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CHAPTER I 

THE RESEARCH PROBLEM 

I ntroduct 1 on 

The Nat1onal School Lunch Program (NSLP) was enacted on June 4, 

1946 by t"le Food and Nutr1t1on Serv1ce of the Umted States Department 

of Agr1cu1ture (USDA) The obJeCt1Ves were to safeguard the healt'1 and 

wel 1 be1 ng of the Nat1on• s ch1l dren and to encourage the domest1c con

sJmptlon of nutr1t1ous agr1cu1tural commod1t1es by prov1d1 ng an adequate 

supply of foods and ot11er fac1l1t1es 1n the establlshMent and ll'Blnte

nance of a non-prof1t school lunch program (Un1ted States Statutes at 

Large, 1946) 

Funds for the NSLP come from federal cash re1mbursements and 

agncultural commod1ty donat1ons, state and local momes, and ch1ldren•s 

payments In 1982, Federal cash and commod1 ty donat1ons accounted for 

51 4 percent of the total NSLP budget, local and cinldren•s payments 

prov1ded 20 2 and 28 4 percent respect1vely The 51 4 percent 

from federal sources 1ncluded 2,197 0 m1ll1on dollars total cash 

re1mbursements and 414 0 m1ll1on dollars 1n agr1cultural commod1t1es 

{H1emstra, 1983) Federal cash payments and commod1ty ent1tlements 

are spec1f1ed by leg1slat1on based on the number and type of meals 

served Ill add1 t1on, schools rece1Ve bonus corrtmodl t1es not charged 

aga1nst the1r leg1 slated commod1ty ent1tlements 1'1 1982, the value 

of bonus commod1t1es totaled 340 0 rrt1ll1on dollars Bonus commod1t1es 
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totaled 340 0 m1ll1on dollars Bonus corrnnod1t1es are foods ti'Jat are 1n 

substantnl surplus, pr1mar1ly da1ry foods The foods prov1ded to 

schools by USDA cost less than locally purchased food of the same qual

lty, however, some of these donated foods are reportedly d1ff1cu1t to 

use 1 n prep a r1 ng ITEal s and can 1 ncrease the operat1 ng cost of the tJSLP 

due to the h1gh cost of transport1ng, stor1ng, handl1ng, and orocess1ng 

donated commod1t1es 1nto usable products (Puma and St D1erre, 1983) 

The success of the NSLP 1n JTEet1ng 1ts stated obJectwes rel1es 

greatly on keep1ng the cost of the lunch from ns1ng The charge to the 

student for the school lunch has been reported to be a strong 1nfluence 

on part1c1 pat1on 1n the NSLP Ottman ( 1956) concluded that h1gh par

t1c1pat1on 1n the NSLP reqUlred the charge per lunch be as low as 1s 

cons1 stent w1 th good food and serv1 ce Lunch pr1ce was also reported by 

Ak1n, Gu1lkey, Popk1n, Bass, and Ha1nes (1981) to s1gn1f1cantly reduce 

the NSLP part1c1 pat1on of 1 ow 1 ncome ch1l dren Keeo1 ng the student• s 

payment frOfll r1 s1 ng forces the NSLP to rely greatly on federal fund1 ng 

sources, however, poss1ble budget cuts and r1s1ng food and equ1oment 

costs due to 1nflat1on threaten the adequacy of these sources The con-

t1nuat1on of the NSLP requnes W1 ser food purchases, better 1nventorv 

control, and 1mproved managenal sk1lls (Applebaum, 1932) 

Statement of the ProbleM 

The use of commod1 ty foods for the on-s1te preparat1on of school 

foodserv1ce menu 1tems currently be1ng purchased 1n pre- or oart1a1ly 

prepared convemence fonns could save money to offset 1nflat1onary food 

costs and help create a more self-supported NSLP (Nelll, 1981) On-s1 te 

gr1nd1ng of \meat and bread bak1ng has been successfully tr1ed 
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(Anonymous, 19 79) and the concept could be apol 1 ed to other school food

servl ce menu 1 terns Greater rel 1 a nee upon uncomm1 tted bonus col"lmodl t1 es 

currently ava1lable has great potent1al 1n the attempt to control food 

costs As of May, 1985, Commod1ty Cred1t Corporat1on (CCC) uncomm1tted 

stocks of butter, cheese, and nonfat dry r111lk (~FDM) totaled 163 5, 

601 1, and 967 8 m1ll1on pounds respectwely (USDA, 1985) NFDM 1 s, 

however, one of the commod1t1es many schools report d1ff1cu1ty 1n us1ng 

w1 thout pay1 ng to have 1t processed 1nto a more usable fom (VanEgmond

Pannell, 1981) 

Purpose of the Study 

The purpose of the study was to develoo a soft-serve 1ce m1lk m1x 

ut1l1z1 ng USDA bonus commod1 ty NFDM and butter to be m1xed and frozen 

on-s1te 1n school foodserv1ce operat1ons The 1ce m1lk developed needed 

to be acceptable to secondary students and w1th1n suggested san1tat1on 

standards for soft-serve products 

ObJect1ves and Hypotheses 

The obJeCtlves tested were as follows 

1 To develop a vamlla soft-serve 1ce m1lk m1x ut1l1z1ng USDA 

commod1 ty nonfat dry m1lk (NFDM) and USDA commod1 ty butter that can be 

prepared on-s1te 1n school foodserv1ce operat1ons 

2 To test the acceptab1 11 ty of the two tnghest qual 1 ty soft-serve 

1ce m1lk m1xes 1n seven JUnlor and semor h1gh schools 1n lawton, 

Oklahoma 

3 To have the product meet commerc1 al product standards for 

total oacter1al count and col1 form count 
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The hypotheses tested were as fo 11 ows 

H1 There w1ll be no s1gn1f1cant d1fferences iiDlong the qual1ty 

scores of the soft-serve 1ce m1lk m1xes when descnptwely evaluated by 

a tra1ned taste panel 

H2 There w1ll be no s1gn1f1cant d1fference between the acceot-

ablllty of the soft-serve 1ce m1lk rnxes when evaluated by secondary 

students 

Assumpt1ons 

The follow1 ng assumpt1ons \'/ere made for th1s study 

1 The supply of bonus comJllOdl ty NFDM and butter w1ll cont1nue to 

be ava1lable to the NSLP 

2 Foodserv1ce employees Wlll have t1me dun ng the1r respect we 

work sh1fts to prepare the 1ce m1lk m1x 

3 On-s1te preparat1on of the soft-serve 1ce m1lk made from bonus 

commod1 ty NFDM and butter w1ll be less expenswe than ut1l1z1 ng a com

merclally pre-prepared soft-serve 1ce m1lk m1x 

4 All 1ce cream freezers used 1n the study Wlll freeze the 1ce 

m1lk m1xes 1n the temperature range of 18 to 22°F (-8 to -~ 5°C) 

5 The maJOrl ty of school foodserv1 ces part1c1 pat1 ng 1 n the N5LP 

w1llllave a soft-serve 1ce cream freezer and are currently serv1ng a 

commerc1 ally prepared soft-serve product 

L 1 m1 tat 1 on s 

In conduct1ng th1s study, the follow1ng l1m1tat1ons v-~ere taken 1nto 

cons1derat1on 

1 The populat1on was l1m1ted to those unwers1ty students 

enrolled 1n one Food Pr1nc1ples class 1n the fall semester of lq85 and 



to those secondary students enrolled 1n publ1c school 1n Lawton, 

Oklahoma 1n the spr1ng semester of 1986 

2 The env1 ronmental temperature was not controlled 1n the unaH-

c ond1 t1 oned school foodserv1 ce cafeter1as, changes 1 n env1 ronmental 

temperatures could 1ntroduce b1as 1nto the acceptab1l1tv f1nd1ngs 

3 The soft-serve 1ce m1lk m1Xes tested were prepared 1n a un1-

vers1ty food laboratory that was not eqU1ppedw1t'1 quant1ty food eqUlo

ment 

l)ef1mt1on of Tenns 

The maJor tenns used 1n th1s study are def1ned as follows 

1 Ice M1lk -frozen da1ry product conta1mng not less than? nor 

more than 7 percent m1lkfat, not less than 11 percent nonfat m1lk 

sol1ds, and not less than 1 '3 pounds total sol1ds per gallon (Code of 

Federal Regulat1ons, 1984) 

2 Ice Cream - frozen da1 ry product conta1 n1 ng not less than 10 

percent m1lkfat and nonfat m1lk sol1ds, and not less than 1 6 pounds 

total sol1ds per gallon (Code of Federal Regulat1ons, 1984) 

3 Soft-Serve - frozen product consumed when drawn from ti-Je 1ce 

cream freezer as a flowable sem1-sol1d mass at temperatures between 18 

and 22°F (-8 and -5 5°C) (Keeney and Dahle, 1960) 

4 Bonus Commod1ty - pnmanly dany foods (m1lk, butter, cheese) 

that have been 1n substant1al surplus s1nce 1978 (H1emstra, 1983) 

5 Nonfat Dry M1lk (NFDM) - dned sk1m nnlk conta1n1ng not over 5 

percent mo1sture and 1 5 percent m1lkfat (Rubls, 1974) 

6 Butter - the natural fat of m1lk conta1n1ng not less than qo 

percent m1lkfat and not more than 16 oercent mo1sture (Rub1 s, 1974) 



6 

7 Nonfat M1lk Sol1ds (NFt~S) - nonfatty port1on of m1lk 1nclud1 ng 

m1lk sugar, m1lk prote1ns, and m1neral salts (Keeney and Dahle, 1960) 

8 Serum Sol1ds -nonfat m1lk sol1ds (Keeney and Dahle, lg60) 

The typ1cal factors for scor1ng da1ry products are deflned as 

follows 

9 Color- v1sual percept1on or appearance read1ly assoc1ated w1th 

tne flavor (Arbuckle, 1972) 

10 Flavor- blend of taste, smell, and temperature sensat1ons 

evolved 1n the mouth (Afller1ne, Pangborn, and Roessler, 1965) 

11 Texture - the way the product handles and feels 1n the mout~ 

(Szczesn1ak, 1963) 

12 Body - cons 1 s tency of the product and the way the product 

benaves when 1t beg1 ns to wann and rrelt (Charley, 1970) 

Fonna t of 01 ssertat1 on 

Chapter III was wr1tten accord1ng to the Gu1del1nes for Authors of 

the School Food Serv1 ce Research Rev1 r?N Chapter IV fo 11 owed the Gu1 de 

for Authors, Journal of the Amer1can 01 etet1c Assoc1 at1on 



CHAPTER I I 

REVIEW OF LITERATURE 

Character1st1cs of Ice M1lk 

Ice m1lk 1s a frozen da1ry food produced by freez1ng, W1th contln

uous ag1tat1on, a comb1nat1on of da1ry 1ngred1ents, sweeteners, water, 

and flavor1ng, W1th or w1thout eggs and/or stablllZers or emuls1f1ers 

{Arbuckle, 1972) Ice m1lk d1ffers from 1ce cream 1n the compos1t1on of 

the m1x Exoressed as a percentage of 1ts 1ngred1ents, 1ce m1lk con-

talns not less than 2 percent nor more than 7 percent butterfat, and not 

less than 11 percent nonfat m1lk sol1ds (NFMS) {Code of t:'ederal Regula-

tlons, 1984) Soft-serve 1ce m1lk d1ffers from hardened 1ce m1lk and 

1 ce cream as 1 t I'Jas only a one-step freez1 ng process Soft-serve pro

ducts are consumed when drawn from a batch-type 1ce cream freezer as a 

fl owab le sem1-frozen mass at temperatures between 18 and 22°F { -8 and 

-5 5°C) (Keeney and Dahle, 1960) Hardened products are frozen sol1d 

dur1ng a second freez1ng per1od 1n a cold-storage room at 0°F {-18°C) 

L1ke 1ce cream, 1ce m1lk 1s evaluated by the organolept1c proper-

tles of color, flavor, texture, and body {Colllns, 1980) A h1gh qual-

, ty soft-serve 1ce m1lk possesses the follow1 ng characterlstlcs 

Color 

The color needs to be attractwe, evenly d1str1buted, and charac-

terlstlc of the flavor An 1deal vamlla flavored product 1s an 
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off-yellow, the color of cream produced 1n spr1ng and early summer due 

to the h1gh content of carotene 1n the grass at these t1mes (Sommer, 

1951} Ma1nta1n1ng un1form color t~roughout tne year usually requ1res 

the add1t1on of 1m1tat1on color1ngs 

Flavor 

8 

Flavor 1s 1dent1f1able by taste, color, and p1eces of 1nqred1ents, 

(1 e, fru1ts, nuts, or chocolate) d1spersed 1n the product H1gh qua1-

1ty flavor should be pleasn1g w1th suff1c1ent flavor1ng to y1eld a d1s-

t1nctwe, full-flavor to the product (Col11ns, 1980) The flavor of 

van1lla 1ce m1lk depends, to a great extent, on the qual1ty of 1ts da1ry 

1 ngred1 ents M1l k f1 avor 1 s subJect to the 1 nd1 v1 dual1 ty of the cow, 

the per1od of lactat1on, the feed, the barn atmosohere, bacter1al 

act1on, and/or chem1cal changes 1n the m1lk (Walstra and Jenness, 1q84} 

Ice m1lk should also be sweet w1 t"l the degree of des1rable sweetness 

vary1 ng cons1derably between consumers Sommer ( 1951) suggested that 

ch 11 dren and younger people prefer a sweeter product than do older 1 nd1-

v1duals Colder temperature sensat1ons character1st1c of 1ce M1lk com-

pared to 1ce creaM are attr1buted to the lower percentages of butterfat 

1 n 1ce m1l k 

Texture 

Texture character1st1cs 1nclude a smoot"l and creamy feel 1n the 

mouth w1th no detectable granules on the palate Tact1le sensat1ons of 

th1ckness and r1chness also 1nd1cate a qual1ty product (Keeney and 

Kroger, 1974} H1 gh qual1 ty texture 1 s reported to be due to un1 formly 

d1spersed, small, angular-shaped 1ce crystals, Jagged taoer1nq a1r cell 

conf1gurat1ons, (Re1d and Hales, 1934}, and the sensat1on of smoot"lness 
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1mparted by the lubr1cat1ng propert1es of butterfat (Cole and Bouh1are, 

1940) 

A des1rable body needs to be dry and st1ff Dryness 1s assoc1ated 

w1th a low gloss and a melt-res1stant product (Keeney and Joseohson, 

1958) S1nce soft-serve products are not hardened, st1ffness 1~ol1es a 

product that 111111 stand up properly 1n the conta1ner and reta1n 1ts 

shape and cons1stency unt1l eaten (Kmghtly, 1963) 1-llgh qual1ty body 

depends on some butterfat agglomerat1on (Shennan, 1965), 1 fJH draw teJTJ

peratures (Keeney and Dahle, 1950), f1ne, un1form a1r cell structure 

(Keeney and Josephson, 1958), and use of the proper emuls1f1er and/or 

stab1l1Zer (Bassett, 1969) 

Phys1cal Structure of Ice !~1lk 

The qual1ty character1St1cs of 1ce m1lk are attr1buted to the p~ys

lCal and chem1cal funct1ons of the 1ngred1ents comb1ned w1th the freez-

1 ng process Collect1Vely t~e 1 ngred1 ents and the freez1 ng process pro-

duce a compl1cated foam of a1r bubbles trapped 1n a cont1nuous l1qu1d 

phase o.'/hlch represents a part1ally frozen emuls1on ('<lng, 19'50) '~ater, 

frozen and unfrozen, funct1ons as the cont1nuous phase Ice crystals 

are embedded 1n the frozen cont1nuous phase wh1le tl'te unfrozen contlnu

ous phase conta1ns emuls1f1ed fat globules, collod1al d1spers1ons of 

m1lk prote1ns and 1nsoluble salts, and solut1ons of sucrose, lactose, 

and soluble salts {Valaer and Arbuckle, 1961) The structural elements 

of 1ce crystals, a1r cells, and unfrozen mater1als are separated by 

three 1nterfaces The a1r-m1l'< plasma 1nterface, covered by a th1n 
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absorptlVe f1lm or lamellae, the fat-rn1lk plasma 1nterface, covered by a 

prote1n-emuls1fler f1lm, and the 1ce-m1lk plasma 1nterface (Klnq, 1950) 

Dunng freez1ng, cont1nuous ag1tat1on 1ncorporates a1r produc1ng a 

foam Slow freezer speeds Wl th extended ag1 tat1 on per1 ods favor the 

d1 spers1on of very Sl'lall, un1formly d1 str1buted a1r cells w'11ch prOJTiote 

a smooth texture and st1ff body The foam1 ng of the m1x rs due ch1efly 

to m111< prote1ns wtnch are absorbed by the lamellae and stab1l1Ze the 

entrapped a1r (Atherton and Newlander, 1977) The m1x 1ncreases 1n 

volume due to foam format1on and the expans1on of water as 1t freezes, 

th1s 1ncrease 1n volume dunng freez1 ng 1s referred to as overrun It 

1 s expressed 1n percentage as follows 

% overrun _ we1ght of m1x - we1ght of 1ce m1ll< x 100 
- weight of ice milk 

llhere the we1ght of each product 1s the we1ght of the same un1t of 

volume (~eeney and Kroger, 1974) Ice m1lk of 1nsuff1c1ent or excess1ve 

overrun 1s soggy and heavy or snowy or fluffy respectwely Soft-serve 

1 ce m1l k 1 s d1 spensed at overruns of 30-50 percent (Kenney and Oalll e, 

1960) 

