrose
causéﬂ an inéreased percent of melt down. The other, factors studied generally
showdd & lesger effect on the melt down when the percentage of variation
was domputed:
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EHTRODUGTICN

The U.S. Navy expressed a desire for a2 soft serve ice milk that would re-
gist rapid melt down. The mix wae to be in powdersd form. The conditions im-
posed by the Navy were strimgent. The Navy required & produet that would not
melt down more than 15 peveent ip 15 minutes when the ice milk was extruded
onto a hot stainless steel mess tray and served in 2 dining compartment with
an averags ambient temperatyrée of 85 degrees Fahrenbelt and a high relative
humidity. These conditions were later modified by inereasing the maximum amount
of melt dowm ko 20 percent.

According to Nelgom and Trout (1L964) high quality ice eream will ghow little
registanee to melting when held et room temperature. Daviations from this melte
ing quality, inecluding excessive registance teo melting, are considered to be
defects,

A congilderable body of Literature has been developad concerning the effects
of ingredients and proceseing swd freezing conditisng on the various criteria,
including melt dowm, used to messure the quality of iee cream. Very little of
the available literaturs, bowever, deals dirsetly with the frozen dessert
commonly knowm as “"soft serve,” and o substantial amount of this “soft serve"
literature concerns "soft serve ice crzam” in contrast to "soft serve ice milk"
which is the product commoaly served at the roadside stand.

Sheuring and Rosgl (1954) studied some of the problems asscciated with the
manufacture of soft ice eiream mixes, From thelr study they coneluded that a
drawing temperature of "20F" wwould allow 2 smoothar product with & highex
overrun to be cohtzined than would lower drawing tempersture., Thege investigators
found that the use of stabilizers, emulsifiers, Incrsaged levels of fat, and sub-
stitution of one-half of the sucrose with sither dextrose or corn syrup solids -
all had an effect in obtaining a4 good soft iee ecream, They studied 95 different
mixes and concluded that an average composition of gilx perceunt or more of milk
fat, nine percent of milk eolids-not-fat, 15 percent of sugar solidg, 0.15
percent of emulsifier and 0.40 percent of stabilizer was the best overall formula.
Brovm et al. (19593) determined that the substitutleon of glucose for part of the
gucroge did wot greatly alter the melt down of soft serve or hardened ice milks.
Lembard (1963) obtained a soft frozen produst with a stiff body, smooth texture
and glossy appesrance with & mix cemposed of five percect fa€~, 12,1 percent
nilk solids~notefat, 10 percent suecrose, 4 pereent maise syrup solids, 0.9 per-
cent stabilizer-smulsgifisr and §.05 percent celeium sulfate. Cicbann et al.
(1962) found that decreasing the levele of nonfat dry milk inereased the melt
down rate of Low=-fat products while Increasing the overrun decreaged the rate of
melt dowa., Other reported studies conecsrning the conditions caveing the churning
of milk fat in soft serve ies eream, are not germane to this researeh report
because a lower fat level is employed in the esurrent work than wae used in the
studies of faz chmrmingQ/
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All 50 gtates, the Digtrict of Columbia ad Puerto Rico allow the pro-
duction of ice milk., The minimum milk fat conteat 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 thig researech 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 wag used because it was rveadily
avallable and could be purchased in large enough lots to prevent excessive
veriation in composition as might be experienced with a2 milk fat source. How=
ever, the use of coconut fat makes the product studied an imitation ice milk,

The term "ice milk" is used as synonymous with "soft serve imitation ice
milk" in this zeport, except for data reported ae axperiment 1 in which fat
was obtgined from a dalry products source.

EXPERIMENTAL METHGDS

Experimeat 1 - Preliminary investigation. Thirty-six mixes were prepared
and tested in the preliminary trials comprising experiment 1. Table 1 lists
the ingvedients used and any characteristics perxtinent 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 minutes followed by homogenization at 2500 lbs per square inch
(psi) then ccoling to 50°P, During the test period, May to October, the am~
bient temperatura of the laboratory varied between 76 and 90F and the relative
humidity between 12 and 807%. No attempt was made to control these factors. The
iece milk was extruded into a standard stainless steel mess tray that had been
heated in hot water and dried just pripr to sampling. The pile of ice milk was
allowed to sit under the ambient conditions of the laboratory for thé l5-minute
test perlod, After 15 minutes had elapsed the unmelted ice milk was removed
and weighed then the melted portion was weighed, The percent meltdown (M.D.)
was caleulated by the formula:

7M. D. = B X 100 (1)
A+ B

where A 13 the weight of the unmelted portion and B is the weight of the melted
portion. A portiom of frozen ice milk was used for measuring the temperature
of the product as dvawn from the freszer,

