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by LIS STEVENGON ISIDRR

The rising trend in food processing, particularly in
fruits and vegetables, and the increasing per capita CONsu e
tion of processed fo0ds and the possikle economic changea
remilting from the adoption of newly develored food processe
ing technologies arousad the investigation of Llucbverry
production, consunption, and utilirzation,

Becauss of the increasing freight rates, exmensive
storage fees, relatively high packaging outlay, and ingtitue
tion end oonsumer demand for convenience food producte,
stucies of some potantial new proceszsing methols woere unlicre
takan to determine the feasibility of their use for bluce
berries to reduce ocost of processing, storeae, packaging,
and &istribution, and thersfore increass the salss of Lluce
terry products,

The objectives of thia stuly, therefors, were (a) to
zoviow the trends in bluederry production, conautpstion, prde
ceacing, and utilization, (h) to review the development of
new fruit and vegotable procecsing technolosies and thelr

economice significance, and, (c) to make a progreas report on

the feasibility of using products from two new processing
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sekheds for dDlusberries, the dehylrofreezing and the explosivee
paffing, by determining the consurer preference for thess
Sue oW preduct fores compared to standard forms,

The preduction of bluederries, in Hictiigan and
ssbisnally, has inereesed siznificantly over the past thrce
4esedes, Prejections indicsted a eontinued fncrease in rlues
berry prefuetion in richigan over the next sevaral years,
Total and per capita eonsumption of both fresh and processed
bBlusherries 18 increasing and conmunption is eoncentrates
relatively near to aress of production, Over half of the
Sotal blusberry crop ie processeld and the principal uses of
the pssesessed products are in pies and ia blusherry suffing,
Typieslly, blusberries are more expensive than most fruits
ueed 4a pie form and linmited data wuld insdicate & gelativcly
high elastieity of démand for fruit pies, 7Thus, decouse of
She lasge quantities of Lliuchberries processed for sudsecuent
08 ia pies and in suffins, and becamuse O6f the relatively
highes priecee of blueberries compared to other major fruite,
A4 heaense of the high elasticity of Cemend for the fiaal
predumts, it cost recducing processing technolegies could bha
develeped for blusberries, incresses in eales of hlusderry
podusks sheuld resuls,

Twd new progessiag methods, dehydrofreezing and erylosives
peffing have been feviewved with other food processing metha’s
ale® epplicadle to £3vits snd vegetalles to ahow vhare the
aow testmolagies £1t ia the spectrus of all processing
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techinologies and also to show the advantages and disadvantages
of the new technologies &s corpared to other currently pose
sible technologies,

Froducts from two new processing technologies were
omeidered in this study, the dehydrofreezing process and the
explosive-pulfing process, The freere=drying process was
ot considered mainly becsusd at the presant staje of
Eevelopment & high cost of procaessing is inwolved, Etagh of
these twd new procassing technicques (Jdehydrofreezing snd the
exzlosivespuffing process) yields products which might o
adaptable for use in many types of blueherry products, i,¢.,
for use in ples, muffins, pancakes, jsllies and jans,

Dehydrofrozen blusherries were experimentally proe
Cuced by the Food Sciencs Departasnt, Kichigan state Univerw
sity and quickecooking blucbsrries were produced experimsntally
by the V.8, Departaent of Agriculture, Eastern Hegional
Resosrch and Develorsent Division, Fhilsdelphia, Fennsylvania
expTessly for use in consuzer panel tests,

Conmmer prefoerence tests of products from ths now
technologies wers conducted through the ichigan State
University coasumer preference panel in Detzoit, The tests
repogted here are to be considered as prelininary tests only
and wers oconductsd under ladoratory conlitions, Only a
1izited numdber of test runs wers conducte! as it was the
first secason in wvhich either of the new processing techs
nolegies was tried on dblusberries,
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tormally frozem blueberries were comparsd to Aohy?2roe
frozea control (n0 pre=treatment); dehydrofrozen prickeld, snd
dehydrofrozen nicked bluederries in pie forms, The consitser
rreference tests indicated a highly sisnificant preferenca
for norsally frozen blueberry pies over koth ths dehydroe
frozen control snd the pre-treated dehydrofrogzen blusdherry
pies, but no significant 4ifferences were found betwoen the
(control) regular dahyérofrozou and pre=treated Cchydrofenzen
blueberries in pie forn,

in a triangle test comraring pies froa the dehyime
frozen contyol to dehydrofrozen pricked rlueherries, tha
discernnent of differences was significant but the preferences
baetwoen the two types Of ple ware not significant,

The dehydrofrozen bdlueberry pies wers not as accante
slLle as norwally frozen blueberry pies, 7This ¢0uld have
been Sue o technology Or to the recipe of the ples, lowever,
the success of dehydrofrozen arrles and the savings in
peatkaging, storage, end distridbution costs suraest that work
on the dehydrofreesing process on blusherry de mnuauéd.

In Swo triangle toests, cocpering muffins made from
guick-osoking end ordinary canned tlueberries, thars was a
significant éisescnzent of differences, But a nonwsignificant
preferenca, Thus under the conditions of thoktnt. the
Quickecooking blueberries prepared by ths explosive-pufling
rrocess ware as acceptadle as the normally cannald blueberrzics
in muffin form,
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When the two tests of muffins were combined into ona
armp panel of 203 consumars, the difference in preference
was taraly significant at the 8 percant levsl,

A consumer preference panel screaning teet was ¢on=
&uctad of tlusverry ples made fxom frosen, canneld and Quicke
eooking tlueherries, In this test the pies maca from quicke
cooking blusherries were ranked the lowest by a significant
runher oL consumars, ue to the lisited guanity of guicke
ook ing blusherries only a few experirantal recipes wexs
tested hefore the consumer panel test was conducted, It i
sugcosted that better recires for quick~cooking klusherrias
for use as pie £1llings =ight de develorsd which might
change the remults of this initial screening test,

Thus, initial tests of quick=cooking bluaberries from
“the explocivesruffing process yieldsd very promising recults
0 muffin form, The Cahylrofrozen blusherries and the qulicke
cooizing blusderries yieldasd fairly poor results in pie form,
Eowever, it is stryongly suggested that these initial screwne
ing teats bo repeated aftsr more tachnical work fs Cons on
the procaseaes themsalves, on reconstitution ef these proe
cessod blusberries, snd baking procedures becauss of tha
inhersnt savings in theas an procasaing technigues,
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Incrsazing freiiht rater, expensive storajge coast,
relatively high packasing outlesy, and institution and cone
mrer dmand for convenience food products are playing majoer
roles in chanqging the technolezy of fruit and vejystaile
praservet ion to Gehydration, Specialization of rroductian
vihich necessitates long distance shipring to markets has
2159 played a major mle in increased dehydrationg 4althoujh
this srecific study e on blucherries the general trends
in ov3ts apnly to Rlucterries ar well &3 cther frults snd
va;ctables, There have been marked irproverents in the
technology of food @ahydration, Among the gecent develops
mants are Arvn arying, srray arying, vacuua drying, foam
mot drying, éahwirofreezing, and sxrvlosive pulting,

From 1051 to 1961 railroad freight rates increased
v 8 percent while during this sawe period, consumet prices
for all items increased by 13,7 percant, During this period
consumel prices increased at a faster rsts than rsilroad
froight sates, In real terms, however, railroad freigit
gotos have Gecreased alightly over a period of 11 years,
(=2e Tadles 1,1 and 1,32)

Truckload retes for fond have also been increasing,
In ¥ichigan from 1250 to 1963, shipring pate for 100 pounde
of f504 for a distance of 170 miles haa increased by $5,22

|
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parcant, £fozr 203 miles 93 paercent, for 30) miles S84 percent
and for 420 miles £0,32 percent, (3ae Tadle 1,3)

In 194} the railroad cars carriel aprroximately 14
regcant of all frezen foods ghipred in the United States
while trucks and trailsrs han’led ahout B% perccnt.x

As a result of the expensive meintenance of refrige
erated shalf epace at the retail level, the availability of
shelf space for frozen and fresh fruits ie very limited
eyrared with storags and dieplay of some other p:ocomseﬂ
products, Thus, substantial 3svings and increased space
for éistlay of products myy be realized upon acceptance of
dehydrated products, ,

iIn general, packxajing costs for dahydrated prohucta
ars generally much less than for froxen or cammed, Jor
exarple, & mmriun container cost study indicated that
contaiaer cost for dahydrofrmzen green peds wis lowlr then
that of froszsen and canned peas, Co_ntaincr cost of dshydrom
frozen peas was 50 percent lowss than that of frozen peas
and adout 7) percent lower than that of canned mc.’

S b

l'mlmad Offers Incentive Rates to Induce Frozen
rood Freight,” Quich FXNzm L2028, sugust 1963, ppe 21le312,

:A.J. Corley, "The Outleox for Freozing and Lehyiroe
froezing in ¥ood Fraservation,® paper rressnted at the meate
in3 of smerican Society Refrigeration Engineers, Chicaso,
Sovanber 14, 1957,
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Teble 1l Inden Bumber of Railroad Freight Rates for Fruits
and Vegatatles (1957«19%9 » 100),

Yoas Index lioe Yoar Indeax Xunder
L ________________ "~~~ ]
1 8 19% 3
39%3 4 13%7 102
1983 L 3 ) 1953 150
1084 1 1359 2/
19¢3 o3 1369 L [
196} 2/

Soereer Unite! states Lepartwent of Agriculture, Azpisultarel
Saatiatice, 1932, pe 72,

Tadle 1,2, Conmmerx Price Index (19%7«19%9 = 100)

Yoas All Itens Food Year All Items Food
i 90,8 5.4 19%9 100,7 101,9
30%2 1 28 7.1 19%% 101,9 10043
1933 932 5,86 1960 1031 101,4
1954 93¢ ?%.4 19061 104,2 302,86
1989 %) 94,0 1962 10%5.4 103, 6
19%% 24,7 94,7 19863 108,7 1033
1987 93,0 7.8

4 puy Ue8e Covesnmant Printing CCfice,
ngton, 1953, pe 26,
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Tanie 143, Intrastate Truckload Class Rates of too&y &t
Various CListaunces, 27,000 Fournvia Minimm weight,
#ichigan, 1959 and 1963.

N4 =b oo

100 220 320 450

L
Rates in cents par 130 lhs,

1958 29 © 3 €1
1065% &3 7% 92 115
. Ol
Poercent
increase 95,3 22,0 84,0 80,3

S R M .. USRS - ng S5 sl BB < . 3 s Bl e 1 £ AN U e . S <+ A

Y sources Hichigan Fublie Service Commission, Oziatone fod
‘a2z, Locket Del4 76, Supplewental cxuel e Gy
HPTAL, 1960. Pe 40,

4 Sources Nauonnl. Motor rrezﬂht Trafue igmociation,

In the last fifty years sating away £roa home has
exhiinited a rising trend, This is a clear indication thst
tncre and mwore weals are eaten in institutional feeding
et Llisiments such as rostaursnts, cafetoriss, haotels, ine
rlant feeding services, schools, prisons and cther privets or
rvitlie estadlishments serving meals on a regular basis,
Eecanse of the zising laber cost and high labor requirenentas
ia preparing meals from unprocessed, unpreparsd, raw
naterials and becauss of the need o serve the custoner
wizhin a very short period of time, thase f2eling establisiments
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have accepted pany precared profucts or processed products to
sszve the ever incraasing seals eaten awvey fron homa,

¥ecals eaten avay from home hava risen from less then
$ potcmt_ln 1203 to 20 or more percent in 1933, it haes bheen
eztinated that by 1970, 20 to 20 percent of the meals will
te eaten awmy from ho.su.’

United ftataee expenditure on foolds and beveracea
scounted to 81,1 billion dollars ia 1961 and 20,9 million
dollars or 25,6 percent was spent on meals end beverages pule
Chazed in publie esting places, This is a clear iadication
that over 29 pircmt of the money spant on food and beverasos
was used to purchass meals eaten avay from m«.‘

The increase fn the Cexand for processed products
haz been partially reflected in the index of processing.
From 1909 to 1958 the index Of processing of all fare proe
Sucts incicated a 240 percent increase, and procassing cf
fruits and vegetakbles, 230 percant, one of the largsst
inexreases in !bodﬂ processing fros 1909 to 1953.5

s SRR SBEDNRrt

34, Seith Grelg, *Harket Development for Charrfes®
Telk given to cherry growers at Traverss City, Hart, and
Benton Farbog, Hichigen, on Cctodar 3, 4, end §, 1362, rasrecte
svely, _ )

‘L. Marine, “"Testing Inatfitutional iccertance of Hew
fool rroducts by Means of an Institutional 5sles Test® {(une
puhlished manuacrint, Departsont of Agricultural Cconomies,
#ichigan State University, 1962), pe. 11,

Sqs
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Another possitle reason for such fhift to rmmceszed

foand items im the high perishability rate for fresh foods
Culivarel from wholesale warkst to the instituticnal feallng
establishment,

TIus, the rising transportation rates, axpensive
storaje rates, relatively high packaging outlay, and
institution anl consuner demand for convenience food proaurte,
resulted in increoased efforts of fo! technologlats to
Cavelop new cost retucing food processing technnlogiss vhith
vields a high guality of processed producta,

Zven £f the transportation rates, storags rates, and
[ackajing cost ha2 renained stadble in the past, the snarmous
gofiction in weight and wvolune of some dried foods and the
tramoadous savings arising froa storags, 211 trhesa would tond
to incroacse affcrts to sesarch for oost reducing technolojies,

B, Trends in Food Processing and Consurption

In addition to the factors that influenced the
initiastion of studies on Gobydration as & means of preaarving
food, tha rising trand in food precessing, particularly
£raits and vegetubles, and per ¢anita oconsunntion 6f procesaad
fools arousad the investigation of bluelerry utilizntion and
foanikility of using products from some new processing
tochnologies en Llusbarries,

Yroceesing of fara £0504 profucts has grastly erpanded
in the imited itates over the last %% years, Factory proiuce
tion of processed Comestic farm food products increase? ghont
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240 percant from 1309 to 1353, Factory production i{ndax
of fara fo03 aleo incraassed alout 143 percant Dbetwasn 19192
end 1957.7 soet cormodity groupa have increaszed in factory

]

processing, PFoultry, fruits and vegetaules cstejories have
et the largest Ancreases during the last hal?l century,

Betwoen 1517 and 1933, factory processing of fruits
a3 vegetalles rose §74 percent while fars marketinga
incrsaced by only 1% permt.e

Abouyt ene-half ef the civiliamn purchases of fruits

&l vegatables was canned or frocen In packing plants L
1322, while only enesfourth 4n 1919.

Factory production of processel fruits and vegetailes
acoounts for ene~eighth of total factazy proaduction of all
Tr>oessed fam foods,

From 1909 to 1953,a 50-year period factory procude
tizn of processad fruits and vegetarles increasad st the
rate of 4.3 percent per year, ~FRowever, annual rate of
giowth after World war Il was 4,2 percent eoepared with tha

e

6

Welle Waldorf, Dytrut pf ;
Fonl ® m'g'.g 4 EHp Inited "cto 3 )
nent Of sagricuiture fTecimica smlla‘t.am ma, 1523, (%as*ixwmﬁm!

Ueliy Covernsent Printing CfIfice, 1250), pPe 4e

T1o88ss Pe 3o

8 ix1des e 2%

s,




Prewar rate of 3,8, 1999 :c 195,1?

Two=fifthe of the increase in factory profuction of
PIOGessed fruits snd veyetables i¢ associated with fnereased
farn marzeting of fruits snd vejeatables and throe«fifthe 19
associated with increased prorortion sf farm marketings of
freite end vejetsblas processel in fectories compared to
fresh esnsumrtion, There has deen a shife frore home eanning
@4 preserving to factory eanning and tn.unq.u There haa
been & prorounced trand towerds factory proceseing of fruits
and vegestatles, This shift, from fresh to factory procespe
ing has been the resuls of () increased per Capita ©onsurrtton
of heme and factory canmed snd frosem fruits and vegeta-las,
(b) faskery displacewent of home canniag and presarving, (c)
ineveased urbanization of the American ropulation, City
fasilies eoasuse wore processed fruits and vegotablee and
¢ah and freezs sraller quantity et home than ds either rural
ssn=fars or fam tnuus."

Co TEuit eonsusption treads,

Us8e poZ Gapits consunption of all fruite has Deen
Fising steedily, 1t was 133,8 poundse in 1910, 170,8 peunds

M

“Mo Pe 22,
Bris, pe 22,
"MO Pe 24,
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tn 1939, 187,9 pounds in 1950 end 191 pounds in 135133

Several changes havs beaen taking place in the frull
consusption (Ses Table 1,4), (2) From 1220 to 13481, VWi,
per capita conmmption of fresh frult declined from 145,4
rrnds to 92,2 pounds, & 35 percont dn«:rease.l‘

(P) Per capita conrution ef cannad fruilts and
juices increased 223,8 percent frosw 1220 to 1243, Tut rav
cita consuastion averaged about 22,3 rounds with vory
glizt wveriations in conzrroption Lrom 1330 to l%z.ls

(c) Per carita eonsunrtion of frozan fruits Lipm
er>ased about 182 percant from 13730 to 19,-31.15

(4) Per capits consumption of dried fruits decrzexal
ainut 32 percent bstween 1210 and 19&1.17

It is interasting to note that U,y par oxrita o=
pyr—tion of all fruits has showm an incrazasing trand while
that of frach and dried fruits has exhivited a dzclining
trend, Per carita consumption of canmmed and frozen frulta

kas axhibited & rising trans,

L e e

d 3 - T t-"»% 13«13 ’ | lﬁ“\
(a«applmmt £OF LP54) Vawny batiy lﬁtxcu.;:..wal nm
LSy €2, Eamtexber 1962, pe 22,

14rea
18514
365,41,

TR
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Tatle 1% Ver iacita Consumtion of Fruits and Veantalles
in Frozh end Irscassdd Forng, 1725 and 1340,

e e T L e e S S
Frooh Fooceased Total

1738 12953 17223 24 1223 37380

romfg of Ier Cenita Conmrntinn
¢ 18 g 44,6 1,7 3,6 52,6 47,2 £7.3

rrafts (Tther J

than Citraw) 1.9 €4,7 3744 STl 123743 114,53

oot v dem? 11,2 11,9 47,0 93,5 153,2 20,5
- "y
Totsle 297.7 20,3 63,0 2023 38,7 4226

V: e e Departaent of Agriculture,
Jonuary, 1381, pre 24=29,

J I:.:ﬁ’:.‘"‘ ‘Pz«-v"-: ::«:ﬁ jﬂ’tﬂ-'ﬁ (eb At ) me, Teakabnen,
S Iﬁ m..u-‘bd‘m" 5 o APl _‘i 5o Yie Veve A‘wz)&l‘tdvﬁm‘:ﬁ 94
S MVCLITY n,;ri:. t..;: Hancioook 0 219 (sachingtons
Ue5g GOvernment Frinting Gffice, 19¢1), pe 1l.

