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RELATION OF FRESH FRUIT QUALITY FACTORS 
TO THE CAMIHG QUALITY OF THE ITALIAN PRUNE 

IMTROCUCTIOH 

Orogon is the second largest prune-producing stat© in 

the United States and yields a little over half of the  total 

crop produced in the Pacific Jiorthrost* The Italian prun<s 

(Prunus domesticus L,)j the single important variety grown 

in Orogonj ranked third in farm raciaipts for all Oregon tr@<g 

fruit and nut crops in the 1939-1948 decade (65» pp.204-208). 

Prune acr©ag@j howeverj is highest for all fruit crops grown 

in the state* In cash receipts it followed pears and apples? 

respectively9 but now appears to be giving way to an in» 

creasing cherry industry. 

About 90 per cent of Oregon's prune crop is grown west 

of the Cascades and 10 per cent east of the Cascades with 

most of the fruit cultivated in the eastern area being 

shipped into the fresh fruit market. The Willamette Valley 

is the largest single producing area? accounting for about 

75 P©** cent of the total crop grown in the state (68 p*19)» 

During the 1939-48 decadej, the yearly farm income from 

prunes produced in Oregon averaged about 3& million dollars. 

About 30 per cent of the fresh Italian prune crop goes into 

canning, approximately 36 per cent into the drying of prunes9 

and 25 per cent into the fresh market (65* p#207). As can be 

seenj the canning of fresh prunes includes almost one*third 
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of tho total pram crop and constitutos a largo •aannsX 

incomo for the Oregon, farsaer.* 

Frolisiaary isapufollghod data inrlioate that th© total 

pinme acreage ^©elinodi by ouo-fomrtli frosi X9^'
BI
1951S in 

"both nmtom. ami ©ast#ra Oregon (39$ P*l)*   Door©a@o in 

aereag© can probably b© attributed to a siapl© ©©tte?1 of 

. ©coaosicsg pnmes for the emmoisyy ani <3rier bsought^ ©si 

Bferag©^ om^ (^1*^0 per toa-9 itill© sour ■ehorries browslit 

ll^ls.OO per tottj poars OlOO*i!0 per ton9 end apples 069»20 

per ton«    Fnmos for the fresh rsazket broiight OBfoOO pej? 

ton (65$ pp«.l56*a20)w ' It cesi ho seen that tho avorsg© in- 

corae per1 ton for pnmos goiag iato eaia©fios aaS Skiers is 

vory ©ach lower than for the threo otlioi1 sala f rait ci'opg 

ilcoordiag to e siar^isy of retail stoT&u In this ar©a • 

gad from eoasultatioa \fith ■casmers ia the Sales area^ Italiaa 

prunes ar© coasiderod to be fair BOIFOFS fsrois the retail 

sholf 4    3!!ae muaber 2i can usually retails tor 19-25 cents 

i/hil© pQa3?s9 peaches and apricots gOiief*ally retail tot af®^ 

30 cents,    The imlue per TQuit for prmaoe fs?oa processors 

Mistj therefore5, be less than, other fruit cosiooditios?    These 

figures indicate there is a rather mrgent need for essperi* 

iaento.1 ^iorkg as the first stopj to add value or attractive- 

ness to pnme products fros the state of Oregon*    Already a 

very complete study lias been esrriei out on the drying of 



prunes in Oregon by Wlegand (689 pp»l«»35)$ however, ther© 

has he©n little work done on the canning quality of the 

fresh Italian prune. 

It is the propose of this work to make an extensive 

study of the fresh fruit quality factors which affect the 

subsequent canning quality of the Italian prun©, and also 

to study those canned quality factors which ©re most useful 

in judging the final quality grade of the canned product. 

This knowledge should enable the cannery field man to more 

accurately predict from the fresh prunes what the future 

canning quality of a crop might bes and also greatly aid 

graders .in quickly, efficiently, and objectively determine 

ing the final quality grade of their canned product. These 

problems have never been worked out to the complete satis- 

faction of the producers and packers of fresh Italian prunes 

in Oregon. 

The Canned purple prune^plum which has been marketed 

nationally is in reality a "fresh" canned Italian prune 

^rhich has been packed in syrup* The word "fresh" is used 

here to distinguish these from the canned prunes made from 

rehydrated dried prunes canned in syrup, fhis purple prune- 

plum is not the same as the ordinary plum or the French 

prune which is grown extensively in California. She Italian 

prune is generally considered to be more acid. 

The quality tests r/hich have been applied herein to the 
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rat'i pmmes ar© as follows colos? of flesh (aoasureS by th@ 

'iteiter Colo^^Colo.f DIffereaco EI©t©]?)9 pH9 tit rat able acidity 

(oa£ps@^sed m oallc aol^jj prossm^o Sost9 per cent solubl© 

solids i?. p^r eeat soluble solids^seiS ratio 5, uelghtj, visual 

gredlRg^ an<S Respiration of tlie fruit fltislas the saturatios 

period* 

Tfoo quality tests i-fMeh ha^ro Tbcen coMiictod on the 

Qmrnod smiles as*© a^ followcg color of tho outer skia 

(oeasurecl fcy the IMatei* ColosvColo? Difference Mat or) ^ pH^ 

pgr eont cttt«oat soluble solids$ titfat^le acidity (ex- 

passed as malie aciol}^ color of tlio jui^e (noafimml "by the 

Lunetroa Colorimot©r) $ per cent cut«out soluble solMs^acid 

ratio9 sn6 both color ami flavor? judged by a statistically 

selected panel of judges* 
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mm&i OF tMimrnma 

fWSM F1UXS SfPBf»   WOT
1
 y©ai?2 th® pfcofltteeffs of tJ?oo 

fr^iit chop's Iisvo ted to FOly on so-ealloc! ^wl® of thmibf' 

Qgtlioeio to oleterMac v^otho? a ?iR?tleiiiGif fpait was ia 

suitable co^ditioa to Imi^ost for the f^esli ms?k<2>t os0 

•eaxmes5^*    Sag'taaa <3^s- ppol^2k) etaterl t^at gi^ouos'B prodire« 

ing Itallosi pFiiaes asmallF nso (solos'^ tQistui3© of flsslig 

a^iiesion of the floal:. to tin© plt^ oad eiso of t&o fruit to 

clofc&Baixi© if esi Itallnn |)2?aac oi^ho/M is medj for foarvost* 

In comvex'aations vlth p^ma© QmiiGfQ in tho ©alias p Os^goia 

are©3 it u©g concltaiod ttaat colos^ of the flooh of tho £%nit 

was th© nogt iapoFtant fsetoi3 eonoiclorool la harvestisij pnMos 

for the ®mm®ryo-    If tfoo pTmm floali^. tupoa htitvinz tho fmit$ 

ueg a goMea yollou (fiolos? it imn ©o&sMespo&t 3?oaSy for iiarvostt 

In apple hardestiaf?^ ©ecoMiag to Ssodt aacl Lfeufeo^t 

{599 p«l6l)9 ap^lea to fce soM for the froofo fsmlt iaar&ot 

TOS'y shortly aftes? Iiarirost sliould ^© allot;ed to bocoEo alF:©st 

"aatiag rip0!%    If thoj &ro to go iat© stoics© 9 they sliotAd 

be pi eked Tbeforo t&ey bocos® ^eatiiag rip© "5 aaS if tboy afo 

to bo weod for cooltlag pMrposoSg: tlsoy Baot bo piekecl irMl© 

they still Imw:) proper ooolsias cttality* 

Aeoor<llag to Cravens anfl KaueJa (15.9 $p*3P?^«€6) .3 tho 

hanrostlag of peaces soeas to b© a M.t of also operation 

jaml thoro SOOES. to bo a© roliablo Eaothoi as a g^Me of 

picking* 
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It appowJ'S fvom earlier twU of Hsrtsca (3^3 pp*l«»2^)j. 

Sm&k and Ifenber-t (59? p«l63L)9 Cravsss anfl "!auch (15» PP^S^?65* 

^06) and othoro that tho methods nsod to dete^Eia© bost 

harvest periods bj immers md fioM mm of cannorios hav^ 

left such room for iaprtJiyeBeiit to assure ?3ott©r qiiality and 

waltovmlty of fi'mlt product0* 

.MgM^fe-JS^ ^P^ffiB ,.,,|g|C.gQQ,g,gt3»   '^ ©^ attest to got away 

f^os th© so~e&£lo<l cabjoctivlty of thsso 'niMalo of thumb" 

laotfeodsp so©'? worko^s have attoapted to correlate woight 

©nd irolixae increases with ■qusllty and harvest clat© of the 

fruit*    lartiian ($*$ pp^l^a^f) slioueS in tfee OeiEo prua© 

orchas1^ zi©§^ Koi&roe^ 03?©goa aa iae5?ease In weig'at of Sif*l 

per cent and an, increase ia volime of 22 par cent during the 

fiaal phases of the m&timatlm, period*. Slio gr©Gt<sst iacs'oas© 

toofe plaea ©ai?lF in the picking*    Ho aoticod that a slowef 

increase in ^ssight and voluso latei? ia the sossoa %jas duo 

to th<5 fact that th© fruit started to dry on the treos* 

fho per coat laersase in weight of jmmes ims also 

choekod hj Q®xh&r&t9 ISaglish aad Smith {259 pp«2%M52> ia 

19l6 imd they found the greatest por coat iaerisas© of fruit 

Height xm& oa"i?i7 ia the soasoa*    A weight iacroase of 6*3 

por ceat over th© weight fouad on th© first harifost date was 

registered at the tin© the fruits showed 10*2 with the 

pregsuro tester9 1*22 total ■acidity^ 15»2 por cant soluble 

solidsp ^^d 129h solids«©cid ratio• 



Later work by Garhardt and English (24, pp*205-209) 

pointed out that per cent increase in weight throughout th© 

picking season in three different orchards showed no con- 

sistent results? in the Freaimters Oregon orchard th®. 

secondj in Cashmere, Washington the last, and at Stemilt 

Hill, Washington the second harvest date showed the greatest 

per cent increase in weight* Fisher (21, pp.l83*lS6) stated 

that the fruit he studied Increased in weight about one per 

cent per day. 

In his ?^ork with the fig fruit, Crane (14, pp,93-98) 

studied the growth of the Mission fig, as measured by diam* 

eter, moisture and sugar content, and fresh and dry weights 

by weekly intervals throughout the summer of 1948. Three 

periods of growth were noted § ^st, pef iqd - 5-6 weeks in dura- 

tion, was accompanied by a rapid rat© of increase in diameter 

and to a. lesser extent in moisture content, and in fresh and 

dry weights? ffqd period * 3-4 weeks, fhe rate of increase 

in diameter, moisture, and fresh and dry weights was very 

much reduced? ^rd pey^od - 3-4 t/eeks. This period was char- 

acterised by an accelerated rate of increase in diameter, 

fresh and dry weights, moisture and sugar content,. 

Davis (16, pp.146-152), working with peaches, took 

samples of 50 fruits at about weekly intervals from a few 

weeks prior to pit hardening until maturity, then weighed 

each? th© diameters, sutures, and length were determined•■ 



Ife said that the scattot? of the points about the calculated 

litte of best fit showed that 50 imlt  is a sufficient mm" 

■foos"* to rispr©g©at tho population fro® iMich th©y ar© takea* 

Wion coBpared to th<a weight 9 tho  cross ^iasaeter hm  th® 

greatest seasoaral ©feaase of the throo «liaia©ters? tti© smtiif® 

nGsts and the length the X@s^t* Sithe? the suture or the 

cross diasster would seem to bo suitable for calculating 

the seasonal relation between thorn aM tho weight of the 

fruit* 

§m  increase of about 10 per emit in total weight for 

each three days that poaches remainecl oa the tree was deter- 

lained hy Uoubort, feMhmis and Clove (50$ W• 2319292-29?)♦ 

It appealed tliat the gain was not coseeatrated in any oa© 

period of growth but throughout the entire gfowiag cycle*. 

It vjas mn advantage to the grower to leair© the fruit on the 

tree as long as po$sible0 

Bailor and Ilagnoss C295, pp#l»23) stated that ©pples 

will  increase in si^e as long as they stay on the tree^ 

while Kaz'ttaan and Bullis (35$ 5*3^)? waa&ing with sweet 

cherries, fouM that there v^ould be a loss in tonnage if 

harvested too early in the maturing season or too late after 

the frtait ha^o begun to dry on the tree* 

Weight and volume increases for the most part have been 

iflsed t© determine the fruit yields for canning* 5?he weight, 

and volume ixiereaso data of Gerhardt and Daglish (2h9 



pp. 205-209) and Vineents Verner and Blodgett (67j pp«1-19) 

could possibly be used to determine stag© of fruit maturity, 

th®y  did not8 howevarj use thes© VEIUGS to predict fr©sh 

fruit or canning quality. 