Experlment 2. - The effect of combinations and levels of stabilizexs and
emulsifiers snd portion size on the melt down of ice milks., Experiment 2 in-
vegtigatad 48 combinationg 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 emulsifiecs, (see Table 7); water to bring
formulation to 100%. The mixes were prepared individually in 20-1b batches.
Each mix was pasteurized at 155°F for 30 minutss then homogenized with & two-
stage homogenlzer using 2000 psi on the lst stage snd 500 psi on the 2nd stage.
The mixes wexe prepared in random order. Triplicate melt down tests were con~
ducted with one<half and one=cup portion gizes. The viscosity of the mix was
measured using a Brookfleld Viseometer., The percent overrun was calculated.

2




For the melt down test the samples wers drawn from the freszer into standard

oval ghaped kitechen measguering cups then tramaferred teo a glass dish, and placed
in a room ecoantrolled at 720F and 10=12% relative humidity. The initial weight
of the sample wap detersimed and the waight of the wnmelted portiom after the

15 minunte test peried. The percent of melt down was calculated using the Ffollow-
ing formula:

% Mt, = A4 E X 100 {2)
A
where A is the weight of frozen ice milk drswn from the freezer and B is the
weight of frozen ice milk remaining after 15 minuteg. 4 portion of frozen ice
milk was used for meaguring the temperature of the product as drawn from the
freezer.

Experiment 3 - The effect of chree typeg of fat and two levels of milk
golidg-not=Ffat on the melt down ¢f dee milk. Teble 10 showe the formulas of
mixes containing three types of fat and two levels of milk solids-not~-fat used
in egperiment 3. The wmixes for this expsriwent and experinents &, 5, end 6
were prepared in 20-pound bateches, and pasteuwrized, and homogenized as shown
for experiment 2. The overrun amd temperature of the frozen lce milk were de-
termined for each mix tested in each expariment. Seven samples were drawn in
quick succesgion inte 4-ounce papexr cups. The gamples were leveled amd then
transferred to the controlled tewmperature and bumidity room previsusly noted,
Each sample was weighad then a hole wss punched im the bottom of the cup and
the iee milk tramsferved te a dish by gemtly blowiag the sample out. After
the 1S-minute test period the unmelted portion was welghed and the two weights
were used to caloulate the melt down by formula 2. The initial weight was
correctad for the tare of the aup.

. Experiment & - The effect uf three types of fet and two levels of sucrose
on _the melt down of fee wilks, Experiment & tested the sffeet of 100-bour
ghortening, corn oil and cottensesd odl Fflakee snd two leyels of sucrose om the
melt dosm of goft sarve fse wmilk, Table 12 shows the formulas of the mixes.
Five replicates were tested for welt downm using the method described for ex-
periment 3,

Experiment 5 - Iovestigation of levels of eogonut fat, sodium carboxymethyl
celluluse snd miercerystalline cellulses on the melt down of ice milk. Three
levels esch of coconut fak, sodimm carboxywethyl calluloze (CMC) znd wicre-
crystalline celluloge (M0) were tegted for thelr influence on melt down in
experiment 5. The basic wix composition wes: wilk solidsenor-fat, 11.2%;
sucrose, 11.0%; corn syrup (43DE), 4.0%; vanillin, 0.04%; Tween-30, 0.03%; water
to bring forsulation to 1007, The combinatione and psrcentagzas of coeonut fat,
CMC and MCC are shown in Table 14, Flve replicates were fesited for wmelt down
by the technique previously deseribed.

Experiment 6 - Invegtigation of the effect of CMC and MCC on the melir down
of lce milkg. Experiment 6 employed g basie mix similar to that vged in ex-
periment 5, except that 4.0% ceconut fat wes used. The levelsg of CHMC and MCC
uged are shown in Table 17. Pive repiicates were tegted,

Experiment 7 - The effect of CMC and MOC on the melt down of ice milk. Basic
nix wae prepared fn 175 poumd lotg. The hot mle was drawn ofF In 24 pound batches
gnd l6-ouncas of sucroge, containing the percemtages of CHMO and MCC shown fa
Table 20 plus the vanilla flavoring, was mixed into the hot Iiguid. Five repli-
cates were tested Lor melt dowa.
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Bupzriment 10 - The effect of MCC, algin and drav ftemperature cn the melt
down of soft serve ilce milk. Experiment 10 is gimilar to experiments 8 and 9
except that algin was substituted for CMC at the same levels. Table 29. shows
the eombinations of MGC and algin used