Toeble 1,8 etows that annual per carita coneuwryption of
rmongsed fruits and vagetales increased LZom 83 pounds 4n
1328 ¢to 22 .3 pounds ia 1960, The 130 percent increasse in
rof capita eonam:tton of proceaszel fruits and vegetalles
crrnares to an fncrease of only 2V rercent ia total perx

conita consunntion of fruite and vejztanles,
Gy Farscast of Processed Food Consunption

Consurrtion of commearcially procassed £33 ia
eifoct et by factoras effecting supply and Camand, The factors
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affocting suncly are tecthnslogical changes, coost relationchisg,
vl dhanges in markaeting inatitutions, while factors efforte
ing Canmand include income, urbanizotion, hono=faod proluctiony
od enrloveent and efucation of m:-nmers.m

Tatnelo;ical changes anld chavgse in marketing
Lastitutiang have had coansiloraible influences on the Congusrw
tim of grocesred foods, These changos include inrrovesent
in frenzing and fehvdration of frults and vaistablas, vhilich
have mals pomit:le tha maglzating of rany convenisnl, hijhme
emal ity fonds such as ({nstant eoffee, instant toy, frozen
frult jJuice omeantrats, cote wixes, frozan poultry aad
froron vogatzibles, These have been availadle aa a rault
6L technological advanceg, The shifl of comsumtion Lxoa
unsrocessed to procesced foods has bean the result of prow
costing that yielded hich gunlity and convenient food proe
&ucl o,y

In ths 1oy run,prices of procensed products fecranse
the to savinge Ain packacing, transreorxtation, amdl handling
cunrges, and concentration of productSon 4An lowscost yrodice
irg arsas, Bstall prices of processed fruits and vogetatlen,

for emrnle, hove increaasd at a slower rate than thair

13,

vin SR aprs A Ay Wy b SuXal cadistiny
w.:w‘::h z.,e.wc:'c. EOe 4(}9. (.xaahrv‘tcm U '5. Lov‘t Frinting

1“—‘9. ng«b’. v. n.




unerIcoas sl

1)

13 Fros the eusrly a1le, we can almn

count ermart,

eoasller the factors that are likely to affect tha chanja 4in

rroooasing fools, hut we carnot measurs the net cost of

iwrovarents and their effects, These factors aflfecting

sroly of procsssel foods ars as tanméa:

{a)

(v)

{c)

(a)

(e)

further technnlogical chisnges are likely to oo
tinun,

cost of trans-ortation and handling foods in all
for~s are likaly to continue to rise with chan;aa
in wz3e retes,

prchlems in haniling eapriles in oongeated
matrepolitan arsas Rre expected to continua,
hizher ccst of materials in handling 1a likely
to oontinue unless more efficient meChods of
hydling are Cavaloped,

tnrvenent in handling of fresh and froven
products i@ necessary to maintalin cuality in
orler to recala &xl hwld consumer accag:tability.m

On the demand eide, factors that indicate incraaseld

procasging of fara fonle ares
{a) Because of the rising labor cogt in restaurcnts

NSRS RSN SSSUiR

”R.c. Harris and P2, a:&m-% 1n. "Cm*vcnimcc qus
and their Cozt to Consunars," % 2 G pne i e o

L485a840m, July 1933, pe 22

2

durk, 22 £ites pe 33
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and other exting e=ztaXlistmanta, tho damand fox
factory prmcessel foods Dy thezre estabhlishrents
have increased substantially,

(5) rezls eaten zway from home have increazed in
the last half eentury, In 1850, over 20 parcent
of the meoals wers eaten away from home &8 COme
pered to § percent in nos.a The incraase
®acgonts that more mesls will bo aerved by
restaurants and ether eating establishronte,

(c} The increase i{n the house®wll consurption of proe
consed £00Ss will Carend on increaszed real
income, urbanization ghifts, and changes in
consurntion patterns, Durk, projected that i
real {ncome perf capits will riss Sy 0 percant,
this increasse will generste & % to 7 parcent
increase 4a the per earita purchada of procasssd
and unprocessed foods,

Incomne as & factor affecting demand for processal fam
£30 s has increased consilderadly the consumption 0f procassel
$a008e Durk indicated that increasasd income increassd expande

ture on canned foodls 3 to 13 percent, on froszon foods 13

to 25 percent, and onh other foras of processing sout 1l peromit, 22

RARasens S———— o

a&?,s. Greig, Yarket Developnent for Cherries, Talk
Givenr to Cherry Growers Assoclaticn &t Traverse City, Hart
and Penton Harbor, Hichigan, Cetodar 3,4, snd 8, 13L2, remectively,

zzm. m sj:;.. T L,
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French also indicatel that conaurmtion af corarcinle
1y rrecared ples par fanily snd per person incrsasze’ sube
startially am fuxily incoze moved up fra & low Lo a modexstie
level, 23

Fark {ndicated that urdaniesation shift in the noxt
13 years 18 not lirvely to have much &Zfect on changes in the
food picture, ilowsver, in the last 20 years, purchases of
rroecassad £o0ds were affected hy urbanimstion shifts mach
more than unprocessed fooda, This was contrary to the £inle
inge from ttatistic Crossessction dats,2d

The ehifts of porulation €6 urban areas iacresszad
consurtion of processed and unprocessed fara fools 2 to &
porcent per rerson, according to B\mc.zf'

Houssholds with erploved honesakers use more bakery
prodtucts per persom than households with homenaxars wvho &1
not have outsilde erploywent, More frozen fruits and verse
tatles wors used by homsazkers vith more slucational attaine

pty 23

— o mstanad

333.6. French, "Sowe Foonomi@ Aspects of fle Congrore
Sion,” ARl Tulletdn, MAchigan Agricultural Erpazimmt
ttation, ricnigan -uale university, Last Lansing, Michigan,
Volume 41, tio, 3, Fehruary, 1353, pe 453,

23urk, 105e Giles Do 3o
zsmo 188« §1%es pe 30,
B, pe 32
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f» Foszidble Effects of Changes in Tacknalogy

The vast davslorments end introducticn of new téacie
rology, particularly dehysdration and freezing have hrouht
ehxat a ehift in the location of vegatadle production,

Adcooriing to Crelg, rotuts production shifted froa
Haine, Korth Centrel Rogion, Califsrnia, Florila and Texas to
ilohoe This ehift in the locetion of potsto proctuction s
oo due primarily to the dahydration and freezing of potestd
rroducts in Ideho, '

A ehift in onion production is currently taxing
piecc from Few Yorkx and Michigan to California, Thare o3
to be & Girect correalation betwesn the incrazase in ACK LR
in California ard increass in onion dehydration, Cnicn
ecrazge in Michigen and Kew Yorx has rensined falirly omztant
wlle that of California hos increszaed timtumly.”

in *innescta, vWashington, Ursgon, Illincis and IZahy,
procuction of green peas for processing has bean raplily
risinge In eflect, production of ¢reen poas for procaszzing
hzs bean increasing and that of frech green pess has been
Saclining, _
' There has beon & .ihlft of grean pea production from
Texan, an-ﬁxmta, raryland and Faw Tork to Nisnnesots,
R T ———————

3\, imith Greig, *rarxet Developmant for Cherries,®
8 ereech Celivara? to the Cherry Growars aAssnciatisn at

Traveres City, fiart, Bantoa Larbor, lichican, ogbeber 3,4,
ed 8, 1262, rospectively,
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wamhiington, Oregon, 111linois and Ide™ e The incraase in groaen
pea production in thaze arsas could be attrivuted to tha
increaned production of peas oy proceasing,

Various dshydration and freszing technigues have
proserved foods in such a way that in spite of the scasine
onlility in farm preduction, Cifferent farm products have
hoon available 21l yesr round,

A tramendous reduction in storage, handiling, and
tromensztation oost is realized whan Cehydration of food
renfucts s enployed because a high percentage of the moirturs
18 extractad from the frezh food product anld in sxng daw
ydration process, wlums {9 reduced by from 50 to 80 pere
cent of Lte original veclura, 3Secause of such reluctioa in
valume, the packaging cozt 18 2lso reduced by packing a
avester weisht of food products in a container of a glven
eiza and by using low cost containars since no liguid drazins
£zom the procasseld food, Transpoztation <ost can also ba
raduced by abdout %) percent to as much as 7531 becpuse of the
rataction in waight and »acsuse refrijeration 1s no lonjor
nacded,

Shifts in the Tarxet structura are likely to occur as
now Cehydrated £504 products ars doveloped, It ig possidtle
trat the use of & large volume of dohydrated products oxuld
incroase mubstentially the aconomisas of scale of producticom
62 the processald products, It wild enable food manufacturars
to rrepare a specific product such as Mlucsherry pis £ronm



13

Sehydreted blueberries, for 24 hours continuously for national
distritution, Eational distrirution of both drisd rlueberry
ple fillings and dried pias decore faasitle and economtesl
88 these 4risd productes 0ould be stored over s long perini
of Sine and as more quantitiee of &ried blusbarries may be
hirped sk lower freicht cost than fresh or eam rluedsrries,

ratisnal 'e:anmm under brand names bacones foase
fhle, Hational dimribution msay mean distribution of proe
Gasts dy only a fow food manufacturers end large azocunts of
advestising end promotion of their Brand nanes 18 likely to
take place,



Chapter II

OC2JECTIVES

In addition to the abwve factors that stivulated
vast Larrpavements in the tachnclogy of fs0d procossing, tha
ivcreasing trend in bluaherrsy productiosn, processing, ani
vtilization, the ex-anding total eonsuwrmtion 8ad per Corita
oonsaption of blueherrias, the concmtratisn of bluchorry
rraluction in Michigan and along the East Coest, the yelaxtlvow
1y elaztiz Cazand for coemercially proparsd fruit ples, tho
increasing damand for ple fillings, Jellisz, and comrercizie
lv rrepated pies, and the fact that the price of dlushesry
ricz 48 higher than tha averaje prics of oommercisl fruit
rties « pll these frcters influomcaed the initiastion of
ttxlies of the fereibility of using some new polentisl rrYvesse
177 methods, Those studies were undsrtaken to doterning tha
panoibility of retucing cost of proceassing, storage, pridere
iny and éistzidution, and tharafors to increess tha szlas ol
th2 bluarerry products, Two new procensing technalogizs
vore eonsidered in thege studies, the dehylmnirsezing provrssy
and the explazive~puliing proceas,

$higstiveg
The present study was designads
2, to raview the trends {n hluebsrry praduction,

congunption, procesainé and utilization,

19
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be to review the develorment of new fruit and vo;ow
tatle procsssing technologlies and thely soonouis
significance, and,

Ce L0 make & rioyreas report on the feassikility of
using products fiom tWd na? prooessing maethaly
for bluaberries, the dahiydreircezing and the
exyplosive-puffing, by deteruining eehsqm&x P
ferances of thasa two paw proluct fuoras oompsgad

to etandard forms,



Chapter 11I

TH8 BLUEBZARY I{DUITRY

Ay Froduction and Importation

Rluedberry production has deea expanding rapidly,
bignificant changes in production are occurring in Richigan,
liew Jersey, doxth Carolina snd wWashington, While total Fluee
berry production s increasing, the acresage harvested has ale
s0 been increasing but at a slower pacs, bdational yield per
acre has exhidbited an increasing trend since 1933, Eoth the
avarage size and nuwber eof blueberry farms in the United
States have b«n expanding, 7Total blueberry imrorts have
shown a declining trendy however, isported bluedezries in
fsosen forme have shown a rising trend, The United States
blusdberry fadustry is coacentrated in Kichigan and the eastern
states, Raine, kNew Jersey, North Carclina and in wWashington,

The United States blueberry industry has been ex~
pmding rapidly, In 1939 production amounted to 13,3
million pounds with a total fars valus of about one million
dollers,) 5y 1959, this had tacreased to 49 million pounds
valued at about 11,4 million dollars, Cver a psriod of 21

RIS w—

b}

l.c. rrench, "Trends in Blusdberry Consumtion,®

o Michigan Agricultural Experiment itation,
kichigan atato University, East Lansing, Michigan, Vol, 40,
Ko, 1, August 19357, pe 34,

21
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yeags national producticn has increased by ahout 259 pare
cent,?

Two tyres of hlueherries ars produced in the United
States, the wild and the cultivated blusberries, Wild kluee
berries are small dberries, untamed and do not raceive much
cazre and pre usually marketed fresh, The wild bluecberry
rroduction has not been increasing in CanaZa and Faine as
garidly as the cultivated blueberries £n the United states,
because of shortage of harvesting labor and hijh cost ro-
quized to clean the derries sufficiently to pass the requires
ments of the U,9, Department of Agriculture, Tha cultivate?
bluederry production hae been increasing decause the darries
ars easier to process and inwvolves less freight cost as the
cultivated terries are raised nearer the larje consusing
sreas, The cultivated tluedbarries have more roliatle cuality
and better consumer asccertance particularly in the fresh
narkety The cultivated dlueherries are mostly gown a
xichigan, Hew Jersey, North Carolina and hashington,

In 1929 Maine produced approximately 77 percent of
the total U,8, Ddluederries in 1922 only 404, &since 1949,
Maine, New Jersey, and Michigan have produced over £0 pere
cent of total U,S, blueberries annually, (3ee Table 3,1),

RS SREEA

2(!.‘. Bureau of the Census, U .S, Censuy 0f Agrie
Sulipre. 1934 .80 2222,
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From 1339 to 1939 Llusberry prailuction ia Xichigan
increased from 1,04 million pounds to about 11,84 million
pounds, an increase of 1030 percent, During this same period
blueberry production in ¥aine increased Ly 76 parcent, in
New Jersey 1046 percent, in Korth Carclina 1764 percent and -
in Washington 4379 percent,’ (Zee Tsble 3,2). FProduction in
these areas has increased significantly throush efficient
use of fertilizers, irrigation, better insect and diseacss
control, better management, and consolidated ownarship,

¥ational Llueberry acreage harvaestsd haid been increase
inge In 1939 acreage harvested was sdout 31,3 thousand and
in 1929 about 43 thousand acres, an increass of shout 23
percent, HRarvested blueberry acresage in Michigan increasod
from 2308 acres in 1939 to 5003 acres in 1357, During theve
same periods bluederry acresge harvested increased 24 pere
cent in Maine, 793 percent in New Jersey, 13505 percent in
rorth Carclina, and 2371 parcent 4n ﬁamington.‘ (e TaXle
%2)e

The national blusberry yield per acre has also shown
renarkadle increases from 426 pounds pear acre in 19239 to
1117 pounds per acre in 1959, The naticnal average yield per
acre in 1959 showed an increass of 187 percent over 1923,

———— i

’m.. Censuscf igriculture, 19329,

41p14., Census of Agriculture, 192353,
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In ¥ichigan average yield per acre incrensed from 434,55 pounds
in 1939 to 2337 pounds in 1957, a 420 percent tncreasa.y
{: 0o Table 3,2)s 7%he aversje yield per acre fram 1939 to 12359
in Faine increased 42 parceant, Few Jerssy 23 parcent, North
Carolira 1038 percant, and ¥achington €3 percent, In 192%9
the everege yield per acre of farns in Michigan, ¥ew Jermay,
torth Carclina and “ashington ware higher than the naticnal
averaze yleld per acre,

The nationsl aversgs size of blueherry fars increaszeid
significantly from 6,2 acres in 1939 to 10,5 in 123%9, a €9 pere
cent increase, In Fichigan the average fars size increaszed
frzoma 4,8 acres 4in 123) to 6,2 acres in 1929, a 53 parcent
:I.nctuu.‘ During these save periods averaje farm size in
¥alne increased 75,6 percent, Hew Jersey 40,7 vercent, in
vashington 104 percent, while Eorth Carolina decreasal Ly 4
percenty In genaral the hluseberry fares have besn expanding
both in musber and in size,® (see Table 3,2)

In 1329 the aversge far» sizs in Maine was largest,
while in Washington the farss arpeared to he the aralleat,

m sverage Nichigan farm waz emaller than the national avare
asze fara uize,

From 19%4 to 1262 total importe! blueherries for ¢one
erxtian dinped from 33,8 percent to 11,9 porcent of the totel

31v14,, Cansus of Agriculture, 1939-29,
€:%idss Census of Agriculture, 1919-33,
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Tahls 3,2, Total Bluebverry }roduction, icreste Fervacte®, ¥Yield
Yer acra, and average vary Size of falectel itstas
in iclectad Years, 1323=1353,

- Frodaction Hatvested ACE® For iage
LiSe KRores LIVIT 1S S IX B3
ele
120 7,417,305 23,033 411 Ge b
122 13,321,029 31,275 425 6.2
1244 13,722,222 42,233 247 11,3
1549 24,074,953 »,801 739 9.2
1224 48,924,053 42,212 1,074 12,8
13 42,022,R%1 43,024 1,127 13,8
xiMtran
1333 2,108 €73 3438 €45
1?3 1,047,867 2,30% 424, 8 4,5
17 1,829,721 1,722 241,93 o3
17%4 17,106, %8 4,167 2,24%.9 72
1229 11,239,407 8,003 2,27 £e9
vzire
1322 $,715,2C9 13,228 411 12
1279 8,603,520 20,135 427 11,4
1249 13,284,942 22,440 $3} 13,7
1224 17,223,948 25, %00 643 Ted

13%% 15,153,633 24,970 ©l? e 2



Talle 2 (eontinued)

Total Acreage Yield rer Ave, Sine
Froduction %:f"“t:f;_, Acre ¥er I'arm
Lise Acres Ldse ACTes

ﬁawvairnav

1229 134,231 i1 1,78 10

123 1,103,%29 679 1,638 7.4

134 6,690,462 4,879 2,53 T.6

31324 13,050,482 2,674 2,6 803

19%3 12,648,690 6,03 2,097 10,4
Fogth Cadbline

12 3,6%0 1 pE.3. 3

13 174,434 119 143 19,6

1949 01,799 863 e84 13,7

1924 1,378,547 1,12 1,408 14,6

193 3,244,683 3,898 1,612 18,6
tasaington

1729 3,400 4 600 4,0

199 63,19 a3 2,743 1,3

1543 672,838 07 3,20 7% §

1354 13,872 434 1,880 2,1

133 3,823,022 61s 4,569 2.6

S AR

Sousees Purem ¢f the Census, Cansug of Faxigultuzes 1929 to
1959,



&
bluebarries available in the Uaited itates,

United states faportation of bluckerriss has shoun &
declining trand, Imported klueberries ¢rooped from 25,67
aillion rounde fa 19354 o 10,3 milliom pounds in 1952, 7Thie
changa rorresanted €0,2 paxcant decrease ia klueberry
imoreation, (5ee Table 3,3)