Co^qy, ChflagafiJ&.ffrUJ-t;* In his study of the Italian 

prun©, Fisher (21, pp*l83-l86) checked the parallai of 

flesh and skin color to various other quality or maturity 

indices* Hartman (34? pp*l~24) also has described the 

flesh eolor of the fruit as changing from yellowish to 

golden yellow, and skin color from green to blue to deep 

blue during the final ripening period of the Italian prune. 

Gephardt and English (24j pp.205-209) showed that 

color of the flesh together with soluble solids«acid ratio 

are the two most dependable indices of maturity for the 

Italian prune, which is especially true when comparisons are 

made between orchards. Prunes with a flesh color of light 

green to light amber and a soluble solids-acid ratio of less 

than about 13 failed to attain satisfactory dessert quality* 

For best results in harvesting Italian prunes, a flesh eolor 

varying from medium to darm amber was used* lFi/h@n the flesh 

color wa^ more intense (light apricot), as in the last 

pickings from the Freewater and Wenatehee orchards, the 

fruit was usually too ripe for distant shipment, fhey also 

studied the changes in skin color but felt that flesh color 

of the fresh fruit was a much better criterion of maturity. 



10 

Wlegand (68, pp«l*«355 8 in his work on factors for 

consideration in standardisation of Oregon dried prunes& 

stated the akin should have a de©p purple color and the 

flesh should be dark reddish golden color for the bast 

drying results., 

lott (44s PP»131T143) studied the changes in reflec* 

tanc© of flesh and skin of maturing Transparent and 

Duchess apples* this study showed am increase in refl®e« 

tanc© from Transparent flesh and skin an<S from Duchess 

flesh between wave lengths 580 and 700 m*M» as maturation 

progressed. In the Duchess sklsij a decrease in reflectance 

between wave lengths 400 and 600 m*£*  and an increase in 

reflectance beteeen wave lengths 640 and ?00 m*.p« was 

shown as the fruit matured, fh© differences •Efere great 

enough between samples to indicate the possibility of 

establishing maturity standards on the basis of color* 

SEioek and llaub^rt (59j p#l62) asserted that ground 

color changes» which refer to the underlying green or 

yellow color9 have been used to determine the maturity of 

apples* k&  apples ripen on the tree5 the dark green 

undercolor changes to a slight tint of yellowish green 

and then to full yellow. The United States Department of 

Agriculture has prepared a color chart to aid in describing 

the ground color as to its shad© of green or yellow,. It 

was found that a great deal of experience was needed to 
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determine the various shades of ground color which wer© 

exhibited by. the various appl© varieties. The ground 

color changes ar<e probably best used with th© Hclntosh, 

Other color changes studied in apples are th© development 

of red color and seed color changes insid© the apples♦ 

Bartman and Bullis 135$  p»24) found a definite 

correlation between color and maturity in the dark varieties 

of sweat cherries. Light-colored varieties such as 

Wapoleonj Wood and Waterhouse differed considerably from 

the dark sorts in their color development* The "ground" 

or "under-color" in these varieties changes from green 

to pale yellow during the ripening process. During the 

ripening season the juices of these light varieties show 

practically no color changes* 

A review of the literature shows that color changes 

in many of the important deciduous fruits can be used as 

a method to predict the future quality of that fruit 

product. In the case of prunesj Hartman (3.4$ pp. 1-24), 

Fisher (21, pp.183-186), Gerhardt and English (24, pp.205- 

209) j, and Yineentj, Vsrner and Blodgett (67, pp. 1-19) have 

shown that skin color changes ahd flesh color changes 

are rather pronounced throughout the final part of the 

maturation period. Most ¥^orkers seemed to believe that 

the changes in flesh color might be the most indicative 

of th© quality of the product. This is borne out by the 
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fact that many growers-in Oregon schedule their harvesting 

by fruit flesh color,. 

Ch^ne^es ..In ftB. Garhardt ana English (24^ pp* 205-209) 

presented the pH data from three different prune orchards 

and found in two weeks' at Fr©ewat<arj Oregon the pli changed 

ftom 3*19 to 3#44§ at Cashmeres Washington in 20 days from 

pH 3*25 to pH 3*53? and at Stemilt Hillj Washington in 

two ??©0ks the pH changed from 3.35 to 3..42* 

Caldwell (9? pp.1-54) gives a very good review of 

hydrogs,n~ion concentration changes In relation to growth 

and ripening in apples* He also worked with citrus9  blacks 

berries8 cherries and strawberries* The young fruits ifflme* 

dlately after setting have a hydrogen*Ion concentration mty 

close to that of the vegetative parts* then the acidity 

rises very rapidly to that of the high values- of a develop* 

ing fruit.. The change was from less than tenfold in straw- 

berries to more than elghtyfold in citrus* It is interest** 

ing to see that a large change of hydrogen-ion concentration 

markedly increases the iabibltional capacity of the photo** 

plasmic colloids and also the pectins* Caldwell (9» pp«l* 

54) said the acidity of these fruits reaches its peak and 

levels off and reraains constant for a while* Then with de«* 

crease in metabolic activity the hydrogen-ion concentration 

in the tissues decreases* the hydration decreases and eon* 

tinues to picking maturity* fie felt that data from this work 



■13 

fitted fairly woll m&ny fruitd asud their g^otfing curves* 

la trorls ifith. the Florida fceaserlnos ? Harding ©ad 

Sunday OS? pp«l«59} have slio^.m the pH gradually increassd 

^urlzig the ripeaiag period but sa^e a© raoatloa of usixjg pH 

as @ methocl of cfe©efeiag th© maturity of this fruit* 

Diiriiig the fou?te<m -pidkis^s in. tho growia§ s©asoa of 

Hapoleon ca<arri©s groi/n near Coreullisj Qr^goxi^ Eartaaa. 

aaa Biillis {355 p«.17) found'the pH rangad fnoia 3#6@ at the 

early part of the season to 3t.96 th© last picking of the 

season*   ■Th®y felt that'as a general tread the cherrios 

become loss acid as they laatxxrsd Mt there was no menttem 

of tisiag this chaftss to ^udgd the fe©st tiao to harroi&t* 

It can be seen that in most deei&mms fruits th© pE 

c'oanges are rothor slight and it is difficult to as© the 

pH changos as a guid© to ohaagoo.ia faatmrity*    Only ?jith 

■citrus Bay it be possibl© to^ IISQ clianges in pll to eheek the 

stage of Maturity through whioh tho fruit may lb®- passing*. 

gitratalblo^oid^^tat*    In prun© maturity studies 

tincentj Vemor sad Blodgett (67v. pp,l«19) fou»d that tho 

per cent of aei4 in the guioo of prunes parstllels rathof 

closoly th© maturity changes of the fruit*    They felt 

beqaus© of th© turMcIity and dark eolor of the Juieo-it \M$ 

difficult to detorfidno the end point*    In 19-2? they foiaod 

tho acid tost itas without prosaise as a practical moasur© of 

prone maturity*    In their data 9 hot "ever 9 p®r coat acid 
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expressed as malic declined during the picking season from 

a high of 1.31 on August 31 to a low of .60 October 6. The 

trend appeared to be steady and fairly uniform* In 1928 

their data on per cent acid was very inconclusivej showing 

very little change in acidity throughout the season* 

Tucker and Verner (64j pp*I«20) in a complete review 

of four years8 work on Italian prunes used the data on acid- 

ity from the above paper and added to it data obtained during 

1929 and 1930* The per cent acidity in 1929 decreased from 

a high of 1*21 on September 6 to a low of #80 on October 6* 

In 1930 per cent acidity decreased from 1,37 August 19 to 

.5'6 September 25. In both years the changes were rather 

regular and uniform.'  There was no mention $ however, of the 

usability of the changes in acidity '&s''a method to check 

maturity. 

Gerhardt and English (24$ pp•205*209) found in the three 

orchards they studied relatively high values for the total 

acids expressed as per cent malic acid, they determined tfoa 

end point by electrometrlc titratlon.. In the Freewaterj 

Oregon orchard the total acidity decreased from 1*36 to .92 

in two weeks| at Cashmerej Washington from 1.43 to 1.04 in 

a 20-day pdriod; and at Stemilt Hillj Washington It declined 

from 1.36 to 1.16 in two i?aeks* 

In a non-irrigated orchard at Monroe, Oregon^ fiartman 

(34j pp.l»24) found a rather steady decline in per cent malic 
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acid of the raw juice during ten harvest periods.* The r©-^ 

duction \?as from 1#74 to ,822# This was a much wider rang© 

than found by Gephardt and English (249 pp#205-209)* ^he 

change in acidity of prunes in the Love orchard studied by 

Hartman O^j pp. 1-24) wore from 1*44 to 1.07 per cent as 

malic acid. His conclusions were as follows%  the acid con~ 

tent in the Italian prune undergoes a gradual and consistent 

reduction not only while attached to the tree but also while 

in storage* 

Lott (44j pp,131«143)j in his study of applesj found a 

steady decrease in per cent acid as the fruit reached maturity. 

In work with sweet cherries3 Hartman and Bullis (35$ 

p,17) calculated the total acidity as per cent malic acid. 

In 1926 the first harvest date showed a *89 per centj toward 

the middle of the picking periodj *62 per cent and then at 

the end of the picking periodj #71 pe*" cent. In 192? the 

first harvest date showed .75 p©r cent* toward the eiddle 

,62 per cent and the last harvest date «72 per cent. This 

appears to be rather a unique situation in sweet cherries. 

From the literature covered concerning the per cent 

acidity changes In the Italian prunes it appears that in 

most cases there is a gradual and steady decrease -in acidity 

as the fruit continues to mature* 

Per Cent Soluble Solids Teat* In work with the sugar 

content of the Italian prunes. Tucker (63, pp.578^582) 
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found the sugar content to be more variable than firmness* 

the fruits frtiich softened early in som© orchards were high 

in sugar v^hila those in other orchards \7©r@ low in sugars* 

He found that fruit from orchards which war© high in sugar 

tended to stay high while fruit from orchards low in sugar 

tended to stay low. The correlation of /.l6 £»06 between 

firaness and sugar content showed contrary to expectations $ 

that the soft prunes did not contain a higher percentage of 

sugar than did the firm prunes. Forty prunes tested showed 

a correlation of /,844 £,,022  between flavor and sugar eon** 

tent# The  data listed by Tucker (63j pp,578-?82) showed 

that sugar content varies from year to year as well as be- 

tween orchards at any one stage of firmness. It was con- 

cluded from his work on sugar content> that in some seasons 

and in some orchards, fruits never reach at any maturity 

the high quality and high sugar content that it does in 

other orchards. 

In his study of prunes Fisher (218 pp,l83~l86) found by 

parallel chemical analyses that about 95 P@^ cent of the 

soluble solids indicated by the refractometer are sugars* 

Using a Zeiss refractometer he found a steady rise in per 

cent soluble solids during a three-week period8 from 14.3 on 

August 23 to 19*4 September 13* In the years 1936-37 and 

1938 he found very different firainess readings for fruit 

having about the same refractive index. He felt that sine© 
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the pressure test of prunes of a given sugar content may 

vary so ?;idely from yeai* to y@ar? and in view of the fact 

that sugar content has "bsen found very often eorrolated 

with qualityj the refractive index is the mor® satisfactory 

index of harvest maturitys In his work it appeared that a 

aolubl© solids reading of 17 per cent constituted a divide 

ing line between reasonably good and poor quality prunes. 