The temperature of t"le 1ce m1lk m1x 1n the freezer 1s qu1ckly 

1 owe red to 21-23°F ( -6 - -5°C) to enhance the forma t1 on of Sl'lal 1 1ce 

crystals necessary for smooth texture and st1ff body ll.s srtall 1ce 

crystals separate from the water of the m1x, tile v1scos1ty of the 

unfrozen water 1ncreases Ice crystals rema1n smal 1 because water mol-

ecules, slowed by the 1ncrease 1n v1scos1ty, are unable to un1te w1t'1 

ex1 st1ng crystal nucle1 but 1nstead form new 1ce crystals The separa-

tlon of pure 1ce crystals from the m1x 1ncreases t~e concentrat1on of 
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the rema1n1ng unfrozen m1x and, consequently, decreases t~e freez1ng 

temperature The cont1nuous decrease 1n the freez1ng temperature pre-

vents al 1 of the water from freez1 ng In soft-serve oroducts, approx-

1mately one-half of the water 1n the m1x 1s frozen (Lanpert, 1970) 

Funct1ons of Ice M1lk Ingred1ents 

Bas1c 1ngred1ents 1n 1ce m1lk 1nclude butterfat, NFMS, sweetener, 

stab1l1Zer and/or emuls1f1er, and flavonng 

Butterfat 

The butterfat globules, covered by a prote1n-emuls1f1er f1lm at the 

fat-m1lk plasma 1nterface, are d1spersed 1n the unfrozen phase of the 

m1x as s1ngle globules and/or aggregates of globules Cha1n-l1ke 

arrangements of globules are found around the a1r cells and throughout 

the unfrozen phase Stud1 es by Cremer ( 1954) 1 nd1 cated that the cha1 n-

l1ke arrangements of butterfat on the surface of a1r cells are more 

e as 11 y tasted than those d1 spe rsed 1 n the unfrozen phase, and y1 el d a 

subtle creamy f1 avor Fresh sweet cream 1 s the preferred source of 

butterfat as 1t 1mparts the best flavor, however, sweet, unsalted butter 

may be used (Sommer, 1951) Improperly stored butter devel oos flavor 

defects due to ox1 da t1 on, however, Pr1 ce and Wh 1 taker ( 1931) s tud1 e<:l the 

flavor of butter frozen up to e1ght months and detected no odor or taste 

of ox1dat1on 1n 1ce cream made from the frozen butter Act1ng as a 

mechamcal barr1er, butterfat contnbutes to the smooth texture by pre-

vent 1 ng the growth of 1 ce crystals In add1 t1 on, smoothness rlepends on 

the total a1 r cell surface area and the amount of fat surround1 ng the 

a1r cells (Cremer, 1954) An oot1mum rat1o of fat to a1 r appears to 



1mpart a lubr1cat1ng effect and tne sensat1ons of th1ckness and r1ch-

ness Sherman (1965) reported smooth texture to result from 1n1t1al 

small Jutterfat globules 1n the mlX and the coagulat1on of sol1d1f1ed 

butterfat part1cles 1nto smal 1 aggregates d1 str1buted throughout the 
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unfrozen phase between the a1r cells and 1ce crystals In the 1ce rmlk 

mlX, butterfat globules are flu1d, st1cky spheres ti-Jat requ1re emuls1-

f1ers to keep the globules separated and l1nk the surface of the !)utter-

fat w1 th the water (Bassett, 19159) Our1 ng freez1 ng, appl 1 ed pressure 

ruptures the prote1n-emuls1f1er fllm around some of ti'Je globules, adJa

cent de-emuls1fled globules aggregate throughout the unfrozen ohase 

between the an cells and 1ce crystals (Shama and Shennan, 1966) Tile 

controlled format1on of small butterfat aggregates enhances a1r reten

tlOn and results 1n a dry st1ff body ('<nlghtly, 1963), wh1le uncon

trolled butterfat de-emuls1f1cat1on, or churn1ng, results 1n clumps of 

butterfat 1 arge enough to be detected 1 n the mouth The rate of aggl om-

erat1on and churmng 1s a funct1on pr1mar1ly of the degreP of ag1tat1on 

(Kn1ghtly, 1959), however, Keeney and Josephson ( 1958) suggested that 

polyoxyethylene emuls1f1ers enhance butter agglomerat1on by promot1ng 

controlled fat de-emuls1f1cat1on Churn1ng 1s a more ser1ous proble~ 1n 

soft-serve versus hardened products as soft-serve m1xes may l)e ag1tated 

1n the batch type freezer for per1ods of 12 hours or longer (Kn1ght1y, 

1963) 

Nonfat M1lk Sol1ds (Nft.1S) 

The nonfat sol1ds of m1lk, referred to as sk11'1 m1lk sol1ds and 

serum sol1ds, 1nclude lactose, orote1ns, and rmnerals salts (1\rbuckle, 

1972) Fresh sk1m mlk and fresh spray process nonfat dry m1lk (t.JFI)M) 



13 

are the most frequently used sources of NFMS The flavor these m1l'<s 

1mpart to 1ce m1lk depends on any unpalatable odors or flavors the m1l'< 

may absorb froJTt the feed or may result from chem1cal, m1crob1al, and/or 

enzymat1c react1ons dunng the manufacture or storage of the nnlk 

Fresh sk1m nnlk produced under 1deal cond1 t1ons has a bland (1 011 acHt), 

sl1ghtly sweet, clean flavor Low fat m1lks taste somewhat flat 1n COfll-

parlson to m1lks W1th h1gher percentages of fat ''lhlch have fuller fla

vors The flavor of dr1ed sk1m nnlk depends uoon the qual1ty of t"le raw 

mater1al from wh1ch 1t 1s made, the process of manufactur1ng, the cond1-

t1ons of storage, and the age of the product (Pnce and Wh1taker, 1931) 

A qual1ty NFDM powder should be of flne flavor, l1ght 1n color, free 

fran darkened part1cles, fluffy, and eas1ly soluble (Arbucl<le, 1(}72). 

Door qual1ty NFDM 1s character1zed by an old 1ngred1ent flavor (van der 

Zant and r~oore, 1954) and often produces a cooked or 11 Serum sol1ds .. off-

flavor 1n 1ce cream (Arbuckle, 1972) A 11 powdery 11 flavor has been 

reported due to NFDM powders that do not d1ssolve well (Plper, 1955) 

Hedr1ck, Arnntage, and St1ne, (1964) stud1ed the flavor effect of pas

teur1zat1on temperatures on dr1ed nnlk and concluded that m1lks pasteur

lzed by h1gh-heat (185°F (85°C) for 20 m1nutes) produced 1ce m1lk ~1xes 

w1th more pronounced 11COoked 11 flavors than mlXes made us1ng low-heat 

(143°F (61 5°C) for 30 m1nutes) pasteur1zat1on The d1fferences, how-

ever, were sl1ght and, 1n vamlla 1ce cream, lfKluld probably not 1-)e 

not1ceable to the average consumer W1ll1ams (1929) reported that 1ce 

cream made from NFDM heated to 181 4°F (83°C) oroducE>d a better flavor 

than NFDM heated to 145 4°F (63°C) Flavor d1fferences are also 

reported bet>'leen 1ce creams l'lade from d1 fferent types of dr1 ed sk11n 

m1lk When companng drum dr1ed to soray dr1ed, 66 3 percent of sensory 
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evaluators preferred the flavor of 1ce cream mde from spray dr1ed NC"f)Jv1 

(W1ll1ams and Hall, 1931) Pr1ce and Wh1tal<er (1Q31) compared spray, 

flake, vacuum-roll, and atmosphenc-roll dr1ed sk1rn rmlk and reported 

the best flavor 1n 1ce cream mde from spray dned mlks stored for less 

than 3 months at temperatures of 46 and 0°F (8 and -18°C) A stale fla

vor may develop 1 n NFDM dur1 ng storage due to mo1 sture absorpt1 on 

Mo1sture contents of 3 percent or below W111 l1m1t the oroduct1on of 

stale flavors, however, NFDM 1s hygroscop1c and w1ll absorb 1001sture 

from the atmosphere, consequently, dry storage 1s necessary (Som~rer, 

1951) 

NFMS 1mprove 1ce m1lk texture by favor1ng the format1on of small 

1ce crystals and a1r cells Format1on of small 1ce crystals 1s attrlb-

uted to the nydrophyl1 c propert1 es of m1l k prote1 ns Tt'te STTiooth texture 

1 s part1 ally due to the slZe and d1 stance betvleen 1ce crystals ~411 I< 

prote1ns• afflmty for water reduces the amount of water conv~rtPd 1nto 

1 ce and hydrated prote1 n part1cl es me cham cally obstruct 1ce crystal 

growth by deflect1ng water molecules fr0111 un1t1ng w1 til ex1 st1nq crystals 

so more numerous smaller crystals are formed (Llttle, 1948) As the 

concentrat1on of NFMS 1n the unfrozen phase 1ncreases, the freez1ng 

po1nt lowers, thus prevent1ng all of the water frol'l freez1ng The 

greater the amount of unfrozen phase, the greater the d1stance between 

1ce crystals (Arbuckle, 1940) Smoothness 1s also attr1buted to a1r 

cell slZe and d1str1but1on wh1ch 1s affected by the freez1ng ~recharnsm, 

the v1scos1ty of the m1x, and the strength of the lamellae surround1ng 

the a1r cells As the m1x 1s ag1tated dunng freez1ng, a1r 1s lncorpor-

ated and sub-d1v1ded 1nto srr1all a1r cells M1x V1cos1ty 1ncreasPs due 

to the collod1al propert1es of m1lk prote1ns and duP to the 1ncreased 
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concentrat1on of NFr1S 1 n the unfrozen phase of t'le product The v1 scos-

, ty of the m1x 1s respons1ble for the retent1on of the a1r cells llle 

strength of the lamellae affects 1ce m1lk texture by res1st1ng a1~ cell 

deformat1on (Sherman, 1965) and the resultant loss of a1r as t'le cells 

run together dur1 ng ag1 tat1 on and freez1 ng As the amount of a1 r 1 ncor-

poratlon or overrun 1ncreases, compress1on of the foam causes tile form 

of the foam to change (K1ng, 1950) fr0111 spher1cal to honeycomb-l1'<.e to 

poylhedr1c W1th 1ncreased compress1on, the lamellae bec0111e very th111 

and are 1ncreas1ngly susceot1ble to rupture or to p1erc1ng by 1ce crys-

tals (Dahlberg, 1925) H1gh levels of total sol1ds strengthen the 

prote1n-emuls1f1er f1lm surround1ng butterfat globules, !!nd theraby les-

sen the churn1ng of butterfat (Kloser and Keeney, 1959) Our1ng freez-

1 ng, appl 1 ed pressure 1 s suffl c1 ent to rupture the f1l m around some of 

the globules, consequently, the rat1o of NFMS to fat 1s one factor 1n 

controlled fat de-emuls1f1cat1on M1xes Wltl-t total sol1d concentrat1ons 

1 ess tl1an 85 percent of that of the fat are part1cul arly unstable and 

suscept1ble to churmng (Knlghtly, 1959) H1gh levels of NFMS also 

1ncrease m1x V1scos1ty and strengthen the lamellae surround1ng the a1r 

cells Strong lamellae enable the nnx to reta1n a glVen amount of a1r 

1n the form of small cells (SoMmer, 1932) The amount of a1r lncorpor

a ted or the percentage of overrun 1 s not reported to be affected by the 

1 evel of NFMS (Lucas and Roberts, 1927), but to be the result of ti-le 

amount and speed of ag1 tat1on 

Sweetener 

The sweetness of 1ce m1lk results from sucrose, corn sweetener, 

and, to a sl1ght degree, frorn lactose Sucrose 1s always used 1n 1ce 



16 

m1lk and most products ut1l1ze corn sweetener at levels of 4-6 percent 

sol1ds (~eeney and Dahle, 1960) Sugar 1ncreases the acceptance of 1ce 

m1lk by mak1ng 1t sweeter In add1t1on, sugar lowers the freez1ng po1nt 

of the m1x wh1ch 1ncreases the Vl scos1ty of ti'Je unfrozen phase Lower 

freez1ng temperatures and 1ncreased V1scos1ty promote smoot~·mess 1n ti'Je 

frozen product by enhanc1ng the format1on of small 1ce crystals and 

1 ncreas1ng d1 stances between 1ce crystals Lower freez1 ng temperatures 

also requ1re a lower draw1ng temperature 1n order to obta1n a dry st1ff 

product, soft-serve m1xes usually conta1n less sugar than rlllxes to be 

hardened (Kloser and Keeney, 1959) 

Emuls1f1er/Stab111zer 

Most 1ce m1lk m1xes conta1n an emuls1f1er, or surfactant, 1n order 

to produce an emuls1on of the 1mmsc1ble l1qu1ds As esters of long 

cha1n fatty ac1ds and alcohol (Potter and W1ll1ams, 1950), emuls1f1ers 

are both hydroph1l1c and l1poph111c Or1ented at the fat-'llllk serum 

1 nterface, emuls1f1ers perm1 t a f1ne d1 spers1on of butterfat 1n the m1x 

by reduc1 ng 1 nterfac1 al tens1 on Consequently, butterfat aggl orne rat1 on 

1 s control led and a dry, st1 ff body results Two types of enul-; 1 f1 ers 

are approved by the Food and Orug Adm1mstrat1on (FDA) for use 1n 1ce 

m1lk and 1ce cream Fat soluble emuls1f1ers, referred to as 11 monos 11 , 

are m1xtures of mono- and d1glycer1des derwed frOl'l hydrogenated vegeta

ble and ammal fats Water soluble polysorbate emuls1f1ers, referred to 

as 11 polys 11 are formed from dehydrated sorb1 tol ester1f1ed w1 tn a fatty 

ac1d to produce compounds known as Spans (l(loser and Keeney, 191)9) 

React1 ng Spans Wl th ethylene ox1 de produces polyoxyethyl ene derwa twes 

referred to as Tweens Polyoxyethylene derwatwes of sorb1 tan 
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tr1 stearate and sorb1 tan monool eate are commonly '<n own as Dolysorbate or 

Tween 65 and 80 respectlVely (Bassett, 1969) The monos pr1ma ry func-

tlon 1s to 1mprove the wh1pp1ng ab1l1ty of the 1ce m1lk m1x by reduc1ng 

the fat-m1lk serul'l 1nterfac1al tens1on wh1ch stablllZes the fat d1sper

s1on and retards butterfat agglomerat1on (Arbuckle, 1972) A dry, st1ff 

body 1s reportedly due to the polys• ab1l1ty to promote fat de

emuls1f1cat1on, probably by 1mpa1r1ng the cohes1on of the prote1n

emuls1f1er f1lm surround1ng butterfat globules (Mulder and Walstra, 

1974) Our1ng freez1ng and ag1tat1on, the butterfat globules beq1n to 

clump together 1n agglomerates, cont1nued ag1 tat1on causes the llutterfat 

to coalesce 1nto v1 s1ble and tact1le part1cles When the globules "lave 

agglomerated but before they coalesce, the 1ce m1lk possess the 1'1ax1mum 

dryness and st1ffness due to the mechamcal V1 scos1ty 1mparted by ti-Je 

butterfat agglomerates In soft-serve 1ce m1lk, approx1mately I) 05 oer

cent poly and up to 0 2 percent mono 1s recommended to control butterfat 

agglomerat1on due to extended ag1 tat1on per1ods (9assett, 1969) Legal 

max1mums of emuls1f1ers 1n 1ce cream and 1ce m1lk are 0 10 percent poly 

plus 0 2 percent mono 

Known as hydroph1l1c collo1ds, stab1l1Zers are th1ckemng agents 

that promote 1ce m1lk m1x V1scos1ty wt11ch 1mproves aerat1on and body, 

restr1cts 1ce crystal growth dur1ng storage, and controls the rate of 

melt-down (Cottrell, Pass, and Ph11l1 ps, 1980) Stab1l1Zers are poly-

saccharldes obta1ned from var1ous sources, 1 nclud1 ng seaweed extracts, 

seed gums, tree gum exudates, and che1111cally mod1f1ed celluloses 

(Cottrell, Pass, and Ph1l11ps, 1979) The maJor stab111Zers used 1n 1ce 

m1lk are sod1um carboxymethylcellulose (CMC), locust bean gum, quar gum, 

carrageenan, and sodlUI'l al g1 nate (Bassett, 1969) 
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In add1t1on to us1ng emuls1f1ers and/or stablllZers 1n the prQnlo