A fivewyear aversge of hluaberry imports for conmppe
tion decreazed from 15,2 million pounds {n 195337 to 11,9
eillion pounds in 13%9-82, On the averege Blusberry imorts
Caclined 24,2 parcont, 2verzge frozan hlusberry imports
increased from adout 3 milliom pounds in 17%23-57 to 4,3 million
ronda 4An 195382, a $1 peroammt fincresse in irrorted frozen
tlu erziess Blusdarries in brine Cecreased from about 11,9
nillion pounds te 6,7 milliom pounds, & decrease of 4) pare
ety prepared hlucderries incteased from alout 2,4 million
pownia to 2,8 million pounds, en increacs of 13 pexcent,

(Sea Todle 3,4)¢ Over the period 1353-1962, over $0 percent

02 Geliy bluaberry imports origiasted from Canada, Other
ssurcss of klusderry Lmposrts iaclude Poland, France, Yugo=lavia,
Swadan, Netherlands, West Garmany, Italy and Forway, (See
Takle 3,8)

The largest dlusherry importation occurred in 1954
vhen the United sStates ieported 25,6 million pounds, Imrorte
stion of Ylushaerrics which are mostly wild bluedberries have
been declining because U,3, production of cultivated bhluee
barries has been incressing and these blucharries are sasier
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to process, have more reliable quality and dbetter consuner

ac¢orkance than wild luebarries,

8¢ Farzeting
Tresh blusherries are on the narket from early +ay to

St xdar, The peaX suprly 18 1a July, Thne aroroxiszats pele
centase of total snnual surply svailadle by month nationally
iss Fay € percent, June 34 percent, July 52 percmmt, Aurust
13 percent, Setesder 3 percent, Tha sarly season haxvest
oomes from liorth Carolinap mideseason harvest from New Jerseyy
and late season harvest from Eichijgan, The season in any ona
locality usually lasts sixn tO seven weats, The harvesting
coaoon 49 relatively short so that each market i dominated
by one state for & given period,

nichigan early dluedberry varieties are marxeted locale
1re tWhile during the peak harvast of the main crop in July
and in saxust, the darries are shipped long Cistances to many
markot e

Zresh blusberries available on the market in Xichisen
in June cone primarily from Xew Jerssy and Sosth Carolina
in easzly July fxom New Jersey, UFew bluchercies fyom other
araas are shirped ts Kichigan at the pesk of Kichigan $5a00ne°

Slusderries s0ld in fLresh form are principally cultis
vk ed blueberries from Frichigan, Few Jersey, and Horth Carolina,

SR NSRS SRR AT

®erluserries, Ie9d Eaxotopises Michigan State
University, June 9, 1961, pe
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Thase three states supply about 95 percent of the hlushesries
going to fresh market, (See Table 3,6), Consumption of
frosh hlucharries is concantrated near the ares of produstion,
Over 80 percent of the unloads of fresh hlusherries were
sepotted in S eities, Yew York, Boston, Philadelphia,
Setroit, and Chicago, and 935 percent in these and $ additione
al eities, (Table 3,7 and Chart 1), Thess dsta suggest that
moot Dlushberries are consumed in a relativaly ssall part of
the comntry and that a larzge paft of the nation's population
is pot regularly exposed to fresh blusberries sven Guring
the principal season of fresh marketing,

T™he harvest seasons are short and one stats ot a
time tends to dominate the market in wost seasons, although
the marketing season of the different areas may overliap,
Sven with a fairly high degree of market sanagement by growers
and their organisation, frequently, periods of over supply
and depressed prices in terminal cities exist,

Ce Conmmption

Total Dlushesry consumption in 1929 amounted to
13,2 milliion pounds, 1939, 18,7 million pounds, in 1949,
49,0 million pounds, In 1959 and 1962, total hlusbesxy cone
sunpton smounted to 61 million pounds and 85,6 million
pounds, respectively, From 1929 to 1962, total blusbesry
mwmmm’ (3es Table 3,8)
W
French, “"Trends in Blusherry Consumption,®
Michigan Agricultural Expariment sStation
versity, Zast Lansing, Hich, Aug, 1957, Vel.
m‘l Pe 35, Also Bureau of the Census, Census of Agrie

954 & 1959, Profuction figurss from 1960 teo 1963,
obtained fyom Bluederry Grower'as Apsocistion of Michigan,
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Table 2,8, Grigin of Fresh LHSlucherry tUnleads irported in Ten
Tersinal City Areas, As & Farcentage of Total ine
loals, 1953 to 19¢

origin 1933 1959 1351 1962

(rercent of Total Unloads)

fopth Carolina 18,1 20,3 12,4 13,9
Faw Jagsey 5642 €0,3 59,2 29,8
riehigan 20,2 13,0 24,93 23,8
Nlinois 0.1 Oe} - 043
Fagyland 0.3 1.0 0.3 0.6
“aseachusotts } 9 1,9 1.2 1,9
tiatne 0.2 0ol 00 ————
Lew Yok 2% wwaw 0.1 0.1
Chio 0.9 0.2 0.3 0.1
Feamoylvania b ¥ § Oe® e wane
vizginia onee 001 . wane
vashingten e 0.1 o
South Casolina coow e 1.4 0.7
Canada 1.8 0.7 0.2 0,2

cu—— cNnas L AN
Total 100,0 100,0 10040 00,0

Somzvess: I'sta for 19%8-19%9 anrgn Te rsc"':.mw, A Look
At Bluedberry MarkeR,” [ Fifty
Hew Jexrsey esqueu ural bxperie

Data for 1941 amd 1962 U,3, Denartument of Agrie

oultuse, i3, Fpesh Ixuite spd Ve:chobls Unloads,
1961 and 1962,
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hversye per Capita consunntion ¢f dlusherries in the

United itates aleo increased significantly from 19229 to 1962,
Aversge pef capita consuetion incresssd significantly from
od) pounds in 1929 to (45 posunds in 1262, an increase of 213
pmm.m

At present, there ar¥e few bBlusberry consumstion deta
avatlable, rrench, in his study of blusherry consunptiosn,
usod the Michijzan State University conswmer panel as the
principal source of consunrption in formation, 7he panel wvas
made up of sbowt 230 urban families selected as gepresentetive
o a Hichigan eity of adout 100,000 porulation, Each wesic
the panel families reported in an ftmixed diary the quane
tity, price, and amount paiéd for each {tem of food purchasod
for heas oonsunntion during that wesi,

rgench reported that fa Xichigan total hone conmpe
S4on of dlusherzies and bluedersy preducts by the panel
taniliss eversged adowt 1,35 pounds per person per year Lroxs
1952 to 1956, The average rate of inarease in conswmiion ef
Bluchesry wes o1 pound por Fersam per year,

The avarsge amnual pef capita eonsumption of frech
bluchexzies (1952-1951) by panel mexders wvas 82 pounds,

wConpuuuou vere based ons (a) profuction data
repasted in the Census ef 2oriculture, 123 to 13%9, () cro=
a::m date furnishoed by Slusherry GCrowers isssoclation of
Micghigan,

Mo §1te, French, pe 33,



»

Teble 3.3, Blusberriess Total and Fer Capita U,3, Conswsptiss
in Select el Yoarse

0 A N

Year Total Conzurption Capita Conzunption
(million pounds) (pounds)
1529 13,2% o11
1539 13,7 14
1944 19,6 o34
1949 o0V 033
1554 72,86¥ o4
1559 I 4 38
1563 89,7 .80
1253 13,7 o)
1262 as, e o8

[ 4 Bele French, "Trends in Bluebarry Consurption, *_
:‘{&Egm, richigan Agricultural Expartment Station, ! icigan
& University, Fast Lansing, Michigan, Auguest 1957,
Vole 49, oy 1,0 3%

1359 production and fmport data from 0,8, Buresu of the
Cansus, Cenous of Agriculture 19%«€2 profuction dats fron
estinstes of Michigmm EBElusdexry Growers Associatioa and
impost data from UeGe Burems of the Census, Us3, Census of
Agriculture,
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samngreially processed pils, 8 poundsy canned, o33 poundsy
d frozen, 404 mda.u

A 1ittle over 54 percent of the X3U conarier panel
narbers purchased blusberries in fresh farms, 48 rercent
puschasned avmwercially processed blusberries and 23,8 pure
chased eanned blueverries,t? Imsortamt wpwers treads apnocret
in the percent of families Wuying pie fillings and jellioes,

shatfer indisated that annual per capita expenditure
on all fruits ranged frow $19,19 to 24,39 detvesn 1952 an
19534 Ia the same period ennual per epita blusberry exxpende
fture ranged from 34 cente to 33,5 cents, hovever, Bluciarry
sxpenditure has showm an imcreasing tremnd,

Peg Capita xpenditure on ple mizes and fresh bluee
barries showed am increasing trend Dt axpeniiture oa L£r3z:an
amd sanned dlucherries rhowed a slightly declining trend,

Cn ths average, blueherty expenditure mouated only
0 1433 percent ©f total expenditure em fruits, (See Taxle
2.9)e

Dy Blusdbetry FPiees Compared Se Fruik Flos

The use of blusberry pie filling has shown a rasarie
able ingyease ia spite of the fact that the averane prices of
Blueherry ples have been highear than that of any frauit piles,

13 e Sites Fremeh,p, 37,
13000 Sites Trench, pe 32,
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£ron 1939 to 19€2, blusharries used in commereially proaparsd
plee increased froe about 5,3 million pounds to alout 8,3
sillton pounis, an incraase of €I porecnt.u GCreat intargat
e placed uron tlusbterriss in ple form because of the rotontinl
oR1ek £for tludberry producte,

Cn the averaje, arple and charry ples accounted for
6548 percont of all fruit plies purchased Yy each pereon, vhile
bludbesyy plee accounted for & 1ittle over 10 potcmt.“

rcre and more families are purchasing comrercially
pzeraced azple and cherry ples, On tha sversse, 17 percent o!
Lanilies purchased commercially prerareld arple and cherry plza,
w:ile enly 22,4 percent of fazilies bougit comnsreially :n—
rared blueborry piee,i®

rrom 1953 to 1957 the pricss of all types of frult
vice sverezged 23 cents per pound, The price of blucbersy
plod wae Sonsistontly ahove the prices of the ether frull riass
and the awezrage price for all fruit ples, Mludderry ple
prise sversge! 42 cents per pomnd betwesn 1953 and 1957,17

34 ner Pecker Yearbook, 19601962,

“‘B.C. Franch, "come foononice Asmects of fle Conmye
Stion,* * 1, ¥Yichigan Agricultural Experinmt
St ichijan state Lniversity, Last Lansing, kiehvm.
vol, Cl. 10y 3. Fedruary 1959, pe 493

1801800 o 474,
mides pe #09,
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tased on the aversge price and quantity, a 1) peareont
dhange in the average price of fruit ries was eassociated with
8 N percant change ia guantity consumed 4in the er-osite
éirection,}?

If v asoure that the demand fof bluekerry ries {9 alm
elastie, this would suggest thet 1f the price of hNlusdarry
rice eam do rethuced to 8 level comporable to other fruit pies,
increase (a blucberry ple eonravtion 9 lixely to eccur,

Thare anpears te e an axcellemt poseidility of evronde
ing the bBlueherry mervet, This s indiceted by four factoram
(2) Llnedexry consurption by panal families waw cbout thros
tines the U8, average, (b) only 40 peroemt of ths families
usad blusherries in stme foim ©F anothar more than tuics &
ysar, (e) an upward trenl arpearsd 4n the percent of fatilics
buying ple fillinge and jJellies, and percant of fanilies Inrye
ing csanercially prepared inereased substantially fros 172
to 1934, Adoul 19 percont of people purchasing camuercizily
rrepared pies purchase blusherry pies vhile €5,6 percent pure
ehase arple and cherry ples, and (4) (£ the price of dlucherey
ries om be reduced %o a price comparadle to other fruit riass,
suth 80 erple and charry ples, 18 1# likely that bBlusdersy
rie puschases will increase,

fa Fluebagry Frocessing
[0 E SR e

18510 Do ©07,
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Uede processing of blusberrty ¢rop dirped from 63,9
pexcent of the total crop in 1934 to 64,3 percent in 1962,
Rowever, the total wlume of blueherries procensed increased
fyem 27,009,000 pounds 1n 1950 to 43,551,000 pounds im 1962, an
ineroase of 79 parcent, (3ee Table 3.1C),

The total wlume of Ugs, processad blueherries has
ofidited a alightly sising trend over 13 yaars, »ut tetal
diuebeszy production has increased at & more rapid rate, This
arplatne the decline in the peroent processed out of the total
blusderry €rop from 1934 te 1982, (sSes Tadle 3,10)

Tzom 1950 to 19823, U,8, cwnned blusberries dipped fyon
16,2 million pounds to about 13,2 millisa pounds, a decrosse
of 18,3 parcent, Ia 1934 adout 43 pexcent of the tetal Lluee
daszies produced in the United States was canned and is 1962
smly 17,3 parcent wvas canned, (Lee Takle 3,10), Fgzom 15%0 to
1942 fxoaen blushesries incresased fiom 10,9 milliocan pounds to
26,5 million pounds, Fyosen hlucherries increased 142 percont
within the past 13 years, (see Table 3,10)

AS 8 percentage of the total blu\uny\ production,
£2o0n DeEries decreased from 45,6 percent in 19354 to 3% pare
ot ia 19812, Rowever, from 1939 to 1962 frosen dlusherriss,
a8 & pseremtage of total produetion increased from 93,4 pete
cat ta 33 percent, (3es Tadle 2,10)¢ In 1950 about 40 podw
et and in 1962 sbouk 854 percent of total processsd luge
borries was in the form of frozen berries, (Gee Tahle 3,11),
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Table 311, Foportion of U,3, Yrocessed Blusberries in .,
Canned, Frosem, and Fie=rtlling Form, 19501962,

195 57,8 ase 40,2
1981 64,3 —— 33,7
1952 62,4 e 37,6
1923 84,2 S 45,8
1984 4,6 e 51,4
 TLLY 18 13,3 S0
1986 267 21,6 51,7
1087 34,3 13,0 52,70
1932 33,1 20,2 45,7
3939 33,9 22,7 43,9
1959 24,7 13,6 567
1961 20,8 20,1 51,0
1062 27,93 18,3 4,4

¥ computes tyem Tanle 5,
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During the perioed 1959 ¢to 1982 epproxinmately 33 pere
et of the U,3, blusberry erop (23,75 million pounds) was
uwde? in fresh form, while ¢S parcent (41,4 million pounds)
was used in processed form, ozma.nuum pounis pro=
censad, sbout 32 percent was frozen, 13 percent canned, and
20 poercent was used as canned pie £illing, (si. Tavie 3,15)

Most of the biusderries grown in Maine and in Canala
are wild blusharries while those grow in niﬂaﬁgn end Kew
Jeresy are cultivated hlusberries, FMost of the wild berries,
which are somally of ssaller sizs, are processed, While a
larcer proportion of the Sawe er oultivated berries aze
rarketed fresh, During 1960=1962 approximately 99 pereent of
the “atne dluederry crop was p:m. while 'm $3 percont
of the michigan crop and 33 percent of the Few Jersey Grov
vas procsssel, Fractically all of the U, 8, imparts of
Canadian Dlusderries are processed forms of “wila® blusderries,

The proportion of the blusberry erop processed in
¥ichigan has remained ralatively stadhle at uﬁamiauay ¢
te 53 pereant of the arop, nua:mmpmpoﬂmm(
cecsel Geareased from 39 parcent of the erop in 1960 %o 23
pexoent in 1962, - |

In 1960 thers were 16 firme processing blusberries
in Kichigan, with 20 plants fawolved §a processing,’?

19 . , _
Ffood Marketopics, Marketing Informatican £ Cone
suser Program, MAGRigMD s;:.t.. University, June 9, fg&t. De 6
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About 95 percent of the frosen bluebersies go into the
iastitutional pack (30-pound tins), All.institutional pack is
faozcn and then diverted to b; products such as pie fillin:a
and puifin mixesy About €0 te 70 percent of the processed
blusberries go 1nto piess ] |

Appzonimately B pereent of She processed bexries cre
80ld 4ia retail eise packages for Consumers, 7The hlusberrice
ia eonsuner patkages have sxins that appear te be teugh but
astually are mo tougher tham in the freeh desries, ELowever,
the iaterior ©f the Lrosean berries is anfuer aftar fresting,
This gives a greater contrest te the texture of the skin, ior
thecae reasons, Gonamer packages of frosan bhlusberries havo
fot been toe wall accepted,?:

Among the uses fof processed blueberries are, bluaberry
pies, mutffins, pancakes, saucs, coffee ring, chesse ple,
ronacneek pudding, cheese drassing, short ceke, cream puffs
and blueberry marmalade, Blusberries ars alss processed into
syzup, haney, jans, jellies and julca,

¥ Swmary

In & drief sumsary, the production of blusederries in
rishigam and natiomally, has incresased significantly over the
W

B Eise v 6

Qoersonal comuatcation with Dy Cole Belfors, rFoed
Science Depty, MeS.Ue
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past three decades, Cver 99 percent of the UgSe bluehberry crop
48 produced in S statess Malne, New Jersey, Michigan, nored
Carolina, and vaszhingten,

Total blusberry imports have shown a declining trenls
however, isporsed blusberries in frozen forms have shows &
ftising trend,

Elueberrias 50ld fn fresh form sre principally cultie
vated blueberries from Michigan, Kew Jersey, and I'erth Carolira,
These three states suyply about 93 percent of the blusberriass
going to fresh market, Consusptioa of fresh blucherries is
omncentrated near the point o2 production, Over 80 percent of
ths unlosds of fresh blueberries were raported in five cities,
Few Yozx, Lostem, FPhiladelphia, Detroit, end Chicago, and 953
percent in these and § additional cities,

Total and per capita consumption of both frash and
processed blusberries Le increasing and consunption of fresh
bluclh:ezzies {is concentrated relatively mear to ereas of jad
duction,

Over half of the total dluederry €rop is processs?
and the principal uses of the processed products ars in ries
snd in Dlusberzy suffine,



Chapter IV
LEVELOPAXAT OF YOOD PROCESSING TECHKOLGILZS

iy IDITROIUTTICH,

As one 0f the objectives of this thesis is to *make a
proGgreas gaport on the feasidility of weing ptoman froa tvo
new processing methods for Mueberries,” the dshydrofrserzing
and explosive=puffing process, it 48 coneidered dasirable to
discuse thesd techinclogles in 8 brief historioal parajective
with other food processing methods applicadle to fruits and
vogstabless The Zollowing brief review will serve two puls
pouved, Lirst, to show shers the nev technologies £ik in the
cpectzum of all processing tectmologies and also to show the
advankages end disadvantages of the new technologies conrarsd
ta other currently possidble technologies,