Fruits that tested over 19 per cent sugar usually did not 

hold up long in storage* 

Hartman (34$ pp.1~34) in his work on prunes found in 

the Oaco orchard an increase in sugars and other soluble 

solids from 12*6 to 18.9 per cent* He felt9 ho^'/overj that 

the sugar test t?as not reliable because most significant 

increases occurred late in the season. Error in this giothod 

also made it difficult to determine differences* 

In unpublished data Hansan (31$ P*l) found per cent 

soluble solids in a three-weak period increased from 14.1 

to 20.0 and then.decreased slightly in the last harvest 

date to 19*0» 

Gephardt, English and Smith (2^9  pp.247-252) got best 

quality results in picking fruits with a per c@nt soluble 

solids reading between 14 and 16. They used a portion of 

the ground pulp of 25 fruit in a Zeiss pocket-model refrae-* 

tometer* This percentage, of soluble solids seemed to be 

lower than those recoMaended by Fisher (21, pp*l83~l86). 
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In a later paper Qsrhardt and English (24i  p.205-209) stated 

per cent soluble solids can bo of vslu© in ©vsluatlng 

changes ia maturity of the fruit from a single orchard but 

cannot be a dependable ind^x of .maturity when mad© between 

different orchards* 

¥inc0ntfc Veraer and Blodgett (67.,. pp*3.-19) found the 

hydrometer reading or "sugar teat"; of the fruit juice sub* 

ject to variation fro© so many sources as to be unreliable 

for maturity determinations,, fh©r<i was generally a signif* 

leant increase in the hydrometer readings as the fruit 

matured but the increase ^as not uniform and was occasion*- 

ally broken by a sudden and often considerable decrease at 

a time when there ^as no apparent reason for the change* 

In a later woTk  Tucker and Verner (64j, pp*.l~20) bore out 

the fact that there was great seasonal variation in sugar 

content of prunes from various orchards * One year a fruit 

of "fair" flavor nay have a relatively high sugar reading 

and in another year a fruit having a "fair" flavor would 

have a low per cent sugar. In 1927 "fair" flavored fruits 

had a per cent sugar content of 16,4, It was difficult to 

make any definite conclusions from their work as to the 

value of per cent sugar. They recommendeds however., to 

start harvest at 16 per cent sugar and 12 pounds firmness* 

Soluble Sqli^sMcld flatio fe-st* In unpablished data 

Hansen (31, P»l) at Oregon State College found a range in 
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soluble solids-aeid ratio of Italian prunes from 13.7 

early in the season to 23#4 the last harvest date. He 

harvested only during a period of three weeks* 

Gerhardt, English and Smith (25* pp,247^252) stated 

the ratio of soluble solids to acids appeared to offer 

the most practical guide to prune maturity. Fruits picked 

with soluble solids-acid ratio of 14.5 were best for fresh 

fruit shipment* In their harvesting of three weeks the 

soluble solids-acid ratio ranged from 10.5 for the first 

harvest date to 17»2 at the last harvest date. In Gerhardt^ 

English and Smith's (25, pp.247-252) reference to th© 

unpublished work of Chastain and Hydrin they stated that 

the latter authors got best results when the fruit destined 

for the fresh fruit market were harvested with a soluble 

solids»acid ratio from 12 to 15* 

Gerhardt and English (24, pp.205-209) in a later paper 

found that fruit with a soluble solids-acid ratio of less 

than 13 failed to attain satisfactory dessert quality. The 

acceptable maturity range for Italian prunes required a 

soluble solids*acid ratio from 13 to 15. If the fruit had 

a soluble sollds«*acid ratio over 15 the fruit was usually 

too ripe for distant shipment. In their work with thre© . 

orchards the soluble solids-aeid ratio ranged from 10*8 

for early harvest dates to 21.6 in th© last harvest date at 

Stemilt Hilli Washington. 
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Lott (44, pp..131*143)j in his study of apples, found 

the solubl© solids-acid ratio increased continuously and 

was especially pronounced as full maturity was reached. 

In the tangerine Harding and Sunday (32, pp.1-59) found as 

the fruit ripened the soluble solids-acid ratio usually 

increased* 

Site's and Heitss (58j pp«73e-8l) studied the Valencia 

orange and discussed the effect of position of the fruit 

on the soluble solids-titratable acid ratio. The ratio 

increased from the inside of the tree toward the periphery 

and from the bottom toward the top of the tree. The ratio 

of the juice was found to vary greatly between individual 

fruits on the same tree and this variation was shown to be 

related to position of the fruit on the tree* 

Pressure, ffes^ Hartman (34, pp. 1-24) in early work 

with the Italian prune recorded the resistance in pounds 

of the prune to a rounded plunger 3/8M in diameter. He 

felt that only average specimens should b@ used and that 

for best results 20 - 30 fruits were needed to get a fair 

average of the orchard. In the Oaco orchard he found a 

reduction in pressure test readings of 13*6 pounds between 

August 10 and September 12; in the Love orchard a decrease 

in pressure of 7.7 pounds between July 31 and August 19 

and in the college orchard a reduction of 7*5 pounds be- 

tween August 12 and August 30* He found that it was best 
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to harvest fruit for the fresh fruit market when the 

pressure test reading was between 12 and 15 pounds* He 

concluded the pressure test was the only guide of maturity 

which seemed applicable to the Italian prune at that time. 

Fisher (21p pp*l83*l86)8 in his study of prunes dur- 

ing a three-year period, using the Ballauf 5/16!' plunger 

on 10 prunes5 found .a steady and continual reduction of 

pressure in the fruit. In three weeks the pressure test 

dropped from 13*1 to 7♦2* During three years experimenta- 

tion he determined the per cent sugar of the fruit and its 

respective firmness from the pressure test* For fruits 

having the same sugar content the pressure test varied 

for the three years from 5«3 to 12#3# Fisher (21, pp.l83» 

186) concluded that the pressure test was not a good 

method of checking maturity because of these great differ- 

ences in firmness readings* 

Gerhardt, English and Smith (25) pp.247-252) used the 

5/16" plunger Magness-Taylor pressure tester and punctured 

two sides of 15 unpeeled fruit* They felt that this test 

did not indicate differences in maturity to the extent of 

being a dependable index* In three weeks the pressure 

test ranged from 10*9 to 7,0 at the Cashmere, Washington 

orchard. Gerhardt and English (24, pp.205-209) used the 

pressure test but found great variation in the maturity of 

Italian prunes from different orchards and grown under 
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different cultural practices was great enough to preclude 

the use of firmness as a reliable index of aaturity. 

Tucker (63, pp«57^-582) in earlier work found the 

sugar content of the Italian prune to be more variable 

than firsmesst Acidity changes were found to parallel 

firaness very closely* The data showed.that at a recommend* 

ed picking firmness9 the fruit varied in sugar content and 

likewise in flavor* 

Vincent9  Yerner and Blodgett (679 pp.1*195 measured 

pressure resistance of the prune fruit by a modified 

Murneek pressure tester with a 5/l6p plunger♦ Pressured 

were taken on twenty representative prunes punctured on 

both sides and without removing the skin. For best results 

for fruit going into the fresh fruit markets they advised 

picking the fruit between 11.5 and 8,5 pounds. Fruit 

picked at pressures above 12 pounds seldom attained the. 

fine quality desired. Fruit picked at pressures below 8.5 

showed danger of deterioration in storage. They felt ' 

pressure determinations should be madfe separately for each 

orchard ©sceept in cases of adjacent orchards under similar 

conditions of soil and culture. In 1927 the pressure range 

was from 12,6 to 6,4 while in 1928 the pressure rang© was 

from 9*6 to 5.7» 

Tucker and Yerner (648 pp,l~20) found a steady and 

uniform reduction in pressure throughout a season but found 
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variations between orchards and between seasons* fh©y felt 

the measurement of pressmre was the b©st msasure of maturity 

at hand theng, hut mmeh care was neeassary in its use* 

Checking the firmness of fruit has been Gsod els^whera* 

Bouyonocos and Marshall (58 pp.211-213) developed a presswa 

tester which was usable on ssaall and soft fruits, They 

found that compression measurements of 2C cherries from each 

lot wer§ adequat© for revealing diffar©ne®s in firmness.• 

Th©y expressed the measurements in per cent compression. 

Bailer (28.8 pp.1*22) in his review of fruit pressure 

testers discussed th® various types in us©} the lagness and 

Taylorg Blake's type for peaches9  Hartsoan's Oregon type tas- 

ter ) th© Hof 16 brass vlre9 and the Idaho pressure tester. 

Us fruits mature and ripen there is a decrease in 

firmness. The principal objective of the pressure tester 

is to measure the maturity and ripeness of the fruits* Other 

factors such as temperature of the fruitj and turgidity and 

moistur® content of the fruity soil fertilization^ soil 

moisturej thinning and rootstocks may also influence the 

readings and mask the relation of pressure test determina** 

tion to maturity and ripeness.' In pears the pressure test 

has been found of primary importance for establishing pick* 

ing maturity standards. Haller (28j pp.1-22) felt that 

with peachesj plums$ and Italian prunes the pressure test 

may be used to establish the color standards for pickings* 
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Haller» hntz  and Mallison (30? pp.1-21) found the pressure 

taster sms a valuable supplementary method to determine 

mor© accurately the stag© of ripeness of apples* 

Lee and Oberle (43? pp,244-246) used the tenderomater 

to determine firmness in apples» peaches and pgars. Paars 

and peaches showed, the greatest changes; apples showed 

smaller differences because the fruit stayed in prim© 

condition longer« 

The fruit was peeled and cored or pitted and cut into 

one-quarter to three-eights inch cubes* Sight to ten fruit 

of each kind were used as a sample. A good dessert rang© 

for pears was 125*140* In peaches 60-70 represented the 

best stage for shipping^ and for eating 17-25 was best. 

The pressure tester and the tenderometer were compared us- 

ing apples, 4 coefficient of correlation of /O.96OO 

^0.0151 vms  obtained* 

Verner (66, pp>57*'62)j in his work with stone fruits9 

found the Idaho tester apparently has no advantage over 

the plunger type for use on prunes* The Idaho tester was 

best when used on soft fruits rather than on fruits where 

tough skins would make a difference in readings* 

Smock and leubert (59? p.165)} after reviewing the 

uses of pressure testers on apples> stated the primary 

usefulness of the pressure test is to tell the differences 

in firmness between two or more lots of the same variety 
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on a given date or to determine the general degre® of 

ripeness, 

Robinson and Holgat© (53? p»7) working with plumg in 

Hew York used a 7/l6w plunger Ballauf pressure tester* 

The two cheeks of each plum were pared and th© awrag© of 

the two readings recorded* Th©y found plums which had a 

pressure below 10 pounds with the 7/16" plunger would 

ripen satisfactorily. 

It may be s©en from a review of literature there is 

much work pro and con as to the value of pressure testers 

on deciduous fruits* 

RQS.fciratiffft .Te.stft* In their text book. Smock and 

leubert (59s pp.138-159) discuss respiration of apples and 

it was pointed out that many apple varieties respire at 

different rates with changes in the age of the fruit. Some 

attempts have been made to correlate the time of respira* 

tory rise with the proper time of picking. In Englaadj work 

has shown that sorae varieties should be picked Just before 

the climacteric rise begins while work in Canada dealing 

with Iclntosh indicate th© fruit should be picked after its 

cliroacteric rise* In work in lew lorky however| it was 

recomsnended that Mclntosh be picked before the climacteric 

rise begins because after the climacteric id reaehed9 

almost all the fruit drops from the trees. In lew York 

they felt the climacteric was the most valuable singl© index. 
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It seamed to b© of ¥ary littl© value in determining mata** 

rlty of Rhode Island Greening or Northern Spy* It probably 

can be concluded in apples if the variety shows a sharp and 

marked rise in respiration or a distinct climacteric peakj 

respiration measurements might hav® real value in deter** 

mining xfhen to pick for experimental purposes* 

Th<3r@ has been eritieism of the method of measurement 

of respiration by the techniques using controlled temporal 

ture rooms (59? pp.138-159)# Some workers have felt that 

respiration of attached fruit on the tree is not exactly 

parallel to fruit in the controlled temperature rooms* 

Smock and Heubert (59s  p.l42)j howevers reported work which 

measured the respiration rate of apples on the tree and 

found it to be essentially the same as that found 24 hours 

after harvest, A similar finding was ©ade by Clendenning 

(13$ PP*197*203) in work with tomatoes. 

Home (5&s pp«317*327) studied the respiration, rise and 

fall in peaches and plums♦ The respiration of fruit picked 

at intervals of groifth tras determined* It was shown that 

after picking, in both plums and peaches the very young 

fruit have an early and pronounced climacteric. Fruits of 

intermediate age have a very inuch delayed climacteric and 

exhibit the maximum longevity in storage. The ripest fruit 

were in the climacteric rise at the time of harvest. 