Experiment 11 - The effeect ofdlow_dextrose“e;uivalentacorn_s rup solids

aud draw_temperature on ths melt dowm of ice milks. Experiment 11 was desgigned
to test the phencmenon that eertaln amounts of low dextrose equivalent corn
syxup solide will ecause an increase in the rvesgistance to melting of ice cream,
The basic mix ecomposition was: fat, 4.1%; milk, solids-not-fat, 11.1%;
sweetaner, 15.,0%; CMG, 0,5%3 Tweenn80, 0.03%; vanillin, 0.03%; water, 69,24%.
The sweetener eombinations are shown in Table 32, Five replicates were tescedl
for melt down. '

Analysis of data. The melt down data from experiments 2 through 11 was
analyzed by a standard analysis of variance progedure, 7The results of the
anglysis of variance were further analysed by the components of variange test
deseribed by Hicks (1956). Linear corrslations were determined for draw tempera-
ture, parcent overrun and percent melt down,

RESULTS AND DISCUSSION

Experiment 1 - Preliminary invegtigastions. An analysis of variance was
not made 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 207 wmelt down, 5 mixes (15%) had over
407 melt devm. 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 cvercun are shovm in Table 6, The lack of significant correlation
batween the drav temperature and parecent melt down 1is probably because of the
vaviability in the ambisnt temperature and relative humidity of the area in which

the melt down test was conducted. The corzelation between perecent overrun and per-

cent melt down while aignificant is low.

Experiment 2 - The effact of combinatilons and levels of gtabilizers and
emulglfiers and portion gige on_the melt down of ice milks, Table 7 ghows the
regulta of the experimentation and Table 8 shows the statisgtical analysis of the
data for melt down cbtained in experiment 2. As noted from Table 8, the size of
the serving portion contributes the bulk of the variation. Emulsifiers contribu-
ted more £ tha varlance than did the atabilizers., The average mzalt down was

13% for the 1 cup portions and 17.9% for the 1/2 cup portions. The range of the
average malt down vglues was 8.7 to 18.1% for the 1 cup portion and 7.7 to 23.7%
for the 1/2 cup portion.

The data isdicates that all of the emulsifiers weare functioning to about the
same degras. Bassett (1958) recommands a ecmbination of monoglyceride and
Hooly" typa emulsiflers toe achleve a soft serve product with a dry appeare
ance which indieates resistance to melting, The rasults of this experiment
indicate no advaatage in using a combination of emulsifiers ocver the use of




Ypolys" alone, When the data for the stabilizexs was examined an avetage melt
down of 13.2% 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 itg uge
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 Turhbow}‘TEéCy
and Raffetto(1947) discuss the subject of overrun at great length. The vis~
cosities of the mixes varied from 20 to 1,000 centipolses at a speed of 20 rpm
and spindle 3. No trouble was expecienced with any of the mixezsz in flow of
product from the supply hoppar, through a narrow diameter tube, to the freezing
cylinder.

Experiments 3 and 4 - The sffect 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 percant overrzun, draw temparature and average
pexcent melt down for experiments 3 and 4 respectively., Tables 12 and 13 show
the statistical analysis of the data obtained for melt dewn 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 varilance of the results the miik golids-not-
fat and sucrose contributed approximately 2 and 5 times more te the variance,
respectively, than did the fat, Examination of the data in Table 10, for
expariment 3 shows the mixes containing 100<hovr shortening or evrm oil had
average melt down values of about 21 and 19 respectively, whew=mag, the mix
containing cottonseed oil flakes had an average melt down of 2%%. The mixes
containing the lower amount of milk solidz=-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 lewer melt down.,
Throughout experiments 3 and 4 the draw temparature wag the game. The increased
meltdown, under the same conditions, of ice milk containing the higher levels
of milk solidg-not-fat oxr sucrose may be attributed to the inereasé in the
amount of golute. The freezing poiant of the mix wag lowered. The draw tempera~
ture remained the same, therefore, legs of the water in the preduvet was frozen
which led to an increased rate of melt dovn. No correletion bstwaen the draw
temperature and the percent meli down ox overrun was possible baecause the draw
temperature was the sgame in all ingtances. The correlation between the percent
overrun and percent melf down was not significant in either experiment.

Experiment 5 - Investigation of levels of ceconut fat, sodium carboxymethyl
cellulogse (CMC) and micvocrystalline cellulose(MCC) on the welt down of ice
milks., Table 14 shows the percent overrun, drew temperature and asverage per-
cent melt down and Table 15 shows the statistical anslysis of the results.