In thi very recent past several new food processing
tecinologies have Deen developed, Among these aret Aahydroe
fxeezing, explosivespuffing, fresss=drying, vacwm concertrhe
tion with sssence recovery, vecuum 4arying, flake arying, foan
mat Erying, comvercial irradistion snd senie 4ryinge

rroducts from two new proeessing technelogies, dchyxiroe
freecing proesss and explosivespuffing p:éecu were consilarsd
in this stuly to deternine their applicability to blusbhesrziea,
T™he fresce=drying process and other processell were nod eoae
sidered 1A this stuldy mainly because a8 the presant stage of
devalopmant, high eost of procesning is iavelved, and becauss

%3
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oL A0 Linited amount of funds and time evailadble S0 oonduct
sinilar stucies using the other mathods of pregessing, JFoan
mak drying and spray dryiag are primarily adopted to puress
oF jJuices and thus wars aot applieadls to the principal wae
foans eof blusdezriss, Vscuus drying, while applicadle to
whole klushesrries {2 at the present time & high ost procusse
iag testhinigue, Thus of all the aew precessing tectmologies
which might be spplicable for rlusberries, st the presant
tage of Gevelopment, dehvydnofreesing mmd ewplesaiveputlfing
sppesred to be the most appropriate,

Dehydrofreezing 18 a recently devaloped technology
Whiich Feduces the weight and voluwee 0f the product while tho
quality 4{s maintained, It comiines dehydration and freezing
teshniques, /Ancther aeviy srerging foed proceseing technalory
0 the explosive~puifing process, 7Thisz s an iapfovessnt of
the ssmal dehydration process snd effers detter procassed
PGSt s than the normally dehydrated products, The profuct
precessst by the axplosivesputfing process {s temed *quicke
esoking® dehydrsted products, This process emn be opsrated
A selstively low @st, spplied to relatively large places of
fruits aad vegetables and preduce paoducts espadles of repid
sehydzehion, This process 18 & very recent davalorment ond
has Degn testeld on wery linited fruits and vegotubles,

It 49 evident from history that ths Sectmology ef fool
prosessing 4 tuming back o the methods of drying, Thise
has beem malnly the result of ifacreasing freight rates,
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aEpensive storajge ocost, high paceaging outlay, increasing
spetialisation in production arsas that increases the gap bee
Sweah the ares of production and the market for the products,
hotel, institutional snd consunes Genand for convenience £o04
procducte, There exists a oontinuing search throughout ths
wild for nev nethods of pyocessing which may yield high
cuzlity arted products, products wiiich ¢ de preserved at
gelatively low coet, products that may e Cistributed chenrly,
and produets that may 6ffer convenisnce not enly to institu=
tions and hotala, Dut alse to congumaers,

By Dehydration

Dehylration 18 prodadly tha oldest method of foodld
presesvation, Ia the esarly colonial deys dchydration was used
o preserve fruits end vegetstles, Angles were Cried in cone
sicarable quantities, Along the coast, Grying of Ligh was
aaEnmon, In many parte of the country, fruits, m&aﬁlw amd
MM ware preserved dy Crying, The Indians end later the
sektlers presezved Buffalo meat Dy cutting it into thin strips
ad hanging the strips up for the sun and wind to rewve the
encess wolsture,}

Acaerding to Prascott and Sweet when gold was &ipe
severed in the Klondike, the ¢old rush crested 8 demand for

1 rescots and Sweek, "Commercial Dehydirations & Factor
h t!w mluuoa to thc xntmatmu. Pxobleoms,® o
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fends which wege 1ight and coull easily de Sransportel, Iried
potatces wers irmported from Cermany snd were raohydrated by
Soeixing in waker, %They were served in the form of hashed or
fried potatoes, Tha reconstituted potatoss, howsver, wars Lo
very palatable but quickly sunrlied the secessary ration for
the mines,?

shertly after the dried potatoes were used Ly minars
ia the Xlondike, dried potatoes were manmufactured in Cregn
and tashington, 7The manufascturer, however, usal sulrhur to
prevant the darkening of the siices of potatoes before drying,
The smount of sulphur used was se such that the taste and olor
whan Oooking wete very unpleasant, m. prodhlen was shortly
overcome, The Boer Nar (1901e1902) snd the Buropesm War
(1914=1318) stimulated the dehydrstion induskry, In as much
as large quantities of food stuff was nesled to feed the
amise during thase wers, the need to study careful presarvae
tion of food supply oocourred,

 Ia the recent past varicus research work has been Gone

on dehydration as a means of protecting fruiks and vegotiilas
sjainst spoilage and f£or future Use,

Hany foods are vow processed in poudar fomm, Onions,
garlie and other seasoning powders are ground faun dehydretad
pleses, MilR powiar L6 precessed in & mdes 0f ways, FORMto

224800 P 4%
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flour 1s ground from drue=dried sheets of potato solids, Coreal
flour and fastant colfee are othar axauples of food in porxior
tna.’ The process of dahyiration was develcpal out of the
noed to preserve £f00d against epoilage and for future uza, In
tha carly stagas of develoring dehycration, soms dshylraled
rrxducts were pok very palatable, the products dazrkensd and
&3 unpleasmat 0SOr was prodigeld, A8 present, Rumerous Coliye
¢rated food products have bsen found acusptalile by conaucterse
Ce Camning

In 1804 Kicholas Appert, an expert aomfectionasr,
brewer erd éistiller, Giscovered the art of canning, He pree
sexved hie products in glass bottles, »3ding mufficient watar
to cover the product and inserted the eoiks, later he rlaced
them in & water bath, The bottles were heated graduslly,?

In 1807 Peter Durrand, Xnown A% the fathoer of the tin
eme, ottatned u.pctan‘m pressrving mest, fruits amd ve;se
tzhles tn tin cans,d

H.J. Copley, VoFs Kausfnan, snd Coly Rasmissang
®asoent Levelopment in Fruits and v.qu:hln rowdlar Tmlor'y.'

Eand Iachoalddis 104 3356, pe €04,

‘A.w. Bilting, end K,G, Bitting,
sut!onai Cannars Association, hamims ceive g
'

Nat, Capital Fress, Ing,, sashington, D,C, w.e.

TDe el l,
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Cuy Lusag, a forewt chanist at that time, inventie
gated the roal cause for keening of canned fool, Eowever,
it vas rasteur wvho discovered mont of the fundamontal prine

irles fnvolvad fn the preservation of food by caminsg,

Acooréing to rowel1® 1n 1219 2rra teggett, & rACIZY
©2 salzon, lobster and ovsters in hew York, established the
cnning industry in the Unitad States, Ia 1321, nillias ’
Underunod packed praserves 2nd tahle condimants ia glass &0
by 1339 he packed tomatoew in glasses, The growth of the
exnning fnfustry was répid, unersus canneries sprang up
in warious parts of the country,

In 1333 Frescott and Underwooid’ were the first two
ecisntizts o apply the scisncs of bacteriology to eannindg,

v a1y research prajects have b2eon done to irprove tha
eorning iaWstry, Fetho's of Jataraining hest panstzatinn on
cormal profucts end Astemining thae reaistance of snores 6f
known ppoilage bacteria have bean Ceveloped, FResearch work
taz baen extanded ta the stuly of the quality of the finlshad
proiuch vhich primarily d¢ecenis oa the cuality of raw
neteriala, Dmtensive stuling have besn undertaken in the
retontion of mtriants, tin slatas, can manufacture, and factors

governing corrosion,

7

$1i%e e 4o
Tersa stare,

m o~
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Althouch extensive studies have heen untertaken to
frrove tha canning fnfustry, still thers resaine more ¢ ta
done in maintadning the appearsnce and flavor of fruits and
verstabl e throucth the esnnine process,

D FTroesing

In the elden dsys farvers, trappers and fishexeen in
€63ld pegions whers long €514 winter prevailed pressrved food
ia wmheated builédings,

In the Great Lakes fieh wvas frosen by allowing 4% %o
sesain in the 1ce, EOwever, csmmercial freszing ef fo04d in
the United states began in 1863 by placing salt snd fee around
the £ish container, Later, meonia fefrigerstion wachince
wvore usad to froaszs fish,

In the early 1900%, small fruits for making prescrves,
Jans, jellies, ples wexe frozen for later use in the eastorn
part of ths tnited statea, _

The Pirdseye organization stazted commercial fruczing
of vegstables in 1929, During tha past 30 years, production
statistics have showm that the frosen food incustsy has grovm
e idlyy Clarence Eizdseye predicted thak the quality of
trosm fosds wmld de equivalemt in guality to frash foods if
grest care iz taxen in the selection, handling, precaration,
freesing, storsge, tramsportation and marketing of vnprocessed
food preducts,

in 1953=54 over half of the eranges in Florida were
convarted 1nta julce, concentirated and frozen,
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Fra-ared and pre~onoked foode are incressingly coming
out af the market, Chicken ples, beef pies, fruit ples, plate
Sinners are hecoming popular,
statistics have showa that the annual per cspita conw
mrriion of frozen fruits and vegetakles has axpanded while
that of caoaned and fresh fruits and vegetahles have dsclined,®

Ls Fresze~crying

Treese~4rying, & receatly developed method of food
prusarvetion, enadles bulx handling of products, elininates
the handiing of trays, simplifies loading and unloasding of
the Cryes, provides unifosrs drying of products, smd svoida
trsublesone wet spots.?

Sevesal steps are involved in freese=irying food,
roods mast £1rst de preserved as fromes food, Cooking the
food may be a preparsléry step before freesing, Freexing tho
food 18 the sext step, Then the frosen produect fs dried
under vaomm, In the fresse-drying process, the moisture
content i changed directly fyom the #olid form to & gasesua
forn vithowt having undergons the iotemmediate liquid stage,
crvisusly, the shove step invelves set only freezing Dut almo
drying, These sters nake freens-dshydration more costly than

'Mumamu-.mab.p,z:mdu.

’A.I. FOrcan, Jr.. and Y, 7, Xaufman, "Tumbling Freases

Crver Promises Advantages,® FoRd Znzincizinz, rovenber 1942,
Pe 108,
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preparing frosem foods, Therafors, to use freexe-idrying proe
Qotn foods, it is necessary that eome advantages be gained over
the erdinary freezing ssthod to justify the extra exrendiiture
en the dehydration process,

Freeze=dried foods have longer shelf life at sbhient
tewarsture than many frozen or cannsd fo0ls, Quality dataore
foration is slover ia fresse~dried fands than frozen fooils,
Secaise 6f the waight saving of approxinetely 70 to 80 pagxcant
in fresse~drying proeess, & ramarkadble sawving in transporte
ation coat i alese realised vhich nekes Ireese~drying procees
loeh easnonically fsasitls for soma products,

Freezavdrying 18 a nevw sethod of food procesaing,
bud 4% 18 not alweys applicable te all profucta, I8 4s ganarale
1y limited S0 products vhich cannot be dahydrated succescfully
Ty cheaper methods,

The &issdvantages of Creese«lyying ares

(1) relativaly high eost #f equirment,

(2) processed product has a laxge surface sxposed bhoe

cause B0 shyinkege takes place,

(3) freesze-dried foods are frisble snd may easily

result in breakage and povdering,

(4) wolume is not reducsd, thus, there 18 Bo space

savings in storage, |

Some fresze=Aried produdte have been tested for gancral
assapladility, appearamce, fiaver, texturs, and taademess,
™oe present quality of the freeze=dried foods, according to
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Maguirs, is excellent and stesadily imnroving as proven by
cualified test panels,!?

T™he Aresd Forces Food and Container Institute has
ilaunched an extensive resoarch ian freeze=drying, and, has
Govelaped 21 menus using freesze=dried ej9s, fruits, vaystas™les
ma Mu

A8 the present time, éue Lo the high cost of freenes
Crying, freese=4rying was not sonsilared to De an spprovriste
tachnology for blusberries to be wsesd in pies or in suffin
nixas, particularly if the exnleesive=puffing and dohydrofress~
ing would yileld accertable products as doth of these latter
teactnologies wuld be cheaper than freese«drying,

?, Lehydrofressing

After the convantional fressing procedurs, dshylzro=
freesing svolved, It is a method of £00d preservation Whare
food §9 partially Cehvirasted prior to packaging and freszing,
This sethnd retains the advantages of both dehydration and
freezing end partially slivinates the disadvantage 0f each,

Thus dehydrofreezing, vhich fnvolves drying the o
pocities to srproximately 30 percent of fresh weizht!? verors

ma'. Fe Hasulira, ‘Fr«wd:ytng Hoves Ahend in UgSe,”
August 1962, pe 34
nﬁ.t:. nm. ‘Govezrmmest Programe for Freese-Dried
Foouls,* e Cregeom State Univaersity,
Desanbar %2. P- i3

"'r:oulu and Bvers, gu. £itss Do 142,
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packaging and fressing, will preserve the freshness and reluce
weizht and volune consideradly,

Dehydrofreazing is & relstivaly new methed of fooo
presarvetion, LHtudiss have resvealsd that this method has
ool advantazes over some known methods of food prescrvae
tien, stuldtes have also showm that Cehvdyofrosen fruits s~
vecetables have gained eonsumer scceptance,

Rasmussen, gh, 8l, pointed out that the main ptvonte
e7e of dahylrufreszing 18 the reduction of weight and hulk ©f
the rroduct vhile guality is maintained, it was alse esti=ztsl
that $f all tho paas fa 1958 were packed in institutional
containers, & saving of 3 to 4 miliion Sollars would havs ram
toslised,}?

Recuction in weight aad bulk, reduction of drip in
tharing end the ease of eontrolling the meisture are the 2«
vantajes 02 dehylirofrozes products over frozen items, 42 2
geault of the raduction in weight and bulx, packing, storsus
anl shirping costs are reduced,

Pehydrofxozen products offes some advanteges over
echydrated itas, Cohydrofrozans are sasier and bdetter to
gy rater flavor, texture, and oslex are superior,

"3 e Rassusser, DWW, Venstzom, H,J, Eewmnan,
Re L, Claon, UsCo Rockwell, Snd Ko Ltromy, “Latest Dehydroe
fyoams Ok Costs,* W Lepmdex, 1957, pe 317,
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Faufoan, gRelles indicated that thousti plant investe
nents oy cdrdrofreszing 48 higher than for freszing, prie
sarily éue to the difference in drying facilities, this
Cif7erance 1In the long run 1s more than Sf£fact Dy the Fetuow
ticn in coat of packaging anA ttuzinq.u In arples pachasing
ot may e reducel by packacing a greater weight of ayrlsn
in containezrs ¢f a given size and by using low cost cantainm
since no 1iquid draine from the alices,}?

Copley estizated that the coat of antainers, stora;o,
and tzansportation for dehydrofrozsn greem peas was 50 pore
cort lower than that ¢f frozen psas and about 53 percent
l.mth-tmotwmﬂpu-. These sesults were basod o0
Tanle 4l

A pesesrch project ¢onducted by Doggs and Talburt
govealed that frozem and dshydrofrozen psas wers egquivalent in
frech quality of fresh pods, dut aemall losses of cugar and
ascorbie 6cuETed 1a BOth frozans and GehyArofrosansel’

x‘V.P. l"m"".!m. and Yo fowrers, *tiow ti‘d"}"mtmm
Cu 8 Fackaging Ehi~ring Coates on Frocessed Fruit,® Iogd

IR2AAS2EiGle January 1947, pe 96e

13, WePe Talbuzt, LoHe Walker, and HeJs Fowers, " cih, fom
£mzen Arrlee,® [ood Technoloqys (4) 428, 1954,

‘aﬂ...?. Corley, "The C\tlook for Freszing and Tahy7roe
m u B‘ooa vmmm. papol ptm«l at the moeting
“. " - naers, Chicago, Moveiar

17.414re4 1, Dogge, End WP, Talburs, "Comarisen of
Fyozon and Sghydrofrosen Feas with Fresh and Stoged Pod (eas,”

2ona Jecmaloai, (6), 1952, pe 433,
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Tahle 4,1, Frti-nte Cost of Containers, Ltars~e, and Transe
rortation for Craon Feas Frocessed by Three
rethode and fhipped from Tacific Forthieet to
Midwe3ty Basis 18 130 Founds of Raw ratarials,

L e e =
Cortainers tterage Transportation Total

bahyirofrozen $ 63 $ 63 $1,03 §235

Frozen 1,30 1.0 2,10 4,7
Canned 43 060 253 Se

AR
et Arofreezing has bean arplied successfully to soms fruits
axl vagatanles and theos dehydrofrozen producte have danone
ctratad consuner accortance, 7Talburt, fi.Zlee roported that
é-3rofrzeeing proved to be satisfactory vhen erplied to many
Loctarn aple msaxu.“
Acooxding to Tal*urt end Legaull consumer prefer nce
Laosk ehowed that deliyCrolrozen peas (partially éried to goe
2ico velight and volune by about 50 percent) were egual 4n all
gxcrocte to frozon paa.” |
Tehylrofrogen arple slicses wers hiyily accapted Ly
t¥:criss and inetitutions currantly using frozon srrle slicen

according to Gms.m

13ralturt, gt.ades COAGLSe

12,,,7¢ Taldurt, and RoRe t.agme. " gnydrofrozen feas,®
Ll Toctnolony, (4), fos0, pe 2¢

2., tmith Graig, and MK, Stuckman, ™arkot Potentisl
m l:ahydmtmm and Dohylrocanned Aprle bizens. s
Lot eber, 13960, i~ichigan stete vniveriity,

minq.
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In & consuner preference panel test conducted by Greiy
aad associstee, puq mede from Gehydrofrozen aprple slices
were signifieantly preferred over apple slices from three

ethes processes, 2}

ETLOSIVI-pUPPING PROCESS

Explosives-puffing 10 & neéw process developed at the
Depastaent of Agriculture’s Eastern Utilisstion Research and
Developnent Tivision near rhuﬂdphu.” It produces rslatives
iy larger dshydrated fruit and vegetadle pieces that can be
Sehydrsted and gehydrated more rapidly than t!\oic from CONVEne
tional dehydration processes, Eisenhardy describes this nev
possssss 'The vegetable of fruit plecss ars partially doryirated
in a convemtional manner and heated in & closed vessel havings
quick epening 114, Whmm the weter contained within the pieces
1s heated sbove ite atmespherie boiling point and pressure has
thersdy developed withian the chamder, the pieces are instantly
discharges, The flashing of water vapor from within each
piece erestes & porous structure that pemmits much faster de-
hydsetion mnd mich wore rapid Fehydration of the drted protuct, ?3