Harvey and Sygg (369 pp»723*746)9 working with citruss 
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were trying to develop a siapl© iaciieato? of the  vitality 

of eitras froit in relation to its keeplag Quality in 

storage mid  transportation* Thof imdortook to utilize the 

respiratory process of citrus fruit imsier sirapl© but 

specifis conditions^ tn general? tho method adopted ©on« 

slsted of filling uith fruit a oontainer capaMo of 'b©iBS 

made perfectly -alrtigM; and aftorwaM rocording the pr©ssur@ 

changes as respiration of the fruit altered from. agprosdU 

a»at©ly normal to the anaeroMe. typo*- Tills  special 

respiratory tost has be©n made upon apples 3 pears5 grapes 

and tomatoes and othor fruits and thoir responses suggest 

that this method might t>e of ssor© use to thorn than to citrus 

as a simple and rapid test of- 'maturity or vitality,, 

fh© work of correlating the types of pressure curves 

obtained froia practice with its likely subsequent behavior 

on the market is vsry greats Tho  practical value of the 

method can be detomlnod only through its trial end use by 

many workers upon different vgrioties of fruit and in 

different localities« 

CAKHii© FfflTS  QUALITY" SHJDX* 

Bmso.ryjletliQds^ The two m&Bt  iaportant senses involved 

in testing the quality of food are taste and color* Other 

senses will not be covered In this review* 2!h@ problems 

which confront a person endeavoring to test a food's flavor 

and color subjectively ©re essentially the same and in this 
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revidtf* tooth factors will ba 6oas£dar©d together* 

Of pr$MB.Yy isr^optsace la tho iaitiatioa of my tast© 

ox5 cQlof QVBsluBtion vovk is the  selection of a panel, l&st 

ge]ri@i*allj escporioacocl, tasters have  been ^hovm to obtain 

bettor s^esalts than laes^erioaced tasters according to 

IfeliB and Trolle (379 pp,If 1-19^)*. Dove ClS0 pp.l67«190) 

Ima shovm that a jud.g@ say b© sensitiifo to one fimpor Mt 

not ©qiTiallf sensitive to another* lEeksr (385. pp..l«»5) has 

0ho\'jH that a paaol €o©s not necessarily 'hav© to be larg© 

feat its aseiabers shomli he  ea^ericaeed la the tests being 

mado* 

Availability of Jtidg©© is important in conducting a 

good panel* If posslbl©9 try to always .have the ssme  group 

p^essnt from day to day In the tests (10$ pp*319-327)• 

Enotrles awl Johnson (Vls ppo.207^216) felt that ago was 

probably not noeessarlly associated with poor tasting 

abilityB Tho flavor difforence© !>©tw©®n s©x©s u©r© not 

larg© eaoi^gh to bo considered important* Pan©l fudges  should 

be persons of good health and appetite and they should hay© 

a high sensitivity of tast© and olfactory sense (389 pp*l-5)*. 

Judges hav© 'b©en tested for reliability by at least 

eight different methodss ability to recognise dmplieat©s$ 

ability to arrang© samples in correct 'order of concentration 

of sueetneses sourness^ Mtternoss and saltiness§ analysis 

of scor© on duplioat© sasple®^ deviation fro© panel average^ 
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deviation between duplicate sasapXes-a m® of staMafct 

rof©r©nc© sables of sas^etenainQcS scos"©, use of qnestiom-* 

aair© to diseo^sr eccontricitios of tsst©§ testiiig hj 

psriocl of trainins's sod tho eoatfDl-ateft aetbod (^7t 

Tli© m&ioTtty of panels were maS® up froa ^ to 12 mm* 

Varioiis Types, of Tests tfsefi*    ias&ia^ is probably one 

of the alfitplost setiiods of juclgiag a food*    la raafclng tho 

judges ©re askod to rarfe sa^plos in decreasing ov ineroasiag 

order of soae characteristic«    Hanking tosts have boen Had© 

on ail types of food products, 

flie paired test is used when; two geaplos aee submitted 

to 3wdg@s aeeording t® Boggs and Hanson (39 pp„gX9~2^5);« 

Sho paired samples ar© judged hf comparison with each othor. 

fhe judges or© usually asked $ "!'Meh .sample has the b®$i 

flavor1?"   fills test has boon used o&tonsively xttth w&&%$ 

according to Covoi' (12^ pp^-379^9^ and Boss® ©nd Hanson 

the triaaglo or triple comparison test has looen s'sviowod 

vory trail hy Hela and fFoll-e (37j pp*lPi--19V)»    Tliroe-'-seaxples 

are essasiined j t\io of which are duplic&too*    Judgog. ar© 

as&cd to selact the identical -sassples and dotenain© If ther« 

are any differonees between sasiplos^    Chance selection alone- 

t-jlll give one correct answer in every three trials■„    to 
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dotesMaise if t!i© rosiilts a?© sigaifteafit^ It is aeqessary 

to imoi? how faf the atistsafs of con'e-ot sasxteps mast ©sco©©^ 

33 pe-f eeat tefor© it aan b© coasidsreS certain that guess* 

ing is coispeasated for* 

■ Mlstlon tests deteraia© t&o siasllGst anomit of ia»« 

kmiizk that etm be detecte& vhon it is siased ititfa a stemdard 

aaterial.*    It appeaf s to' b@ "best ylasa WQJfMsag i/i:tli a hoao- 

g©aoiis atfbgtcm.ee.s    It lias bo©a used m^f mc&e&sfullf tijltli 

sills sad scraEbled Qggs ^ccoMljag to fromt asjd." Siiai^ (62^ 

PPA1*60) and Bohron can2 j'orclas (^? 'p»397)* 

'    Mffei^ace-prefareaee tests tf©r© tsseftil in ieteetiag 

cliff©reaeas aad ia ctet'oraining vifeich difference wm ptfe** 

forrecl aocoMlag -to Dovo-(19^ ppo39^50)» 

• The eoiastant stisoQtus Method is used in wM'da two 

stiEiuli are presented and the judgo is told to state 'which 

stijsulus- of the tvo is Eost intense*    Random, order is con?* 

sidered necessary for this aetliod since the second impulse 

will be Judged greatei' than the first timn the tvo ss'e of 

equal intensity aeeerding to-'l&stza&v (k99 pp*5~l8)»t 

Panel seafeers as*© ehedsed fos? perfoHsanc© by several 

different methodss deviations in seorss on replicates9 

control chart Esethod,}, eorfolatiea and regression coefficients 

om duplicates9 and analysis of variance of individual sco2?es 

(17f fp»l«13^)* 

Other factors to tafee into eonsidea-ation when conducting 
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tast© aM color panels were sIso9 tcf^os^stua^©^ ©otliod of 

cooklag. aM other preparatioas^ eM sorelng of tli© saaples* 

TiEe of &ay9 utensils vsQd9 coding<> time after guok±ng$ 

cliscmssioB &t jwlging se3sloa9 tiao allowed fov tasting 9 

methods of 'roisovlag tl&woTs irom mouthy location of Judg- 

ing K>O% seating arraQgeaantj pi^visioas for ventilation $ 

lighting mid teaperstare controls and msy otlior factors 

appearodt to affect tli© romilts of tlbe tast© an^ color teats 

Saste emd color test flats ESSJ be analysed by averas^j 

raiigQg percentages ratio $ Chi-square9 t^tcst^ analysis of 

^ariane©9. regyoseioiij, corrolationj standard doviation^ 

coatrol eliartg overfall ratings 9 fiiscriarlnate functioas 

and missing valttos (17? pp«1^13^)* 

For a v©r|r coaplete review of taste testing procadures 

and principals $■ r©fe^ to the itorit hj Bogs$ and Hanson {3$ 

pp,219-283}» 

Color Measurements*    Color of tho eannod or fro^-on 

product is aa Important factor t© eonsiclor \fh®n m-Tkltig 

with eonswBsr acceptaMlity of food,,    "asporience lias taught 

that color is oft ©a directly related to SOJSO ©thor aspect 

of quality^ for oxamplo^ rodnosg is an index of ripeness 

in tomatoes § mid tho dcvolopmont of a 'bsmsa color as flavor 

doirelops in baiting broad (609 pp* 190*193 )■*    I* has Ibeon tho 

piirposo of the food industry to soelc a quantitative mothod 
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of measuring color as it is seen by the consumer's eye* 

Color measurement methods can be divided into two 

main groups; psychological and physical. 

Psychological methods entail comparisons with standard 

samples of food products or with the various color handbooks, 

These include the Munsell system (11, pp,l-42) and the Maers 

and Paul "Dictionary of Color" (45, pp.1*207). These sys- 

tems are generally considered qualitative, A slight advance- 

ment in this system is the use of the Lovibond tintometer. 

This instrument's method consists of direct visual color 

comparisons, and the results are expressed numerically. 4 

recent example of its use is that of Pedergon, Beattie and 

Stots (52, pp.1-32). 

The transformation of the Munsell color system into the 

I.C.I* system gives basis for a quantitative analysis. 

Though these systems approximate the response of the human 

eye they do not completely solve the problem of quantitative, 

objective and reproducible measure of appearance. 

The second system is the measurement of the physical 

characteristics of color. These color differences can be 

evaluated indirectly in terms of some physical character- 

istics of the sample or some extracted fraction which is 

largely responsible for the color characteristics, 

Spectrophotometers are important types of instruments 

in this field, A very complete review of the application 
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of the spectrophotometer to the determination of food 

colors up to 1950 has been made in Shah's masters thesis 

(57s pp*l-*49). The chief drawback of this instrument 

appears to be that it does not measure color as the eye 

sees it. 

Another physical method is by abridged spectropho- 

tometry in which measurements are made only at critical 

wave lengths or wave length bands. In this type it is 

possible to measure the per cent transmittance of light in 

the region of maximum absorption as in the Lumetron* 

The Photovolt Reflectometer used by Worthingtonj Cain 

and Wiegand (709 pp.274-277) makes possible the objective 

measurement of color of foods and a designation in standard- 

ized psychophysical terms. The data of the Photovolt 

Reflectometer can be computed in I * G.I. or Munsell terms. 

Munsell terms evaluate the three psychological color attri* 

butess hue8 value and chroma, these Munsell color charts 

can be used by the worker to visualize the approximate 

ranges of color differences involved. 

The Hunter Multipurpose Reflectometer (40, pp.58l-6l8) 

is somewhat similar in principle to the Photovolt Reflec« 

tometer but is now being superceded by the excellent new 

Hunter Color«Color Difference Meter. This instrument is a 

tristimulus colorimeter measuring color on three scales 

which give uniform measures of the visual perceptibility of 
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instrument aiKi that its superiority in the masurcsmfc of 

tojaato jtaie© color i-?as due to its ability to roprodue© 

results uitli groat precision* 

P©i©rsoa aM loMnson (51^ pp 0^^9)9 t-jorkins with th© 

qn&ltty of sei^^Jsrimt prosorveS in tin ©M glass 9 fouad 

that tlio Siaatoi? "a" readings eoc^ared x-jlth eolor ratings 

showed good correlation In ease of eiany of the saaplesg 

consldefiaig tho variability isa different kraut sa»pl©s and 

the husaaEi element in grading,    fh© r t;as ^0^75'*   fh@y felt 

the Htmtor Color^Color Differoaice Ketor offered an objective 

Egthod of aoasuromont of color quality of krauto    Huntor 

"a" and M values correlated well vdth both color and flavor 

acoros-*    In their work statistical dialysis of tho results 

indicated that tho m walue aa.y carry aMut four times th© 

Height of tho M valuo in dotorsdaing color seor©# 

Buck and Sparks (8* pp«122*>X2lf} uorkod with the relation 

of ketchup color to tomato color as dotorxainod hy tho Hunt or 

Color-Color Blfforenco tfet©r*,    la their i'iork9 they used 

I£ras©r'tis hu@ formiln '   a     to coabine Eunter Ma" (rod) and 

"lb" (yellow) values into one numoricai figure indicative of 

the ovor^all hu© xdth spocial reference to tomato grades* ■ 

5heir work Indicated as tho color -indes decreased shoi-jing 

"better color^ tho M value usually decreased*    Hue wa@ 

decided on as tho basic factor.    The Hunter Color**Color 

Mfference Jleter comparing tmr toaato color \>dth ketchup 
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eoloy ga^© acciii»£5,t@ «a©tonaiiiations nhteh eould be ©irpresissf 

■aiiiieylcally* Tho ropoftg on the wso of tlie Himt©!5 lasti,u>=»- 

seat mentioned!, albove as'o a 3J.saItocl oaspliag. of such appll<*' 

cations to foods* Sine© the instmismt is being'■so ©atsnglv©^ 

ly Inf©g.tig©t©d5,. It is impraefcicsai to TovUm? hev® the VQSJ 

latest-of such reports (lOp pp»xai-12@)$ (S^j pp.:31?*-3l9}s) 