tlon of a dry, st1ff body, soft-serve m1xes may conta1n CPrtaln salts as 

dry1 ng agents Soft-serve products are more prone to the churm ng of 

butterfat than hardened products due to extended per1ods of ag1tat1on 

Frazeur ( 1959) reported that the precaut1ons of proper freezer termera

tures, correct mlX temperature as tne m1x enters tne freezer, and tile 

use of ernul s 1 f1 ers r1ay not prevent buttf>rfat churm ng <;alts employed 

as dry1 ng agents 1nclude sod1um c1trate, d1 sod1um phospi-Jate, tetrasod1um 

pyrophosphate, sod1u~ hexometap~osohatf>, and calc1u~ sulfatf> Ar~uckle 

( 1952) reported that ti-Je add1 t1 on of 0 OB to () 20 percent cal c1 ur1 s ul-

fate produced a dry, st1 ff oroduct Wl ti-J a reduced rate of melt 1 ng T~e 

salts are reported to funct1on by retard1 ng butterfat churm ng due to 

the1r ab1l1ty to 1ncrease the electrostat1c charge on the surface of 

butterfat globules and/or to stab1l1ze prote1ns 1n the butterfat globule 

membrane 

Flavor 1n an 1ce m1lk m1x may come from the pla1n m1x and from an 

added fl avon ng mater1 al Over 75 percent of 1ce cream 1 s flavored w1 ti-J 

vamlla, chocolate, or strawberry Vamlla accounts for over 50 oercent 

of the total product 1 on (Keeney and Oahl e, 1960) Extracts are the rnos t 

popular form of vamlla flavonng, however, due to pr1ce cons1derat1ons, 

most vamlla flavonngs are comb1nat1ons of natural vamlla extract anr:l 

1m1tat1on vamlla flavors from ethyl vaml11n, or other arQI!latlcs A 

good qual1ty vamlla flavor1ng comple'l!ents the natural ml'< flavor 

Im1 tat1on vamllas often do not dupl1cate a true vamlla flavor or odor 

and may strongly dom1 nate the 1ce r11lk Sampl1ng stud1es ~Y P1erce, 



Combs, and Borst ( 1924) reported that JUdges were unable, however, to 

1dent1fy true and vmtat1on vamlla flavors 1n 1ce cream samples 

Defects 1n Ice M1lk 

The qual1ty of 1ce m1lk 1s JUdged on t~e bas1s of 1ts color, fla-

vor, texture, body, and bacter1 al count If the product dev1 ates from 

the commonly recognlZed standards, 1 t 1s sa1d to be defectwe 

Color 

A natural color 1s des1rable 1n 1ce m1lk An u~~atural color may 

be 1nsuff1c1ent or pale, excesswe or 1ntense, or not a true shade for 

the flavor (Arbuckle, 1972) Defectwe vamlla colors 1nclude chal1<y, 

pale, dul 1 and gray1 sh, unevenly colored, or colored to an unnatural 

19 

shade (Som~rer, 1932) K1ng (1950) reported a 11 Wh1ter11 color 1n products 

w1 th f1 nely d1 spersed 1ce crystals and a1 r cells than products W1 t\1 

course textures 

Flavor 

Flavor defects JTiay be due to excess we or def1c1 ent sweetness, 

excess1ve, def1c1ent, or atyp1cal flavor1ngs, and poor qual1ty da1ry 

products Lack of sweetness produces a flat taste wh1le excPss1ve 

sweetness overshadows des1rable flavors Vamlla flavor1ng defects JTIOst 

frequently occur from the use of 1m1 tat1on vamlla extract wh1cl1 1111parts 

a pronounced coumar1n flavor 1n vamlla flavored 1ce cream (SoJI'Imer, 

1951) The flavor of the da1ry products depends on any unpalatable 

odors or flavors absorbed by the feed or that may result from chem1 cal, 

m1crob1al, and/or enzymat1c react1ons dunng manufacture or storage 
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Feed off-flavors may be 1nhaled or d1gested by t"le cow and transferred 

to the m1l k In add1 t1 on, a 11 CCJNY11 flavor may occur from the transfer 

of feed or stable ta1nts or from ketos1s 'fltllch produces 1ncreased con

centratlons of acetone 1n the m1lk (Salstra and Jenness, 1q84) C~em

lcally 1nduced off-flavors 1nclude defects from ox1dat1on, storaqe, 

heat, Ma11lard react1ons, and l1ght exposure. Ox1dat1on of m1lks' l1p1d 

fract1on produces a var1ety of flavor defects Flavors descr1bed as 

o1ly, cardboard, tallowy, and rretall1 c occur as t"le concentrat1 on of 

carbonyl compounds 1ncrease from the ox1dat1on of unsaturated fatty 

ac1ds (Forss, Pont, and Stark, 1955) Storage or stale flavors develop 

1 n NFDM due to h1gh mo1sture contents and h1gh storage temperatures 

H1gh qual 1 ty NFDM has a mo1 sture content of 3 percent or bel ow (Sommer, 

1951), however, NFDM 1 s hygroscop1c and, W1 th 1mproper storage, t~e 

absorbed mo1sture content 1ncreases NFDM stored at 1mproper tempera

tures (110°F (43°C) or hlgher) 1s reported to develoo a coconut flavor 

(Walstra and Jenness, 1984) l-leat treatment of m1lk dur1ng h1gh or 

ultra-hlgh pasteur1zat1on, 180°F (82°C) for 10 seconds and 285°F 

( 140 soc) for 1 second respectlVely, produces t'1e tactual flavor defects 

of chalky, rough, powdery, or astr1ngent (Patton and Josephson, 1952) 

M1lk pasteunzed at low temperatures (165°F (74°C) for 10 seconds) 1s 

free of heat-1 nduced flavors M1 1 ks heated at hlgher temperatures 

1 mpa rt a cooked flavor due to the product 1 on of free sulfhydryl s from 

the breakage of d1 sulf1de bonds NFDM produced by h1gh heat dry1 ng 

(185°F (85°C) for 20 m1nutes) conta1ns a greater cooked flavor than low 

heat processed NFDM (143°F (62 5°C) for 30 m1nutes) (l-ledrlck et al, 

1964) Off-flavors may develop due to Ma11lard react1ons dur1 ng stor-

age, heat1ng, and dry1ng of m1lk Character1st1c flavors 1nclude 
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caraMel, tnalty, and roasted A typ1cal Ma1llard react1on flavor 1n drH!d 

m1lk 1s a gluey-stale flavor (Walstra and Jenness, 1984) ':xcesslVe 

exposure to l1ght dur1ng flu1d tmll< storage produces a sunl1ght flavor 

due to the photolys1s of meth1omne 1n the oresenc~? of r1boflav1n 

(Patton, 1954) The sunl1ght flavor 1s descr1bed as burnt or cabbagev 

(Jenness and Patton, 1959) Off-flavors produced by the growth of 

m1croorgamsms or the act1on of bacter1al or m1lk enzymes 1nclude 

unclean, fru1ty, malty, phenol1c, b1tter, and ranc1d 

Texture 

Ice m1lk texture 1s d1rectly related to the S1Ze, shape, number, 

and arrangement of the a1r cells, 1ce crystals, lactose crystals and fat 

cluMps, when these structures are detectable 1n the mouth, the texture 

1 s defectlVe Common texture defects are descr1bed as coarse or 1cy, 

snowy or fluffy, buttery, and sandy (Sommer, 1932) A coarse or 1cy 

texture 1nd1cates tl-te presence of large 1ce crystals or a1r cells. Open 

textures due to the 1 ncorporat1 on of excesslVe a1 r are referred to as 

snowy or fluffy Ice m1lk 1s buttery when cluMps of butterfat, due to 

churm ng, are eas1ly seen or detected on the pal ate Lactose crystalll-

zatlon produces a sandy sensat1on t.,at rema1ns as tl-te product melts 1n 

the mouth Lampert (1970) 1nd1cated that m1xes ~th NFMS concentrat1ons 

of 11 percent or h1gher were prone to lactose crystall1zat1on, however, 

storage t1me and temperature are reported to be add1 t1onal factors 

(Sommer, 193 2) When the product 1 s consumed w1 th1 n 5-7 days and stored 

1 n reasonably constant temperatures, m1Xes Wl th 11 percent of NFt4S do 

not become sandy Keeney and Kroger, (1974) 1 nd1cated more frequent 

sand1ness 1n products stored at temperatures above 0°F (-l8°C) and 
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N1ckerson (1962) reported h1gher percentages of lactose crvstall1Zat1on 

1n r.nxes drawn from the freezer at low {23°F (-S°C)) draw temperatures 

than mlXeS drawn at h1gher (2S-26°F (-4 - -3 S°C)) temperatures 

Character1st1c body defects 1nclude crumbly, soggy, gummy, and 

weak A crumbly or br1ttle f)ody lacks cohes1on and pulls apart eas1ly, 

1 t 1s assoc1ated w1 th low total sol1ds, 1 nsuff1c1ent stablllZer, exces

s we overrun, or large a1r cells (1\rbuckle, 1972) A dense cons1stency 

that appears somewhat v1et 1s descr1bed as soggy or heavy wt11ch results 

fran low overrun espec1ally 1n mlXes \'lith h1gh total sol1ds SoJTirrer 

(1932) cons1dered a product Wlth 38 percent total sol1ds and an overrun 

bel ow 80 percent to be soggy A product W1 th a gurnny or oasty body 

appears as a doughy mass upon serv1 ng and res1sts melt1ng ~='xcesswe 

concentrat1ons of stablllZers produce th1s defect A weak or watery 

body results from low total sol1ds and 1nsuff1c1ent stablllZE>r The 

product lacks f1rmness or chew1ness and melts qu1ckly 

Baeten al Count 

Suggested bacter1 ol og1 cal standards for soft-serve 1ce '1111 k state 

tnat the f1 n1 shed product shall have a bacter1 al plate count not to 

exceed SO,OOO/g and a col1form count not to exceed 10/g (Weckel, 1966) 

Sat1sfy1ng these standards requ1res care 1n the select1on of raw 

matenals, pasteunzat1on of the m1x, storage of ti-Je m1x and samtat1on 

of eqUlpment (~yan and Gough, 1982) In select1ng NFO~ for 1ce m1l'< 

m1xes, bacter1al counts are spec1f1ed for Extra and Standard Grades 

based on 10 g of powder suspended 1n 100 cc of ster1le water The 
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bacter1al count must be less than 30,000 and 100,000/g for Extra and 

Standard Grades respectlVely (Somrrer, 1951) Due to suga r• s protectlVe 

effect on the destruct1on of m1croorgan1s~s, a m1n1mum of 155°F (68°) 

for 30 m1nutes or 175°F (79°C) for 25 seconds 1s adv1sed for pasteur1za-

t1on treatments Wlth 1ce cream mxes Other temperature-t1me comb1na-

t1ons that are reported equal to or 1n excess of the above m1 m'llal 

1 nclude 176°F (80°C) for 22 seconds and 185°F (85°C) for 6 1 seconds 

Thermoph1l1c orgamsms may produce a h1gh plate count 1n m1xes held at 

too h1gh temperatures for extended t1mes dunng cool1ng or storage 

(Somrrer, 1951) The m1x should be stored at 45°F (7°C) or below unt1l 

the m1x enters the freezer-d1 spenser (Weckle, 1966) Van der Zant and 

~oore, (1955) reported cons1derable 1ncreases 1n bacter1al counts 1n 

m1xes stored above 41°F (5°C) and cons1derable 1ncreases 1n col1form 

counts 1n mlXes stored at 48°F (9°C). Stonng mxes between 41 and 

46 4°F (5 and 8°C) resulted 1n small 1ncreases 1n total count and call

form after two days Adequate cleamng and samt1z1ng of eqUlpment are 

essent1al 1n avo1d1 ng recontam1 nat1on of a m1x w1 ti'J 1n1t1ally 1 (}II bac

terlal counts Equ1pment used 1n stor1ng and freez1ng should be dls

mantled, washed, r1nsed, and left to a1r dry after each day's use and 

san1t1zed w1th solut1ons conta1n1ng not less than 100 ppm ava1lable 

chlor1ne before subsequent use (Weckle, 1966) Data from 71 samples 

collected from soft-serve reta1l stores revealed 62 5 to 92 6 percent of 

all mx samples contalned.:_SO,OOO/ml total bacter1a and 69 7 to 76 5 

percent conta1ned ~ 10/ml col1form (Martln, Roberts, and Sheur1ng, 

1968) Once frozen, however, only 36 to 50 percent and 44 q to S'5 R 

percent met the standards for total bactena and col1fonn respectwely 

Ryan and Gough, (1982) tested soft-serve samples from fast food cha1ns, 
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local reta1l outlets, and 1nst1tut1onal cafetenas and found s1gn1f1cant 

(P < 01) d1fferences 1n the d1stnbut1on of total bactena and col1form 

counts between m1 xes and frozen products IJf 252 m1 x samples, 10 7 per

cent conta1ned > 50,000/g total bacter1a and 7 5 conta1ned > 10/g call

form The results from 817 frozen samples showed 38 5 and 51 2 percent 

exceeded the standards for total bacter1a and col1form respect1vely 

Foley and Sheunng (1966) concluded that ag1tat1on dur1ng freez1ng 

1 n a soft-serve 1ce cream freezer causes death to m1 crob1 al eel 1 s due t0 

tne abras1Ve act1on of rap1dly movl"19 extracellular 1ce crystals S1gn1-

f1cant (P < 01) reduct1ons 1n Escher1ch1a col1, Saccharomyces lact~~· 

and Pseudomonas fluorescens occurred between the f1fth and e1ght'1 rn nut~ 

of freez1ng (Foley and Sheur1ng, 1965) 

Summary 

Soft-serve 1ce m1lk 1s a frozen da1ry product that 1s consumed when 

drawn from the 1ce cream freezer w1 thout hardem ng Character1 st1cs of 

h1gh qual1ty vamlla soft-serve 1ce m1lk sat1sfy the follow1ng stan-

dards off-yellow color, pleasant sweet vamlla flavor, smooti-J and 

creamy texture, body st1 ff enough to reta1 n shape unt1l eaten, and a 

bacter1al and col1 form count~ 50,000/g and~ 10/g respect1Vely The 

qual1ty character1St1cs are attr1buted to ti-le phys1cal and chem1cal 

funct1ons of the 1ce m1lk 1ngred1ents comb1ned w1th the freez1ng proc-

ess Bas1c 1ngred1ents 1n 1ce m1lk 1nclude 2-7 percent buttE>rfat, not 

less than 11 percent NFMS, sweetener, stabll1Zer and/or anuls1f1er, 

flavor1ng, and water The product1on of h1gh qual1ty soft-serve 1ce 

m1lk depends on the select1on of h1gh qual1ty 1ngred1ents, espec1ally 

the da1ry 1ngred1ents, proper storage of the m1x, and adequate san1ta

t1on of the 1ce cream freezer 



CHAPTER III 

PREPARATION AND SENSORY EVALUATION OF BONUS CO~MODITY 

SOFT-SERVE ICE MILK 

Rebecca K Pazoureck, Lea L Ebro, Esther A W1 nterfel dt, 

and Stanley E G1ll1land 

Abstract 

Four van1lla soft-serve 1ce Mllk m1xes ut1l1z1ng USDA commod1ty 

nonfat dry m1lk (NFDM) and butter were developed for on-s1te oreparat1on 

1n the Nat1onal School Lunch Program (NSLP) The m1xes d1ffered 1n the 

percentages of NFDr4 and butter and conta1ned equal amounts of granulated 

sugar, 1m1tat1on vamlla, and a cOMb1nat1on emuls1f1er/stab1l1Zer A 

tra1ned taste panel descr1ptwely evaluated the m1xes for color, sweet

ness, flavor, freshness, texture, and body us1 ng an equal 1 nterval 

scorecard One m1x scored s1gn1f1cantly d1fferent (P ~ 01) than all 

others, no s1gn1f1cant d1fferences were found among the rema1n1ng three 

m1xes 

Introduct 10n 

A purpose of the Nat1 onal School Lunch Program 1 s to safeguard the 

health and well be1ng of the Nat1on•s ch1ldren and to encourage t'1e 

domest1c consumpt1on of agr1cultural commod1 t1es Schools recewe 

e nt1 tl erne nt com1110d1 t1 es based on the number and tyoe of meals served 
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wh1le bonus commod1t1es of cheese, butter, and NFDt~ are prov1ded freely 

Of the cornmod1 ty foods recelVed, schools frequently report d1 ff1culty 111 

1 ncorporat1 ng NFDM 1 nto rrenu 1tems Wl ti-Jout pay1 ng to have the NFD~ proc-

essed 1nto a more usable product (1) 

Oned sk1m rmlk and butter can be successfully used as ti-Je sole 

sources of nonfat m1lk sol1ds (t.JFMS) and butterfat 1n 1ce cream or 1ce 

m1l k m1 xes ( 2) In formulat1ng the m1x, the qual1ty of 1ngred1ents 1s 

more 1mportant than the source of the 1ngred1 ents and, when properly 

handled, h1gh grade butterfat and NFDM comb1ned w1ti-J sugar, stab1l1zer, 

flavor, and poss1bly color can produce a good product (3) Arbuckle (2) 

recommends the use of Extra Grade NFDM 1n 1ce cream product1on 

ReqUl reme nts for Extra Grade spec1 fy a mo1 sture content of 4 percent and 

that the dry and rel1 qu1 f1 ed products be ent1 rely free from storage or 

scorched flavor or odor In add1 t1on, Extra Grade powders have solub1l-

1ty 1nd1ces of 1 25, 2 0, and 15 0 for spray, vacuum-roll, and 

atmospher1c-roll dr1ed rmlks respectlVely Sweet unsalted butter 1s 

preferred 1n 1ce cream and should be very m1ld 1n flavor or almost fla-

vorless (4) 

The purpose of the study was to develop a soft-serve 1ce m1lk m1x 

ut1l1z1ng bonus coJ11mod1ty NFDM and butter to be mlXed and frozen on-s1te 

A 
1 n school foodserv1 ce operat1 ons and served 1 n the NSLP 

Methods 

Research Des1gn In order to evaluate the bonus commod1 ty soft-

serve 1 ce m1l k when prep a red Wl ti-J h1 gh and 1 ow 1 eve 1 s of NFDM a nl'i !Jut-

ter, four vamlla m1xes (Table 1) were developed from a ser1es of pre-

l1m1nary expenments (Appendlx A.) The four frozen m1 xes were 



descnpt1Vely evaluated by a sensory panel to detey,m ne the two best 

qual1ty m1xes, two m1xes of h1ghest qual1ty were selected to be evalu

ated for acceptab1l1ty by secondary students 1n another study (CHAPTER 
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IV) In each soft-serve 1ce m1lk mlX, the percentages of sugar, 1m1ta-

t1on vamlla, and enulslfler/stablllzer comb1nat1on were held constant 

The percentages of bonus commod1ty NFDM and butter 1n each m1x were the 

man1pulated 1ndependent var1ables Data were collected 1n a rand~ 

balanced 1ncomplete block des1gn w1th repl1cat1ons (5) The 1ce cream 

freezer used 1n the study was des1gned to freeze two m1xes slmultan

eou sly, consequently, the 1ce m1l k m1 xes were randomly ass1gned to the 

tast1ng sess1ons 1n comb1nat1ons of twos To assess panel rel1ab1l1ty, 

each comb1nat1on was evaluated tw1ce, revers1ng the serv1ng pos1t1on of 

each m1x w1th1n each comb1nat1on 

Ice M1lk MlXture Preparat1on USDA bonus commod1ty NFDt4 and but-

ter, donated to the study through the USDA Reg1onal Off1ce 1n Dallas, 

Texas, prov1ded the sole sources of NFMS and butterfat 1n each m1x The 

NFDM was spray process Extra Grade produced between March and June of 

1984, the butter was salted and produced 1n March and June of 1985 The 

NFDM was packaged 1n 50 pound paper bags W1 th plast1c 11 ners and was 

stored t1ghtly closed and CMay from l1ght One pound packages of butter 

were stored frozen 1n a home slZe refr1gerator/freezer at 18°F (-8°C) 