WM

”'w. émith Greig, M5, Grant and H, Larzelers, *The
Effest of Hetheds of Freezing Arple Slices on Consuner Prefare
ense for ¥Fles," W riichigan Agricultural kxpetie
nent statiom, Michigan State University, Last Lansing, Vole 42,
Bay 4, Hay 1960, pre 929913,

”J. Coxding, J¥ey 8nd R K, Eskew, Us3e ratent 3,033,
813 (June 1982),

23; genhardt, Bole, Jo Cording, Jre, ReKe Eakew and J,Fe
sullivan, (1ay 1982), “Quickecooking Cehydrated Vegetable Fiecse,®
IRl 2aChes YOle XVI, Hoe Sy PPe 143=140,
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Explosien puffing has bHeem successfully applied on a piliot
plast scale to white potatoes, sweet m-m." carrote and
beets, 2?3 as well as to spple slices and blusberries,®® tne
aicxegooking dehycrated products, depending ea the cammodity,
ean be gehydrated for wse in from 3~3 minutes in gontrast to
30 ainutes to an hour frequently required for vegetadble pileces
of the same aine,

Cuickeonoking dehydrated fruits and vegetadles have
osrtaia advantagss over canned and fresea pMueu.” a) (uicke
eooxing dehydrated products hava less weight and bdulx and
thearefore storage, shipping, packaging costs are alee reduced,
b) and larger fruits and vegstables pieces are zehydrsted,
easies, Datter, and faster,

The explesive-pualring process ylelds products which
night de adaptable for uss ia many types of blueberry prolucts,

B e

”JQ Pe Sulliven, J, Coxding, J¥#e, and RKe Eshow,
(Rovendar, 1963), “uickegseking Dehydreted Sveet Potatoes,”
1980 Lnlas VOle XXV, ke 11y ppe 59=60e

”J. Coxding, n’l’.‘ R Ky Rakew, J,Fe 3ullivan, and F,l,
Eisenhardt, (June 1963), *Cuick-cssking Dehydrsted Vegetables,
Carnutes and Beete,” Ig0d Lagdes VOle XXiVy hog 6 ppe 3235

8, n, Xisenhardt, R.Ke Zskew, end J, Cording, JZes
‘swnlosienepuffing Process srplies %0 Apples end Blueberries,”
(Henudcript sudmitted TYeod Bagele

n The process is geferred o as “explosive-cuffing
process® while the proeessed product as “quickecooking,*
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ety fOFr use in ples, muffing, muffin and pancake nises,
Sasrta,

There Are sthear processing tedhnolegies vhidh have
Tecently beea davelopsd snd have prsduct possidilities,
Yathun csncentration vith essence recovery has been used on
frait juices, Fauit jJulses are concamtymted to a 6 ox 7 to )
eoncentration and the essence added hatk mnd later frosen Or
emnned, Heid,?? .01, end Keller,® gt.al. have written cn
f2uit juice concantrates,

Vacinm drying shich may be arplied on fruits and vejes
Sables favelves the renoval of weter at relatively low
tesperatures under vacuum, Bemnell,’ gf.al. have studiea
vacuus 4zxying ea grapefruite and eranges, ﬁuut.” 82l on
pines~ple and Kautaan,?? gt.pl, on tomstess,

”mngm“mmrammhmdym.ﬂ
fosm & speech, “rroduel Leveloraent, iarket Devslopment and
Compeition,® by Dp, W, Smith Greig of richigan state Univerw
eity at the 49%th Annual Convention ¢of the Fennsylveais Cannexs
Aggociation, Yosk, Pennsylvania, Loverber 19, 1363,

patperasas st Likss wod B3, Kalley, erhe Conomtrmtion mnd
o 2 B -
24, 26, 27, 30, 33, (6) 13=1%, %?““3. ‘

”G.J. Kd.llt. ReGo m.' and kq’. me”. A Low
Terparasture Concentrated Tomato Juice,” Laghefn Cannsk asd
LaGKER, Mugust, 1952,

nJ."l. Bonnall, 8,1, Stroshum and MW, A, !::oncy. SCormere
eial Precduction of Orange and Crapefruit Cxystals,” [Flcilia,

24ake Festiculture Sociaty, 114-116, 1955,

32 a.s. Xotter, D.l, Taylor and J,%, Brexke, “rinecarrle
Juice Fowder,* Jo0d Technologv, (9), 363, 1933,

33, r. Ksufman, P.f.%0ng, DeReTsylor and %eFeTalturt,
*rroblems in the Production of iometo Julce Fowler Ly Vacuun,®

Eand Tectonoloxy, (9), 120, 1953,



68

Flaxe drying involves drying of slurriel erx pureed
produsts on large heated dxume or rollers, cuam.“ BNaals
.amm”gg.munumutuamm

In the foas mat drying precess concentrated juices or
puzee’s are vhipped into a fomm after the addition of shemical
foaning agents, The foam 1s then spread iR & thin layszr on &
pexiorated, continucus Delt and hot airx is forced Shrough the
fomne The foam drxies wp Faplidly and then L% 8 erushed,
cm”&&wnumummootédxﬂmmg
foams and Bissett,>’ gt.al, en foam mett dried orange juices

Radistion presssvatiem of feods invelves sterilizing
foods with ionising radiationa, 7This 1is recentily Seveleped
technology and 80 far only 4rradiatad Dassa has hemm approved

“Jo Conding, Jr,, RA,Ks Eskow, Vi, Drasga, J.7F,
Sulliven snd C,7, Wwoodward, "rotato FlakessVepotsto Flakes of
Insreased Density®, UiDA, ARS, ARS TI=30, 1960,

”!.x. Eakew, J,Cording, JEes MeJe Willard, Jr,, 4
JaFe Sullivan, ".idvancess ia the Lehydration of Nashed FYotatoos

by Eake Frocess,” 103 Jactpoloqi., 9, 1957, pe 236

“x..r. Cinnatte, R,2, Crahaw and A,I, Morgan, “rrocoss
of Cohydrating m‘.. Fatent Ko, 2‘”"‘3’.

Mo.N, Bissette, JH, Tatum, Cole Wagner, JFes Heie
VelsMuis, 2,P, GCrahas and A, I, MOorgan, Jry, "7Oomm=:iat Lried
Orange Juice,” Faod Iechnalogys 17 (50w 3), 1963, ppe 92«83,
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fer use by Yood and Lreg Administration, 1w, has reperted
88 the progran on radistion presexvatioa of food, Golmnh.”
on ressarch and devealopnent of radistion pressrvatioa of fooda,

Another method of éryiang is the applicatioa of senie
irraiistion o moist materiale, 7The soni¢ vidbrations whiich
enhance 4rying rathar than wiilizing the aiy vibratiems to
eZfeck the precess is the underlying prineiples Boucher®® and
cmwo“ werked on textiles and other porwes matariales and
found that somnics could de used to boost heatless dryiag,

Several new fo0d processing tedtwmologies were developad
after dahydration, canaing and freezing, These were Sehyirne
fr3azing, explosive=puffing, freese-drying, vacuam coneentrae
tion, vacnmm arying, flakae arying, fosm matt &rying, comsarcial
irzalistion and sonie 4rying, Fost ¢f these new tecimigques are

’Bsm. Ralphy “The United States Program of Palistione
Presarvation of Foods,® W% Froceeiings of an
intesnational Conference Losmssorating opsrational availle
arility of the Ui, Arrmy Fadiation Labaratory, hatie, Xassachus
ostts, Jamuary 14=l6, 1963, ppe 1923,

395, A, Goldblith, *Zadlation Preservation FoodseaTws
Pecndes of kesearch and mnd:gunt. Padistian Ressazch
Pavsesdiings of en Intematicnal Confersace cosnasorating the
orerational availability of the Uy3, Army Radiation Laboratory,
nuz&. Hassachusetts, January 1l4-16, 1963, pre 153=167,

t.n.a' Boucher, ®Ultrasomie an-tc Heatless Drying,*
Setenber 21, 19359, pps 151154,

‘nP Creguess, "Crying by Alrbomme Ultrasonie,
CAtrasmie Devs, 5:3¢7-11, Fail, 1961,
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basteally dehydration or conesatration methods and thus OChve
sidarable reduction in weight is realized when arplied in
feod products, The development 8f these new processes 6f
204 pressrvation could be attriduted to three general sazsones
for rreservation, for cost geduction and convenience,

O thess, nev procesaing tectmologies, dmydmtmeﬁng
end explosive~pulfing were considered to be best adopted to
yviald products shich might be alopted £or use in many types
of lusherry products, such as ples, muffins, jaa, jelly, and
ethors,



Chanter V

FRIHATKIT TTUTS
Ae INTHODTOTIOS

As sOme pre-markel tosts were used Lo deternmine pariie
ally She feasidility of using some new processing tectmologies
for hlueberries, a generzl reviev of market test methods and
thaiy applicadility to new develormant will be Siscussed,

The uss of pre-marxet testing L8 an important phass
of the food product devslopment programe This ie evidenced
Dy the evereincreasing sew products brought cut to the market,
the rising cost facing the surpliers and the aistridutors mnd
the high morSality rate of producte introeduced in Lthe market,
Soventy parcent ef the individual food items s0ld by & chain
store in 1933 were not im mnmmmnm.‘ Adbout one
thizd of 99 preduits of & large food wmanufacturer have deen
introduced in the 1ast $ ysars and sver two thirds of its
froeh line &s Bew since vorld ¥ar 11,7 Items carried tn the
grocery éepartments have growm from 2,200 4n 1950 te 4,900
tn 19833

xﬂm 8ig Challenge te ¥o0od Xarxeting, Efighth Sienrial
Crosery Study, bew Yesk, IDLA NS VAIAKING, 1939, pe %

A, pe o

it W
3 arket Indumry Speaks, Chicage Supsraarxet
Ingtitute, 1853, pe 19,

€y
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Froduct develorment and prosotion are costly, The cost
of developing and marketing & hew product nationally s estie
rztsd €9 o around ons milliion donnn.‘ To indicate the
kich cost of developing sales for a new product, ia 1960, five
Cistribatars of processed potatoss spent $3,708,000 te proucte
dalyirated potate pruéuctlos

*ok all producte Antroduced fu the mirket decme
successful or profitable, ibous 60 te 920 percent of the proe
¢ucts introduced in the marxet turned eut to be failures,®

Thezre are five gemeral tests 4in econducting & pre=
rarket evaluation of new food products and these ares (1)
laboratory panel test, (1) the mass consuner paiial Sest, (3)
the zebail sales tesk, (4) the damcaskamtien~interview, (S)
institutional sales test,

Be Ladoratory Panel Test

The Lladorstery panel may de composed of expert or lay
ranel senbers, The expert mnazhers are trained in tseting
paSeesiures, These nguders have had iau-an experimce in
ssnsozy testing, aad are sble S0 detect specific flavers in
the presence of ether flavers, On the ether hand, the lay

$me Big Challenge ia Feed Xarketing, Sna Gilse Do 2%

sm [-+1 PP RN
€ne B8ig Challenge in Food Harxeting, S2g £ikse e %
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saabers have hal less eparionce {n teating and evoluating
sazlea, Thess lay mambers are less sensitive since they lok
eroerience, ahility and training, This type of pancl Lis
matnly used to dotexnine the tyvical consuner prefarencae,

The laborstory pransls are used for quality control
teats, Sowaloping 6f new or Lmproveld productg, and pasaibility
of food erparinentzl work, A great number of food processors
maintain laborstory panels to teat conmmer prelerence Lor
now prolucts, The panal manlbers are asxed to test various
sas;:los of new food products under contrelled environment,
They are sleo asked ta give their ordar of prefercncs anomg
the samplea of new products 4n regards 0 taste, X TeArance,
odor and okher product charecteristica,

Paverous Fesearches on consumer preferaencs hava damn
contseted with the use of laboratory panals, Greig and
Larzolere have weed FKichigan Stats Unlversity consumer prefopw
enoe penal in Totroit to test consumer prefarencs of new orple
and potato products, and Larzclers end Gibbs ta dotersine cone
eumer oninions of quality in pork chopss® Lockhart and Gaines
unred large laderstory panels to test consumer preferences {of

W

’n. amith Greiy, snd He Larsalere, *"Consumer Taste
Frefatendes imong Dehvirated Mashed Potatoss Froducts,® Lit,
. Vole Vo Eay 2, 1957, phe $uiy

8,5, Larzelers, and R,D, Oithe, 1955, "Consumers?
Crinione of {uality in Foxk Chops,® iichigm AJgPy Expte
stetion Luartszly Bulletin 39, poe 330333
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cannad and frozen orange julm.’ shile Dasyxle used
sizilaz panel to tent consuner preference f5r various gralas
of s_agﬂ.uamu.w The USDa used a mall panel to éistinuuish
betwes grades of pm.u Kishl and fho%es used ths triancle
Bmatlnd o test Clecrininetion botween sanrles of steska with
conparisens deing wads within grades and Botvesn gradesest?

The use of ladoratory panel €0 test eonsuner prefors
ace awong nevly feveloped products offer some advant ajes,
Tests are carrisd ocut wndsr contralled conlditisns, This ine
suzos wniforzity of test conditions and recduces the number of
varisbles entaring into the tests, The gosults reflect
Sifferences Detween the charactsristics of varipus samples,

I8 ¢ Delieved that lay washers wuld be more attone
tive mnd critical than the average persos, thua the results
would reflect a more accurste proference,

The test £ usually held in one locetion, Throuwh
sthealing, the most efficient anfd convenient use can bae malda

9L 2o Lockhart, snd J.M. _Gaines, *Accortance of Fremh
Tsozen and Cenned Crange Juices,® vale 14 (1249)
Phe 4392433,
(Comnell WM&? Rerehan Lxreriment Faper, b0e ¥4

IYhates Carnell Uaiversity rma. 1959)¢

n‘mrmmmrnm?mm Relation %o
standanis for Grades,” rarketing Zessarch Eepart Lo, 250
{usohington, UsDA, M43, 1953), pPe 8¢

uz.a. xuhl. Ve James iMmodes, "iew Techmicue in Consumar
Prefesence Rasearch,® Joummal of Lo Lomaanics, Vole 33, 1235,
roe 13331343,
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of Beth the panel merders’ and test pesvennel®s times, 7Thie
Sype ¢f pansel test wuld permit tasting of a great variety of
seuly Ceveloped products,

Considerable reduction in ewpenses is fealited fyom
the use of the laderatory panel test beomuse 8f the linited
sumbder of ssnders that campese the panel and because & lar;e
aurber of alternative fomss of formulas ¢sn be tested without
2 large investment deing made ia plodutt testing,

The results of these tests should nok be taken as Sinal,
DUk a8 an adedlute and positive indiomkica of Ganmmer prefore
ense for products, The results should be used 88 & gulde in
pandngt developaent, a guide Sthek will previde preliainary
ialication of the produst preference potamtial, liew psoducts
that are tested sowld de izproved through caoments of panal
nandbers, Samples 0f produite Whiish hew oS Fesults ¢ de
oulled defore & huge sun Of mOReY 19 spent on further develop=
st and preduction,

Ce HFass Consuner Ponel

After a product has pasased the lsboratory panel temte,
the nesk logical step 4 prewmarket Sesting 8 nedy @eveloped
pestugh, is to ¢go Yhrough & Kass ConsUmer test, This naat step
insvolves testing the predust for consumer preference by
Larger gaoups of ssasuners, The product wadar test 1s mot
esndueted In & ladaratery but rather thess procucts are wod
A heney The mass eonsuner panels are ueed teo detemine the



74
aCventages and ¢isadvantages of the newvly developsd product,
and o comrare the product under test with the sudetitutes
and enepeting products selling ia the market,

The panel is made up of menbers vhich ascurately
seflect the characteristie of the market population fn which
the product 15 going to de s0ld, The composition of the
panel 18 selected n such a wvay that 1% gives a propertional
sarpling by family sises, by economie groups, by city sises,
and by geographieal arvas,}?

In order to meet the above requirements, it is necess
sary that & preliminary intarview be eoaductesd te scream ot
those individuals vho do not possess the desired eharactere
fetien, The selection of nesbers of A »ass consuser pamel of
Kroger Feod Foundztion wvas based ous (1) “representative
geographical distridution threughout the territory sexved by
the omepany, Zath oounty thus has L{ts quots of aexdarship in
proportion te the sumber of retail outlets epersting ia that
sreas (2) High, mediuws end low ineome Drackete Fepresented
1a the pssportismn indicated by the latast statistics, sod (9)
dtstridution of ages withia the group, eorxrespending te the

1atest census ltgm-:“

13;00m 1, Rair, "Mass Testing Penels,® Fand Tectanloqy,
'“. ’g "“‘ Pe 1"0

“a. Garnms, "Bat What Do The Cemsusers Say?,* [ogd
ndartzian, Vol. 22, 1950, pe 1233,
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A mass consumer panel test has bem used to evaluste
a6 %o} arple Juice meututo.“ Yhere newvly developad
pssdusts wers tested Dy both ladorstory end mass consumey
panels for consumer preference, the tests indicated ess@itially
the seme results,}® Zven though the twe types of test yieltes
the same results, the leboratory panel tests are conducted
wnder comtizolled eonditions and therefore 4o ot allow the
eolisction of ccasuzer reaction wnder conditioas in which the
preduct i9 normally used,

Bacause 6f the larger nuader of panel sembers that
nake wp the panel and decause of the feasidility of develoring
& mefe gepresentative sacple, the mass evnsumer taste panels
ptevide the researcher & more sccurate indicstisa ¢f censurer
preference than laborstery panel, Additional comments askoed
for fzom sespoadents serve & valuadle aid in the svaluation
aad development of new products, The mase conmmer panel Proe
vides csnsumer potential characteristies shioh prove useful
teo mere offective promotional efforts,

The mass consuser panels tests are sudject to sanpling
end peeeedure errors as well as biases, ‘m- type of test is
sere Seetly, more time consuming, and requires mors personnal
Shan laderstery panels,

197, sests Buater, Copewrer Prelexsnoe fex 6 tad
’t;:nutm Reseazch Repost, lioy 343,
. Conomi .