In this experiment the use of sodium carboxymethyl cellulose (€MC) had no
significant effect on the melt dowa of the ice milk., Examination of the data
shows an average melt down of 11.3 to 11.9% in ice milk contsining CMC. In -
ice milk containing microcrystalline celluloge (MCC), howaver, average melt




dowm values were 10.9, 11.3 and 12.5% with decreasing amounts of stebilizer.
Although the amount of fat had a significant effect om the variamee, no trend
was evident when the data was examined. Melt downm values averaged 12, 12 and
11% with increasing amounts of fat in the mix. Correlations were determined
between draw temperature, percent overrun and percent melt down. The results
of the corrvelation test are shown .in Table 16. A low degree of correlation was
obtained between the pereent overrun and percent welt down.

Experiment 6. - Investigation of the effect of CMC and MCC ¢n_the melt
down of ice milks. Table 17 shows the percent overrum, draw temperature, and
average percent melt down obtaimed when various levels of MUC and CHMC were
tested for their effect on melt down of soft serve lee wilk. Table 18 shows
the statistical analysis of the data shosm in Table 17 which was obtained
for melt down for the mixes tested im experiment 6.

The data (Teble 17) shows that the average melt down decresases whenr the
level of CMC increases. The same tendency is mnot evident with increasing
levels of MCC. The date (Table 18) shows that the usge of CMC comtributed
more tham threse times as much to the varisnce than did the use of MCC. A
correlation test between the draw temperature, percent overrun and percent melt
dowm was conducted., The results of the correlatiens arve ghowvm in Table 19.

Experiment 7 - The effect of CMO and MCC on the melt down of fce milks.
Bagic mix prepared {m 175 pound batches, The ic®: milk mixes used im the
previous experiments reported herein were prepared in small batches. As in-
dicated in the experimental procedures the bagic mixer used im experiment 7 and
subsequent experiments were prepared im large amounts to minimize the errors
inherent in small bateh preparation.

Table 20 shows the percent overrun, draw tewperature end average percent
malt down obtained when waricus combinztions of CMC amd MCC were lilsted. Table
21 shows the statistical analysis of the data obtained for melt down for the
mixes tesgted In experiment 7. The data in Table 20 for melt down and overrun
ghows mo idemtifisble trend with increasing levals of either CMC or MCC., The
ayerage malt down ranged from 4.5 to 14.5%. Twenty-two (61%) samples had less
than 10% wmelt down. The statistical analyeis (Table 21) chows that about 2/3
of the variance is attributable to CME. A positive significant correlation was
found between the draw temperature and the percent melt dewn (P>0.01), and the
pereent overren (EM0.08), (Table 22).

Experiment 8 - The effect of CMO, MOC and draw température on the melt
down of fce milk, The influence of the Jdraw temperature oa the resistance to
melt down was moted when mixes with the same source of raw ingredients, com-
pesition and procassing were compared. At draw temperatures of 20,20.5, and
23F; 8,7, 9.5 and 23.8% melt dowm, respectively wae noted. Table 23 shows the
percent overrun, and average perceat melt down obtained whem various combina=-
tione of CMC and MCC were tested for their effeect om the melt dowm of soft
serve ice milk drawn from the freezer at 19, 20, 21 and 22F. Table 24 shows the
statigtical analyeis of the data obtained feor melt down for the mixes tected inm




experiment 8.

The effeet of dvaw temperature on oveérrun and melt down csn be seen in
Table 23. The drsw tempevature comtributed 10 and 17 times more to the
varianee than 3id the MCO and CMS, respectively. The rasulte of the
corvelation test between draw temperatvre and percent overrun and percent over-
rup and percent melt down dle shown fo Table 25.

Experiment 9 ~ The effect of MCC, pelatin and draw Cempersture on the
melt down of fce milke. Table 26 shows the percent overrun, and average
percent melt down obtained at draw temperatures of ‘19, 20, 21 and 22F when
combinations of MCC and gelatin were tested, Table 27 ehows the statlstical
znalysis of the melt down data for the wixes tested. The datz show that in
general the svereze percent melt down was lower at each draw tewperature when
higher levels of geletim and MCC were uweed. However, the statistical analysis
{Table 27) shows that almosgt half of the verilance waes attributable to the
effect of gelatia, while the effect of MOC wae responsible for less thanm 1/5
of the varisnece., The effect of draw Cempeature wag approximately 3 times
greater in e pesumemﬁ 3 than in experiment 9, Table 28 ghows the regults. of
the correlation test belween draw temperature perxeent overrun and percent
melt down.