The m1xes were sweetened w1th granulated sugar (sucrose) and flavored 

w1th 1m1tat1on vamlla flavor1ng Southern Soec1al Emuls1f1er Cornb1na-

t1on, donated to the study by Go Products of San Anton1o, Texas, was 

used as the enuls1f1er/stab1l1Zer Ingred1ents selected for use are 

penmss1ble accord1ng to the Federal Standards for Frozen Desserts (6) 

One gallon of each m1x to be evaluated was prepared the afternoon of 
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the day before the tast1ng sess1on The dry 1ngred1 ents and butter were 

measured by we1ght, l1qu1d 1ngred1ents were measured by volu!Tie The 

water, frozen butter, and emuls1f1er/stab1l1Zer comb1nat1on were com

b1ned and heated to 185°F (85°C) 1n order to d1ssolve the locust bean 

gum component of the emuls1f1er/stab1l1Zer (7) The hot m1xture was 

s t1 rred w1 th a w1 re wh 1 sk and removed from the Ilea t once the above spec-

1f1ed temperature was reached The NFDM and sugar were comb1ned 1n 

order to m1mm1ze lump1ng of t.,e NFDM when added to the l1qu1d lngred

lents (8). The dry 1ngred1ents ~>~ere added to the l1qu1d 1ngred1ents and 

m1Xed w1th a w1re wh1sk unt1l no lumps of NFDM rema1ned The vamlla 

was then added and thoroughly blended 1nto tile m1x Tile prepared 1ce 

m1lk m1Xes were cooled to 40°F (4°C) 1 n 1dent1cal ~-gallon conta1ners 

that were placed 1n 1dent1cal styrofoam 1ce chests ~ach 2 gallon con-

ta1ner was surrounded w1 th a m1xture of three quarts of 1ce cubes and 

one quart of water 1n order to bnng the depth of the 1ce and water 

equal to the depth of the 1ce m1lk m1x 1n the conta1ner The cooled 

m1xtures were removed from the 1ce chests, the conta1ners were covered 

w1 th t1ght fltt1ng l1ds, and refr1gerated at 40°F (4°C) overmght 

Freez1ng Procedure The m1xes were frozen 1n a model #733 Taylor 

soft-serve 1ce cream freezer loaned to the study by Jeff Thomas Enter-

prlses, Oklanoma C1ty, Oklahoma Model #733 1s a cont1nuous console 

model w1 th boll n heads allow1 ng two m1xes to be frozen and d1 spensed 

s1mu1taneously For each tast1ng sess1on, the 1ce cream freezer was 

assembled and samt1Zed for two m1nutes Wlth a 78°F (25 5°C) solut1on 

conta1n1ng 100 ppm ava1lable chlor1ne Two 1ce m1lk m1xes, at 40°F 

( 4°C), were added to the sam t1Zed freez1 ng chambers and ag1 tated 

unt1l frozen, approx1mately 12-15 m1 nutes The 1ce m1lk was d1 spensed 
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between 18 and 22°F (-8 and -5 5°C) After freez1 ng, the percentage of 

overrun for the soft-serve mlXeS was calculated by the formula reported 

by Keeney and Kroger (9) At the complet1on of each tast1ng sess1on, 

any rema1n1ng 1ce m1lk was drawn-off and d1scarded TI-le 1ce cream 

freezer was thoroughly nnsed w1 th water, d1 sassembled, and al 1 parts 

were washed w1 th a detergent solut1on, r1 nsed, covered w1 th k1 tchen 

towels, and all owed to a1 r dry 

SubJects In the fall of 1985, a unwers1ty Food Pr1nc1ples class 

of n1ne students was used as a conven1ence sample Students were 

accepted as panel members by a tr1angle test screen1ng process (10) 

~11 n1ne students correctly 1dent1f1ed the odd sample 1n n1ne or more of 

14 tr1angle tests (P < 05) (11) and were accepted as taste panel ~M-

bers Pr1or to data collect1on, one taste panel member moved out of 

state, leav1 ng a taste panel of e1ght members All panel1 sts were 

female, predom1nately 1n the1r early 20's except two who were 1n the1r 

30's and 40's 

The tr1angle tests were conducted us1ng a bas1c van1lla 1ce m1lk 

formula (12) (Table 2), frozen 1n 4-quart electr1c home-style 1ce cream 

freezers The 1ce m1lk was evaluated 1mmed1ately after freez1ng, Wlth

out add1 t1 onal hardem ng, 1 n order to approx1 rna te a soft-serve product 

The bas1c formula was MOd1f1ed (Table 2) to create three-fold dlffer

ences 1n the sensory property be1ng tested 1n order to el1m1nate those 

1nd1v1duals who could not detect large d1fferences 1n the propert1es 

( 10) Tr1 angle screem ng sess1ons were conducted on seven consecutwe 

Mondays, \~ednesdays, and Fr1days Two tr1angle tests were conducted oer 

screen1ng sess1on for a total of 14 tests Each sensory property was 

evaluated tw1ce by each potent1al panel1st In each test, the bas1c 
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formula compr1sed the two match1ng samples and the odd sample was ran-

danly selected from the mod1f1ed formulas Our1ng the tr1angle screen-

1ng sess1ons, potent1al panel1sts were seated 1n paus at tables, 4-feet 

1n d1ameter, separated from Vle~~of each other by wtnte, fold1ng card-

board screens Samples -were served 1n 3 5-ounce wh1te oaper cuos i\nti 

s ta1 nl ess steel teaspoons were used for tast1 ng Each potent1al panel-

, st was requested to r1 nse her mouth w1 th d1 st1ll ed water between saiTI-

ples Tnangle test results were recorded on the Tr1angle Test for 1)1 f-

ference form ( 10) (AppendlX B). 

Taste Panel Tra1n1ng Taste panel ~mbers were tra1ned to recog-

n1Ze and to quant1fy the des1rable sensory propert1es of soft-serve 1ce 

m1lk dur1ng four tra1n1ng sess1ons Dur1ng each sess1on, the researcher 

attempted to demonstrate one of the study • s sensory propert1 es by us1 ng 

a commerc1al vamlla soft-serve 1ce m1lk m1x (AppendlX C) as a standard 

product compared to one of two 1ce m1lk m1xes developed by Arbuckle (2) 

(Append1x C) Arbuckle•s two m1xes were alternated bet~een the tra1n1ng 

sess1ons, all 1ce m1lk m1xes were frozen 1n the Taylor #733 1ce cream 

freezer Taste panel members sampled two soft-serve 1ce m1lk m1xes dur-

lng each tra1n1ng sess1on, the standard and one of Arbuc'<.le•s m1xtures 

In order to secure agreement on the me am ng of descr1 ptwe terms, taste 

panel ~rembers were acqua1nted w1th the def1n1t1on and relatPd des1rable 

and undes1rable character1 st1cs of each sensory property by d1 sol ay1 ng 

th1s 1nformat1on (Appendlx D) on an overhead pro1ect1on dur1ng t~e 

ent1re tra1mng sess1on Panel ~rembers were also 1ntroduced to the 

measurement 1nstrument to be used for descr1ptwely evaluat1ng the 

study•s soft-serve 1ce m1lk m1xes and used the 1nstrument to evaluate 

the tra1n1ng sess1on m1xes 
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Taste Panel Evaluat1on The tra1ned taste oanel descr1pt1vely 

evaluated the four soft-serve 1ce m1lk m1xes 1n comb1nat1ons of twos 

Nlth all poss1ble comb1nat1ons dur1ng the f1rst s1x tast1ng sess1ons 

Dur1ng t1e second s1x tast1ng sess1ons, the comb1nat1ons were retested, 

revers1ng the test1ng pos1t1on of each comb1nat1on (13) tach panel1st 

tasted the same comb1nat1on dur1ng each of the 12 tast1ng sess1ons, the 

samples were coded w1th a c1rcle or a squar9 The tast1ng sess1ons ~re 

conducted on consecut1ve Tuesdays and Thursdays from 12 00 to 12 30 p m 

Dur1ng the tast1ng sess1ons, panel1sts followed the same procedures used 

dur1ng the tr1angle test1ng sess1ons 

Data Col 1 ect1 on The qual1 ty of the sensory propert1 es of ti-Je 

soft-serve 1ce m1lk mlXes was measured by means of an equal 1nterval 

scorecard (Appendlx B) developed by Stone, S1del, Ol1ver, Woolsey, and 

S1ngleton (14) The scorecard was mod1f1ed to 1nclude the follow1ng 

sensory propert1 es 1dent1 f1 ed ( 15) as be1 ng typ1 cal factors for scor1 ng 

da1ry products color, sweetness, flavor1ng, freshness, texture, and 

body Descr1 ptwe term1 nol ogy used on the scorecard was adopted fr0111 

the Ice Cream Scorecard used 1n the Intercolleg1ate Da1ry Products tval

uatlon Contest sponsored by the Amer1can Da1 ry Products Assoc1 at1on and 

the Da1ry and Food Industr1es Suoply Assoc1at1on <;ensory propert1es 

were 11 sted on the scorecard 1n the sequent1al order tl-tat ti-Jey were 

encountered by the taste panel ~rembers ( 15) Taste panel ~rembers rated 

each sensory property by plac1ng a vert1cle l1ne at the po1nt on the 

scorecard that best reflected the magn1tude of the panel1 sts• percewed 

1 ntens1ty of that property Resoonses on the scorecards \-~ere converted 

to three-d1 91 t numbers by use of a template marked 1 n tenths of an 1 nch 

(14) The overall qual1ty score for each m1x was calculated as the 
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total of al 1 s1x sensory property means Personal preferences of the 

taste panel members between each pa1r of soft-serve 1ce m1 1 k ·m xes were 

recorded on the Ice M1lk Evaluat1on form developed for th1s study 

(Append1x B) Internal val1d1ty of the taste panel was assessed by com-

parlng the taste panel1sts' ranked overall qual1ty scores for each 1ce 

m1l k to the rank 1 ng of the1r personal preferences 

Data Analys1s. Taste panel 1 sts' sensory evaluat1on scores were 

analyzed by analys1s of var1ance Tests for s1gn1f1cant d1fferences 

among the soft-serve 1ce m1lk scores were done by Duncan's mu1t1ple 

range tests (16) Tests for s1gn1f1cant d1 fferences among panel1 sts' 

personal preferences were done by Ch1 square. All hypotheses were 

tested for s1gn1f1cance at the 5 percent (P < 05) level 

Results 

Percentage of Overrun All four 1ce m1lk 'Til xes d1 spensed at over-

runs between 30 and 46 percent (Table 3) The h1ghest overruns were 

found 1n m1xes two and four wh1ch conta1ned lower percentages of butter 

than m1xes one and three However, they were not s1gn1f1cantly h1gher 

( P > 05) than the m1 xes Wl th the h1 gher content of butter 

Taste Panel Rel1ab1l1ty and Val1d1ty A s1gn1f1cant d1fference 

(P < 001) was found between the two tast1ng sess1ons for overall qual-

1 ty scores for mlX one (Table 4) No s1 gn1 f1 cant d1 ffe rences were found 

between the tast1ng sess1on for overall qual1ty scores for m1xes 1»/o, 

three, and four In add1t1on, no s1gn1f1cant d1fference was found 

between the tast1 ng sess1 on means of the overal 1 mean qual 1 ty scores 

DescnptlVe Evaluat1on Mean scores for tl-te sensory propert1es of 

the four 1ce m1lk m1xes revealed no s1gn1f1cant d1 fferences among any of 



the m1xes when evaluated for color, sweetness, freshness, flavor, and 

texture (Table 5) M1x two scored s1gn1f1cantly d1 fferent {P .2_ 01)1) 

for body than the other m1 xes. Panel1 sts reported the body of m1 x tNo 

to be 11 Watery 11 (Table 6) In compar1ng the overall qual1ty score for 

each m1x (Table 7), no s1gn1f1cant d1fferences were found among the 

scores of mlXes one, three, and four, however, m1x t\>IO scored s1gn1f1-
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cantly d1 fferent from the other rmxes M1x two scored lower than m1xes 

one, three, and four 

Internal Val1d1ty S1gn1flcant (P .2_ 05) d1fferences were found 

among the panel1sts 1 personal preferences for the 1ce m1lk m1xes {Table 

8) Ranked 1 n order of personal preferences, panel 1 sts oreferred rm xes 

one, three, four, and two Ranked 1n order of overall qual1ty scores 

(Table 7), panel 1 sts scored m1x one the h1ghest, followed by four, 

three, and two 

01 scu ss1 on 

Percentage of Overrun l\1 1 four 1ce m1lk m1xes d1 spensed at over-

runs between 30 and 50 percent, the usual percentage found 1n h1gh qual-

1ty soft-serve 1ce m1lk {17) The percentage of overrun 1s not reported 

to be affected by the v1scos1ty of the m1x (2) nor the level of NFt~S 

( 18) but 1s the result of the amount and speed of ag1 tat1on The degree 

of ag1 tat1on affects the rate of fat agglomerat1on (19), and, as fat 

globules aggregate, the lamellae surround1ng the a1r cells weakens and, 

consequently, 11 m1 ts the percentage of overrun ( 20) Low overrun 1 s 

reported w1ti-J the use of frozen butter (21) and l'ngn overrun 1s reported 

w1th the use of spray type NFDM (8) In th1s study, the amount, anfi 

poss1bly the frozen state, of the butter appeared to be the maJor 



factors affect1ng the percentage of overrun 1n the soft-serve 1ce m1lk 

m1xes.r M1xes one and three were lower 1n percentage of overrun than 

m1xes two and four These data suggest that the h1gher percentages of 
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butter 1n m1xes one and three produced greater fat aggregat1on and sub

sequent greater weakem ng of the lamellae 

Taste Panel Rel1ab1l1ty and Val1d1ty For descr1ptwe sensory 

analys1s, no absolute number of panel1sts 1s recommended, 10 have been 

suggested (22) or between 6 and 12 subJects are reported to be adPquate 

( 23) Tra1 ned JUdges have been reported to be more sens1 twe to v1 sual 

and tact1le factors 1n sensory evaluat1on than untra1ned JUdges (24), 

and to be able to evaluate des1gnated flavor defects 1n 1ce cream and 

other da1ry foods comparatwely close to evaluat1ons of expert JUdges 

(25) The e1ght panel1sts 1n th1s study "/ere selected by appropr1ate 

tr1angle tests (10) and tra1ned accord1ng to suggested gu1del1nes (24) 

S1gn1f1cant d1fferences between taste panel scores are expected 1n quan

tltatwe descr1pt1Ve analys1s, however, cons1stent panel1st performance 

1 s cr1 t1cal ( 14) Cons1 stent scor1 ng was reported for m1 xes two, three, 

and four as no s1gn1f1cant d1fferences were found bet~een each m1x's 

overall qual1ty scores from tast1ng sess1ons 1-6 and 7-12 (Table 4) 