18,.q, niller, H B, Nair, and A.J. Barrimen, "A Housee
mﬂomwottnd for Testing Comnmmer Frdizw
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It 10 fapoztant %0 Feiterats that the two Sests, the
laboratory panel and the mass consusesy panal tests are used
ts svaluate consuner prefersnces among newly developsd prow
Gueta and in these tests, factors which well affeck reactions
of the sonsumers of products when placed on the masket are
a0t taken into oonsideration, Brand names, advertising m
premsting, prieiag, package sise end deciqn, altemative uees
ef the preduct, varistions in recipes and preparation methods,
éiffeszences ia the quality of products used im the Sests, and
Shat s the retail stores are factors not considered ia these
two tests, All these are the fasters whioch may alter the
eskabl fehed gesults ¢f consummer preference teests vham the new
produets are placed ea the market, Even 1if a aw psoduet
ahows high eoasumer preference, the key to success 18 Gone~
SUNGP a0Septance oF willingnese $0 buy the produst under
spegified magnet amditions, Thus it Lis negessary to osnluct
sekail sales Seste vhich will indicate eonsames asceptance
under sesnal sasket eenditions,

By FPredust Asseptance Tests

Poduet ascoeptance test has two parts, nanely, the
CORSURAr ASCeptanee test and the iastitutional acoeptancs
Sest, The produst acceptance Sest in the institutional
SAsket 15 designed R0 ascertain that the buyers, diticimms
oF ehets of fastitutions will duy aad serve the product to
Sheirz customners vhen the new produst 1s offered in the
EAarRat, A preduet say »e Bought by consumers dut not by
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institutions, This may be true vhen the product is used in
small quantities or when the product is not used very oftem,
swhen products are difficult So prepare, costly, and the stoxw
age Llife is short, On the other hand a product may be highly
acceptable to conaumers, but may not gain a vesy wide instie
tutionsal acceptance because certain types of processed food
produsts may be better suited to wse by homemskers than by
institutions,

E, Retail Sales Tests

A9 soon as the nev produsts have passed the labos-
story and mass consumer panel tests which will indicate cone
suner preference, the products undergo a Consumer aceeptance
test called retail sales test, Ivan though a new product has
passed the consumer preferencs tests, nommally it is still
essential to conduct a retail sales test to detesmine the
saleadility of the new product and to obtain a ¢lear picture
of the product’s potential before it is masketed in commesrcial
scale, Preferences 4o not necessarily indicste aceeptance or

salesabdility,
Retail sales testing may be deserided as followss
"When we choose a test for the final
evaluation, we make every to have all or

for a peried of 3 S months are casried out,
wmu«mp«mucuom-, a promo=
t —zt’ltmmm of media,
including store demonstrations a few of the
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'lﬁn the promotion period, A follow up house=
hold consuner survey usually ie wade 8 to 10 17
waoks after the end of the promational cavpalygn,
In sone cases the follow vy interview is omitted in many
sRall Cests decause of the adlitisnal expenses, availadility
of trained personnel, ths objective cf the tast, time limite
ations, and the degree of cooperation received, It 1is evident
that faur basic elements are needed to carry o6ut & retail
szles testy the steres, records, cooperation, and finmneizl
Tesources,
tThe test periocd should be long esnoujh for the aovelty
ef the product to wear off and for repeat sales to de male,
There are various opinions ©a the length of the Cest parisla,
Scott suggests that the test period should de at least one
yeoar in order o include seasonal dbmgn."
The retail sales test may e acoompanied Ly intensive
advertising and promotion programs, wvhich are adnissible to
have in proportion with what could be carried out on & market
wvide basis,
Yollow up consumer interview to osllect information
on the acveptance of & new product may de coniuctsl several
wesks after the product has been intreduced on the test marxet,

e

a7
Te Reyers, "Predicting Marxet Acceptance,® Jougnal
82 _Fame Zooonice, Vole 37, 1953, p. S, ’

”?.s. Scott, J2e, "Seasomadilitly of Furchases o!
Fgozea Crange Juice &nemtratc. Frogten Lemonade Dase ‘ ’
¢

Trosen Passion Fruit Juice,” Hawall EaEn Sciencl,, ¥
li~ " Jm. l’”. Pe ‘Q
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The interviev will provide informatien coacesning the
emeriences, lixes and ¢islikes of consumers vho used the proe
duct, precise informetion on the purchasing and Zepsst puschase
iag, information on consumer characteristice which will be
wvaluable in planning advertising and promotion and information
thet will make pessible the svalustion of advertising end
special promotions carried es during the retail sales test,

The U,3, Tepartment of Agriculture (Agrieultural
*arketing Service) private sesearch organiszations, consuser
profduet amufacturer and state Agricultural Expefinent itstions
kave devsloped snd used retail ssles tests, Appledaus and
cronze described the methodology of retail sales test,)?

Creig and associates used retail sales tests te dmtammine
rotail sales and elasticity of demand for dehydreted mashed
rotato pmm-.” wvhile Dwoskin and Jcoh-.n used this seme
tszt to datermine consumer sucentance of dehydrsted washed

PP AR e

19, Applebmum, and 3, Spears, “Controlled Kxperivante
ekisn {n Marketing Ressarch,® Ihg Joumal el Magkehing, X1V,
19504 ppe 505517, .

T"T"m“ “Fichigan St-to Lm vculty, FSent 40
amxco. nineo 732, 3, Lansing:s Dapaxtmmt of igxie
ﬂlmll Economies, 1953,

2;,3, Duoexin, and m, Jecabe, fotete flakess t ro

o et AWt Vhal ra X\ Harket Lop SN ‘3" £, 9%y
RS AN A idnanraign ips W G QHR IR . u L
b.». Lepartaent © Aqumlturc mmaunq anah RepoOrt iy
165, ¥aahingtons U,5, Governmant Priating Cffice, 1957,
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pokatons, The acceptance of Lrxozen stuffed peppers was tasted
>y Emn” while that of frosen gassion fruit Julce was tected
Yy sscott.” food manufacturers may have an exgellent wse for
retail sales teasts in vaking vital Geclisions o market new

consumar prolucts,
iq Lenmonstrationelaterview Technique

Lenonslizat ion=interview tectmnique is eften used in
predictiag product acceptanse dy both the iastitutional and
fetail matkets, In predictiag produst scceptanes dy the ise
stitwtienal market, the use of neviy developed producte is
cemsnstrated to buyers for institutions, while is prediesing
PSeduet agcertance by the retail maskel, the use of new proe
Cutts §s Semonstirated SO eonsumers, In both casesn, however,
the sale of new procducts does ROt take place,

The inntitutional demenstratien=~interviev teshnicue
oonsists of damvustrating the preparstion of a new £304 proe
Swet §0 buyers for institutional feslding sstabiistments and
them zeoexdiing the reaction of buyers %0 the pieodust, Intesre
visws after demonstrations will seveal the resctions of buyers
snd are the sources of ianformation for predisting product eecsptance,

Sowth Caroline Fxmte stas nmmrso. 177, Cleasons Lepart=ant
of Mﬂallturﬂ SOONOMACE,y 3951’

”r. oo,
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The deronstrationeinterview tectmique has deen useld

Yy Greig to determine institutional accertance of dahydrated
poteto flaxes?® and dshydrofros e srvle slices,?d and by
¥elrath and Sille to test Anstitutiomal accetaonce of dehylroe
frosmm peas,?® KcCreary reparted that the demonstratica=
intapview technique used by Greig provided a fairly reliable
prediction of total sales of Sehydrated potato m”

C, Institutional dales Tests

Neuly Cdevelopsd products are not oaly tested for cooe
sunes accertange, bul also fox iastitutional acosptamce, The
scoostance of new products a3 the institutional level will be
Gmercinsd by disticians, chefs, managers and fool Supevisess

3 " munqo mwm bmt Univere
.“y. 19‘5@).

mB.J. wnth and Mo8, Sills, ZRegtauran
g+ VA AT .- gam, Uy,5, Lerartnent of 4Agric

Mm mpon Hoy 199 (Washingtome Ugiiyg mmt.
rnmm Gfiice, 10!7}.

F 14 ‘ ,
&K. MetL‘mry. TI) aaonstration d Y aka
A1y ¥ 0. T'!mﬂml’"ﬂ . kgnce of
m g ashed fotatoas mpunlished master's cissertstion,
mm Of ugr cultural ftosnomics, Michigan State University,

‘%23. Pe €5,
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of institutions such as churches, schoels, in-plant feeding
emtablishments, restaurants, and other publiec eating places,
in this tast, the products are actually sold to iastitutions
and are uwsed in these feeding establishnents, Marine des~
eribes the institutional sales test technique he used to
deternine institutional ascceptance of frosen diced onionss
"The method consists of the aix

(2) secording of first reactions to the product,

(3) attampts to sell the te institutiona
by distridbutor salesmen, (4) Xk waexly
records of initial and es of the pro-
duct to individual shnents for a period of
12 weaks, (5) Resping weekly records of total
sales in the test market for a paried of 12 months,
(s) umm.ota-?lyumun
central warchouse to be drawn on as neaded to £111

1
?
£
|

products and to determin rl!‘t
penet “mmmung
At present there is & lack of published methodology
for econducting institutional sales tests,

costly, pre-market testing decomes a necessity defore thase
products are placed in the market on a commezcial scale,
Product testing also gives accurate indications of consuser
preference and acceptance, Valuable inforsation may be

Brarine, gn, Sike :Ped0s
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odRasined whieh may guide product Lsprovement and plamaing ot
future promotion and production of the product,

The general procedure for pre-market testing 1iss

(a) ladoratory panel testesThis is used to aid in the
initial phase of product development and te
gather information on CONSURET preference,

{>) Mass consumer panel teste«The conmmers use the
product s howe and are later intarviewed to
edtaia their reactions and sugjgestions oa the
product, This test aids the ressarchef ia pro=
Guct Cevsliopment and iaprovenent and alee gives
a more definite indiction of consumer prefer~
ongces, Additional faforastion ohtained fLrom
this test may indicate the potemtial product
charscteristics vhich are of great value 4ia
planning promotions ang productiom,

(e) retail ssles testeeeThis Cest 10 designed to
indicate the salsadility of the product to cone
susers, or the consumer product acoertancs under
actual magiiot conditions, This test will furnish
the researcher information oa the retail market
potential of aev product, & parket potential
wiich wuld de vital in deeciding Mhu‘to
sazket the product, or d4isregard it,

(4) fnstitutional sales toste-=This test 15 designel
to fndicate the saleadility of products to buyrers
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fog institutional establiizstments, It also
furnishes the researcher informatiom in the
fastitutional market poteatial of new products,
Both the retail and institutional sales test
invelve the selling of products,

(a) demonstzatioa interview techaique=~-This test i»
designed to indicats the aceeptance of products
both on the consumer nd iastitutional levels,
This teet provides an estimate of the product
potential on beth levels, Dmmonstration eof the
preparation ¢f nev products and iaterview eanprice
this test, Dut the preducts tested are not sold,

A nentioned earlier in this ressaxch paper, Sthere
aseommy factors which fawor precessing of Rluederries and in
developing blusbarry products, Howevar, the hiygh cost of
intgodusing a nev blucberry product, pre-market Sesting is
dasmed nsvessary before bdlusderry products are placed ea the
mazket on commezrcial scales Thus ene of the purposes of the
1aderatory test 1s to £ind oul esammer prefereace panel
aseeplability of new Dlucherry psodust forms,

Ia the test of nev blueherry producte Faported 4n this
thesis, the Consuser Yrefezence Fanel (a ladoratory type maes
consuner panel) of rishigan State University was used, The
fesults are 208 final DU are helpful ia further product
inpreovenent, The sonsuser preferencs test enployed in this
ressarch paper is the initial step ia pre-macket testing,
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The use of Fichigen State University Consuser Frefese
GROe laderatory«type nass panal was most appropriats ia cone
dusting the prefersnce tests as the results of these teste
woge used as initial guides in develeping blusderry products
and &8 they provided preliminary indicatiens of consumer
prefesence potentials for these blusberry products, The use
of the laderatery panel liuited the numder of variables that
affesked the teste and at the smme tinme permitted the Sesting
of a great variety of aew preducts, Sudstantial savings wvas
ansther eoasiderstioa taken ia the use of the lshoratory

panal,



Chapter VI
THE CONZWMER PRUTFERIACE T2ITS

Ay Consumar Fansl Test Objective

The tests reported here were designed to determing the
feaaidility of using products from SwO Rew processing msthods
for Blusbhezries by deternining gonsumey preference panal
e0%ertability of these twe new produst forms, The decision
$o use the consuner prefersnce panel was prompted by its
sppropriasteness to test the products at thair sarly stage of
Gevelopnent and also the economy La weing en already sstabe
1ished panel, The tests reposrted are the first tests for e
hydrofrosen and quickecooking blusberries and served privare
11y ss screening tests, The results are not f£inal but may de
very useful as guides ia further product development and marxet
Sesting,

3¢ IEmperineatal Materials

In these tests dehydrofrozsn blusherries vere used ia
pies while quickegooking dehydrated blusherries were used in
MORR piss and muffing, These produdts were produved undes
ishosmteory eonditisns, 7The quickegsoking Gehpdrated bluee
besrias fsom She explosive~puffing process were tested sgainst
oamned dlusberries 1a dDluddarry muffin forns and dehydrofyozen
blusherzies were tested against norsally frossa hlusberries
in pie foems, A screning Stest was alse conduested of Blusberry

86
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pies made from quickecooking, frosan, snd canned Dlusderries,
Uehydrofrorea Plusherry samples were prepared by oy,
Clifford Bedford, Department 0f Food kcience, Michigmm State
University,

The pre<disested dehydrofrozen bdlusherry samples were
regonstituted with water, BSugar, cosnstarch, salt, lason
Juice and utter were addsd ts the reommstituted blusberries
Se fom the bluebersy pie fillinge, A eommerecial pie filling
zecipe vas used, Appronimately 20 ounces of pis £illings
were placed in S-inch aluminum pans and covered with pie crust,
The pies were wrapped in alunimumm foil, frosem, slPred, and
baked 12 hours before the coasumear prefersnce pansl tests
vaPe to be condueted,

The blusdarries which ware used in the preparstion of
the pie f£illings were precassed and treated as followss

{a) for eontrol, the blusberzies were frosen in &
normal fashiom,

(p) for dehydyofrozen eontrel, the blusherries were
aried et 160°7 %o 30 percent of their original
veight and voluss and then wers frosem at »3°r,

() for dshydrefsesen nicked,} the biusherries were
solled ever & plate, wader slight pressure with
zamor sharp triangular blesdes protsuding

"m "niexking® and 'gﬂdtsm" Sreataents wvers desigzned
to alleviate "sxin toughnese® problens sometines associated
with frosea blueberrxies,
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sufficiently far to out through the skin, aiftar
this traataent the dDerries wers 4ried te 20 pare
eant 02 their original weight and volume and than
frozen at «5°7,

(4) for tha dahydrofrossn pricksd the blusberries
were rolled over a needle board 20 that pia size
holes were made fn the skin, After this traatument
the derries ware dried te 350 percent of their
original weizht and veluse and them frosem st «°r,

Ia the preparstion of suffing quich-cooking dahydrated

Nusderriss, were used as muffin mixes, Cultivated blueberries
were processed by the explosive~puffing process dy the Zastern
Mm Research aad Developeent Division, United Stabkes
Depaztment of Agriculture a8 Philadelphias, Peansylvania, 7he
quickegoeking dehydrated bluehsrries packageld La ssaled cana,
Fuffinge £rom Ddoth quick-essking dahydrated and ssnned bluer
berries ware prepared by the Home Becnonic¢s Depattaest,
richigen State University, &bouS 27 grans of dahydrated blues
berries wers added o one oup of deiling wvatar and were
allowed to simmer frem 1 %o 2 minutes, 7he recoanstituteld
hlueherries vare then rinsed, dried and used in recipe with
prepared mutfin nix in lieu of eamned blusberries, The
ouffins wvere baked, sealed Lin aluminue fofl and frozem, Tha
frozen suffing were sulsegquantly thawed defore being served
to the cansumar preference panel,

Conoumers® prefetense ranking and triangle tests wore

conducted through the Midhigan State University Camsumer
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Poetanense Pansly Cne of the main funcRions of this Consumer
ranel 18 to pre=terst new products and ideas and to oMkain
Movers Mich vill guide preducers, processors, wvholesalers
and retallers, The Consumer Fanel, & markeing projeet of
richigan state University, with the escperation ef vVayne
ke University, (s headed by Dr, Henry Larselere of She
Devartment of igrieultural Zconocales of Hichigan State tnivere
sity, aad Pgofesacr Mary Jane Bostick of the Hame Zconomics
Cepartaent of Wayne Ltate University, This psnel wsually
meets 4 to $ tines & year at Wayne State University in Detroit,
Nichigan,

The panal vas originally developed ia the following
nannay, ia 1956 a sarple census of adout 8,300 names was
sslectad £30m the latest Detroits telephone directery, by &
fRratified systenstic ssaple, These perscns selected faonm
the talephone directory were sent mail questionnaizes that
asked fog the Lollowing inforsetion: 6ge grewp, edusstional
statnment, ewploynmant sutside home, estimates of income
after Sanes (feleral) amd other questions related to eonsumor
pagchasing, Thsae coatrol factors were chosen beumise eof
thelir ixpertance as & faster zelated to the consurmption of
fondy, Abeut 3 percant of the questionnaires sent to 6,300
DeRroit residents wers returned £oz non-dalivery and about 20
percent of the remainder wers £illed out and: returned,

Fren those who agreed to pasticipate, a panel of from
120-130 consuzers ars sclected for each panal test, This
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panel was.zopresentative of consumers in the sarple areap
these eoamumers were in the middle income group ($4,000 to
$10,000 yearly income), had received 12 to 13 years of e'lucae
tion end were in the 31 to 43 age group,

Each year, approxisately 20 to 40 basie sample panal
madbers with the smme characteristics as those of the active
panal are gecreited to take the place ¢f those whe drop from
ths active panel,

Faxilies vho attended the consuner panel tests were
pIll $4400,

Though selected active panel mambeors were mostly
winen eincte purchases are sade mostly by women, hushbands were
also permitted to sxnple tha products on test,

Childrea and guests were allowed to sasple the proe
Susta, Dt their soore cards vere disregarded in the snalysis
of tha teat,

The panel members were zeminded of ths forthomming
GIRSURe? panel test Dy aeans of & posk Card which inCicated
the day aad the specific tise penel maxders ware expected to
Sepott & Wayne State University, The ewpericoents were Cone
Gucted a8 & part of the Niahigon Stats Uaiversity Consuaar
Praferees fanel on Sovenmdber 14, 1962, Fedbruasry 19, and iprid
4, 1363, The penel met from 2 0°clock in the aftesmoon until
9 o'cloex in the evening, Befors the eonsumers vere asxed to
sanple the products, they were deiefed om the general purpoee
of the projest and vere given instroctions ceaterning the
aifforent series of items, The conmmers werse not told the
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PuUrnnse Of any apecifie testa, The oongumers ware asked Lo
perform the test indcrendently of one ancther, +~fter the
briefing the conrumers wore led to the laboratory room in
grouns 6f 19 to 20 consurers &t a time, &8 sOON as each oone
suer eorpleted his product lists, hie cards were chockod ta
make eire that each cuestion weae answersd pronerly,