Experiment 10 - The effect of MCC, alein end draw temperature on the

melt dowa of fce wmilks. The percent overrun and average percent melt down
obtained when the effect of three levele of MCC and algin were tegted at

draw temperatusze of 19, 20, 21 and 22F sve shown in Table 2%. The data shows
that a2lzin has no eignificant effest in the welt down and that HMCC hasg oaly

a gwall effect, Table 30 shows the resulte of the statistical analysis of the
melt down data, As scen from the table the draw temperature had the greatest
inflvance on Che wveristion, The correlation between digw temperature, percent
everrun and percent melt dowm are shown in Table 31.

Ezperiment 11 - Tﬂe affect of low dextrege equivalent cora sycup solids
and draw tewperature o hﬁ;ﬂ@jgg;@;wn of £;g milks. Mahdi and Bradley (1968)

noted that the “d@bs mmt malt" defect could be obhained when excess amounts

of low dextroge eﬂulv&lent (DiZ) eorm syrup solids were used. Experiment No.

11 was desigmed to see 1f this "defect” could be used to advamtage. Table 32
shows the pereent overrum and average percent melt down at drew temperatures
of 19, 20, Z1 and 22F. Table 33 shows the major influence om the melt dowm
was the draw tempevature, The gwestener ecombinatlons wveed coantributed only

& minor portiom of the varlance. In this experiment the amount of substitution
wvas confined to 25% of the total amount of sweatewner because of {lavor problems
asgociated with the use of large amount of coen syrup solids. The cerrelation
coefficients for draw temperzture, percent sverrun and pércent melt down are
ghown in Tsble 34,



CONCLUSIONS

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

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

3. Carboxymethyl cellulose influences melt down to a greater extent than
microerystalline cellulose by effecting a reduced melt down as the level of
CMC increases.

4. The use of a combinatin of monoglycerides and “poly" type emulsifiers
had no advantage over 'poly" type emulsifier used alone.

S. 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 257 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
Navy wantg but we doubt the investment in time and funds would be justified.
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. FOCT\NOTES APPLICABLE TO TABLES 2,3,4 and 5

1/ Basic mix formula: dehydrated ice eream mix, 1.0 pounds; nonfat dry milk,
0.265 pounda; sucrose, 0,190 pounds; water, 3,045 pounds, .
2/ Sama fovmula as pregesding mix, The draw temperature, percent ovexrrun and
peraent mslt dcwn w&re neasured after 20 servinge had been drawn from the
freeger, :

3/ Same formuls as preceeding mix, The draw temperature, percent overrun and
percant melt down were measured after 12 aervings had been drawn from the
freezer, B i

A/ Ounces. of ingrsdient,

5/ Grams' of ingradisnt,

6/ Mix was to viscous to fe&d propsrly.

1/ Over emulzification caussd mix to separate,

8/ An additional 21,25 grams (g.) of sodium carboxymethyl cellulose, 21.25 g.of

guay gum, #nd 2,82 g, of Irish moss was mixed with 86 g. of sucrose and was
added to the mix,

17




Table 6. Coxrelation coefficients (r) for draw
temperature, per¢ent overrun and percent
melt down of ice milks tested for experiment 1,

Coryelation Factors r —_
Draw temperature/percent overrun 0.781**
Draw temparaturxe/percent melt down 0.241 n.s.
Pefcen% overrun/percent melt dowm 0.364%

*p>»  0.05 **p~ 0,01
0.349 > 0.449

18

n.s =Hot significant
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FOOT NOTES APPLICABLE TO TABLE 7

1/ Mono=and=di=glycerides, 60%; polyoxyethylene 20 sorbitan tristerate, 407
g[ Polyoxyethylene (20) sorbitaﬁ monooleate; .

3/ Mono=-and di~-glycerides, 80%; polysorbaté 80, 207%.

4/ Mono=and di-glycerides, 80%; polyoxyethylene 20 sorbitan tristearate, 20%.
5/ Polyoxyethylene (20)sorbitan tristearate

6/ Sodium carboxymethyl cellulose, high viscosity.

7/ Sodium caxbozymethyl cellulose, medium viscosity.
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Table 8, Analysis of varilance and percentage of variation for the effect of
3tab£liz@rs; emulzifiers and portion size on the melt down of ice -
milks tested for experiment 2.