(559 pp»269s 2?5)5 <609 ppa90vl93)o- 

^g*    pS ol* egsmcd £m£t pfoduetg appoare^ to bo 

isp©rtaat only la dstemt&iag tJae leagtli of cook aoeded to 

get coiaplot© stoyillsatioa (<6l? pf^52«5iJt).    I^lfogea-=>ioa 

coaeeatratloa \m& seasur^d In ^oaathaa applog hy Grisi-joli 

(S?^ pp»l»19) fcUrfc she t-iio?k0'4 out ao. quality grades fro® 

this data* 

.Total Aciditya.    tn mvk. with pztu&s j Ha^tman (3^9 

pp*l-»2^) cletoi^iinod tho per coat ©ali© acid in the syrup 

of the camioi fruit»    Through tm. hainrast dates j he fomid 

aa acid rango froa #99 to *59 p©^ e<aat salic«    it ,60 and 

*59 pos* coat aalic he €<ate2?ala3d the fruit had! tho host 

tlavor ohara^toristies * 

HaMiag aat Wadley (33 ? pp#5;lO«51?) detensJaed the 

total acid on tho oosrpositod $£iie© of 25 oraago fruit-* 

Palatahllity ratlass showed -a eloso aogativ© assooiatloa 

%jith aeiolity la tho Boath-to-Eoath ohaages hut aot hetwooa 

root stocks*    The, relatloaship X-J^G ~*95« 

Garaatg (23 9 pp*1133*5.136) foim4 a t^th per coat dtfie 
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acid ■•contont \ms ss high as coiigiiaQr-s HOisld aeecpt oraftge 

irLih, ommed primes 9 Setorsdnod tlio peF- eoafc syimp ©at^omt 

soluble solids ami fomrl a i^sage fs^oa 26 to 2®*9 P©* coat* 

Th® most ^sirablo pmine flairs w)L*e ^©tGrciiaed ■ at 28*7 

aad sro6 po2?. coat soluM© sol£is#    IZsj^diag and l/adlcy (33$ 

PP«$XO«=»517) found a /*o? eox^eX&tlon battmea total watotv 

soluble solids and palataMlltf la tSieir tiovk x-dth ®rmg® 

jitieeu    Th&y foimsa total ifater^solabl© soliol© imt?® mow® 

conststeat than total acidity* 

Xsi, apple satiee Saraatg (239 pprll33-1136) found that 

solubl© solids should aot "be l^ss. tlma, 19 jpey -cont and not 

exceed 21 pe^ ©eat fox* general eoasmiey ace©ptaaco# 

Blaacimrd and Maxwell (a^ pp. 105-11^) found correlation 

.*73 aacl #7
J'i- batueeii the SBgsi™ coat ©at aacl sufej^ctivo scores 

©Ibtaiaad, oa two gEO'Ups of peas* 

gat-gut, SoliiMe SplilM^.sS^S^l$M^,. f itgat^bl^.. Acidity 

.Batio^    The author fiac!$ ao pefereace msiag this method to 

eheck tho eaaaiag qiielity of a f Hsit pKJdiact* 
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MERIALS AMD METHODS 

Samples of Italian prunes of ths 1951 erop which were 

used throughout the experimcnteition were grown at the 

Lewis«>Brom Horticulture farm of the Oregon State College 

fjhieh is located just five miles due east of the school. 

The prune orchard furnishing the fruit for the study is 

approximately titrenty years old and has been producing good 

crops every frost«*free year. The soil is Chehalis silty 

clay loam and appears to be very uniform throughout the 

orchard, kt  no time during the experimentation were the 

prune trees irrigated* 

STATISTICAL DESIGF1 OF THE MPEH1MEST. Five Italian 

prune trees which appeared to foe average in every respecti 

in comparison with the rest of the orchard^ were selected 

for sampling and tagged A«»B~C*D and E* The trees bloomed 

well and produced an excellent crop of prunes* 

the  harvesting ©as set up so that each of the five 

trees and its resultant fruit could be considered as a 

replication and that the trees could be harvested nine times 

throughout the ripening season* In this case then each 

harvest date iiras considered to be a slightly different 

"treatment" on the harvested fruit* Bach objective and 

subjective test was applied to the fruit from each Individ* 

ual tree* Harvesting was carried out in the morning of 

every third day from August 22, 1951 to September 15, 1951• 
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Ih©  experlBonts ©re set up  evs nine hj five factorial 

analyses of variance st^iQies tilth the  mamber of obses^atidas 

in a ^©plieatioa depending upon the fsctor being stiidi©S0 

the i©ast significant differences lia^e been determined tor 

each objoetiv© and smbjafetiim t©.st if t.h© F Palmes, t-mr© 

significant between harvoat cfetoe* fhe  correlation co- 

efficients are calculated between ©acln objactitr© test and 

the tasto test scores as Ee®sm?©d hy a statistically selected 

panelo In cas@s t,?fiQ3?e tfeo "r5* values w©3?o deterainsd ss 

significssit by tlio t**test and appeared, high onough for 

prediction purposes?. the standard orrof of ©stisaat© and 90 

per cent confidoaca liffiits Kore e&icttlated fos? th© r©gr©s$ion 

iine«. 

KasfKOB OF FiUIf H&IfJ3S21B6o Sampling pyoceduro wag as 

folloifss Liabs w©r© chosen at each harvest on ©ach of %h& 

five troesf each lirab or part of a limb i-ms  harvested clean 

(exelMingp of course^, obvious 3?ott©n and i-jithsred fruit)! 

about 200 fruit wor© harvested froia each individual tr©eg 

©s .soon as th© Xisab or imrt of a limb xm& harvosted it xm® 

isisediately tagged with a yollow ca^dboa^d as to date and 

number of fruit picked. Tht& limb was novor to be picked 

again^ 

"Sovard the ond of the harvost season many perfect fruit 

wore dropped to the ground. In the  e^periffiental harvesting 

it i-jas felt that soao allowane© should be mado for liliol© 



Mp© fruit dropped to ground,    & coimt of 50 fruit stms at 

^suSo© on the ttroe was aaclo mid those fruit ateias x-Meli had 

bowio fyait and wecmtty dBopped them were calculated into 

a por«eiit©ge <3r,oppod frMt foi? tliat tsoe that isaSividual 

liarvast datoo.   Mditiomal fmiit ism& tin© gfoxmcl based on th© 

pereentag© drop was added to each bos,,    the growoy- ^fill 

slaals© as saay prnass as possSbl® off fciio traes aac! pielsers 

mil pick up ©tmryttiing but rotton fruit and plae© them in 

their texts«    fhe oscpoi'iKeat®'! harvesting therofo?© attempts 

to sisalat© actual coaditloa of liarvostin<| whoro the growe? 

shakes all fruit off the tape®,    fher-eforeg some peFf©et fruit 

on the gfouM wore included in tho yioM of th© orchard.* 

Below is the data shouring the per cest d^op for tho fi^re 

trees dwing the last four has*f©st dates of the harvesting 

period*    S'rait dropped before theee dates wes?e geaefally 

imperfect ffuit* 

fable I*    Per cent fruit d2?op for the five Italiea prune 
trees during the last four Imrvest dates* 

Ufree A 2s?oe.B Tree € !Tr@e 0 free H 

Septeofber   6 7$ 35 ^ 2p 

Septembaf   9 6Z .      ttf 5$ ^ ■vtf 

Septeabop 12' &$ »fiS 5J3 ^ VjS 

geptembes' 15 100 ^ 5^ 5% 5)1 

The fruit ia bosses were thea temigfet to the labogatoiT 

at the Food Teclmology Departaesit' for fresh fruit ^aaalyst^.* 



*lh,Q tr©0S'Vj©2*© harvested in rm&on order throughout the 

picking season, 

FBSSB mtm mmiBISp    In the Food SsehaoXogy t6l)ora* 

toryj fralt toosies oae at © tisao ¥©i?e eiaptiecl Into a largo 

tnh of wator.ancl thoroughly washed*    The praaes wef© nlxod 

aiad a saepl© of ^O fruit wero witMrava at fandoa for mso 

In the study of the- fresh fruit eptaXity factors*.    F3aeh of 

the fiir© hanrest gxsoups v;oro treatoS ia a siail&p manaor* 

The resalairtg fruit from each troo wore placed baelc into 

their individual bosies and stored in s 3^0 F* room for 

proeesslng tho noart dar/o 

^ecorctiiig. Sat@»    It uas Nodded that data from each 

obj-oetivo test ohoulfl be eaterod into a rensmnont taM© suad 

recorded for statistical analysis without copying into 

another table*:    SMs procodur© helps to cut dosm on the 

acciclGiital orrors..    fho coding for tho table is as follows § 

The first letter of the code A-B-C*D and S refers to the 

tree desigsiatioa m& the ausafoor refers to th<3 harirost det^ 

l-g^W?-*^?*-^ ead 9»   Iho following sheet was used to 

record all data* 

lfei/;ht o^; gsniit*.    I^tch randonly dravm- sample of kC 

fruit ifas dried aad tioigl^d,    fhi$ test xms used to dotoraiao 

th© yield of tho orchard by trees as it progressed through- 

out the season* 

figual GrMlgig.* fho- fruit i-mTQ then graded visually by 
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Table 2*    Data shoot to recozd iaforaatioa ccllectefi la 

CAIM© COH aUJ) PH0H3S T2S1! 
'.rmif-^rtHCW' 

Haf^ogt Bat© 

T2?e0 S 

f re© 3 

the amthopj aeeoMIas to oiatGi* skin appearance aloaes into 

acceptable MtiG^purple sad aoa^acceptesble greenish groups* 

i%asc i±gm?eB wos*© later eoavcrtod into pet coat aeeept&M© 

prmioa-o    fills tfas lased to slKsaslate tho conditions that fe'oi&M 

bo found on a grading bolt at a coisaereiei caan'Ory*. 

fgQSSBgg>-J!ga|.»   1ftei5 visual grading, the fralt w63?© 

subjected to tho Ballatsf pressmee tostor with a 5/16" 

rounded point*    lisieh of tMa. ffnit wss held firialy in the 

pals of the haM &M prnietured. first on on© side.} recorded 

and pmctHpctl on the other side and'recorded*   Shis figus?© 

is the pounds of rcsistanc© tho skiss and flesh of th© fruit 

esdiibit to tho point of tho pressure tester*    There was a 

total ot ^0-punctured tm the ho tvwtt and a total of ^0 

readings for the five trees toT* one particular harvest dat0t- 
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As soon as they were punctured they were immediately 

immersed in a pan of water containing a weak solution of 

ascorbic acid which greatly aided in the prevention of 

browning. 

Color Teat:,. When the pressure test was completed, 

the prunes were dried, peeled, and pitted and 10 prunes 

at a time placed into a 3$ x 2& x li transparent plastic 

hox for use in connection with the Hunter Color-Color 

Difference Meter. The  machine was previously standardized 

with a I.B.S. Maize standard with the assigned value of 

Rd 54.0, na" -1.0, "b" -32.0* This standard was chosen be- 

cause it was the closest in color to the color of the prune 

flesh. The color readings of the prune flesh were made 

throughout the study in reference to this Maize standard 

using the Rd circuit arrangement. Refer to Hunter Bulletin 

(22, pp.1-10) for complete details in the operation of the 

Hunter Color-Color Difference Meter. The process was con- 

tinued until all 40 of the prunes were peeled, pitted and 

exposed to the Hunter Color-Color Difference Meter* This 

gave four individual color readings which were later 

averaged and used for calculations. All five trees were 

treated in this manner. 

Per Cent Soluble Solids, The peels and peeled fruit of 

each tre© were placed together in an individual pan and misssd 

thoroughly for the next test. Approximately 80 grams of the 
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poeliags aa«3 flmh was?© plaecel into a S«iecmloa©t<sF eup and 

subjected to 500 potmds pressure*    fhe Jmic© extracted in 

this tammczv was placed on tlie Xma of a Bausoh smd Losft 

0-60 Ilmid Hefrsetoaeter oosd read aft^r correction for 

teiip©rat\ire for its pes* c©at soXtxblo solids*    This pfoc^dtw© 

t-Ms repeated four times for oach ti1©© ■each harvest dato» 

gH*   Tli© yoMdning fmit skin and. flosh nixtur© x-m^® 

then placed in a Waging Bleaioi11 and blondod for tM*©© 

minutes into a unifoina pulp*    "Sm 100 g^as sasaplos wer© 

voighod out and placed in contact witli th® electrodes of 

a Bockean I-Sodol H^2 lino operated pH motor.    Tm pli feadings 

for each tree %-TQV® taken* 

Rtgatabl^ ^idityfo    As soon as tho pH ims recorded 

the titrataMo acidity i-ras dotersainod by elect^omatric 

titration*    ISJou^h distilled water was added to mice the 

prune pulp oasy to stir9 then .^I1;* U HaOS was added until 

the pH reached 7#.9»    Ttio detonainstions tfere made on eacli 

of the five trees* 

pit 7*2 ims decided on as the end point for the electro** 

metric titmtion froa the data presented in fables 3 ®nd k 

and Figures 1 and 2*    Figure 1 shows that at pH 7*2 there 

was ©liaost a straight lino iacrcaoe in pH as the addition 

of laOH continued.*    Figure 2 shot*® an .end point of pS 7<>12 

using prunes of tree Ilo» 1 and pH 6#76 .using prunes' of tree 

loo' 2P    fhe titratafele acidity was calettiated as per cent 
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vail            V'ffo* AW pf! 