Ce Exparimental Frocedure

In this study, twd types of tasts were conducted, the
anmmer proference ranking test and the triangle test,
Exiing lent

In ths consumer praferance ganking test the conmwors
ware morely asked to axiple the ples and ramk adcording to
their preferences from, 1, highost, to 4, lowvast, The consurcrs
ware not askzed the reasons for their preference Lut wers ene
omrened to write woluntary comments, It was not explainod
to panal memders whether the test was for crust, oolor, tmowe
turoe, consistency, armearsnce, different recipes, processing
tociniques, or varifoties, The papsr plates that containad
the samples were codsd by symbols such as, %, 8, ¥, and () to
prevent the poesidle influence of rankliy associastion by use
of lotters or nuzbers, Thess symdols were altermated randcmly
to avoid a csrtain ple sarple from being continually in the
some position,

Thoush the tests were considered taste tasta, each
panel menbar was ssrved 1/8 of a %=inch pie from each sanplo,
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fach sample was large enough 80 that appsarance mey have beon
sonstiersl in the taste ranking,

In the analysis of the preference ranking test, each
individual consuner was asked te rank the sarcle in the order
of rreafarence from one to four, A weighted rankt score of each
somrle was determined odtaining the product of ¢iffarent pore
contejes of total rankings and the various essizned wmights
far the &ifferent levcls of choices such that the percantace
of total first choice was sultiplied by 4 points, the second
ctice by 3 pointe, the thizrd choics Dy 2 points, the last
choice by L point, (Ses arpendix for eomputation), The
sarrcle that obtained the hizhest socore in each series was oone
sidared preferrsd by the largest numder of pansl manders,

The degree of concordance vas used to dsternine sige
nifieance fn the overall test and {f & siguificant differw
mmmmwmm-mm(u’) tast was used to Cotare
mine differences detween individual samples,

In ths trimngle tests, the panel mesbers wers given
throe sanples, two of which were fdentical and the other
*aifferent® sanple, In adidition, they were asked which
sarlae they preferred, the “identical® or the *“different®
sxrle, The 04ds for a cortrect nswer by chance are ) in )
for Cistinguis’ment and L ta ¢ for preferance, 7Teosts of sigaie
disamce wers conducted both for distinguistment and for

preference,
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Dy Limitstions of the Etuly

This stuly s subject to certain 1limitztions and thosa
iinitations arise frow the preparations of the sarrles, ranking
test mothod, triangle test method, and ladoratory pancl tocts,
¢ In the firzst preference test for pies, the four ti—ce o7
blucderry pie £111inge 414 nok have cquite the sane cone
sistency, Fles made from untrested dohydrofrozen pie
£1114ngs arpeared to be thicker than the rest of the plo
£1111ings becauze water was raniZly adsorbed by the (v roe
frosen berries, This resulted in addition of more water
to the untrested pie fillings,

2, The pie £illings used in tha first preference ganking
Cosd werze prepared every Fridey for four eonsecutive wed:n,
Cach Friday tan pies of sach type wvere frosen, This
meant that the pies were not prerared all at one tincy
Sone were frozen 88 long as four weeks before coocking o)
sone were froeen & wesk before cooking,

3s In the ranking method there 18 & poesidbility of the rmise
iaterpretation of the positive results even if we asoune
that ether sources of dias were Femoved throuch experinantcl
deelgn and statistical technicues, Aecording to Flett?
there are four possidle sources of dias fron the

L

2.ashington Flats, °now Hill Conmusers Rate Your Froducte?”,
fond Iouctziay, Vol, 9 (1937), ps 9
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interpretation of positive responses, Thess ares (1) when
the yespondent 18 ungble ¢o distinguish Detwesn the sarrles
his wOte may be a pure guess, (32) ¥hen a respondent hes
only @ elight preference, he may select either product and %e
satisfied, (3) iten a responient has a strong preference for
the rreduct, he may buy oaly the preferred preduct, snd {4)
prefeve One over the sthar, Nowevar, some of thess are parte
islly enzrected in the wse of the panel,
4y 5in0e three saswples were deing used fa the trimngle test,
20%e $ime was reguired to complete the teat than the patred
test,
5, The use of ladorstory panel to tast products proesents the
following prodlenss
(a) I8 Lo fitting to asmme that the lay panel menbers have
more fnterast in testing products than the sonepansl
menders (normal consumers), This may tend te biu the
penel results even though the interest may de stimulsted
by She menetary revards,
{b) T™he laberatory panel tests were conducted under unnatugel
oF alnommal eonditions decauss the samples tested ware
in smaller proportions than those when products were to
be esken at honey, Eanples were sexved bhetween mealsy
the samples were tested whiles consumers ware standing,
vhile under memmal circoastances they would be sitting
down,
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(e} The use of the saze panel membess over a long period ef
tize has made the panel mesbers more proficient snd 8
professional attitude may have dsvelopsd which reduces
gepresentativensss,

(&) Fxperinental control of sowe variadles were ungvoilo:lo
sach as xseping prepsration methods unifors, securing
uniforn saples, and aled maintaining semple quality,

(o) Tha resuits Ccannot be taken as final singe these wers
edtained from selatively muall punmbex of respondents®
opinion,

Ee EKesulte

Consuner preference ranking teste were conducted among the
saxples of blueberzry ples made fyom norasally frozan, &yl
fyozon untreated, dshydrofrosen micked, snd dehydrofrozen
pricked blusberry pie fillinge, The genswsers Kanked coiel
sa:z.las of sach tyre of blusderry pie sccarding So prefsronce,
1, hizhest to 4, lovest,

Cf the 146 ednsuners, 64 percent preferrsd the pie
nale of sormally frozen blusherries, dchydmofrozen contrcl, 8
percent, delvdrofrosen nicked, 14 percent and dehydrolrezan
pricked, 14 percent, < .

A statistical analysis of results indicated g hizhly
eignificant agresmant amsong coneuwers thak there was & Cillode
ence in preferesce for the ples. Pies made from normally
frozen blusherriss were significmtly prafarrsd over ples
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Ta01e €,.1, Consunar ranel FPraferenace Ranking of Fies Made
from Lornally Frozan, Untrested Cenyfrefyosen
and Pretrested Lehydrofrozen Blusherry Fie !'dh-
inge, 143 Conounsrs, letreit, Nichigan, Lovenber
14, 1362,

RPN

Thizd Fourth Totsl

v P

Fieste - First second

Cont rel g:mmanr

Fgozan sS4 23 13 13 148
Lahryirofzozen

oxtrol 12 53 39 Q9 14%
Detpizofrosen alcked 20 » 1 § s 148
Del»Trofropen

pricked 2 b 24 ® 43 1453

L
143 1% 143 %7

R R

setyaiftioant Qifferencas in ranking at tha 1 parcent level,

fg;: zga:“m ch::c t.o .: ;:.at these &ilffexunces An zanking were
zale from deshyldrofrozem (control) blueberries, dehydrocfrozen
nic:ed and dehydrofrozen pricked blugherries, Thare werd uo
signifisant prefazences aaong any other somparisons,

A BDlusberry ple triangle test was conducted on Falruary

13, 1353, to oonfimm that thers was no significant diffeznce
in the preference detween the dshylrofrozen control end Co=
hydrofsoten pridked Dluederry pleay Uith the Sriangle tact
natiiod, each panal manber was givea three saples, two of
stiich wers identical and one *different,® The consumers wcrs
am:ed to piox out the “differsnt® emmple,
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2 the 129 consurers testing &shylrofrozen oontrol snd
échimfrozen pridced bluedarry pie f£illings &n the triancle
test, 70 consurers or sbout 50 percent wers able t0 Qifferw
sntiste betveen two products, Thias indicated that there were
éictincuishable dlfZerancas betwvem ples made from the tw
tis fillings,
cf the 63 consusers who ware shls to differantiata
rice mada fyom the tws nides, $2 percent prefexral the pics
pata fron Gshylrofrozen pricked ple fiiiings, This &ifforence
in preference was nhot significens and aculd have deen dus
chance,
foile 6,2, Triangle Test of Fies Made from Dehydrofrozan Cofe
trol and Dehydrofrosen Pricked Blusterry Fie Fille
tngs, 139 Consumars, Letxoit, tiichigan, Falyl3,1:08

w

-2 al conmmers varticipating 139
Could not differentiaste produsts )
Corroctly differentisted betwen pERduUStS yore

trsterence for Gshydrofzosen pricked 36 N 2./
Praference for Cohydrofrosen control 32 paif

MW
Tetel correctly differentiating 63

— | | o .
Eade/ Boneatgnificant 8d the 1 percent Lewel,

”W discernment of ciffsrences significsat st 1 percont
ov

~# the T consumers who were sils to dtfferentiate corroctly
bmtmcngmmu) ecusuners 414 not ansver the
sscond queation,
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The bluererry ple trisngle test eoncuctel econfimal
that thers was no signifigant diffarence in the prefarmee
betreoen the Cahvirofrosen eontrol and dghydrofroren pricked

) - o B E

On Foventer 14, 1962, a triangle tast ef the muifins
male grom gquickecooking bluedarries and canned hlueberriesd
wes conducteld with the consunar prelexence panel, 3n genaral,
She same pathods were used as in the pzevicusly reported
Sriangle test with the denwdsefrosen ples, Eath Consumer was
sorved 3 halves of blusberzy muffins, twe of which vere
ssenticsl and ene vhich was “different,® The conmumer wis
asnsd to identify She Giffereat saaple and o indicate shich
was preferred, the “éifferent® or tdentical sanples,

©f the 156 consumers testing quiex=csoking bluebarry
suffins snd eanned blucderry mutfins in the triangle test, 37
consusere oF 63 percent were adle te ditZerantiste correctly
the twe paedusts, This indicatas that there were distingulzie
a&owlmmnﬂmmwmtwm&.

Cf the 99 coasuners Who wars able to differwmtiste
sutfing sade £rom the twe mines, 59 preferred the muffin mile
fros canaed Llusherry mix and 40 the qulcktegooking min, Ihis
aifZegence in preference was ROt quite significant and oxuld
have besn due to chancey

; R A .v'_‘ff‘&,'l"" v
he wuffin triangle test method of compering rufliins
myvle fros quick-oooking aad exiinary esrned bluearry malling
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Table 6.3, Triancle Test of Mulfing tale From QuickeCooking
venydrsted and Onitnary Canned Lluaehbarries, 1%
Consumers, Letroit, sichigan, Hovaiher 14, 1962,

Tokal conmmsrs participating 156
sould ok differentiste products -l
osrsectly diflsrentiated between prodacts 994
rrefarence for quictkecoaking m=ix &9
preference fof canned blusberry eix -id
Tokal corroctly Cifferantisting L ]

- 7 : _ :

*e0sn yaar discarnment of Qifferences simmificaat akt the )
rercert level, Cifferences ia pfeferamce were Bot signifie
cant &t the 1 percent leval, ,

was Repestel on Pedruary 19, 1963, 7The sams methods wire e
ployved as those in the previcus tests, The results wers nearly
fdentical to She firet test,

Of the 147 consuners tasting quithetoaking dehydlratad
biluederry suffing and orcinary canned blusberry muffias
rexcent were sble to distinguish betwemn the products, Thia
fndicated that thers wers distinguishable differences betwesn
mZling sals by the twd methods,

Of the 101 consuvers who wered able T Ciffarentiats
m?fing male £50m the tuo mixes about 335 percent prefarzad the
rulfing made £3om canned blusbasries, This difference ia
profarence was not significant snd could have beem Gue to
ChanCoe
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Talle 6,4, Triengle Test of Fuffins rade From (uickeCooxing
and Crdinary Canned pluebersry iuffins, 147 Cone
suners, .etroit, sichigan, lebruary 19, 1963,

Tetal &smnmers participeting 147
o118 not differontiate products 44
corroctly Cifferentiated products 103ee
prefesence for guickecnoking hlueberry mix 44 Laly/
proforance for canned Llusberry mix iy 1% 4

121
O SIS SRS
e inly significent aifferentistion
usazy/ Vonesignificant Cifferences st the ) psrcent lavel,
(22 173 conauners who waere atleo to diffazrentiate correctly Loe
tsfw tmﬁﬁ)mﬂ.ﬂn two (2) conszreers did not ansver
I?2 the rozults of the two triangle Ceats are &xined
{this is not complstely justifiable statistically) thesm the
canneld blucherry muffine are significently prefesred at the
5. lovaly oF the 04ds ars greater than 19 ¢0 1 that the
prefaroence o7 muffing containing canned blusherries was not
Mo o ¢honce alona, (TaolelS) These two trianjyle tests
wore exxbinsd in ordar to determine the effects of a largax
meibor 0f tasters on the results of the test, Ths result of
er:bining thess Cud tasts suggested that in the future the
L33 of a larger aunkerxr 0f panel menhers may incresnse the
sccuracy of the statistical results,
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Tadle 6,5, Combined Fovenber and February Triangle Test of
ruffins Made rroas Cuitk=Cooking Lehwywdrated and
Crdinary Canned Bluederry Muffin Mixass, 3]} Cone
surers, Letroit, ¥ichigan,

fotal consuser participating 147 ¢ 158 = 303
ould not Gifferentiate products ¢4 ¢ 87 e 10}
@uld correctly differemtiate products 7

103 ¢ 93 = 2020
preference for quick=eooking blusbesry 44 ¢ 40 = galais/
preference 0y canned Rlusderry mix $7 ¢ %9 » ueﬂ/

Total correctly differentisting 200

L e
*oiiighly eigmificant differentistion st the 1 percent level,

I/ signiticantly éifferent at She § percent level,

Gafe/ Pou=significant at the § pereent levsl,

(C2 303 conmumers vho were adle te differentiste correctly
detwesn the two auffia mines two (2) consuners £18 not answer
the sesond question,)

Cf the 303 consumers {this was not 323 consuvers
betmuse a large nusber were duplicates) testing quickegacke
ing dehydrated bluebersy min and exdinsry canned blusberry
suffine nix in two triangle tests, 68,8 percent wars able to
distinguish between the products, This indiceted that there
vele distinguishally differences bPatveen the suliins made
fron the two mixss, 7Thoush the test was considaered tasts
tost, there wvaa a poseitility that appearance OrF visual ¢i{ifapw
Mncee smong somples affected consumsars' preferances,
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Cf the 270 consunsrs vho were adle to differentiate
suffins made from the tw mixes about 53 percent preferresd
the muffins made from eanned bl«butf mixng This difference
ia prefsrence was barely significant at the % percent level,

On April 4, 1963, & prelisinary scresning teet of
quidkegsoxing blusberzies ia pie fom eompared te canned bluae
beczies and frozen bludherries was condusted,

Table 6,6, Consumer Panel Prefersnce Ranking of Ples rade
Yrom Normally Frogen, Cannad and uickeCooking
Blusberzy Pie Fillinge, 131 Consumers, Letzxoit,
Michigan, Apﬂl 4, 1963,

Total
Tyre of Plfe Filling Fires secon Consuner
Canned 84 4 ¢ 1
Trosen 36 68 o in
GuidRegotk ing 11 24 ] ] 11

Total Consumers i3 n in

e e e
significant differences in ranking at the 1 percent level,
The odds are 99 to } that these differmmces in ranking were
aot Gue to chance,

02 131 consuners sampling, pies made froa ecanned
blusherry pie £illings were zanked fisst 84 times, frozen ¥
tines and quidkecooking dehydrated 11 tises, A statistical
snalysis of result indicated a highly significant agreeront
smong consuners that there wes a difference in praference for

pies,
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In this test, the pies from canned bluederries were rankad
significantly higher than those from froren and cuickecooking
bludborries and the frozen blueberries wers rankad eijnificante
1y hicher than pies from quidc=cooking blueberries, lowewor,
betase of the 1limited surnlies ©f qQuick=cooking Lluaberrics,
only a 1iaited numder of trial recipes wers cdovelopad from
the quidke=cnoking blueberries, The low rating for pies from
quick=goak ing may have been partially &ue to prepraration
aethods, 5some comments were "too guwny,® “too sweet,® end “"no
taste® for ples fron quicke=cooking Llueberries,



Chapter VII
SPUAARY AND COHCLU3 ION

The rising freight rates, exponsive s20rage GO8t,
relatively high packaging outlay, institutiom and consumer
domand for convenience food products, increasing trend in
bluederry production and processing, expanding total conzunne
tion and per capita consunption of both fresh and processa’
blusherries, concentration of bludbherry consunption near the
arsa of productioca, relatively elastic demand for commerzially
prepared pies, and the fact that the price of blusdberry pics
is higherz than the average price of comeercial fruit pleseeasll
thase factors were partially responsidle for the intitiation
of reseasch for new processing teghnologies and the research
zepoited here to deternine the feasidility of new product uss
to seduce aost of processing, storage, paskeging and distridbue
tion, and, therelosze increase sales of dlueherry produsta,

Thus the odjectives of this stulty were: (a) to review
the trends in bluedberry produciion, coasunption and utilizae
tion, and (D) te make a progress Fepert on the feasidbility of
using products from twd Aew processing methods for bluedbarries
by dotermining coneuner preference panel acceptability of
these v now products,

Blusberry production in the United itates has bean
expanding rapidly, While total bhluddaerry production 4s ine
creasing, the acreage harvested has also baen increasing, dut

104



108
8% & slower pace, ilational yleld psr acre has exhibited a
187 percent increase from 1939 to 1959, The U,5, blusdberry
industyy is conentrated ia Kichigan and easterm states such
a8 Maine, Xew Jersey, Korth Carolina and in Washington, These
states, sinee 1949, have myplied over 80 percant of the total
UeSe Blusberries,

The total volwme of blusherries processed insreasel
f3ens aboud 37 million pouwnde in 1930 te 45,3 million pounds
in 3982, In the same pericd, cemned dlucdarries Geelined 13
peroent, and frozen blusdberries increassd 143 perommt, Llarge
scale cmmning of blusdarries ia pie £illing fers degan in
1955, &iace then, the volume of canned pie £illing insreased
from sdeut 35,3 million pounde to about 8,8 aillion pounds in
1982, a 70 percent increase,

Total hluederry consumption has inersased a8 & highar
Fate Sthan pepulstion growth, Tokal eonsumption in 1929
asounted to 13,2 million pounds and in 1962, 85,8 millien
pounds, an inerease of 3548 purcent, Aversge per Gapita esne
sapRion of hluehezries Lncreased significmmtly favm 1)
pounds 1in 1929 to (46 pounds in 1962, en inersase of 318 pere
cnty Fet eapita consurption of proeessed blusdesties ine
eresses fyom 23 peunds in 1930 to 32 pounds in 1963,