Incons1stent scor1ng was found, however, for m1x one ~1x one's overall 

qual1ty score was s1gn1f1cantly (P < 001) d1fferent between tast1ng 

sess1ons 1-6 and 7-12 The means of the overall qual1 ty scores for 

tast1ng sess1ons 1-6 and 7-12 were not s1gn1f1cantly d1fferent, conse

quently, the taste panel was concluded to be rel1able. Taste panel 

val1d1ty was also establ1shed Of the four 1111xes, oanel1sts scored 

m1xes one and two the h1ghest and lowest respectwely (Table 7), and 

reported the greatest and least preferences for m1xes one and ~o 
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respect1vey (Table 8) ~11x four scored the second h1ghest of the four 

m1xes but was th1rd 1n preference and mx three scored th1rd h1ghest but 

was second 1n preference However, no s1gn1f1cant d1fferences were 

reported among the overall qual1 ty scores for m1 xes one, three, and 

four 

Descr1pt1Ve Evaluat1on D1fferences 1n the sensory propert1es of 

the 1ce m1lk mlXeS revealed a S1gn1f1cantly d1fferent mean (P < 001) 

for the body of m1x two (Table 5) Panel1sts reported the body of m1x 

two to be watery (Tab 1 e 6) Watery body may be due to low total sol1ds 

and/or 1nsuff1c1ent stab1l1zer 1n the m1x In th1s study, all rmxes 

conta1ned 0 3 percent emuls1f1er/stabll1zer comb1nat1on and, m1xes one, 

two, three, and four conta1ned 33 1, 30 7, 30 1, and 27 7 percent total 

sol1ds respect1vely (Table 1) The body 1n m1xes two, three, and four 

were reported to be watery more frequently than 1n m1x one (Table 6), 

however, only mlX two scored s1gn1f1cantly d1 fferent for body H1gh 

qual1ty body 1s also assoc1ated w1th some butterfat agglomerat1on (26) 

wh1ch would be lessened 1n l'llxes two and four due to lower percentages 

of butterfat 1n those m1xes Consequently, the watery body observed 1n 

m1x two could be part1ally due to low total sol1ds plus low butterfat 

ag gl orne rat1 on 

In detenm n1 ng the two m1 xes of h1ghest qual1 ty, the overall qual-

1 ty scores were cons1dered (Table 7) The range of poss1ble scores was 

0 to 2400 If scores above and below 1200 are cons1dered des1rable and 

undes1rable respect1vely, all four m1xes were acceptable w1th m1x two 

the least acceptable. M1x two was el1m1 nated, however, due to the Slg

nlflcantly d1fferent overall qual1ty score (Table 7) and s1gn1f1cantly 

d1fferent mean score for body (Table 5) compared to the other m1xes 
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Wh1le no s1gn1f1cant qual1ty d1fferences were reported oetween m1Xes 

one, three and four (Table 7), m1xes one and four were selected as the 

two h1 ghest qual1 ty mn<es because they scored the h1 ghest overall qual-

, ty scores Add1 t1onal factors cons1dered 1n th1 s deter1111 nat1on 

1ncluded the percentage of butter and NFOM ut1l1Zed 1n mlX one, and nnx 

four's nutr1t1onal values (Table 9) Mlx one conta1ns a larger oercent-

age of NFDM than m1x three and, therefore, prov1des a greater potent1al 

to use the vast uncomnn tted stocks of ~FDM Mlx four, W1 th onlv t"lree 

percent butterfat, conta1ns fewer calor1es and fat than m1x three and 

more closely approx1mated the calor1c and fat compos1t1on of commerc1al 

1ce m1lk (27) M1xes one and four also represent the greatest dlffer-

ences 1n percentage of butterfat and NFDM and are expected to produce 

more eas1ly detectable d1fferences when JUdged for acceptab1l1ty by 

secondary students 1n another study (CHAPTER IV) D1ff1cu1ty 1n scor1ng 

1 s expected when the products are not very d1 fferent from each oti-Jer 

(14) and Judges are reported to prefer to f1nd d1fferences (24) and may 

grow d1scouraged or lose 1nterest when no d1fferences can be detected 

SUM!l\1 ry 

Descr1ptwe quant1tat1Ve analys1s revealed no s1gn1f1cant dlffer

ences among any of the sensory propert1es of soft-serve 1ce nnlk rrnxes 

one, three, and four M1x 'ttlo scored s1gn1 f1cantly d1 fferent than the 

other m1 xes for body M1Xes one and four were detenm ned to be the t.-lo 

h 1ghest qual 1 ty m1 xes based on the1r overall qual1 ty scores i., x one 

was also selected due to 1ts potent1al for us1ng rore USDA bonus cornmod

, ty NFDM and butter than rnxes three and four M1x four was favored due 

to 1ts lower calor1c and fat values than m1xes one and t"lree 
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Table 1 
Compos 1t1on of Van1lla Soft-Serve Ice r~, 1 '< ~41 xes 

Ice t~1lk M1 xes 
1 2 3 4 

USDA butter (%) 6 0 3 0 6 0 3 t) 

USDA NFDM (%) 14 0 14 0 11 0 110 
sugar (%) 14 0 14 0 14 0 14 0 
emulslf1er/stab1l1zer (%) 0 3 0 3 0 3 0 3 
total sol1ds (%)a jjf jQf WT 771 

water (%) 65 7 68 7 68 7 71 7 
vaml la (ml/gal lon) 18 0 18 0 18 0 18 0 

a On the bas1s of butter conta1n1ng 20% water 



Table 2 
Bas1c Fonnula and Mod1 f1cat1ons for Tr1angle Tests 

Bas1c Fonnula 
375 ml flu1d whole m1lk (3 2% fat) 
55 g granul a ted sugar 

2 ml 1m1tat1on van1lla 
0 7 g salt 

Color Mod1f1cat1on 
bas1c fonnula 
2 drops yellow food color1ng 

Sweetness ~od1f1cat1on 
375 ml flu1d t~hole m1lk (3 2% fat) 
165 g granulated sugar 

2 ml 1m1tat1on van1lla 
0 7 g salt 

Salt Mod1f1cat1on 
375 ml flu1d whole m1lk (3 2% fat) 
55 g granulated sugar 

2 ml 1m1tat1on van1lla 
2 g salt 

Flavor1ng Mod1f1cat1on 
375 ml fiu1d whole m1lk (3 2% fat) 
55 g granulated sugar 

6 ml 1m1tat1on vamlla 
0 7 g salt 

Freshness Mod1f1cat1on (cooked flavor) 
bas1c fonnula heated to bo1l1ng and bo1led for 

two m1 nutes W1 th cont1 nuou s st1 rr1 ng 

Texture ~od1f1cat1on 
3 7 5 m 1 fl u 1 d s k 1m m1l k ( < 0 5% fat) 
55 g granulated sugar 

2 ml 1m1tat1on van1lla 
0 7 g salt 

Body Nod1 f1 cat1 on 
bas1c fonnula allowed to stand at room temperature 

for f1ve m1nutes after freez1ng 

Freez1ng D1rect1ons 

38 

Pour m1x 1nto 4-quart freezer can, adJUSt dasner and l1d, place 1n 
freezer bucket Add salt and 1ce 1n proport1ons of 1 12 by volume Add 
one th1 rd of 1ce to bucket before add1 ng any salt, altern ate layers of 
salt and rema1mng 1ce Keep the level of salt and 1ce sl1ghtly h1gtJer 
tnan the level of m1x 1n the can 



Table 3 
Analys1s of Var1ance Among Percentages of Overrun 

1 n Soft-Serve Ice M1lk M1xes 

M1x Number 

1 
2 
3 
4 

Between Mean Squares (3df) 
W1th1n Mean Squares (4df) 
F Rat1o 
p > F 

a 2 repl1cat1ons 
b Not S1gn1f1cant 

% Fat-% NFDM 

6%-14% 
3%-14% 
6%-11% 
3%-11% 

31 153 
45 37 
3'5 34 
43 88 

94 71 
210 38 
0 113 

Nsb 

39 
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Table 4 
Analys1s of Vanance Between Soft-Serve Ice ~1llk Overall 

Qual1ty Scores From Tast1ng Sess1ons 1-6 and 7-12 

avera 
Qual1 ty Scorea 

Sess1on Sess1on Mean 
1-6 7-12 df Sguare Rat10 P>F 

M1x 1 1808 33 2175 63 1 1618838 0 21 6 001 

M1x 2 1802 29 1832 08 1 10650 5 089 Nsb 

M1x 3 1931 67 1995 0 1 48133 3 487 t-Jsb 

MlX 4 2032 50 1928 7 5 1 129168 8 1 14 Nsb 

Overall 
Qual1 ty 

Nsb Meanc 1893 70 1982 86 1 381633 3 3 432 

aN- 24 {3 evaluations x 8 panelists) 
b Not s1gn1f1cant 
c N = 96 (24 evaluat1ons x 4 m1xes) 
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Table 5 
AnalySlS of Var1ance Amo~g Sensory Property t-.1ean Scoresa 

for Soft-Serve Ice M1lk r~lXeS 

Between i~i t\1 in 
Sensory r11 x t.1ean Mean !=' 

Property No Mean Sguares Squares Rat10 P>~=' 

Color 1 347 3 1771 0 3258 9 544 'lSb 
2 340 1 
3 348 8 
4 354 9 

Sweetness 1 312 7 1375 0 6780 '3 20'3 t-Jsb 
2 313 8 
3 321 6 
4 323 2 

Freshness 1 332 5 5931 F; 8072 3 735 NS~ 
2 308 9 
3 329 4 
4 331 3 

Flavor 1 314 4 41513 4 5955 q 698 t.!St, 
2 325 0 
3 320 3 
4 336 4 

Texture 1 350 2 14162 3 7889 8 1 795 Nsb 
2 315 9 
3 329 8 
4 312 3 

Body 1 334 9 135644 g 1929302 1 1'3 148 001 
2 217 9c 
3 313.5 
4 322 6 

aN= 48 (6 eva1uations x 8 panelists) 
b Not s1gn1f1cant 
c S1gn1f1cantly d1fferent from other m1xes 
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Table 6 
Frequency of Descr1 ptwe Tenm nol ogy for Sensory Propert1 es 

Judged by Panel1sts To Be Less Than Des1rable 

MlX 'llix 
Frequency 

Mix Mix 
Sensory ProEert1 es 1 2 1 4 

Color 
pale 8 9 6 6 
dark 0 0 0 0 

Sweetness 
1 nsuff1c1 ent 1 0 1 3 
excess we 9 5 6 6 

Fl avor1 ng 
weak 3 3 0 2 
excesslVe 5 5 4 3 

Freshness 
stale 0 0 0 1 

Texture 
sandy 5 8 10 13 
1 cy 0 0 1 3 

Body 
foamy 1 3 2 2 
watery 5 24 9 10 



Table 7 
Analys1s of Var1ance Among Overall Qual1ty Scores 

of Soft-Serve Ice M1lk M1xes 

1 

Qual 1 ty Scorea 1991 98 

Between Mean Square (3 df) 
W1th1n Mean Square (188 df) 
F Rat1 o 
p > F 

2 

1817 19b 

a N = 48 (6 evaluat1ons x 8 panelists) 
b S1gn1f1cantly d1fferent than other m1xes 

MIX 
3 

1963 33 

43 

4 

1980 63 

319476 4375 
109319 3594 

2 922 
05 



M1 x Number 

1 

2 

3 

4 

Table 8 
Panel1sts' Personal Preferences Among 

Soft-Serve Ice M1l k M1 xes 

Frequency of 
Personal Preferencea 

30 

12 

29 

25 

a N = 96 (12 eva1uatlons x 8 panelists) 
b S1gn1f1cant at the 05 level of conf1dence 
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x2 ( 3df) 

a ssb 



Table 9 
Selected Nutr1 t1 onal Val uesa 1 n Bonus Co!llmodl ty 

Soft-Serve Ice f41l k 

Values per cup 

Cal or1es 
Prote1n (g) 
Fat (g) 
Carbohydrate (g) 
Cholesterol (mg) 
C a 1 c 1 urn ( m g) 

1 

295 2 
10 3 
9 8 

43 1 
31 2 

356 0 

Ice ~111k Mixes 
3 

269 5 
8 5 
9 4 

38 9 
29 4 

292 0 

45 

4 

219 0 
7 9 
4 6 

37 4 
1'5 9 

?..79 0 

a Nutr1ent values for the NFDM, butter, and sugar t'iere taken from Posat1 
and Orr (27), Reeves and We1'1rauch·(28), and 1~att and t1err11l (29) 
respectlVely 
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CHAPTER IV 

ACCEPTANCE OF SOFT-SERVE ICE MILK MADE FROM 

USDA BONUS COMMJDITY NONFAT DRY 

MILK AND BUTTER 

Rebecca K Pazoureck, LeaL Ebro, and 

Esther A W1 nterfel dt 

Abstract 

Two vamlla soft-serve 1ce m1lk m1xes ut1l1z1ng USDA commod1ty 

nonfat dry m1lk (NFDM) and butter were developed for on-s1te preparat1on 

1n the Nat1onal School Lunch Program (NSLP) Both m1xes conta1ned 14% 

sugar, 0 3% emuls1f1er/stab1l1Zer comb1nat1on, and 18 ml 1m1 tat1on 

vamlla per gallon The h1gh butter/h1gh NFDM m1x conta1ned 6% butter 

and 14% NFDM, 1n contrast to the low butter/low NFDM m1x wh1ch conta1ned 

3% butter and 11% NFDM The m1 xes were evaluated for consumer 

acceptab1l1ty by a conven1ence sample of 2014 JUnlor and sen1or h1gh 

school students Consumer acceptab1l1 ty eval ua t1 on revealed that 1)4 1% 

of ti-Je students preferred the low butter/1 ow NFOM m1 x d.l 1 but one 

sample met the regulatory standards for commerc1al 1ce m1lk for total 

bacter1a (~ 50,000/g), all samples met the standards for col1form 

(~ 10/g) 
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In troduct 1 on 

The success of the Nat1onal School Luncn Program (NSLP) 1n provld-

1ng nutr1t1ous lunches for school age ch1ldren and 1n ut1l1z1ng USDA 

canmod1 t1 es depends on student part1c1 pat1 on Compet1 t1Ve foods r1Val 

the NSLP for student part1c1pat1on If school foodserv1ce operat1ons 

are to succeed 1n ma1nta1n1ng and 1ncreas1ng student part1c1pat1on, they 

need to serve good tast1 ng nutr1 t1ous foods that are popular w1 th school 

age ch1ldren The purpose of th1s study was to test the acceptab1l1ty 

of soft-serve 1ce m1lk, made from USDA commod1ty NFDM and butter, Wlth 

secondary students 1n the NSLP 

W1th a per cap1ta consumpt1on of 22 quarts annually, 1ce cream 

ranks as a popular Amer1can dessert (1) N1 ne out of 10 ch 11 dren, 

through age 12, reported 1ce cream to be the1 r number one favor1 te food 

(2) Ice m1lk, however, has grown 1n popularlty due to consumer con-

cerns for cost and nutr1t1on (3) Ice m1lk reta1ls at a lower pr1ce 

than 1ce cream because of lower butterfat percentages, and nutr1t1on 

consc1ous consumers prefer the lower calor1c and fat levels of 1ce m1lk 

over 1ce cream S1nce 1978, 1ce m1lk has been produced pr1mar1ly as a 

soft-serve product (4) and 1s Wldely ava1lable 1n fast food outlets, 

soft-serve stores, and schools Tl-te serv1ce of soft-serve 1ce m1ll< 1n 

schools 1s a result of efforts to offer greater menu var1ety 1n order to 

attract student part1c1pat1on A larger var1ety of cho1ces 1s ava1lable 

w1th1n each of the lunch components, however, m1lk cho1ces offer the 

greatest var1ety and 1nclude lowfat, nonfat, buttenmlk, chocolate low 

fat, regular homogenlZed, and soft-serve 1ce m1lk shakes ( 5) 

In the product1on of an 1ce m1ll< product, the select1on of amounts 

and types of 1ngred1ents and the samtary cond1t1ons of m1x1ng and 
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freez1 ng are of paramount 1mportance The f1 nal test 1 s, 11owever, the 

react1on of the consumer (6) Untra1ned 1nd1v1duals, representat1ve of 

the ave rage consumer, can rank samples from best to poorest on the baslS 

of the1 r own standards 

rvtethod 

Research des1gn 

In a prev1ous study (CHAPTER III), a tra1ned taste panel selected 

two soft-serve vamlla 1ce m1lk m1xes (Table 1) to be evaluated for 

acceptab1l1ty by secondary students Students evaluated the 1ce m1lk 

m1xes by pa1red compar1sons To assess the external val1d1ty of the 

taste panel•s select1ons, the taste panel1sts pred1cted wh1ch one of 

four or1g1 nal m1xes waul d be preferred by secondary students Taste 

panel pred1ct1ons were recorded on the Ice M1lk Evaluat1on Form (Appen

dlx B) 

SubJects 

Dur1ng the spr1ng of 1986, secondary students were selected by con

venlence sampl1ng from students purchas1ng the school lunch 1n four JUn-

10r h1gh and three sen1or h1gh sc~ools 1n Lawton, Oklahoma The approx

lmate enrollment 1n these seven schools as of Apnl 1986 was 7500 stu-

dents (Appendlx E) All students were 1nv1ted to evaluate the soft-

serve 1ce m1lk by means of an announcement (Appen11x F) read over the 

school•s publlc address systems or 1n 1nd1v1dual classrooms on each 

spec1f1ed evaluat1on date Oesp1te not be1ng randomly selected, the 

study•s sample was appropr1ate for the study as tlrJe subJects were 

untra1ned, members of the target populat1on, and consumers of the test 

product ( 7) 
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The sample cons1sted of 2199 students ~o co~pleted t~e evaluat1on, 

however, due to m1ss1ng data, only 2014 (91 5%) of the evaluat1ons were 

usable for analys1s Adequate sample S1Ze 1s reported to be between 50 

and 100 members ( 7) 

Ice m1lk preparat1on 

The vamlla soft-serve 1ce m1lk m1Xes were prepared ut1l1z1ng IJSrJA 

bonus commod1ty Extra Grade NFDM and butter, donated to the study 

tr1rough the USDA Reg1onal Off1ce 1n Dallas, Texas, as ti-Je sole sources 

of nonfat m1lk sol1ds (NFMS) and butterfat respectwely The m1xes were 

st~eetened w1 th granulated sugar (sue rose), flavored 1111 tn 1m1 tat1 on 

vamlla flavor1ng, and emuls1f1ed w1t'rJ an emuls1f1er/stab1l1Zer comb1na-

t 1on The NFD~ was spray processed and produced bett~een "'1arch and June 

of 1984, the butter was salted and produced 1n March and June of 1985 

The NFDM was packaged 1n 50 pound paper bags W1 th pl ast1c l1ners and was 

stored t1ghtly closed and away from l1ght One pound packages of butter 

were stored frozen 1n a home slZe refrlgerator/freezer at H~°F (-8°C) 

The m1Xes were prepared the afternoon of the day before the evaluat1on 

1n 6-,7- or 10-gallon volumes, depend1ng on each school•s enrollment 

(l\ppendlx E) The dry 1ngred1ents and butter were meas1.1red by we1qht, 

l1qU1d 1ngred1ents were measured by volume The m1xes were orepared 

accord1ng to the m1x1ng d1rect1ons shown 1n Table 1 The prepared 1ce 

m1lk m1xes were cooled 1n 4-gallon conta1ners, 11nedw1th plast1c bags, 

at room temperature (70°F (21°C)) unt1l the m1Xes t"11ckened suff1c1ently 

to prevent the butterfat frQITI separat1 ng The pl ast1c bags were tnen 

sealed, ti-le conta1ners were covered w1th t1ght f1tt1ng plast1c l1ds, and 

refr1gerated at 36-38°F (2-3 5°C) overn1ght 1n an 1nst1tUt1onal wal~-1n 

refngerator The cooled mxes were transported to each JUnlor and 
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semor h1gh school and lmiredl ately frozen 1n 1dent1cal Taylor 1ce cream 

freezers Pr1or to freez1 ng, each 1ce cream freezer was assembled and 

san1t1zed for two m1nutes w1th 100 ppm chlor1ne solut1on (8) 