0 3-20 

3*01 3*70 

5*30 hai 

6*73 ^36 

7*52 k,5® 

P-.p.Ol K59 
8,92 K75 

9^5 K& 

9,73 k^m 

10*16 K99 

10*68 5P12 

11»V7 ^% 

U^h 5.63 

X&M 6*07 

1Z& 6.06O 

13^06 7*12 

13.50 7*90 

13<.9e 8,37 

1^*50 ^♦70 

l^M*- 9.28 

pH chahjses of 100 sixains of pinmo pure© from ta?« 
Ho, l tilth t!i© addition of 0*993 ^ HaOH end 
calcialatioAd for exact entVpoint of titrata^l© 

3 #®1 

2»29 

1^8 

■0*79 

CM 

0*91 

0^53 

o.aB 

0*^3 

0*5& 

0*79 

0,^7 

0,52 

0,37 

0,23 

0#AJ4 

0**f8 

Oo52 

O^V 

«S9^£3a'.C^t' 

0o^D 

0#Vl 

0*25 

0*lV 

0,09 

oa6 
0*10 

0«0V 

0*10 

6,13 

0*29 

0*22 

0^4 

0,53 

0*52 

0*68 

0^7 

0*33 

■0      i-JifA m x 

2#33 

2,50 

3*67 

^•68 

8#H6 • 

^♦32 

22*60 

15 M 

9.79 

6*35 

6,17 



fahlo h0 IJH changes of 100 gpaias of px^me puree tto 
I©« 8 with tho m&itlou of 0*993 H ^a0^ aw 
caleiilatioBS for osact eri,€*=-poiat of titrat. 

tree 

Me 

u HaOH pH AEX* U&OH ApH 

0 3*06 ew.e-ie^csB €?»«=( c^.'fisi 

a*oo 3*33 2*00 0,27 

kM 3»69 2*08 0,-36 

5,92 3-93 1,8¥ Q*ak 

7*12 ^olS 1*10 0,20 

7,65 ^22 0o53 0*09 

8,%5 ^3? 0*S0 0*16 

10.33 ^,70 1*68 0»32 

11,05 Km Oo'72' 0*1^ 

11,95 5*03 0*90 0*19 

12*53 5*20 o*5S 0*17 

13,18 5M 0,65 0*22 

13*58 5*59 o*»«o 0,17 

13*99 5*6? 0*%1 0*28 

1^,25 6*13 0*26 0«26 

XkM 6M 0*2% 0*29 

ik.m 6*76 o#i6 Q*3h 

IhM 7*22 0*23 QM 

15*00 7*%6 0*12 0»2h 

15*2% 7*8© 0*2V 0,h2 

15*60 8.25 0*^ 0,37 

16.01 B.*56 OAl 0*31 
16*97 9*20 0,,% 0*6^ 

.<?■    iU1 

«? ft!? «!**=» CS3- 

a-M 

2,11 

2*93 

1*39 

W25 

6*83 

lOoOO 

12*08 

21*25 

20*00 

20*00 

1?*50 

7*56 
6*67 
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hB 

TREE NO. 1 

TREE NO. 2 

13     14 
Ml. NaOH 

17 

Figure 2. Exact end-point of titratable acidity determinatjbn 
of raw prunes as shown by differential plotting. 



ky 

aalie aciel by the tolloidnQ tovml®** 

*067 & iailiequit^Xeat tieis&tar malic acM* 

^ol^X©_JolMSf^M..B^ig.*    Data dQtei'aiaQ^ fpoia poi*5 

cent solmble solids of tho trait end titrataMe acidity were 

us ©a to ©aleolai© p©? ■cent aolmbl© solids-acid ratio*- 

asSPtEHTICM SflTM*.    Duffiag tile COTOS© of the azperi- 

iientatiofij a stixfly of tho fospi^atioa of the fruit was 

beisg eonductod hj two ©Qtlaoiss  (a) production of COg in a 

closoi system9 coiastaat prosou^e Og atr^spho^og aM eon^ 

ssqaeat possible aeeiimilstioa of ©tiisylonog: aad (b) protlisctioa 

of C0«> at .tat©2*attt©nt periods fvon aa aif^flow systeaSf    She 
fin 

fii^st tests were eonduotod fsmi il^siist 28 to Soptoraber 6* 

Lots of 1563 and 152? grams o.f pzmmB  wer© tested in s 70° F* 

constant tenporatiaa toom0. ■ *Stm  trait were bfoiaglit to tho 

temporaturo of tlie mom by a g^-hour eoaditioaing period 0 

Th© first group of 1%3  gs'aas were .placed in aa air»tijb,t 

desiceator containing a drying dish with 100 eil* of W If SOH 

(^.3 pp*lf*3^)* fJiis system \mB connected to a flask which 

eonteinod Op sas9 that was in twn eosmocted to a bottlo of 

^atar "yMeh was drat-m into the Op  flask && the ©2 was used 

up in tho respiration of the f^sit* fhe oarbon dioxide 

fofmed diarlng respiration tms absorbed hj the h B ZGlh    TM® 

absorption vias allowed to go on about 2^ hours* fho 100 nal* 

ssmpie of h I KOH was then removed and titrated in the 
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following laazmo? aga-'nst .*96? II flCX*    A tm si* aliquot was 

rejsoved froa the 100 ralw samples ^©^ ^l* 0'^ BaGlg x^as add©iS-p 

and 25 BJX* of distilled xjmtei?s 'thoa 3 fis?ops of F%ionophth&ioin 

ifidieat©!5 tj©re aMed*    fJiss® I-JB^.© sdjced tmd then titrated 

while stirrios with ,967' H EC1?.    The ®w3. point was a eloa7» 

lag of the solmttoa*    Thte resultaot' aaomit of IB31 ^©d ims 

subtracted froa the blank reading of 53-^ i-Mch eont&ined 

no curboa dioxldo*    Thin figure was substituted In this 

f©raial&.3 

M^^^^$^MM^M,^^ S Kg. of CO^ p@J» Kg, per Hoaf 

10♦V? g adlligyaias of GO^ oquivaloat to 1 ral* HC1* 

Iteapimtioa ia all s-aiapl©s wer© expressed la these t©ms* 

Sho second gi^ottp- of 152? graos were sllowed to beeoiBe 

eenditioaod to tho 70° P^. t^mporatm?©.. their tiei?© aorated 

■contintaously aSftor beiag placed la a deosicate? especially 

built for this pu^pose-s The air was <li?mm in from the out* 

side* then in the coming of each day the air was drat-m 

through scrubbing bottles- to resjove CO^j -through the dessica^- 

tos* eoataiaiiig pniaesg and then through a b©ad»filled Bel set 

tow©? (79  pp*.29-112) contalaing 20 al, of h  I K0E# Jh© flow 

of the air through the systesa lifas controlled by a iisnoEeter 

ao that the same rate waid flow daily* 1ft©? about 7<*® 

hours of air floi-;.9. the colusai would be tsites out of the 

systeia and th© srmplee vmr© placed back on regular aeration* 

The 20 sal* of KOH iMch absorbed th© G0o out of the bubbliag 
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airg was titrated in a slsllar saamior as dase^ib^d Qarli^f 

aM e52pr©ss©d la I%«. of CO^ par Kg* p©r houtw 

Qn September 9 another sasiple of 1230- graois of pfiMes 

%-mm aerated g^nd ehoefced again to so© If the frait mm 

approacliing tfee climacteric*   fills test was coMucted uatll 

Soptembo? 1^- mid 03[|>re3S@cl in tlw saao aanner as &t20¥G» 

PSOCSSSBIQ TECBHIQTISS*    She boxo© eontaiaiag prunes 

whieh had 'beea pTe^iously placed la the 3^° ^V s'ooia oFe^ 

right tj©3?e r^JBOvod the nmt asofalng aad processed*    Tint 

processing procedure included takiag the proaos fi^a the 

boses^ ro^Kashisig in a tn^ of 'jatorj sad randomly placing 

thorn in 12 fiSbo. 2 fruit eaaael .caas for every code ta&vk such 

as A^l? B-lj, C-*!^ 15=1 aad B^l«    Eiewa oimcos of primes were 

added to each cano    This .©afie 60 oaas of prtmos for one 

parttenias' harvest date aad 9^-0 coded cans for the complete 

harvesting season* 

After the pnaaes were woighed late caas^XSO0 f,9 30° 

Sriss Synap was added to^ each eaa alleMng on®«>hslf iach 

head space*    2h© eaas; were then esftausted for tovtv Mmates 

at lio0 F.o.    They were iBMediately closed on a lo*. 2 closing 

tnachiae and processed in boiling water at 212° F« for 12 

:minut@s*    After processings the cans i-;ere cooled to 100° F# 

or gfeont skin temperature and allowed to dry*    iks soon s^ 

thoy were sufficieatly dried sad cooled they x^rere packed 

2^ to a boz end caroftslly ceded*    ffees© bosses wer© stored 
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in an approxiasately 60° F. storag© room until canned fruit 

analysis was to bs started* 

About midway in the harvesting seasonj ton eases of 

prunes ?,?ere processed by the abov© mathod. Thes© cans v?@rt 

labeled "Standard" and were to be usod as the reference 

samples of standard prunes for later work in the taste and 

color ©valuations, 

CANWEB FRUIT STUDIES* Flavor and Color Evaluations. 

Starting in November 1951 a series of flavor and color 

evaluations were conducted* A panel of about 15 judges was 

tried at the beginning of the work. Prunes which were not 

to be used in the actual experimental evaluation w©re 

tested by the group for both color and flavor* Specially 

constructed taste test booths were used in the flavor aval* 

uation study. The booths were about 2-2- feet wide, 3 feet 

deepp 7 feet high, equipped with a bench, stoolj sink with 

running water, and overhead lighting* To alleviate the 

effects of differences in the color of the prune samples, 

the overhead lighting x»/as of a dark red color which made all 

samples, both light and dark, appear identical in color. 

This procedure allowed the .Judge to taste for flavor alone 

and allowed practically no chance of bias to enter into his 

flavor decisions* Strict silence was required from the 

judges during the tasting* 

The samples to be tested for color were placed in large 
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t-Mto CMna "bowls*   fteoe jmmes ana 100 ol* of pirn© jtaia© 

tj©y® pXaesS isa the bowl as Q saapiQ*    She bowls w©?e aim^ 

f^oa oao to four end one bowl ms soykecl "Staadard"*-   Sbo 

foia? nuoGsbered bowl9 esad-tSio "Staadsi't" bowl uer© placed on 

tli© bonoli la the cuttlas ijooa* ' (£k® tost© test ballot 

Illustrated feom-Flth was used thsoiighout th© tijorlc*   Siglitlsg 

was a difficult p?oblom sacl' la tsost iastasees eacsplos i-m^o 

jufigeel WKIOS
1
 a ooRbln&t&osi ia^ligfet^artlfAcial light ejavipoa 

mentp    It %?SG fairly imlfo^B tfesmistioiit th© tests* 

faM© 5,    file Orogoa AssslctJltmral ISapexlsasnt Station tasfco 
tost ballot* 

*R, rest 

Bate ,     Ciaanod Prone-s       Tastoi" .. 

''        '   g.'     ' "' a' 
ffgATOHD s Z_ 

i 9 

-a. 

(If -aay staple is carted h ®T lower § pl©aso stat® r^asoa)* 

SeoFes    10 « id©©! 6 « fairly 300^ 2 * pool* 
9 « emeollent 5 * ^cc©ptablo 1 ^ tery poof 
8 - very good ^ - iptjlr 
? «■ good 3 • poox'ly fair 

S^Bplos for tlie tasto tost imve prepared after tbo 
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MMk&&igh. tho sas^Xes in tho col©!0 tetds and the flavor feoul© 

t-ies5© codod dltS^oatly^ thla psoceduro sia<3o sur® that tho 

5ME©S h®$. no psj'Qcoacoivod ideas a'boiat the flavor sasipi@s«, 

Bach judgo e'raluated ©acli sozlos of tho pruaos for both 

eolos1 a»i flaws" four difforont aufi imrelated tlsaos* 

'111© |iMg©s ir&Q selected; at tho bogimilsig of tin© ws?k 

^F s moditiod statistical method of iotamistlag the "ttea© 

sigssa" lliaits for th^ii? ©aswofa*.    Fox* esespleg th© tea to 

fifteen, jmlg^s tasted eodofi sasples ton diffoment tasto 

test sossioas*    f!i^ a^Qfage was calculatod for each i33divid» 

u©l etaaijle*    Sien tho "tteeo gissa" Xlaits t-jero oaleulatoi 

(is. pp^1^33)*   5310 l^asGS tSsooo seor®8 did not fall ndthin 

tb:©'{tthi»o© 's£gsaJ? liaits 65^ of tho tie© ware elisalaated and 

tho i'©EaSairag Qo®ms \m^Q roairosagtd*    fills assmes that 

tho panel airors^o Is tho eosroct sooriag of the sasiple in 

nincl*    fhe systea w®s meed oa S^OFOS of both color Cffid 

flavor ©mlimtloa*   fhis systp® w®s tri^d for t©a smeeossiire 

color and flgrrof taste tostss eoataiaiai; gpemps of fo,ilf,• aad 

fiiFe saaploSj dad it was soon found that certain Jtidgos tf@r© 

■good in jtidgiag color 9 ©oao good in IMgiag flavor-9 ©ad 

soiao that did an ©xeellaat eoaaistoat $6b of JMgiisg both 

color aad flsvor^   After tho series of t©n td8ts9 the judgos 

#iich tf€}F© fomsd to h© iacoasistoat end imable to stay viith- 

is the "tfapeo sigsa'1 lisiits of' the poswH atorsgo V«SPS 

clioinatod from the psuaol ©ad Teota that tis© oa9 ©alj sis 



to eight sfmdgos itMeli bad sSxoiftt g©ocl p3?aelsioB IMTQ asfecel 

to jufiga mom mip&rimQnt&t se^lee*.   Tim oitp^riUQni&l data 

t-iar© sorted out from the taste? fronts and substitiatod into 

a nim hj ftvo fsetoral tat&c*.   Fo^^r eojr^late eoloa? ©M 

plotoftft. 