. ; Parcentage

Source of Variance Analysis of Variance of variation
Stabilizers b * 3.6
Emulgifiers k& 8.1
Portion Size & ' 87.3
Stabilizer-smulsifier % 0.6
intexaction

Stabilizer-portion gize n.a. -
interaction

Emulsifier-portion gize n.s. -
interaction :

3=Factor interazetion *% 0.3

Not aecounted for = 0.1

%p>> 0,05 *%p> 0.01 n.s. - not gignificant
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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/
Mix viscosity/Ave. percent melt dowm 2/
Draw temp./Ave, percent melt down 1/
Draw temp./Ave. percent melt down 2/

4

Draw temp./percent overrun

=0.127 n.s.
-0.108 n.s.
«0.098 n.s.
0.070 n.s.
0.443%%

46
46
38
38

38

wkp 0,01
0.393
1/ 1/2- cup portion size

2/ lecup portion size

n.s. = not significant
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Table 10. Composition of 6 ice milk mixes containing three types of fat
and two levels of milk solidg-not-fat.

The percent overrun (0.R.)},
draw temparature (F) and average percent melt dowm (M.D.) for ice
miiks tested for experiment 3.

Percent of Ingredient in Mix No., -

Ingredient 1 2 3 4 5 6

100-hour shortening 6.1 6.1
eorn o1l 6.1 6.1
Cottonseed oil_flakea 6.1 6.1
Milk solidsenot-fat 1s.1 | 1.1 [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.is5| 0.i5| 0.15 0.15 { 0.15 0.15
Tweenmos ~280VS 0.25] 0.25( 0.25| 0.25| 0.25 0.25
Twoen-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 i3 18 i8 18

% M.D. 18.5 | 15.9 | 23.5 | 22.9 | 22.0 | 26.5




Table 11, Composition of 6 ice milk mixes containing three types of fat and
The percsnt overrun (0.R.), draw temperature
(¥) and average percent mslt down (M.D.) for ice milks tested for

tws levelg 6f sucrose.

experiment &,

Percent of Imgredient im Mix No.

1 2 3 4 3 6

100-houx shortening 6,1 6.1
Corn 0il ‘ 6.1 6.1
Gottonseed oil £lakes 6.1 6.1
Milk solids-not-fat 13.1 13.1 13.1 ] 13.1 13,1 13.1
Sugrose 13.5 13.5 13.5 | 15.0 15.0 15.0
Vanillin 0.04 0.04 0.04f 0.04 0,04 0.04
Irish moss 0.15 | o0.15| o0.15] o0.15| o0.15] o0.15
Tweenmes - 280VS 0.25 0.25 0.25] 0.25 0.25 0.25
Tween~80 0.03 | o0.03| 0.03 0.03| 0.03| o0.03
Water 66,83 66.83} 66.83] 65.33 | 65.33] 65.33

% O.R. 59.1 25.0 50,0 | 52.2 29.6 40.0
Draw Tempexatuxe 18 18 18 i8 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 Varistion
Type of Fat ** 31.3
Levels of Milk Solids-not-~fat **% 68.6
Interaction n.s. -
Not accounted for - 0.1
¥¥p> 0.01 n.s. - not significant
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Table 13. Analysis of variance and the percentage of variation for the

effect of typs of fat and levels of sucrose on the melt dowm
of ice milks tested for experiment 4.,

Sourge of Variance Analysis of Variance 5§§§§%§2§e ok
Type of Fat &% 16.9
Le?els of Sucrose Lad 83.0
Interaction n.s. -

Not Accounted for - 0.1

*kp~.0.01 n.s8. = not gignificant




Table 14, Combinations of coconut fat, sodium carboxymethyl cellulose {C1C)
and microcrystalline cellulose (MCC) used in 27 ice milk mixes.
The percent overrun (0.R.),draw temp (F) and average percent
melt down (M.D.) for ice milks tested for experiment 5

% % - | Parameters % Coconut Fat
CMC | MCC | Measured 2 4 6
% O.R, 33.9 54.1 33.3
1.2 | Draw Temp " 19,5 21.0 20.5
% M.D. 10.0 13.0 12.7
% O.R. 36.4 25.4 29.8
0.3 | 1.3 | Draw Temp . 18.5 20.5 19.6
% M‘D. 9'6 1208 9‘2
% O.R. 63.0 51.1 27.1
1.4 | Draw Temp 21.0 20.5 21.0
% M.D. 11,0 4.1 9.3
z OQRQ 53.2 4305 27'1
1.2 | Draw Temp. 21.0 21,0 . 20.5
% M.D. 14.2 14.5 12,7
% O.R, 41.5 58.7 42,0
0.4 | 1.3 Draw Temp 19.7 21,5 21.0
% M.D. 8.8 13.4 13.7
% 0.R. 46,0 31.6 21.0
20.5
1.4 | Draw Temp 20.5 18.0 9
0
% M.D. 13.8 9.2
% O.R, 57.4 480 30,9
20.5
1.2 | Draw Temp 21.5 21,5
% WD 12.1 12.2 10.9
% O.R. 62,2 25.9 22.6
20.5
0.5 1.3} Draw Temp 21.0 21.0
1006
% M.D. 13.0 12.9
% O.R 60.9 38.9 44,0
L] * .0
1.4 | Draw Temp 19.5 20.5 i(; .
% H.D. 11,5 9.5 R
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Table 15. Analysis of varxiance and petcentage of variation for the effect of
levels of coconut fat, sodium carboxymethyl celluloge (CMC) and micro-
crystalline cellulose (MCC) on the melt down of ice milks tested for

sxperiment 5.