Data co1lect1on 

Students were s1multaneously served one sample of each m1x 1n 

2-ounce whlte paper cups accompamed by a wooden spoon Samples .'IE!re 

coded w1th a c1rcle or a square and the cod1ng of samples was alternated 

at each school The students were not 1 nstructed on ~.o~heti-Jer to evaluate 

the 1ce m1lk before or after eat1ng lunch or on wh1ch sample to evaluate 

f1rst The students reported the1r 1ce m1lk preference, age and sex on 

the Soft-Serve Ice f4llk Evaluat1on form (AppendlX B) developed for tl')ls 

study Students' preferences for the h1gh butter/hlgh NPm nnx and the 

1 ow butter/1 ow NFDM m1 x were coded as one and four respectwely, age was 

coded as the actual two-d1 g1 t response, boys and 91 rls were coded one 

and two respectwely, and the schools were coded one through seven One 

sample of each soft-serve 1ce m1lk m1x was collected from each school 

and tested for total bactena count and col1form count by orocedures 

outl1 ned 1n Standard Methods for the Exam1 nat1on of Dauy Products (9) 

Data an a 1 y s 1 s 

Students' acceptab1l1ty responses bet~.o~een the two soft-serve 1ce 

m1lk mlXes were analyzed for stat1st1cal s1gn1f1cance by Ch1 square 

(10) All hypotheses were tested for s1gn1f1cance at the 5 percent 

(P < 05) 1 evel 



54 

Results and d1scuss1on 

External vall d1 ty 

Taste panel1sts who evaluated the 1ce m1lk m1xes for qual1ty 

(CHAPTER III) pred1cted a s1gn1f1cant (P ~ 01) d1fference among the 1ce 

m1lk preferences of the secondary students (Table 2). Ranked 1n order 

of preference, taste panel1sts ored1cted secondary students would orefer 

m1xes three, one, four and two In the acceptab1l1ty evaluat1on by 

secondary students, however, only the two h1ghest qual1ty m1xes, mlXes 

one, h1gh butter/hlgh NFDM, and four, low butter/1 ow NFDM, ~re tested 

A s1gn1f1cant d1fference (P ~ 001) was found between the students• 

preference for m1x one, h1gh butter/hlgh NFDM, and m1x four, low 

butter/1 ow NFDM (Table 3), Wl th the maJOrlty (65 rfc,) of tl-te secondary 

students preferr1ng m1x four, low butter/low NFDM The external valld-

lty assessment was concluded to be 1nval1d because the taste panel was 

unrepresentatwe of the secondary school populat1on (11) Taste panel-

lsts had been tra1ned to recognlZe the des1rable sensory propert1es of 

soft-serve 1ce m1lk, secondary students d1d not recewe th1s tra1mng 

and evaluated the mlXes based only on the1r 011n preferences (6) 

Consumer acceptab1l 1 ty evaluat1on 

Approx1mately 65% of the students (P ~ 001) 1nd1cated a preference 

for the low butter/low NFDM m1x (Table 3) A greater sensat1on of cold

ness 1n the low butter/1 011 NFDM m1x may prov1de one poss1ble exolanat1on 

for the students• preference as consumers report preferences for 1ce 

cream served at 10°F (-12°C) over 1ce cream at 6, 14, or l8°F (-14 5, 

-10, -8°C) (12) Low fat 1ce cream reportedly feels colder 1 n the mout1 

tnan h1gh fat 1ce cream (13), correspond1ngly, 1ce m1lk conta1n1ng 3% 



butterfat would feel colder than 1ce m1lk conta1n1ng 6% butterfat A 

greater sensat1on of warmness 1s also assoc1ated w1th seruM sol1ds at 
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15 5% concentrat1 ons ( 12) The h1 gh percentage of fat together w1 th 14% 

NFDM may have produced a not1ceable d1fference 1n the sensat1ons of 

coldness between the t11o mlXes even when d1 spensed between 18 and 22°F 

(-8 and -5 5°C) Another explanat1on for the students' preference for 

the low butter/1 011 NFDM mx my be the degree of percelVed S\'leetness 

The low butter/1 ow NFD~1 mx, conta1mng fewer total sol1ds ti-Jan the h1gh 

butter/hlgh NFDM m1x would be expected to taste sweeter Sommer (14) 

reported younger 1nd1v1duals prefer sweeter 1ce cream The compos1t1on 

of the 1 ow butter/1 CM NFDM m1 x rmy further expl a Hl the students • pref

erence for the low butter/lOll NFDM mx over the h1gh butter/h1gh "'FDM 

m1x The compos1t1on of the lowbutter/l011NFD~1 m1x closely approxl

mates the compos1t1on of commerc1al 1ce m1lk (15) and my, therefore, 

have tasted fam1l1ar to the students 

Ice cream body 1s a determ1mng 1nfluence on consu'Tler preference 

and, subJects prefernng l1ghter 1ce cream were expected to prefer saM

ples Wlth lower concentrat1ons of e1ther fat or serufTI sol1ds and v1ce 

versa (6) At 18°F, consumers oreferred the body of 1ce creams contaln-

, ng 9 and 11% serum sol1ds and 14 and 18% fat (13) The sensat1ons of 

r1chness and heav1ness due to the concentrat1ons of butter and serufTI 

sol1ds 1n the body of the h1gh butter/hlgh NFDM m1x would not be pre

ferred by students preferr1ng l1ghter products 

Age was found to s1gn1f1cantly (P 2_ 0001) affect 1ce m1lk pref-

e rences (Tab 1 e 4) All ages preferred the 1 ow butter/1 011 NFDM m1 x, 

and, for ages 12-16, the percentage of students preferr1ng the low 

butter/1 ow NFDM m1 x 1 ncreased w1 th age In compar1ng JUnlor h1gh to 
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sen1or h1gh students (Table 5), 61 7 and 74 5% of JUnlor h1gh and sen1or 

h 1gh students respectlVely preferred the low butter/1 CM N~='D~1 m1 x 

(P < 0001) A greater percentage of semor h1gh students preferred the 

lCM butter/1 CM NFDM m1x than JUn1or h1gh students These data suggest 

that older students have a greater preference for low butter/1 CM N~='D~1 

soft-serve 1ce m1lk than younger students Sex v1as also found to have 

an effect on the preference for the low butter/1CM NFD~ m1x (Table 6) 

1Ah1le both males and females preferred the low butter/1 CM NFDM m1x, the 

preference was s1gn1f1cantly (P ~ 0001) h1gher for females than males 

The d1fferences due to age and sex could be related to the students' 

level of nutr1t1on awareness. Older students and female students are 

expected to be more consc1ous of fat and calor1c values 1n r1ch, heavy 

bod1ed 1ce cream and, therefore, would be expected to prefer the product 

w1 th a l1ghter body due to lower concentrat1ons of butterfat and NFDt-1 

Bacter1olog1cal test1ng 

Bacter1olog1cal data (Table 7) revealed that all but one of the 

samples tested were below the suggested regulatory standards of 

~ 50,000/g for total bacter1a Col1fonn counts, exclud1 ng the spread

ers, were all w1th1n the suggested standards of ~10/g (16) Prev1ous 

stud1es (17-18) report the greatest var1at1on for total bacter1a and 

col1 form counts to occur between the soft-serve m1x versus the frozen 

product The h1gher bacter1a and col1form counts found 1n the frozen 

samples, compared to the unfrozen mlXes, were concluded to result frOfll 

1 nadequate cleamng and samt1z1 ng of the soft-serve freezer and/or 

fa1lure to keep the 1ce m1lk m1x properly refngerated I'l the current 

study, bactenal data from the unfrozen 1ce m1lk mlXes were not 

collected, however, exclud1ng the spreader plates, 90% of the frozen 
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samples Met the suggested samtat1on gu1del1nes for total bact~na anrl 

100% met the standards for col1 fonn These data suggest that al 1 but 

one of the unfrozen m1xes \'/ere w1 th1n ti-le suggested standards Samples 

494 and 491 were collected from 10-gallon quant1t1es of m1x Ten gal

lons of each mlX was the 1 argest quant1 ty m1 xed dur1 ng the study The 

cool1 ng t1me for 10 gallons of m1x was longer than for ti-Je other quant1-

t1es of 4 to 7 gallons and could account for the larger total bacter1al 

counts for these two samples In actual foodserv1 ce operat1ons, oro

longed cool1ng t1mes could be avo1ded due to the ava1lab1l1ty of quan

tlty food eqUlpment and 1nst1tut1onal refr1gerators caoable of accommo

datlng the volume of m1x It 1s recommended that the m1x be cooled at a 

depth of 2-4 1nches 1n covered sta1nless steel modular oans, refrlger

ated on w1re shelv1ng at 38-40°F (3 5-4 5°C) Frequent st1rr1ng dur1ng 

ti-le cool1ng process ..rould hasten lower1ng the temperature of the l'llX 

~ppl1cat1ons and 1mpl1cat1ons 

Results of th1 s study 1 nd1 cate the feas1b1l1 ty of produc1 ng a soft

serve 1ce m1lk, mlXed and frozen on-s1te 1n school foodserv1ce opera

t1ons, made from USDA bonus commod1ty NFDt1 and buttPr that 1s acceptable 

to secondary students From a bacter1olog1cal standpo1nt, 1t appears 

poss1ble to produce the soft-serve 1ce m1lk •111th1n the suggested sam

tary gu1 del 1 nes when the m1 x 1 s stored properly and the soft-serve free

zer 1s properly samtlZed Consequently, the study 1mol1es t~at the 

soft-serve 1ce m1lk 1s one way of ut1l1z1ng bonus coJT1mod1ty NFD\1 and 

butter 1n the NSLP A further 1mpl1cat1on of the study 1s tl-Je poss1b1l-

1ty of 1ncreas1ng the calc1um content of the school lunch l'lenu r:on

sumptlon of bonus commod1ty NFDM, 1n the fonn of soft-serve 1ce nnl'<, 

"'oul d add to the cal c1 UJTI 1 ntakes of school age ch1ldren 
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Table 1 Compos1t1on of soft-serve 1ce m1lk m1xes 

1 ngred1 ents h1gh butter/hlgh NFDM 1 ow butter/1 011 'IFD'1 

USDA Butter (%) 
USDA NFDM (%) 
sugar (%) 
emulslfler/stablllzer (%)* 
total sol1ds (%)t 

water (%) 
vamlla (ml/gallon) 

6.0 
14 0 
14 0 
0 3 

""IT! 

65 7 
18 0 

1 0 
110 
14 I) 

0 '3 
?if 

71 7 
18 0 

m1x1 ng direct1ons over high heat, heat water, frozen butter, and 
emuls1f1er/stab1l1Zer to 185°F (85°C). M1x NFDM and sugar together and 
add gradually to hot m1xture St1r w1 th w1 re wh1sk or electr1c !lTixer 
unt1l thoroughly mlXed, add vamlla and mx Ch1ll to 40°F (4°C) before 
freez1 ng 

*Southern Special donated by Go Products, San Antonio, TX 
tOn the bas1s of butter conta1n1ng 20% water 
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Table 2 Secondary students• pred1cted soft-serve 1ce rmlk preferences 

frequency of pre-
m1x d1cted preferences* 

1 (hlgh butter/hlgh NFDM) 30 

2 (low butter/hlgh NFD~1) 7 

3 (hlgh butter/1 ow NFDM) 32 

4 ( 1 ow butter/1 ow NFDM) 27 

*n = 96 (12 evaluat1ons x 8 panel1sts) 
ts1gn1f1cant at the 01 level of conf1dence 

x2 ( 3df) 

16 59t 



Table 3 Secondary student preferences bet111een soft-serve 1ce rrnl'< 
m1 xes 

60 

m1x count % xz ( 1 df) 

h1gh butter/hlgh NFDM 

1 C1t1 butter/1 C1tl NFDM 

total 

673 

1291 

1964t 

*S1gn1f1cant at the 001 level of confidence 
t50 students d1d not prefer e1ther ~1x (n = 2014) 

34 3 

65 7 

11')0 0 
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Table 4 Soft-serve 1ce m1lk preference betneen ages of secondary 
students 

ffilX 

h1gh butter/ 1 ow butter/ 
h1gh NFDM 1 ow NFD~1 

total 
age count % count % count % x2 (7df) 

12 & under 57 40 1 85 59 9 142 7 2 1985 39* 

13 191 40 0 287 60 0 478 24 3 

14 141 36 2 248 63 8 389 19 8 

15 104 29 6 247 70 4 351 17 9 

16 74 27 8 192 72 2 266 13 5 

17 53 29 4 127 70 6 180 9 2 

18 & over 53 33 8 105 66 8 158 8 0 

total 1964t 99 9tt 

*significant at the 0 0001 level of confidence 
t50 students d1d not prefer e1ther m1x (n = 2014) 
tttotal does not equal 100% due to round1 ng 
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Table 5 Soft-serve 1ce m1lk preference of JUnlor and se•nor h1gh 
students 

m1x 

h1gh butter/ 1 ow butter/ 
h 1gh NFDM 1 ow NFD~1 

total 
school count % count % count 

JUnlor 
hlgh 516 38 3 832 61 7 1349 

sen1 or 
hlgh 157 25 5 459 74 5 615 

total 1964t 

*s1gnif1cant at the 0 0001 level of conf1dence 
t50 students d1d not prefer e1ther m1x (n = 2014) 

% 

68 7 

31 1 

100 0 

xz ( 1df) 

31 18* 
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Table 6 Soft-serve 1ce m1lk preference of male and female JUnlor and 
sen1or h1gh students 

m1X 

h1gh butter/ 1 CM butter/ 
h 1gh NFDM low NFDM 

total 
sex count % count % count 

males 414 38 4 663 61 6 1077 

females 259 29 1 628 70 8 987 

total 1964t 

*s1gn1ficant at the 0 0001 level of confidence 
t50 students d1d not prefer e1ther m1x (n = 2014) 

% 

54 8 

45 2 

100 0 

xz (ldf) 

23 57* 
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Table 7 Standard plate and col1fonn counts of frozen soft-serve 1ce 
rmlk 

standard ~1 ate col1 form 

sample no count count 

420 1300 10 
441 4000 Est ---- spr * 
444 ---- spr * 10 
471 4000 <10 
474 28000 <10 
494 >65000 Est ---- spr * 
491 20000 Est 10 

4111 80 <1 f) 
4114 <10 Est <10 
4144 200 sor * 
4141 3000 <10 
4160 2700 <1 () 

Percentaget w1th1n suggested san1tary gu1del1nes 

standard plate 90 
col1 form 100 

*spreader and adjoining area of repressed growth covering more than one 
half of plate 

texclud1ng spreaders 
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CHAPTER V 

SUM!4ARY AND RECOMMENDATIONS 

Summary 

The obJeCtlVe of th1s study was to 1nvest1gate the poss1b1l1ty of 

ut1l1z1ng USDA commod1ty NFDM and butter to produce a soft-serve 1ce 

m1lk m1x to be prepared on-s1te 1n school foodserv1ce operat1ons and to 

evaluate the acceptab1l1ty of th1s 1ce m1lk by secondary students Two 

hypotheses related to the study were made pnor to the start of the 

exper1ments (CHAPTER I) Each hypothes1s Wlll be d1scussed 1nd1v1dual-

ly 

Hypothes1s one stated that the soft-serve 1ce m1lk qual1ty scores 

waul d not d1 ffer s1gn1 f1cantly among the mlXeS when descr1pt1Vely evalu-

ated by a tra1ned taste panel No s1gn1f1cant d1fferences were found 

between three of the m1xes, however, one m1x scored s1gn1flcantly dlf

ferent than the others for body and overall qual1ty (CHAPTER III) 

Based on these results, the f1rst null hypothes1s was reJected 

Hypothes1s two stated that secondary students would not prefer one 

soft-serve 1ce m1lk m1x s1gn1f1cantly over the other A s1gn1fcant dlf-

ference was found between the number of students oreferr1ng the low 

butter/lCM NFDM m1x and the h1gh butter/hlgh NFDM m1x (CHAPTER IV) 

Th1s d1fferencewas conf1rmed by all age groups and by both Males and 

females Consequently, the second null hypothes1s was reJected 

67 
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These two exper11nents (CHAPTER III and CHAPTER IV) pos1t1Vely sup-

port the poss1b1l1ty of 1nd1v1dual school foodserv1ce operat1ons utlllZ-

1ng USDA bonus commod1ty NFDM and butter 1n a soft-serve 1ce m1lk nnx 

that 1s acceptable to secondary students T~e h1ghest qual1ty m1x pre-

ferred by secondary students conta1ned the follow1"19 1ngred1ents 

NFDM 
butter 
granulated sugar 
emuls1f1er/stabll1zer 
1m1 tat1on vamlla 
water 

11 0% 
3 0% 

14 0% 
0 3% 

18 0 ml/gallon 
71 7%2 

Product1on of bonus commod1ty soft-serve 1ce m1ll< l,o()Uld ass1st the NSLP 

ach1eve the obJeCtlVes of prov1d1ng nutnt1ous flleals to the Nat1on•s 

ch1ldren and encourag1ng the consumpt1on of agr1cultural cofllmod1t1es 

Nutnt1onal value of menu 1tems 1s a maJor focus 1n the NSLP 

Mart1n (1984) cr1t1c1zed process1ng commod1t1es 1nto h1gh fat, sugar, 

and salt foods due to concern over tooth decay, obes1ty, and heart 

d1sease The bonus comrnod1ty soft-serve 1cem1ll< prov1des a concen-

trated source of food energy due to 1ts fat and sugar contents, however, 

Re1ter (1986) reported that 1ce m1lk 1s eas1ly nnsed from the moutY! 