&%^ 0»t .^oj^yLilgM^ §r.-,gJbf---^ifiSB'    S'oiir ecms from ea^h 

<e©i0 wo3?© 'Op©a<§d aad pomrctl Into- bta&oys^    Th® cat-^out p©^ 

cont soluble solids were talsm ©a the jtaico x-rfltli a Beuseh 

.and l«onb 0^6© Hani Ro^raetosetor*    i'feo frait and! JuicG were 

shotm toy tests to liave -COKG to a oocs?l®to ©quillbyl^si as 

fa? ©s pes1 cont soittble soiicls w^ro oos6cm@d+ 

Color of Ocansfi Jitjeo*    A samplo of jtslo© was talsoa 

from the boatesra ansl diluted^ tli?ee parts of distilled wates6 

to one part of Jitieo*   ffae sesplo im§ thon pla©od in a 

Boefesaa SpoetFop!kotoH©t©? cuvotto anii tlio absorption carve' 

through the visual ©poctrma was doteraiaod*    Tho lightost 

sa^plo of jiii^© frois Karvsst iste 1 aad the darfeest aassplo 

of the .guieo fmn harvest date & uer© oheckod by the Bsekaan 

SpGCtropliotoaot©? (^9 pp^6^1,0S>.*    fho absorption was 

chsclcod fros 375 to 630 i2p« as shotm in Table 6«    Fi^nr© 3 

shovrs th^t the point of groatost absorption was ia the 

infra^od faase and fi^oa 510 to 520 wp* tor both the lightest 

and the darkest jtiioe*    tfith. thos© points detoral.ne<S oa th^ 

Boolaaan SpoetsopSiotoiaeto^^ it was doelded to uso the 
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fabl® 6*    P020 ^eat tpanssdttance data ?o? oavly ©M late 
lm^¥©st datos casmoQ pinna© Jnieo saaples asasws»etl 
fey tile BQcltaaa 0pects?opSiotoa©tos?.o 

IfeT© l«mstls, In 

375 

^10 

¥40 

500 

520 

560 

600 

630 

ato 

as g 26 

67 
8 

59 

?i 
§ 

62 

72*5 
8 

62 

7^ 
3 
3. 60 

76 
8 
8 59*5 

71 
> 
S 50*5 

6^- 39*5 

59.5 0 36»5 

60 
0 

g 36*5 

67 3 tfl-. 

67 
0 

52 

80 
0 
s 
8 

70 

95 93 



1M  itARVfST   SAMPLE 
•"th HARVEST   SAMPLE 

10- 

375  400 4 50 600 500      550 
W A V E LE NG TH - n^». 

Figure 3. Per cent transmittance of canned prune juice sam- 
ples of first and eighth harvest dates as measured by 
the Beckman spectrophotometer. 

650 
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imlXow^roen filtor (530 a|i«) to dct©rmiae the per eeat 

tp&nsaittanoo of ths 3 to 1 uate? dilutions of jui©© in the 

LtsBotron test tube CoZorltnates1* 

Color of Outer Slcias*    ''Bio pniae© froa the four essia- 

wer© thoa broison la half eafBfiillFs pitted oad placed alsia 

fioim in a plastic <llslt for refl^ctsaco soaamreiasat by tho 

Hunter CoIor«Colof Blfferene© Stetor*    She red B»B#S« color 

atandard M 7%Q^ »oH ^6l«5& **!>" ^20*6 ma iis©S thxoughout 

th© mvk*    Th® ooataiaer of ^rwios wer® exposed twiee to 

iasa^o a rjaifom oad tliorou^li roading©    This process n&s 

carried out on ail of tho prunes froa ooch of tjao four cans 

for ®mh co^.suS date*. 

ML.M-.-6sa|iM_F£iiitg    Pitted prmies ®ad juice were thoa 

placed ia a Ifering Blonder and Meaded for ho seconds to 

iaqsmr© a good Mended sadaeture.    ilfter blending the pH of 

the coatoatSj tho cane \f©re■ aoesured witSi a B©cisman line" 

operated pH ©oter* 

fitratalalQ AcMity of Caemed F^it»    As soon as th© 

pB readiuss w@r© oos^lotedp a tetsdred graa aiifuot wag 

veiSheS iato a k-00 $&* b©afear.«    Shis saiBple was placed imder 

the electrodes of tho pH sKStor*    Baoiisfe \7ater was added to 

KESI?© the p^ilp easily manageable «ad the solution was titrated 

"m to pS ?9 8 as \7BJS described in tho mnthod of the rat/ primes■« 

Shis gave the per cent acid ^aspresaed as malic acid, 

Cut-Out Soluble Solids ' ** Tittatable. Acidity Bsitio^    Data 



fS'QM the pei' coat etit^out soXtsblc solids aad the titrst-aM,© 

acidity WQVQ UBG& to det^rsiiaQ B psi" eont qu't»out solnMo ' 

solids » titrataMs aeidity z^atioj (approsltsately a SUSSP- 

"Stic 
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PJSOMSIOI OF Bsstim 

The' results will bo presented ia tho followiag maaaort 

disciissioa of the  ^©swlts fof ©aeh f^osh quality toot 9 end 

th© statistical analysis of these data5 and thou tho data 

for eaeli canned quality test and its 3?esiiltaat statistical 

analysis* In this work oacli correlation coefficient ba«=> 

timen th®  objeetiiFG £®d flavor test nor© found to be 

significant at the $ per cent i@wi by the t test (265 pp«72- 

7V» 

fho- standard orror of ©stinato roforred to throughout 

tho discussion of results is »re or l©ss th© standard 

deviation of the points mi th@ graioli fro© the regressioa 

linoe 

M ©rror of ©no unit in tho olgoctiv® saaasureMents wllX 

have an offoot on the flavor soor@« Hhis is determined W 

"bM or slop© of tho regression lino, as shorn ia the regression 

equation fm « a / Uu 

Fmm mm  QUSITI TBSTS* Ifel^ Changes, in, .the, Fruit* 

Bmrinii; the h&mrestlng period of tho live Italian prune trees^ 

the average i^roight of ^0 frait fros the tr#es increased 

steadily fro© 2*2$ pounds on the first harvest data to 2»6Q 

pounds on .the fourth and then decreased stoadily again to- 

2*1+0 pounds on the last harvest date* From the data in 

Table 7$ fruit on th© fourth harvest date appear to have 

tho greatest fresh weight* 
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Statistical analysis of variance of the data show the 

L.S.D. between harvest date means at the 5 per cent level 

is ♦09. Only fruit of harvest dates 2 and 3 differed in 

weight significantly. Fruit of harvest dates 3j 4j 5s 6 

and 7 did not differ significantly in weight* The fruit of 

harvest dates 1 and 2 at one end and those of harvest dates 

8 and 9 at the other end of the harvest period showed sig- 

nificantly less weight than the fruit of harvest date 4 

?/hich has the greatest numerical fresh fruit weight. This 

indicates that sometime during the middle of the harvest 

period the greatest fresh fruit weight was attained. 

She fresh fruit weight was correlated with flavor 

scores of the canned fruit and the correlation coefficient 

is /»5433* Kiis correlation, although significant at the 

5 per cent level, does not appear to be high enough to pre*> 

diet the flavor of the canned prunes* 

Other workers, Vincent$ Verner and Blodgett (67? PP*1- 

19)i  have pointed out in their work that harvested prune 

weight reached a peak at a pressure reading of 8*5 and then 

decreased until the end of the season* 

The present work shows these same trends but does not 

appear to confirm the work of others who have found the 

weight of the fruit increased by a certain percentage each 

day throughout the harvesting season. This orchard was not 

irrigated, causing a diminishing moisture supply which was 



fable 7-»    Kean weigM (la potiads) of kO Patf prunes during aiae hai^fest dates* 

Barest . 1    , .2^_ . 3   ... h .        X_^. .6 , 7 8 . 9 

free A 2.22 2»22 2*59 2*57 ^•59        2*^ 2*3^. 2^1. 2*32 

B 2.^3 2..^0 2.52 2*?8- 2*72        2*75 2,62. 2*6^ 2.M 

C 2*23 '      So 21 2J*8 2.51- 2.. 52        2*^6. 2*67. 2*^7 2#^3 

D 2*1^ 2*22 2.*?2 2.!,9k 2*53         2*62 2*59. . 2*38 2,39 

E 2.^3 2,3^ 2.^2 2*58. 2*55      , 2.56. 2*53. 2*52 2*3? 

Golmm Vlmma   2*29 2*2?       2#51-       2*60       2*58       2*57       2*56.       2*^8       2, 

Mean Harvest L*S.B<, at 5$ level ~ *.096 

toaljals of ¥arlaaee Osculations 

Somrce of variation       d»f*        SBB of SQS-*        V&piane© F 

total Mf 

frees ^ *lP3 .*lf575 82.73°* Highly si^ 

Harvest <Sat©s 6 ..60^ *755?       136*65^ Highly sl| 

s of Scp-* ?&P!ane© 

*96^8 es=.c»e»cs».c» 

•193 *»f575 

.60^6 *755? 

*1?72 *00553 



©, possible reason for this tmsdU 

Hsuial Grading, of .Raw ffrait* ii visual grading by the 

ontw  slsln appearance of the  fruit shotmcl a steady increase 

in pep cent acceptable foXtte~pi2?pie pinMes as th© hsweating 

season pfogfossefio flie I»*S«B,. betwessa Mfv^gt date usans 

at the  5 p©ip cent le^el is 8*7* As nhox-m ia Table 8 there 

are no significant .outside color cliff crenels btstweea fruit 

of h^r^Gst dates 1 aM 2? tU© fruit of harvest fiat© 3 differ 

signifiesaatly froa those of harvest dates 2 and h*    fhore • 

a?© no. significant visual 4lff©renc'es kQtwoett ffnait of laar^ 

vest dlates h and 5+ Fruit of harvest'ciafcos 5 ®a^ 69 aM 

tho^e of harvest dates 79 ^ rM 9 flo not appoar to be 

visually different* Froa SaM© S it appears the us© of 

visual gracing asthods to slioif significant differences b©^ 

twe©n fruit harvested ovory three days is not too procis©* 

Tho grafiors csnnot tell difforencos in fresh fruit quality 

frosi onteT appearance alon© tfhoa pic&ed three days apart*. 

The eorfelationi coefficient botwaon visual grading 

percentages and flavor scores* of the canned product is 

/*76?B0 This ia a fairly high eorrolation but is not pro*" 

else enough for predicting flavor of the.canaad fruit* 

Pros^iiro. ffoat* M shoxm in TsMo 9 the ©©an pre-ssure- 

test readings of the fruit show © consistent and continued 

decrease during the nia© harvest periods* 'Jiie roadiag® 

deor©as©d from the average of 10«6l the first to 3*76 the 



fable 8.,    Mean per e©nt acceptability by visual gmSing of kO raw primeg duxlng niae 
hawwest dates* 

Harvest 1 2 k 6 . _=X_ a ■ _JiU, 
Tree A 22 32 70 m ?8 92 9fi ■ 100 100 

B ko 3a 68 6h 90 92- 9?' 100 100 

C 35 30 5^- 68 6e 76 100 100 100 

D 16 30 58 66 72 76 100 98 100 

S 3P 25 70 82 90 90 92 92 100 

Qolwm Means   30.6 29«.P       6h.,Q       73.6 

Ipfeaa Hardest L*S.D* at 5/3 level « ^•72 

toalysls of Variance Calctalatiofis^ 

Soiiree of variation d*f. Sus of sqs- 

Total Mf 31 §3^2 

Trees ^ ^36*00 

Harvest dates 8 29*^3 

Sy^or 32 1,^63 

7% 6 85*2       97*6       9^*0     100 

ssaspggssjss^i^ 

Vapiaac© F 

109*00 2.38^ Sot sig* 

3685«375' 80*61102** Higlilj sig< 
l^c 718 ««»«—. 