Conswsption of dlusberries Ls proportionataly hicher
ia Fegions €lose to pIeduetion afeas, Between 1933 sad 1958
the sverags per capita consunptisa of fresh bluaberries in
Fichigan ssounted te .82 pewnds, sommercially procsssed o6
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pounds, cannsd o33 pounds sad frozen .04 pounds,

Ve3¢ proceseing ef the blueberry erxop has dippeld from
$3,9 percent of the total erop 4in 1934 to 64,3 percent in
1932, Uowever, the total wvolume of bluederries procossed
insressed from 27,099,000 peunde in 1950 te 43,535,000 pouncs
in 3963, an incrsase of 79 pervent,

Dlwsberries #0ld in fresh fosme are principally
cultiveted blusberries frem Kichigam, Kaw Jersey, and dNorth
Carolina, These three states supply about 98 percemt of the
dludhesries going o fresh namket, Consumnption of fresh hluee
bekries s Soncentrated near the area of production, COwver
£0 paremat of the unloads of fresh blusderries ware reported
in § eitien, Few York, Bosten, Philadelphia, Cetroil, and
Chicage, and 83 percent in Shese and § additional cities,

During the period 19353 to 1957 adewt 37 percent of
fanilies in Kidhigam purchased commercislly prapared sprle
and charry piles, vhile only 22,4 peroant of families bouchs
eomercially prepared dlusberzy pless On the averaje, arvle
and gharry ples acsmunted forx 63,8 percemt of all fruit pies
puschased Dy sach parses in Michigan, while blusbezry ples
scesunted for a 1ittle over 10 peroent, In 1957 83 pereent
of ¥iehigen familiee Deught ne dluesherry pies, 12 percent
purchased dluederry piee once, and only 4 petcent Pought pies
throe oF sore times, The price of all types of fruit ples
sversged 38 oents per pound, The price of dlusbarsy pies was
consistently abdeve the prises of other fruit pies and the
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svarage prices of all fruit piea, Blusherry pis price averaged
42 esnts per pound between 1933 and 1937,

A sty on oxmmercially prerared fruitl pies indicatal
that Lased on the aversge price snd guantity, 8 10 perceont
hance in the averae price of fruit pies was associated with
cout 21 percent change in the Qquantity consumed ia the o;rosite
Cirection, Thus £ the prices of blusderry esn de zaduced to
a price comparable to other fruit ples, surh as charry and
arrle ples, it 18 lixely that hlushberry pie purchases would
increasae,

Thus, after considering the factsrs ahewvs, studies of
some petemtial nev progessing methods were undertaken to ¢ctore
nine the feasidility of their use to posaibly reluce goat of
procensing, storsge, packtaging and Cistridution, and thereforas
to increase the cales of the blusberry products,

In this stuly, products from twd new precessing teche
nologies were wonaidersd, the debydrefreezing process and the
explosivespuiling protess, Dehydsvfreszing is A nethnd of
food pressrvation wvhich involves drying the commodity te
wrroximataly 50 pexcent of fresh weight before fLreezing,

T™he nain advantage O6f this »ethod 10 the reluction in weigit
a3 dulk 62 the product while guality is matntained, As a
result of the reduced weight and bulk, packaging, sterege and
shipring CoSte are alse reduses, Ia asdition, reSusties of
drips wpon thawing end the sase of contiolling the moisturs
contant are the advantages of Gehydrofroren products oves
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frosen items, Though plant investmemt for dshydrofreesing
Sethadlogy £8 kigher than for freexing, the differance 4in
GaNt §£8 more than offset Dy the relduction 1n packaging, SLOre
age snd tramsportation costs, 2n effect, the objective of
dehydrolgeexing 18 o slkain sonme of the economics of dehyirae
tion whitle maintaining the gquality of the frezem product,

The explosivespuffing process is 8 new process which
produces Falatively larger dehydrated fruit and vegetable
rieces that can be dethyydrmted and penydrated morxe rapidly
than the conventional dehydration process, C(ulckecpexing
échydratet fruits and vegetables have certain advarajes oves
canned and fresea predusts, Guick-ettking dehydrated producte
have less walghh and Bulk and therefare sterase, shipning amd
pacaging eosts are alse reduced, Larger fruit and vegetatls
pisces are rehydrsted easier, detter sad faster,

Each of these Swe new pregesaing technigues (dehylroe
fraezing and the esplssivespuffing proesss) yield precucts
vihich night de adaptable for uwee in many types of blueborry
proadugts, $,60, £OF use 4n ples, mutfing, jellies and othars,

rroducts £aom sach of the precessiag tecdmologies
vore produced undar laberstory asnditisns enpressly for uss
ia the coadumer prefesence panslis, Sach 8f the temologies
wvere o8 early steges of develorment, In esadh case, 1% wan the
giret ssassa en vhidh sither of the tevhnologies have dawn
sttenphed su dlusdarries even on 8n exparimentsl hasis,



1092

Fadh new procuct type was prizarily testad ajalnet
stanlard products in only cne final fom, The quickecocking
dehydrated blueterries frow the eplosive-puffing process were
Sected piainst canned bLlueberriea in mulfin fore and the fo=
hlrofrozm blueberriss were tested against normally frozm
blusherzies in ple form, Ouick=ctooking bBlueberries in ple
form were compared to eanned dlucherries and frosan hlueherriesz,
Tha richigan State University Censuner Prefermnce Fanel vas
used ¢ teat the quality of the products ia mulffin and ple

Kormally frozem blushesrries were compared to dehyiyoe
froren contrel (e trestasant) Cahydroirosen pricked, and dae
nydrefrosen nicked An ple fors, 7The consumer preference tests
indicated highly significent prefevence for normally frozen
blushersy pies over both the &ahydrefrosan control and tha
rrestreated dehydrofrosea dlusherries, Mt no significant
é1f7evences Detweosn the Gontrol and pre=trsited dahylrofzsson
in ple forme

In a triangle test coxxparing piss from the dshylive
froseh GeAtIol €O dehylrofrozan pricked hlueherries, the dige
ecrrment of differences was significant but the preferences
Peotweoen the two forme were not signifieant,

In twe triamgle tests esmparing muffins male from
uiceageoking and ordinary camned blusberries, there was &
significant discernment of differences dut & non=significant
profiereneey Thue undes coandisions of the test, the guicheeooiting
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blucherries pepared dy the explesivespuffing prosessd were as
sscectable as the sormally canned blueberries in muffin form,
However vhen the data were ombined, the differenes in prelore
ence was darely significant,

A conmmer preference ponel screening test was cone
custed of Blusbersy pies made from fressm, camned and Quicke
esaking bluedbarries, xa this sest the guickecnoking blues
terries wers ranked the lowest by & significant number 62 cone
£3158e Due to the 1imited gquantity of guith«goeking Dluee
terriss only & few experimental recipes were tested defore tha
consuner panel was ¢onducted, -

Thouch dehydrofrosen bluebaszy pies were mot as
acorrtable as norsally fresen blueberry plee, W pnfm
ency tests shauld be -num«l. The ucuu of aahydzee
frozan q,-p.ln" and favorable results in coammer preference
oot on dehydrofrose peas,’ and the savings reslised frvm
rackiging, storege amd distribution esets wuld suggess that
vorx om the dehydrefreezing process be continued, Better
gocines on dehyvdrefresen bdlushesries for use ae pis fillinga
nigtk de developed, The ssmsistemcy of the pie m’b. iaproved
=i made uniform by messuring carefully the swount of water
mized with the pre~treated blusderzries,

.'crelq. 8.,Me Gzant an? H,B, Larselere, "Tha Effest of
rethads of Freszing Aprle £licsa on Conmuner PRelercnces £or
Fio9," Cete Bulletin, May, 1960, ppe 42-89,

Greiq, Be, Wnd 5y Ltucknan, "Sarkel fotantial £35% Jom
hrCrofrozen and Dehydrocenned irple Slices,® g, Loom, Hined 801,
be-taidar, 1960, ppe A=3l,

210779 Shables 128.5i%s

Talburt, s5.81e¢ 10Cs £1%
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Evan thowh the plee from quickecsoking dehyy?rated
rlucherzries wvera ranked the lowvest hy a nurher of ennsumers,
ocmesumey preferance tezts hvuld de continued; More trial
ria £filling recipes using quickecooking blusherries is favosw
@ile before coasumer preference tests are oonducted again,

The quickecooking bluchorries, vhea used in wuffins,
werg found accertalle by the consumer preference psnely This
test L8 tha Linitial step in pre-market testing, Mass consunes
ranal tast, retail rales test, institutional sales test and
Covonitration=int erviev teet may be tontfucted to deermine
cosuner as well as ingtitutional acceptence of wmiffins froo
ciidtecooicing blueharriens, C(ulidkegooking blueberries mav he
tostald on various pospular recipas such ss pancaxes, coffes
ring, ctscee ple, mona®meex pudding, shortcaks, cream puffs,
rarvalade and L1ce ¢rean,

Fast studies esujjest that at ths retail level thers
exizts 8 highly elastie deasnd for Dlusberry ples, DBlueberry
rias are typically priced highser tham any one fruit ple,
£4th thena tws factors {n mind, tha outlook for the dehydrse
froezing process end the exrlosivespufiing process which hoth
cflerxr potaentisl savings in pasyssing, storaga and dlistrilution
oncts are favorzhle, Thus, it is strongly sucgerted thet
firthor studles b endactad o Svrrove the quality of and
Cotaraine consuner accaptability of blugherry profucts proe
cezoad from these two prouising tedhnoleojien, the dshydroe
freszing and explosivespuffing, &s wall as any new techrnolocy
Lhut may appear fessille oa blusdorriss,
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APTEIDIX B

In the computstion of the results of the triangle
tasts, the formulas balow were useds
e the 8 percant level of significence,
YO E/3 90,80 0,929\ n
at the L peromt level of significance,
Yo /30 0,5 ¢ 3, 08\8
at tha ons tenth psresnt level of significansce,
y®u/3 e 0,80 1,55 8
vhares
Y & Various levels of aionificence neceseary
%0 establish significant differentiation,
E ®» total nwrber of tasters,
The ahove formulas were used in analyzing the ansvaors
to the £irst questiom of the triangle test, “Wilch of y 1o
creater than either the number of consumers who oould diffepw
entiate end not differentiate the producta correctly, thon,
thare would de no significant diffarencs Detwacn the LuWd [IDe
dus tested,
Ia the analysis of the snawers for the socond guastion
c? ths triangle test, the f0llowing forwula wes waols
ysEoeosse 3@_
vheres
% = tokal number of tastere,
2 » values of Z are 1,9€3, 2,578 and 3,090 at

the 8 pervant, 1 percant and 41 percent
levels of significance, racrectively,
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Y ® minisus punber 0f agresing fudcnents necede
sary o establish significant preafarencey

This formula 43 ussd to snalyss the secomd question,
o ich do you prefer, the identical eor different sample?*® of
the triangle test,

if the value of y exteeds tha amder of consuncers vhe
szeferznd eithex of the twe samples, then there would be no
sionificant preference between the prolusts,

12, however, Doth the aunber of consumers v prae
farred either of the twe samples, taken separately, emcesd
the value 8f Yy, the result wsuld ssan that doth products sre
significantly preferred, Im this particuler e¢ase, fuxther
ezalysis should be made dy employing the formula belown

yo%t.s«ozﬁ

there y and 3 are the sare as the values used (n
the precesiing formula, vhile B rspraseats the nunber of
tasters vho ars adle to distinguish correctly the two
carlen,

In & simtilar fashion, 1f the eoputed valus of y
cceels the munder of consumers 0f either of the two profucts,
then there wuld b nd sigaificant prafersncs ketwean tha
t0 profucke,



APPRUDIX €

rtasver tO Yo, 1 guestions
st S percent lovel of significance
yon/3e 8¢ 0230V n
® 139/3 ¢ oS ¢ 9239\ 130
B 4333 ¢ o8 ¢ 49239 (11,729)
Yy = 32724232
a2 1 percant level of significances
y®139/3 ¢ .8 ¢ 2,042
® 46,33 4 45 ¢ 1,014(11,733)
ye fla144

There were aiguificont differances betvoeen the
two samples at both $ and 1 pereent levela,

vheres
¥ « aunber of Sastess (total),

y ® miniwmm nunber of COIract aNsVer necessiry
to establish significant diffarancaes,

insvers to o, 2 question:
at 3 percent level

y.!/!O.SOJ

vheres

y ® minimon nunber of tasters which prefar either
savrles necessary to estadlish csignificant
Gifferenoa,

¥ @ nuedar of tasters wvho wers able to corrxoctly
éiffrxxentiate the sarples,

2 & valuss that would wvary from every level of
significance,

i
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r-es/n.a.ox.z;ﬂé?

-340.50&2%‘3.1&
-u'o.soua;g

= 34,85 ¢ 2,8

® £1.31

Conparsd ta the observed value of 36, thers is
no significant Cifference,

at 1 percent level,

yowzo.SoM‘
° 34005 ¢ 22682460
-:&Som

® 34,8 ¢ 13,60

s 43120
Lo significant Aiffexrence,



ATTIEDIX D

Lsestion nmﬁu b Y}
at 1 percent level
yui/3 ¢ ¢8e 2.8V E
. 13¢/3 ¢ .5 4 2,704\ 156
® 52,8 ¢ o8 ¢ 1,214{12,49)
® £1.85223

Xintoun nusher of tasters requirsl to sotatlich
eignificant diffaerence,

Compared with 99 tastars ia the experinent, wa
can say that thers vas a significant orx dise
tinguishable diffezence between the two tyres
ef sasplaes,

Question Eoy 2%

st 1 percent level

youlzo.io‘g.
.n/zc.so;ﬂ%_g

. 49,5 ¢ 2.575(9,949)
|

® 45,3 ¢ 21.%2&524
® 49,8 ¢ 12,814

s .4,
Lo significant diffexencse,
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APPEIDIX E

Answer to question 1
nﬁ 1 parcent level
yeou/3e 8¢ 1.2!.4\1_;—,’
® 147/3 ¢ o8 ¢ 1,214| 207
® 49,9 ¢ 1,214(22,124)
- 82,2

Compaging this value with the obssrved walue (23),
we ooncluded thet there wae significant differenco,

AnSger o question 2
at } percent level

y.“’:’.’.g
r-:wzfs’u’,s_m{

® 50,5 ¢ o3 ¢ 2,576(10,0699)
[ J m.s L .3 * 1374

- <4
Not significanty no signilicant SLiflarsnce,
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AFTRRIX P
Answer o cuestion Foe 1
at 1 parcant level 02 significance
Yo /3 e o5 e 1,216\ 203
@ DI/ ¢ o8 ¢ 3,204 (27,400)
® 171 ¢ o8 ¢ 21,1233824
® 12253
thaa concared to the obsurveld value 102, thara is &
sicrnificant ¢iffarence betwean the twd tyres of
susplaae
Answer to question foe 2
st 3 percent level

v-ﬁlztllvngz?/
.mvao'.sog_h_gsm)
'Ul’-s’w

® 101 ¢ o8 ¢ 213,927
® 115432
Eignificans difference,
st ) percent leval

n/:o.nz.m@‘
101 ¢ o3 + ZW32CL24202).

102 ¢ % ¢ 18,303

Ah2a203
Significantly diflezunt,
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APPEHSCIR G

veighted Ranks ¢f Consumer Freference
Camtation for Table 6,6,

roe Of Tines sulcke
\ g 1=

First s ry) 139 ‘ es
cEeoond 4 1¢4 %4 - 1)
Third 3 18 87 233

tun of Velghtad
Fanks (x) 622 s31 4329

Ave, Heighted
tanre () 824

nma%ﬁ':fm 73 7 «83
£Qe 0L (3em) 6,024 43 7,223
(1em? 12,35
" in
n? 17,161
n 3
3 7
W
e % 4‘ : B mt;.- coefficient of concordance
® M 2 Me :g;‘:;:og: c::dsvmual- raniing
e )in 8 ® puebegr of products ranked
a8 X ® weighted Fank
® ¢339 X ©® average weiihted rank
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{3) Chiesquare test €5 Cskorsine significemt Sifference &9
~{a ?4V1ir—9
g, w e L)
w 131{2},220
w232 %3

Tw{nel)
®()=1])
-2

Coyrare »3 or cowmted velue of 2? with the eritieal velos of
1 gn the Taller, Nel degraes of fresiom, st o01 level,

Value found s Talle L9 9,20,

The conputed x? 1s larger than the erftical valus and
this momne the ¢iffexmnces betwoen tha sanples were hijfiy
tignilicont, and not Gud o chante, This ales indicates that
thars 48 & significant ¢ifference betvaen the hichess woicito?
ronit and She lowest weighted kenik «f the thres types of piae
fillisgm,

¢ ouroe of value {critieal), e Te Fendall, FanR Lorrslaticn
—rmicde Do 18%



i

{c) hiescuare test &5 Catemine differencss atvemm il
possitle patre 0f cyvrarisons,

{1) Camned and frosem comrared:

g e? ta Miling

Cenngd ‘::1) ¥ ] Q ¢
G (w.l * saal 120 107 33
Aergane (X) 60 838 17,9
Coaorved o hveraye

(.";z e X) 24 12,3 11,8

Gty @ x)? $76  1%6,3 1322

i _ThS '
“"‘T“L 0.6 2.9 7%

Xq @ 27 {1 =» x)z
% - 2(20) » 40
(2) reoean and cquid=eooking ples

Prozen Hl) 3» 66 2

Ailgecnoking (3,) b ¥ | 24 96
fun (:e.l ) ‘*:’ 47 82 133
tvae (1) 25,8 41 €23
(sagval = Ave,

(5, « X) «12:,5 =2 33,3

(1 @ 33 155,2 41 1122,3

l:'..i.nﬁ 6,63 9.8 17,9
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’%9‘*;" 03 o o 24,32)

“l.‘v-l)

o £3464
(3) Cannod end qQuickecooking,
tyna o2 fia rilidni

Canned (» )
Cutlctceonaking (.ﬂ,)

S (;;l * !42‘

suay () €1.,9 32,8 1.9
(hrerved o hvn,
(ty = 03 °25,3 8,8 ¢
(14 = x)? 19%2,2 72,3 2029
x)?

{ty »
2 0 2.2 3%,7

24 :f,lul - x)’
i

® 2(£3,9)

® 137,06
it (N e l) @ 2 and ot (01 level of sionificence, the critical
value faurd dn Kendall 10 $o6l5e
a%e (Carnel) plee wore siqnificaatly praforrod over frozon and
i Mecooking ples, Fles from frocen wuare eignilicantly proe-
Faxred cver quithkecnoking plse,
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