Therefore, the bonus commod1ty soft-serve 1ce m1lk 1s less l1l<ely to 

cl1ng to the tooth's surface and promote decay than many other sweet 

treats In add1t1on, the bonus commod1ty 1ce m1lk developed conta1ns 

three percent butterfat and, consequently, 1s more acceptable than 1ce 

cream wh1ch conta1ns 10-16 oercent butterfat (Posat1 and Orr, 1976) for 

rout1ne 1nclus1on 1n the d1et Wh1le bonus comfllOdlty 1ce m1lk 1s not 

suff1c1ently nutr1t1ous to replace more nutr1ent dense foods, one cuo 

adds 279 mg (Table 9, CHAPTER II) of calclU"l to the d1et, and calclUM 

1ntakes for most school-age ch1ldren fall below the1r respectlVe RDAs 

(Putnam and Van Dress, 1982) 
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In add1t1on to 1ts nutr1t1onal m:nts, bonus commod1ty soft-serve 

1ce m1lk could 1ncrease the pos1twe market support for commod1ty foods 

COfllmod1 ty support 1s computed by compan ng the amounts of each cornmod1 ty 

prepared for school feed1 ngs Wl th est1mated amounts of "'hat would be 

used 1f the ch1ldren brought the1r lunches from home, ate at home, or 1n 

camrerc1al restaurants (Nelson, and Zellner, 1981) For the school year 

1977-78, pos1t1Ve support for 1ce cream, 1ce m1lk, and sherbet totaled 

183 9 m1ll1on pounds, however, NFDM accounted for only one cent out of 

each 32 cents spent on da1ry foods used 1n the Nat1on•s schools Incor-

poratlon of bonus commod1ty soft-serve 1ce m1lk 1nto school rrenus would 

1 ncrease the use of NFDM 

Recomm:ndat1ons for Further Research 

The f1 nd1 ngs of th1 s d1 ssertat1on suggest the need for add1 t1onal 

research 1n three areas F1 rst, 1 t 1s recomm:nded that the research be 

conducted 1n a laboratory equ1pped w1th 1nst1tut1on SlZe eqUloment 

Prepar1ng the m1x 1n quant1ty food equ1pment would allow ref1nement of 

the m1x1ng and cool1ng procedures 

A second recommendat1on 1s the need to 1nvest1gate the 1mpact of 

m1x1ng the soft-serve 1ce m1lk on the labor hour cost 1n school food

serv1 ce operat1 ons One factor account1 ng for the 1 ow use of NFDM 1 n 

the NSLP 1s the number of labor hours 1nvolved 1n produc1ng acceptable 

menu 1tems from NFDM (Pannell, 1985) Labor hours 1ncrease when less 

convem ence foods are used 1 n menu preparat1 on School foodserv1 ces 

prepar1ng food on-s1te w1th l1m1ted use of conven1ence foods and few 

d1 sposab 1 es need to ave rage a 1 abor hour cost between 30 and 35 percent 

of the total 1 ncome ( VanEgmond-Pannell, 1981) 
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It 1s further recommended tnat flavored var1Pt1es of the bonus 

c001mod1ty soft-serve 1ce m111< be developed us1ng other commoti1ty foods, 

such as fru1 ts and peanut butter Flavored opt1 ons Wlll enhance menu 

va r1 ety and w1ll pr0111ote add1 t1 onal comJ110dl ty rna rke t support 
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Prel1m1 nary Exper1ments 

The follow1ng 1ce m1lk m1Xes were tested us1ng USOA bonus C()IT'Irnod1ty 

NFDM and butter as the sole sources of NFt4S and fat resoectwely ~ach 

m1 x was s.-~eetened w1 th granulated sugar (sucrose), s tab1l1Zed w1 ti-t 

unflavored gelat1n, and flavored w1th 1m1tat1on vamlla (18 ml/g) 

fat 
NFDM 
sugar 
gel at1 n 

M1x 1 

6 0% 
13 0% 
13 0% 
0 5% 

M1x 2 

3 0% 
14 0% 
14 0% 

0 5% 

"11X 3 

4 0% 
11 0% 
14 0% 
0 35% 

"11X 4 

2 0% 
11 0% 
14 0% 
0 '>% 

M1x1 ng d1 rect1ons - '111X sugar, tJFDM, and gelat1n toget'1er Md sugar 

m1xture gradually to water, st1rr1ng constantly over low heat Heat 

m1xture to 95°F Refr1gerate overmght ~emove approx1mately 2 quarts 

of the ch1lled mxture, add the frozen butter, and heat unt1l butter 1s 

melted Beat the butter m1Xture w1 th an electr1c mxer unt1l tl-torouqhly 

m1xed, qu1ckly add the butter m1Xture to the rema1mng ch11led m1xture, 

st1rr1ng constantly Add the 1m1 tat1on vamlla and freeze 

F1nd1ngs 

1 Occas1onal butter clumps were found 1n the soft-serve 1ce m1lk 

It was concluded that a more sat1sfactory emuls1f1er and/or stab1l1zer 1s 

needed for complete emuls1f1cat1on of the butter and to s1mpl1 fy the 

m1x1ng procedure 
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2 The amounts of sugar, flavor1ng and emuls1f1er need to be held 

constant 1n all mlXes, allow1ng only the butter and NFD"'1to vary 

3 An off-flavor was detected, consequently, a more recent 1ssue 

of NFDM needs to be tested 

A rev1er'1 of the l1terature revealed w1de var1at1on 1n the amounts 

of 1ngred1ents used 1n 1ce m1lk m1xes 

8utterfat- Keeney and Dahle (1960) and Arbuckle (1972) reported 

the most common range of butterfat 1n 1ce m1lk to be 3-6 percent 

NFMS - Keeney and Dahle ( 1960) reported the range of NFMS to 

average 12-14 percent, Arbuckle (1972) suggested 11 5-14 percent 

Sugar- Concentrat1ons of sugar 1n 1ce m1lk were reported as 

follows Arbuckle (1972)- 13-14 percent, Keeney and nahle (1960)-

11-13 percent, Kloser and Keeney (1959} - 13 percent, and Lampert 

( 1970) - 14-18 percent Re1d, et al, reported 1ce cream, served at 

18°F, conta1mng 12 percent sugar to be the preference of consumers, 

however, Sommer (1951} stated that younger people prefer a s~t~eeter 1ce 

cream than older 1nd1v1duals 

Emuls1f1er/Stab111zer - Legal max1mums of emuls1f1ers 1n 1ce cream 

and 1ce m1lk are 0 1 percent for polys and 0 ? percent for monos 

(Bassett, 1969} 

Flavor1ng- Alexander (1981} ut1l1Zed 12 '111 vamlla per gallon of 

1ce m1lk m1x, Arbuckle (1972} reoorted 4-6 ounces per 5 qallons of ~1xes 

conta1 n1 ng 12 percent butterfat and suggested add1 t1 onal va mll a for 

m1xes of lower butterfat concentrat1ons 

The follow1ng percentages of 1ngred1ents r'lere selected for test1ng 

1 n the study butter 3-6 percent, NFDr., 11-14 percent, sugar 14 percent, 

emuls1f1er/stab1l1zer- to be dec1ded, van1lla 1~ ml/g 



Exper1ment 2 

The follow1ng products were tested for use as tl-te emuls1f1er/sta-

b1l1zer 1n the 1ce m1lk m1xes 

CENTROPHASE HR-2- a h1ghly concentrated, med1um VlSCOSlty, heat-

res1stant lec1th1n, donated to the study by 

Central Soya 
P 0 Box 1400 
Ft Wayne, I nd1 ana 46801 
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SOUTHERN SPECIAL EMULSIFIER/STABILIZER COMBINATION- mono and d1glvcer-

1des, cellulose gum, guar gum, calc1um sulfate, carrageenan, oolvsorbate 

80, locust bean gum, and polysorbate 65, standard1zed w1t~ dextrose, 

donated to the study by 

Go Products 
San Anton1o, Texas 

Centrophase HR-2 and Southern Spec1al were used as the emuls1f1er 

1n an 1ce m1lk m1x conta1n1ng 6 0 percent butter and 14 percent NFOM 

F1 nd1 ngs 

1 The Centrophase HR-2 m1x was comb1 ned, heated to 185°F, and 

cooled to 40°F Dur1ng the cool1ng per1od, the butter d1d not re~a1n 

emuls1f1ed, consequently, the mlX was d1 scarded w1 thout freez1 ng 

2 The Southern Spec1 al was comb1 ned w1 t"l the water and frozen 

butter, and heated to 185°F, the NFOM and sugar were comb1ned and 

gradually added to the Southern Spec1 al m1 xture unt1l thoroughly 

blended, the vamlla was added and the m1x ch11led to 40°F The l'llX 

rema1ned emuls1f1ed dur1ng cool1ng and subsequent solf-serve freez1ng 
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Expe r1me nt 3 

Us1ng Southern Spec1al as the emuls1f1er and vary1ng tile 1ssue date 

of the NFDM, an 1ce m1lk m1x conta1n1ng 6 0 percent butter and 14 0 per

cent NFDM was tested as follows 

M1x 1\ 
M1x B 
MlX C 
M1x D 
M1x E 

F1 nd1 ngs 

Southern Spec1al (%) 

0 3 
0 3 
0 2 
0 4 
0 5 

NFnM (date) 

1983 
lq84 
1984 
1984 
1<~84 

1 In compar1ng mxes A and B, m1x B was JUdged super1or 1n fla-

vor It was concluded that the more recent 1 ssue NFDM would produce the 

h1ghest qual1ty flavor 1n the soft-serve 1ce m1lk 

2 In compa r1 ng m1 xes B-E 

a) C was el1m1nated as 1t produced a wetter product Wltll an 

unsat1sfactory melt-down 

b) E was el1m1 nated as the m1x was too v1 scous to sat1sfactor-

1ly f1 ow 1 nto the soft-serve freezer's freez1 ng chamber and tile frozen 

product was too melt res1stant 

c) M1Xes B and D produced sat1 sfactory products 

Expenment 4 

Us1 ng the fo 11 ow1 ng concentrat1 ons of butter and NFDM, the concen-

trat1on of Southern Spec1al was var1ed between 0 1 and 0 4 percent 



butter 
NFDM (1984) 

M1 X d. 

6 0% 
14 0% 

3 0% 
11 0% 

\1111 X C 

6 0% 
11 0% 

!32 

M1x 0 was prepared us1ng 0 3 percent Southern Spec1al, 6 0 percent 

butter, and 14 0 percent commerc1al (Carnat1on) NFDM 

F1nd1ngs 

1 In companng rrnxes A and n, no d1scernable d1fferencPs were 

noted 1n flavor It was concluded that the flavor of ti-Je 1ce rn1l'< 1s 

not due ent1 rely to the age of the NFDM 

2 In companng the two levels of Southern Spec1al, no advantages 

were apparent 1 n the soft-serve product W1 th 0 4% The v1 scos 1 ty of the 

0 4% mlXes was Judged to be a d1 sad vantage It was concluded to use 

0 3% Southern Spec1al 1 n all rrn xes to be tested 
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TRIANGLE TEST FOR DIFFERENCE 

NAME 

PRODUCT FROZE~ ICE MILK MIXTURE 

TEST FOR 

Samples Presented --

Two of the samples are 1dent1cal, one 1 s the odd or d1 fferent 

sample Test to determ1ne the odd sample If you are not sure, guess 

01fferent/Odd Sample 1s --------

Descnbe d1fference(s) 1n quant1tat1Ve terms (e g, 11 Sample 25 1s 
II ) 

-----------------
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SOFT-SERVE ICE MILK SCORECARD 

NAME DATE CODE ---------------------------- ---------- ---------

Please taste the 1ce m1lk sample and answer each quest1on 1n 
sequence, plac1ng a vert1cal l1ne across the hor1zontal l1ne at the 
po1nt that best descr1bes that property 1n the sample ~or those 
propert1es you JUdge to be less than des1rable, please c1rcle the 
appropr1 ate descr1 ptwe term 

After you have answered all the quest1ons for the sample, return 
the sample and the scorecard and wa1t for the next sample 

If you have any quest1ons or need more water, ask the expenmenter 
Thank you 

1 COLOR 

pale/dark attract1ve 

2 FLAVOR 

a) Sweetness 

1 nsuff1c1 ent/ pl eas1 ng 
excess we 

b) Flavor1ng 

weak/excessl ve pleas1ng 

c) Freshness 

stale fresh 

3 TEXTURE 

sandy /1 cy smooth 

4 BODY 

foamy /'.>~a tery coheswe 
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ICE t~ILK EVALUATION 

NAME DATE 

1 Beb11een the two 1ce m1lk samples evaluated today, wtnc'l one d1d you 
prefer? Please c1rcle your cho1ce 

2 Between these same two samples, vm1ch one would you ored1 ct to he 
preferred by secondary level school ch1ldren? Please c1rcle your 
Cfl01Ce 



SOFT-SERVE ICE MILK EVALUATION 

Please place a checkmark bes1de your age and sex 

12 or under 
13 
14 
15 
16 
17 
18 or over 

SEX 

male 
female 

2 One cup of 1ce m1lk Js marked w1th a cucle the other Js marked w1th a square To show whJCh 
one you hke the best check ms1de the square or Circle below 

D (Please check only one) 0 
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TRAINING SESSION FORt~U LAS 

COMMERCIAL FORt4U LA (BORDEN) 

Butterfat 3 5% 
Nonfat M1lk Sol1ds 12 8% 
Nutrat1ve carbohydrate 

Sweetener (sucrose 
and/or corn syrup) 13 8% 

Stabll1Zer (gum 
extractwes) 0 54% 

Emuls1f1er none 

ARBUCKLE (1972) FORMULAS 

Fonnula 1 

USDA butter 
USDA NFDM 
granulated sugar 
gelat1n 
1m1 tat1on vamlla 

Fonnul a 2 

USDA butter 
USDA NFDM 
granulated sugar 
gelat1n 
1m1tat1on vamlla 

6 0% 
13 0% 
13 0% 
0 5% 

12 0 ml/gallon 

3 0% 
14 0% 
14 0% 
0 5% 

12 0 rnl/gallon 
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DEFINITIONS OF SENSORY PROPERTIES 

COLOR 

DEFINITION- v1sual percept1on or appearance read1ly assoc1ated w1t1 
the flavor 

DESIRABLE COLOR CHARACTERISTICS 

del1cate, true 1n shade 
appropr1ate, natural for the flavor 
un1fonn, even 
VANILLA off wh1te 

col or of cream 

UNDESIRABLE CHARACTERISTICS 

too pale 
too 1ntense 
not true 1n shade 
VANILLA egg yell ow 

gray1 sh 

FLAVOR 

DEFINITION- blend of taste and sMell sensat1ons evolved 1n the mouth 

DESIRABLE FLAVOR CHARACTERISTICS 

r1ch, full flavor 
creamy 
del1cate, natJral flavor1ng 
sl 1 gh tl y sweet 

UNDESIRABLE CHARACTERISTICS 

SWEETNESS excess1ve 
def1c1ent, flat 

FLAVORING excess1ve, harsh or b1tter 
def1c1 ent, 1 fJtl flavor perceot1on 
not typ1cal of flavor 
sharp or l1nger1ng 
art1f1c1al, not f1ne or del1cate 

FRESHNESS old, stale 
ox1d1zed, cardboard taste 
cooked 
metal 11 c 
unclean 
ranc1d 
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TEXTURE 

DEFINITION- feel of the product 1n the mouth from pressures exerted on 
the tongue and the roof of the mout~ 

DESIRABLE TEXTURE CHARACTERISTICS 

srno oth, un 1 form 
sol1d part1cles too small to be detected 
clean, does not coat the mout~ 

UNDESIRABLE CHARACTERISTICS 

1Cy 
coarse- large unun1form 1cy crystals 
fluffy, snowy - large a1r cells, ooen tPxture 
sandy - roughness 11 ke sand when rubber:! aga 1 nst ti-Je roof 

of the mouth 
buttery - lumps of butterfat eas1ly detected 
greasy - leaves an 01ly mouth-coat1ng 

BODY 

DEFINITION - the way the product behaves when 1 t beg1 ns to warn and rrel t 

DESIRABLE BODY CHARACTERISTICS 

melts fa1rly rap1dly at room temperature to a smooth 
1 1 qUl d 

stands up well, f1rm and res1stant to melt1ng 

UNDESIRABLE CHARACTERISTICS 

foamy 
curdy - f1nely d1v1ded part1cles 1n watery l1qu1d 
soggy - dense and somewhat 11 Wet11 1 n appearance 

res1sts '11elt1ng 
weak - lacks fHvtness, melts rap1dly 
crumbly -lacks cohes1on, pulls or breaks apart verv 

eas1ly, dry 
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Date 

4/2/86 

4/4/86 

4/7/86 

4/9/86 

4/11/86 

4/14/86 

4/16/86 

TABLE I 

GALLONS OF ICE MILK MIX PREPARED FOR EA.CH 
SECONDARY SCHOOL BASED ON ENROLLMHIT* 

School Gal 1 ons of M1x 

Central Jr 7 

Lawton Sr 6 

E1 sen howe r S r 6 

E1senhower Jr 10 

MacArther Sr 4 

MacArther Jr 7 

Toml 1 nson Jr 7 

*Enrollment as of Apr1l 1986 = 7457 
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Enrollment 

1080 

1242 

1466 

1497 

599 

713 

860 
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ANNOUNCEMENT MADE IN SECONDARY SCHOOLS 

11 Today our school 1 s part of an 1ce m1 1 k research proJect At 

lunch you Wlll be served two samples of 1ce nnlk and asked to p1ck the 

one you 11 ke the best There 1 s no charge to part1c1 pate .. 
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RAW DATA FOR SENSO~Y EV AL UA TI ON 
(CHAPTER II I) 
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The data are arranged as follows 