Source of Variance

Analysis of Variance

Percentage of

Variation

Levels of Coconut fat &% 30.5
Levels of CMC 1/ n.s, -

Levels of MCC 2/ % 44.5
Fat-CMC Interaction & 8.9
Fat=MCC Intexaction % 6.9
CMEC-MCC Interactlon *& 7.2
3 Factor Interaction % 2.0
Not Accounted For - <0.1

4% p> 0,01

28
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Tabie 16. Correlation coefficients (r) for draw temperature,
parcent ovérrun and percent melt down of ilce milks
tegted for experdment 3. - -

Correlation Factors I ' r ' d.£.
Draw temp./fAve, Percent meltdcwn 0.585%% ' 26
Draw temp./Percent overrun _ 0.313 n.s. 26
Percent overrun/Percent melt down 0.428% 26
%p> 0,05 ' , *3p> 0.01 n.s. =-not significant

0.37 o | . 0.478
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Table 17. Combinations of sodium carboxymethyl cellulose (CMC) and micro-
crystalline cellulose (MCC). used in 9 ice milk mixes. The pekcent
overrun (O.R.), draw temperature (F) and average percent melt down
(M.D.) for ice milks tested for experiment 6.

i T
| % Moe '
% Parameters -
oMo Measured
i : 1.4 1.7 2.0
% O.R. | 63.3 | st 44.0
0.5 Draw Temp 23 | 22.1 24.8
kR % M. 23.8 12.1 ‘ 18.5
o7 wom. | 32 396 40.7
Draw Temp 21 20 . 20.5
% MDD, 16.4 11.4 - 13,2
% 0.R. s6.1 | 48 " 39.6
0.9 IpravTemp | 21 21.5 . 22
A % M. 12.3 5.8 3 27.0
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Table 18. Analysis of variance and the 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

60
Parcentage of

Source of Variation Analysies of Variance Vaxiatioﬁ
Levels of CMC v e 62,0
Levels of MCC © % 20.8
Interaction | i 10.0

Not: Accounted For - 0.2
* p> 0.05 p>0.01

3t




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

Correlation Factors T d.£f.
Draw Temp./Percent melt down 0.396%% 44-
Draw Temp./Percent overrun 0.344 n.s. 8
Percent overrun/fercent melt down - 0.033 n.s. 44
% p> 0.01 n.s. - not significant

0.372

32



——r—ra o

—

o

VT T 8'87 67tl

_ 50T OO T U] T TR ET g
w© oz 4 _ oz oe . w2 | dwajy melq
¢ eg 1°2¢ 7°9¢ W T°ee 7°9¢ m 7°0L _ 40 % m
AL 6°L g'g - 7°01 €8 | 0°0T m WG| L0 |
4 4 V4 60z oz oz “ dwoy, Meaq
8° ¢t 8°6¢E | 8°¢¢ R4/ g 8¢ W adoy] W ‘4o ¥
T b g TTTTTTTTOIOT €01 , 70T THE] (o
oz 4 oz 074 oz oz dwa], meaq '’
AR 6°0¢ 6°0€ z°LE AN 6°6€ ‘40 ¢
B A 5 ) 75 €8 9°1T T°0T TR g
$ 6T | 861 8761 $ 61 oz R dws] mexq =
ol | Tew Ten gcc | 8s¢ s | "0 ¥
28 29 9 0L €6 | 8° Tl _ TR gl €0
g 61 8 61 G 6T 074 6T | g6t “ duws], %...SM
8*s¢ A L°6€ 6° €€ L | 06 | o gt
58 9°L 2°9 ) 58 78 ‘TR m 0°0
61 61 6T. 61 . 61 61 | dwej, Meaq |
0° 0% 7°62 AL 0°81 . TUse 686 ‘4°0¥,
oz | T T | €1 T | 0°0 pounses) |  OHD
W : “ m ! sJlajaWeded y4
) 00K % |