Column 1-3 
4-5 
6-7 
9-10 
12-14 
15-17 
18-20 
21-23 
24-26 
27-29 
30-32 
33-35 
36-38 
39-41 
42 
43 

Panel1st IO number 
Tast1ng Sess1on No (01-12)* 
Color mean f1rst m1x 
Color mean second nnx 
Sweetness me an fl rs t mlX 
Sweetness 'llean second m1 x 
Fl avon ng mean f1 rst m1 x 
Fl avor1 ng mean second m1 x 
Freshness me an f1 rs t rn1 x 
Freshness 'lle an second nn x 
Texture me an fl rs t m1 x 
Texture mean second m1 x 
Body me an f1 rs t m1 x 
Body me an second m1 x 
Personal preference 
Pred1cted student preference 

*F1rst and second m1xes were randomly ass1gned to tile tast1ng sess1ons 
1n the follow1ng comb1nat1ons 

Sess1on No F1rstM1x Second M1 x 

01 1 2 
02 3 2 
03 3 ] 

04 4 3 
05 4 1 
06 4 2 
07 1 4 
08 3 4 
09 2 1 
10 2 3 
11 1 3 
12 2 4 
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RAW DATA FOR ACCEPTABILITY EVALUATION 
(CHAPTER IV) 

The data are arranged as follows 

Colurnn 1-2 
3 
4 
5 

Age 
Sex 

101 

Preferred M1x No 
School Code lllo 



4 I 1 1 
~t>ttt-
1:1 ll 

:!' I 1 l 
..., 1 J I 

' ::- I 1 l 
- t ' 

-._:._ 

-:- - 1 
-I 1 J -- , , 
:::. 1 1 
-~ 1 I 

3-1 1 
-.:::. 1 1 

1, --. 
4.2 1 1 
-.!, I 1 

21 I I 

1 :: l 1 
4 I 1 l 

1 :.:. 1 j 

I 3.:. 1 1 
- .. i , 1 

' ' ::- 1 1 1 
l:':fl 
J 4 l J 1 

J '\ 1 J 1 
2:1 J 

I:'_ I' 
':! 1 l 

"'3 l 1 1 
I 4: J I 

I :' I J 1 

l ::- 1 l 1 
I::- _]1 

1 _.:. 1 1 

J 1: 11 
I 2.: 1 1 
:::? 1 l 
31 1 J 

1 .:. l 1 1 
1 I I - , 

~-I 

L J 1 1 
::' 1 1 1 

21 1 I 

1 4 J 11 
1 ...: 1 1 1 
' :' 1 1 1 
•1.,_11 

-:: 1 1 1 
-;;: 1 I 

I _ I 1 I 

..., 1 J 1 

- i ' 
, , l 

'?2.1 T 
, ]i l j 

:; t 1 1 
l j 1 I 

1 :'.:.41 
3 ' 1 1 
~' 't j 

1:.:. 
-} , I I 

::-- 1 1 
-- 1 't 

I :.:.1 1 
I 4 l 1 1 
5 T 1 l 
-:I , ' 

I:::.:. 1 I 
I:: 11 
;: 1 I 

l...$.::.11 
'4.;:_1 I 

;;:; i' , 

~I 1 1 
o= 1 1 1 

I: I 1 
r -t: 1 1 

-l 1 l l 

).l.21 1 

1 ·h. 1 1 
i..i~1' 

1 -:-"" 1 1 
: ~ 1 , 

J 4 .;:_ 1 I 

1...;.;:. 1 1 
1 s.;:.11 
1 : 1 1 1 
, o-11 
l ... ~ l 1 
~ ':' 1 J 1 

I o 1 1 1 
1 -l~ 1 J 
1 4' 11 
1 s.;:. 1 1 
1 4.2 1 i 
1 ~ 1 1 
i ::- 1 1 1 
1 .., I 1 1 
I SJ J J 

1 3 I 1 1 

1 .... 1 l , 
1 4 I 1 1 
1 5:. J 
I 5 I 1 1 
14 1 f f 

11 J 1 
't 1 1 ' 

I -" 1 I 
14 , , 

51 1 1 
1 ;::; 1 i 

'i 1 J 1 

J4L41 
t-5"141 
14-41 

3141 
I.; 1 4 j 

1::41 
'4.:.41 
15.;:.41 
1'5:41 
14_41 

5141 
14.241 
l-!-:41 
,..;.:.of! 
H:4t 
14241 
j ':= j 41 
'5.:. . .-41 
14.::.41 
14.;:.4, 
J<=;.:.4J 
1 5!41 
14141 
1 4 I -4 1 
1;514 
14.::.41 
11.;:.41 
15141 
j 3141 
14141 
1 4 I 41 
1 "3141 
j =;I 4 I 
14.;:.41 
14.241 
14.241 
b241 
1':.;:41 
J4!4i 
l•P 41 
14241 
15 I 41 
l 4 1 4 l 
13141 
15141 
14141 
15.;:41 
1 01 41 
lc;-141 
13141 
.5141 
14141 
I 3 i 41 
J 0141 
141 41 
!5141 
·3'241 
t-::241 
J::. 141 
10-41 

t 3 1 I 1 
l::trtt 
--:;: 1 I 

l 3 1 1 1 
4211 
... .;:.11 

, ~ t t I 
<31 I 1 
31 11 

l4.2U1 
I -J..:. U I 

4.2 u l 
I: 2 U j 
T: l U l 
14:111 
,'5.2U1 
'41 61 
I 5.;: u 1 
]4:11' 
'3.:. u 1 
•3.2Ul 
H2U1 
1 s.;:. u 1 
J3.2Ul 
'4,:(11 
> :::.;: u 1 
1 .... :. 0 I 
l4.2J1 
l 4' 0 I 
J 41 0 l 
1 s 1 0, 
l 52 u 1 
14.:01 
1 41 U I 

32 u 1 
J 3.2 u 1 
J3.:U1 
1 :::.:. u 1 
j :' J 0 I 

I ~.: U J 
J71f11 
, :::.:.u1 
1"3:4! 
J 3! 41 
J: I 4l 
} 3 l 4 l 
~~:4t 
13.,_~1 

t.;:..:.41 
12..:41 
l::; 141 

..1141 

j 4141 
l <.J 1 41 
~::241 

1 <=; 1 4 I 
14141 
,<.J.::.4J 
J"5,4' 
:241 

f r:; I f 2 
'~~ 
• 7~12 
lt-.212 
'::cq.;: 
• ,_, I 1 .2 
1':.:.1;: 
Jo.:.1.:. 
,""':1.: 
17"212 
17"11.2 
1-;- 1 1 2 
J -;- 1 1 .:. 
1811.2 
•~:.;:.12 
1 7" I l .2 
1 ;-' l 1 2 

b J t.:. 
1 ~, 12 
J b 1 12 
J ;-' 1 t.:? 
l 3 1 1 .:. 
1 o 1 I~ 
J o 1 I 2 
1 '5 j 1 .:. 
J-;"".21.2 
1 t l f 2 
15.21.2 
1721.: 
J5.2l2 
l ..... 1 t 2 
1-;- 1 1 2 
j """'1 1 2 
l - 1 1 .2 
J t.1l I 2 
1?.;:1.2 
ltTf.2 
J.;.:.,.;: 
17"11.;:. 
J8l 12 
1 t: l 1 .;: 
I 0 J J.;: 
l t.1 1 I 2 

-;- 1 1 ~ 
1~.:.1::.. 
Jd.212 
13:1.2 
1721.2 
J 6 l 1.:. 
Jc.;:.12 
.-;-.;:.1~ 
1~:~21~ 
1 b.:.12 
1 0 1 1.2 
.... .:.1~ 
]-;"".;:1.2 
J-:1.2 
,~.:12 

1 ..... t 12 
,-.:12 
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ts.;:.t.: 
l"t>2f~ 
j 3 1 1.: 
1'5.212 
1-.:J.;:_ 
11!:121.:. 
1""'~12 
lo21..: 
1 3.;: 12 
lo21~ 
1? 1 I: 
I 71 1 2 
l-.:t.2 
I o l 12 -.:.1.:. 
l ~ l 1.; 
s ._:,. 1-
Jo.:.l.2 
Jt-:12 
1:::1 1 ~ 
~~:t.:. 
,;-21.;:. 
1::.:.1;: 
Jo.:.11.2 
j 1;; 1 0.:. 
1 -;- .;:_ 11.2 
1 ... .:. u2 
1o2U2 
1::-142 
1o242 
l"'i142 
17"142 
1 -:.24.:. 
1>:-.24.:. 
13'42 
15.:.4~ 
lc-:4.:. 
Jo.:.4.:. 
1'5242 
I -~o.}~ 

l>:-.:.4.:. 
lo.;:.4.:. 
,;-.::.42 
J-;""'42 
1'::1.:.4.: 
Jol4.;:_ 
Jt:'-'2 
1~'4' 
lcl4.: 
Jo.:.4.2 
j 3:4~ 
J-;"".24.2 
J:.:.-42 
Jb.:.4.2 
lb~4.2 
I 1 I 't' 
1-~4.:. 
1;-14~ 
1'::.4.2 

"::114.:. 



t3~42 

'~?"~ 
1':<..!4..! 
'o2 .. .: 
1"""'1-42 
.;-.:.4.:. 
.:.14.:. 
:.242 
(- I 4.: 

l42 
l ~ _...;.:. 
-.:-4~ 
•-,.:4.: 

Jf-14.:. 
1'5242 
1'='24~ 
1':'>14.2 
1 142 

'42 
1 ?142 
1""' 1 4~ 
1 ,-,4~ 

1""'142 
1?142 
,':.:.-J2 
•o~42 
•""'"'t42 
1?14~ 
,-;"'14.: 
!314.: 
I I 142 
!?142 
1 bt4.: 
·~:.42 
1'=':42 
1'5242 
13:.42 
Iol42 
t-.,.142 
1~14~ 
'""'142 
!51"'t~ 
~-.:.42 
15:.42 
Jt::.4.: 
c5~42 
1':.:.4~ 
'o24.: 
•514.: 
]""',42 
1=142 
1~142 
!:..:.;:. 
1~242 
,;:.42 
1~142 
r""'_4.: 
lol42 
lo 4: 
1 3'42 

13.;:4~ 
'"&i:-cr.t 
1 ': :4~ 
o:.42 ·-:4.: 

l=242 
-:42 

l .- 142 
I ':.: -C 

;- ..!42 
'::,4;: 
'ol4.:. 
J;- 42 
•o.:.-t2 
1'=..?42 
Jbl-42 
~5142 
I;-'14~ 
>::-142 
10~42 
I; 1 42 
lol42 
1 b~42 
1 5 ... 42 
I 3:.42 
1314~ 
):.:42 
1 3.;:4.2 
1-242 
1:.:.42 
J':t42 
ld142 
,.:,142 
1 5142 
1':(242 
lbl4~ 
''=t4~ 
,-,4~ 

1 142 
,5,"'t2 
1-;-'242 
1 o.:.42 
.~:42 
ld 1 4~ , ..... ,.;,;:, 
f;-14~ 
,-242 
'dl"'2 
;314.: 

~ ~42 
r;::._~,2 

1 5!42 
1?'42 
1 4~ 
J ~ ; 42 
10 42 

42 
I ,4,;:_ 
l: 4~ ,;:.4.: 

13' 42 
its24Z 
to242 
1-:-242 
f 1 .:. 21 
o243 

tc.:.t:' 
1?143 ,-,4: 

?143 
t""'"' 1 41 
1 b J I 3 
1;'243 
Jd243 
1'5143 
!5143 
1nt.i3 
15143 
11::143 
lb14:; 
l.:: 143 
151 13 
1524:' 
1~243. 
1o14::" 
1 ol43 
16143 
]d~43 
"t:143 
15143 
1-;'143 
15143 
lo24:? 
15143 
lol43 
ldl43 
lo243 
1 o.:.43 
1o243 
,5..:43 
lbl•·f3 
Jo143 
1~:.:.4:? 
lb143 
fn 1 43 
loll3 
J3lt:? 
l; 143 
f;-"14::" 
I b 1 1 ~ 
1 ':> 1 13 
1ol43 
J5143 
J 3143 
J;-'14'3 
J;-'!43 
t-;"'143 
j;-'143 
t""''4: 
J::.{t43 

1 2 t t 4 
~~ 

r 3 1 14 
4 I }4 
~ l f 4 

I 5 T 1 4 
, 41 14 
f5.:.14 
·~ 1<1 
~ 4 I } 4 
T'51f4 
1 41 14 
t=;j t4 
j 41 14 
,'::~14 
1:214 
1::14 
':!=.:Ja 
14:14 
14114 
1 -4214 
J::::.:.14 
141 t 4 
t4.:r.; 
14.:14 
1::~14 
l ".:' 1 1 4 
1.; l l 4 

'"t I f 4 
J: 1 1 4 
l 5 t l 4 
i~:.14 
14, f4 
J 3 l l 4 
l:214 
14~14 
j'"'' f 4 
I:; 1 I 4 
1 ·P 1 <J 
!4' 14 
l':T f4 
l 5J 1 4 
1':1 f4 
j 4 I J 4 
t"7t 14 
l: J 1.; 
1.:'14 
t-t214 
I! 1 f 4 
I: J J 4 
1 '"t l 1 4 
14114 
l:! 1 t 4 
!31J4 
I~ t f 4 
14 14 
1:'Tf4 
!3~14 
I 3f14 
131 H 



104 

H 11-J 31 14 14 j f 4 14244 12144 13.:44 14144 
l4t1"4 t ~-t· 132t4 i~ ,-$1 4"4 1 :?--t-# l4 t 4-4-
•52'4 12214 t2.:.14 14'44 l4144 •'+'44 13144 
15~14 3 1 l -J 1bll4 14144 '4144 1 4144 14;.44 
' -4' I 4 I: 1 1 4 J':.:.t4 ~4.;:44 •:•-*4 13244 14244 
•'::21-J l :I 1 -J 12214 1 4144 13~44 'd.'44 14144 

5..?14 .:. l , 4 L~ l 14 4144 !4 44 !5244 152-44 
14.:!14 .:. 1 1 4 I ~214 '4144 f4 1 44 13144 13244 
l 4 t f ...t I J -t ::.;:44 15144 12 144 12:44 JCj:4..t 
1-tJl4 '41 14 1::3'144 15144 14'44 14 144 14244 

t=.:. l "t 2.:. 1 4 •""'244 ~':'144 H144 '2'4'+ 1:144 
'3 1 I 4 _.:.14 1...:244 15144 l3J44 1.":..:44 1:244 
1:.:1.:; > ~ 1 14 '""'144 15144 4144 1':'.;:44 ,4.:.-44 
l: Jl 4 ::: 1 14 13144 15..-!44 .3.:44 12.;:44 1:.;:44 
1: I 1 4 1 '.;\ 1 1 4 :'l44 1':'144 r:.:?44 !3t4..t :;:,~4 
~.":.14 1 31 14 ,.:.144 13244 l4144 J3l44 ,_.:..;d. 

'4 t f 4 t :.:. I 4 1 3144 J'=il44 !'3.:?44 :2244 •:244 
I 'I 14 I? J 14 13144 J:>244 12144 14.;:44 4.:.44 
I 5t 14 ' f! l 4 ,4144 I: .;:_44 .:::'244 13\44 '4.:.44 
13114 14-14 !3144 J5c.44 15244 lb244 14,;:,44 
'c 1 14 l?.:.f4 15144 l"'t.:44 •::'.:44 13.:44 l..J24..! 
1 31 1 4 t:=-214 1L.;:_44 !"3244 13c.44 12244 I -;;.;:44 
<.:.I 1 4 l?-14 t~::.:.44 !:244 13144 1:244 :.:.-H 

31 l 4 :.: 1-l 1 5 1 44 t3l44 13144 1S.G4.; s5!4-J 
,311-t 3 I 14 15144 !:::'244 1 2l-t4 f'3J4.d 

1~ 1 44 
:; 1 1 4 1:1 l 4 14.:44 14.:44 14144 12144 !41'-14 

J 3, 1 4 !:::'214 1:'44 14~44 1 4 1 44 1.2'44 1-;-;.us 
!3 1 14 14.:.14 Jo.;:44 1:144 13144 !3144 d~15 
T0::2f4 J 31 1 4 15144 l:'l...J4 14244 12 144 3.:15 
14.;:,14 t 31 14 15144 13144 14144 1.:144 15 I 1 5 
I 51 14 1 -,1 4 14.:44 1]144 J4144 1:1~4 '51 15 
• 51 14 1"3 l 14 13144 1::244 13144 13;.44 1-;--215 

•:d j..i I 4 f 14 14f44 15244 13.:.44 1:::'244 '51 15 
151 14 l 31 1 4 14144 J:144 14.244 i~:44 J 0 I .5 
~~.:.14 13114 14244 14:.44 14144 1:::'.:.44 (?: 15 
14214 !3114 i"'i.;:,-44 14244 13144 13144 1?~15 
,':.:.14 i:'J14 1':.:.44 14.:44 1?144 12144 ,=..:.t5 
! 51 J 4 } 31 1 4 15.;:44 14.:.-44 1:244 13144 s5-l5 
J 1;: '14 12114 1524-l 14244 1:144 !3144 l;, 15 
J t) 1 1 4 1- 1 1 4 l ':.:·H 13244 15244 1"3144 ,3:15 
1;::-.:_14 t3'14 l: 4"T 14.:44 1':244 J:J44 c ;:, - i C" __ ,._ 

s:2J-l l: 1 1 4 1~144 13.;:44 loJ-t4 1:!44 o-15 
J ~ 1 14 '51 14 1.:.144 1:244 1 41-44 1'3'44 =, I: 

1:).:.14 l 3 1 1 4 !3.:44 1.;.;:44 ·.:.:.44 l~s-t4 <0.::.15 
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