L pnmaﬂhwmxm J0J pa3s33 SYTIW 80T J0F (W) umop 378w jusdrad
adrasar pue (4) sanjeIadue] MeJD A.m.ov UNIJeA0 qUaddad ay] °*SoXTW NTWW 891 g¢ UT pasn
(O0W) @SOTNITEO SUTTTEISAID0IDTW puR (JRD) 2SOTNTT3D TAYIewWAXOQIBRD UMTPOS JO suoTjeuTqWon ‘Oz 2Tqe]

33



Table 21. Analysis of variance and percentage of varlation for the effect
of sodium carboxymethyl cellulose (CMC) and microcrystalline
celluloge (MCC) on the melt down of ice milks tested for experiment

7.
Source of variance Analysis of variance Percentage of
: . Jariation
Levels of MCC * 32.8
lavels of .CMC *% 63.7
Interaction * 3.1
Not Accounted For - 0.3
*p> 0.05 * p> 0.01
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Table 22. Correlation coefficients (r) for draw temperature,
percent overrun and percent melt dowm of ice milks tested

for experiment 7.

Correlation Factors

Draw Temp./Percent Melt Down
Draw Temp/Percent overrun

Pergent overrun/Percent melt down

r d.f.
0.530%% 35
0.348% 35
0.270 n.s. 335

*p> 0.05
0.325

35

*%p> 0,01 n,s.-not gignificant
0.418
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Table 24. Analysis of variance and percentage of variation forxr the effect of
gsodium carboxymethyl cellulose (CMC), microcrystalline cellulose
cellulose (MCC) and draw temperature (F) on the melt down of ice
milk tested for experiment §.

Percentage of

Source of Variance Analysis of Variance Vapiation

Lavels of MCC 1/ % 8.5
Levels of GMC 1/ * 4.9
Draw Temperature Wk 85.2
MCC-CMC Interxaction L 0.8
bﬁC-Temﬁ. Interaction n.,8s. -
CMC-Temp Interaction w& 0,7

_ 3~Factor Interaction n.s. -
Not Accounted for - 0.1

*p> 0.05 “%p>> 0.01 n.s.~not significant
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Table 25. Coxrelation coefficients (r) for draw temperature, percent
overrun and percent melt down of ice milks tested for experiment 8.

Correlation Pactors x . d.£.

Draw Temp/Percent Overxun .0.736%% 35

Percent Overrun/Percent Melt Down 0.711%% 35
%% p> 0.01
0.418
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Table 27. Analysis of variance and perxcentage of variation for the effect
of microcrystalline celluloge (MCC), gelatin and draw temperature
(F) on the melt down of ice milks tested for experiment 9

Percentage of

Soucce of Varianee . Analysis of Variance VAriation
Levels of MGC ¥ 16.6
Levels of gelatin i 48.1
Drraw Temperature *% 30.2
MCG-Gelatin Interaction X 3.9
MGG-Tenp, Interaction n.8, -
Gelatin~Temp, Interaction *% 1.1
3-Factor Interaction n.s. -

Not Accounted For - 0.1
*%p> 0.01 n.s. =~ not significant



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

Coxrelation Factors r d.f.
Draw Temp/Percent Ovexrun 0.508%% 35
Percent Ovexrun/Percent Melt Dowm - 0.119 n.s. 35
#% py 0,01 n.s, = not gignificant

0.418
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Table 30. Analysis of varilance and percentage of variation for the effect of
microceystalline cellulose (MCC), algin, and draw temperature (F)
on the melt down of ice milks tested for experiment 10

Percentage of

Source of Variance Analysis of Variance __variastion

Levels of MCC % 20.7
Levels of Algin n.s. -

Drawv Temperature % 68.0
mevAigiﬁfiﬁteracrion%#{ i 8.4
HCC-~Temp, Interaction : L 1.5
Algire-Tewp Iatevavtions: i w 1.1
3-Factoxr Iuntexaction ik 0.3

Not Accounted For - 0.1

#py 0,05 *%p> 0,01 n.s. = not significant
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Table 3L. Corxelation evefficlents (r) for draw temperature, percent
averrun and paresnt mslt down of ice milks tested for experiment 10.

Corxelation Factors : r d.f,
Draw Temp./Percent Overrun CLU509E 35
Percent Overrun/Pereent Melt down 0.585%% 35
#p> 0,05 &4p7 0.01

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
dowvn of ice milks tested for experiment 11,

Percentage of

Source of Variance Analysis of Variance Variation
Sweetener Combinations % 6.6

Draw Temperature o+ 92.4
Interaction % 1.0

Not Aéceunted 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,

Corxelation Factors Y d.£f,

Draw Temp./Percent Overrun 0.441% . 23

Percent Overrun/Percent melt down 0.512** 23
*p 0,05 *kp 0,01
0,396 0.505
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