\3\ 
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last harvest dst@*   The Ji«S*D# of b&rv&Qt date aoams at the 

5'Per-ecmt level is *5t«    It earn b© seen that frait fro© 

each inflividml harvest'date are significantly different in 

resistaaoe t© tho pmsmv®' tester from those of-the next 

Iiarvest dst% eizcept fruit of harvest dates 5 ©ad 6*   This 

imULeatoa th©t th© pressm^o t^stoj? ^©adiiass will sliotf 

significant difforences betwooa primes har^esteel ©v©*y threii 

Says la ©a oi?chai?d ia mi isfiivMtmX season 

The cowelatioa coefficiest hetwa©a the pre®star© test 

roadiii^s aad the flavor scopes of th© easiaecl fruit is 

•^lOO*-    fhis is a high mr^elation aiad iMlcates the t^e 

of presswe toatos? readiags to predict eaimed fsmit fXa^Q-y 

is highly preetse#    The standaM orros* of estimate of *35^ 

as she^m in Figure k is rolati^ely ion*    Kefes?' to .ilppeudix 

fable 1 for the regyession lino eQ^aticn*    Chedsiag the 

regffession line aad the 90 pes? cent confidence liaitsj, the 

value of predicting final fmait flavor fajo© piressufe test   • 

readings can ho eleafiy sees*. 

Sine© presswe tester reselings of the frait were 

signiflomtly different between harvest dates throughout 

the harvesting season aacl giaee they appear to he precise 

in predieting canned fruit flavors the pressure tester 

appears to be valuable in cjuality tjos* with Italian prunes^ 

except that soil9 climatic 3. and eultiirai effects were net 

esas^ined.*.- 
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8.0 

3.0 ± X _L 
7 8 9 10 

FIRMNESS IN   POUNDS 
11 12 

Figure h.    Regression line of flavor score on firmness of 
fresh fruit and "90 per cent confidence interval. 
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Color of Ryy Prune Plesfy* The color changes in raw 

prune flesh as measured by the Hunter Color-Color Difference 

Meter shof/ed little, if any, variation in the Rd and «b" 

color scales. Rd showed a very slight darkening in fruit 

flesh of the last two harvest dates and "b", which measures 

redness, was essentially the same in all fruit throughout 

the season. The Hunter "a" scale which is greenish when 

minus and yellowish when plus showed a consistent color 

change In the fruit throughout the ripening period* Since 

this was the only factor which showed any amount of color 

change, the statistical analysis of variance was calculated 

only for the Hunter "a" data as shown in Table 10. 

Hunter "a'" color readings of the fruit range from -4.9 

which is greenish the first to /6.0 which is yellow for 

fruit on the last harvest date. Refer to Appendix Table 2 

for non-converted mean Hunter "a" values. For calculation 

purposes, to convert, all Hunter "a" readings into plus 

values, a factor of 10 was added to all readings. The L*S.D. 

between harvest dates means at the 5 per cent level amounts 

to 1.66 as shown in Table 10. 

Under the conditions of the experiment, color changes 

in fruit between harvest dates 1 and 2 were not significant 

but fruit of harvest dates 2, 3> 4 and 5 were significantly 

different in color at the 5 per cent level. The fruit of 

harvest dates 5, 6 and 7 fell within the same color grouping. 
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The fruit of harvest dates 8 and 9 f©ll within the same 

statistical grouping. 

This indicates that the changes in color of the fruit 

flesh were much greater in the ©arly part of the harvesting 

season^ but after harvest data 5» It took about a nine-day 

period for the Hunter "a" to detect significant differences 

in fruit flesh color. The changes in flesh color of the 

fruit were significant in the first part of the season but 

in the latter part of the harvesting seasons color changes 

in the fruit did not appear to be significant. 

The correlation coefficient between Hunter "a" /10 read- 

ings and the flavor scores of the canned fruit is A8139• 

This is a fairly high correlation so that Hunter "a" /10 

readings may be used to predict flavor of the canned fruit 

as shown in Figure 5» ^be standard error of estimate is 3^4 

and the 90 per cent confidence limits were calculated. Refer 

to Appendix Table 1 for the regression line equation. 

Per Cent Soluble SolLda., The per cent soluble solids 

of the fruit during the experiment increased froei the 

average of 11,7 on the first to 16,5 on the last harvest 

date as shotra in Table 11, The per cent soluble solids of 

the fruit increased consistently from the first to the last 

harvest date. Per cent soluble solids raw data are found 

in Appendix Table 3. 

The analysis of variance was applied to the data and 



71 

43 

t Pi &
 

©
 

d
 

*d 

■©
 

A
 

H
I 

O
N

 

<©
 

EN 

VO' 

.us 

f*1 

w. 

CM 

H
I 

C
D

 

H
 » 

C
O

 

0
 

S*4 

<
 

O
 

, * 

H
 

* 

O
S     Irs 
o

 
O

 
♦ 

# 
\0

 
>i> 

<1 
ITS

 
o

 
4- 

m
 

#' 
' -• 

tA
 

\t\ 
■H

 
■H

 
H> 

M
» 

« 

^=4 

* 

H
I 

^
     X

L. 

a 

o
 

O
 ♦ 

SO
 

C
\! 

O
 

so 

*
 

vb    in
 

H
 

.(M
l 

■%
.
 
 
 
"
%

 

H
 

©
 

\0
     o

\ 
O

 
H

I 
^fc     ^L. 

0
0

      C
D

 

0
\ 

.eo    cv 

*        • 
it      ^

 

O
     Q

 

C
O

 

H
 

H
 

H
I 

H
i o 

H
 

fif) 

jf-4 

9. * 
fit* 

^
   "*» 

fcv * 

Irs 

m
 

©
 

V
0

 
H

 

*1L 

V
0

 

H
 

'C3N 
O

N
 

» 
a* 

O
 

H
I * 

©
3

 

4 
» 

.-« 
tm

 

4&
 

■W
 

Q
 

<53- 

a 
<H

 
ffi 
o

 

•o 

«H
 

H
I 

m
 

■4
 

g o
 

€'3 

O
 

©
 

O
 

3 

O
N

 

p
 

♦   3
- 

o 

o 

fe9 

01 

4?' 

H
 

©
 

lA
 * 

C
O

 

CO
 

6.0 

S
i) 

CM
 o 

eo 

©
 * 

©
 

tc\ 

v
9

 

^
-
     C

C
' 

CO 
©

 
A

3 

•p
 

m
 

©
 

CM
 ♦ 

H
 

V
D

 » 

CM
 

P 
m

 

« 
€0 
©

 
m

 
o 

pa* 

a
 o 

4J 

H
 

a
 

P
 

n
 

o >
 

$4 
0

 
*

3
 

o cd 

J& 



72 

8.0 

3.0 X JL X X x X X X J L X I     I X 
4   5   6   7   8   o  io  11  ',:     13  14  15  16  17 

HUNTER a ^ 10 

Figure 5.  Regression line of flavor score on Hunter "a" /10 
of fresh fruit flesh and 90 per cent confidence 
interval. 
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th© S»„'S*I)* on harvest d©t© moans at the J per eoat level 

was found to be *9?-* Fx'wi't of harvest <2at©§ 1 and 3 and 

those of.harvest dates 2 aafl 3 were aot sigalfiosatly 

<Siffer©nst la per ceat soluble solids* Fruit of hsrvest 

clate$ 3 ana.' h aixcl t&os© of harvest dates k aM 5 wes»e 

dlgnifieantly clifferent in pos ©eat soliatol© solids■* Slhoso 

of harvest dates 6$  7?. & ani 9 showed a© significaat differ 

©nces la p©3? ^©nt solnbi© solidg* 

fliese clat® iadicata that the ^SQ of f>ef ceat sol^shle 

soliis of the f^uit to determiae significant differes&eg 

botveen groups of pxtmes every thre© d&ws  was pool5 through^ 

©ut most of tho seasons th<s differences in pe? ecjat soluhle 

solids In aoat eases are not significant* 

Th© correlation coefficient between per ceat soluble 

solids and the flavor scores of the canned fruit is f4*9020* 

Is shown in Figure 3? the standard ©rror of cstioate is »372« 

Tho coTrelation between the two tests is high and the 

standard error of ©stiiaate cosparatively low* Hefer to 

Appendia: Table 1 for the regression line equ&tton*, S'roa 

the ■regression line in Flgtare 69 it can be seen that the 

use of per cent soluble solids to predict canned fruit flsvor 

is very precise in the tr^es from this on© orchard* 

The differences in pea? cent soluble solids between 

fruit of various harvest dates are not significant and this 

appears to be the asln draxsjbacls in using this test* 
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8.0 

7.0 

W 6.0 
«J 
O 
U w 
ci 
O 
> 
< 

5.0 

r -  /.9020 
sy.x  .     .372 

N s       40 

3.0 L-i 
10 

X ± I 
11 12 13 14 15 16 

PER  CENT   SOLUBLE  SOLIDS 
17 18 

Figure 6. Regression line of flavor score on per cent soluble 
solids of fresh fruit and 90 per cent confidence 
interval. 
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Hg*    The m® of pH valuos ©f tJje raw pztinss as a aeaios 

to tell diffQpeaees. ia fresli fytilt cpaalliy ©t ia^i^Miaal 

liar-rest dates appears to be ©f n© faJ-iiei.    Th&re ¥©?© wi* 

ezplalaaMe variations in pH values Mid n© consistent tread 

of any feiad ttooughout the Jiarv©sti2ig seasoa* 

from Taloie 12 tlie L^SoBo between hardest dat© ©©©ns 

at the 5 p©r e©at iovol is #07*    Betifeon the fruit of har- 

vest dates 1 amd 2 th©!1© waa a sigaifleant different in 

pH*    It sppciars imm the data that 'use of pH t^sts to show 

significant differences ia fruit between liarrest dates is 

poor«-   Raw pH valnos are foimtl in Appendiit t©fel© h* 

Ym pi iFal'fies imr® coi^oiated with the flmm scores 

of the esntied p.riQSGS§ a? equals ^>66o80    This correlation 

coeffieleatg thonigh signifieaat at the 5 per cent level 5 

doses not BQQB sufficiently high, for prediction purposes.* 

fitratable Aciclit^^ The tltrataW.© aeiditr of the 

fmtit esspressod as per cent ralie acid shoved a gradual 

deeline frosi IMC^X in the frwit of the first harvest to 

*.6I?3 in those of the last hardest date* 

Upon application of statisticaL analysis of variance 

to the data.;, the Er»S*0, bettfoen harvest date means ©.t the 

5 per- ©eat level equaled %lW+,    Fruit of harvest date 1 were 

significantly different in acidity fros harvest date 3* 

Fruit of harvest date 2 imre significsntly different in 

acidity free those of harvest dsto ?*■    fr^ilt of harvest 
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ol&fcod ?9.6^ 7« 8 aad f fell vithin the aeaae acidity gfotipiEg* 

It coa ft© seen from the data in Sable 13 that the 

difforenoee in titmfcg&l© acidity Dotueen fruit of the 

various hewest dates ues*© foz5 the aost part not sigalficaat* 

Uppenclix fabl© 5 ©©atsdns s?aw ipe^ @©Bt sal 16' .©,6i€i data*    it 

©ppes^-s that the dcsoroases in aciaity i^ere too snail h<$<* 

twaan hardest dates t® be of amy slgnifieaaee& GSpecially 

in fruit of the last five h&tvmfc dates* 

She oorrelation -eoeffleiesat hetween per eent sialic &cid 

of the rmj pmaieg and the flswr soo^es ©f the csnned fruit 

Is ^^592.*    Iliia is a high correlation*   iks si isathod to 

predict flavOF f^om per coat saalie aeid of the raw pnasiess 

refer to the resrossiou lino in Figure 7*    33efes» to AppendiK 

fable 1 for the ^egfessioa ©Qustion*    the standaM ©rror of 

GStiimtec,  *Mfr3$ is relatively high and using the 90 per cent 

©onfidQaoe- limit^ the pef cesTit imlic acid appeal's to he 

•useful in prerlicting the emaed fruit flavor* 

Mtho«gh the use of per o©nt salic acid of the raw 

fruit appears fair to predict flavor$ there appears to be 

only occasional aisnlfleant acidity differences between 

readings of the various harvest datee^ probably because the 

.dates are too close together* 

^oluMo .flfflMg^cM, Sft^ip*    4s shown in f ©hie lk-» th<& 

average soluble solids*acid ratio reodiags of the fruit 

ranged from 1.1*33 for the first to 2^*15 in fruit of the 



79 
8-i 

Tr\ 

C
O

 

C
N

 

\0
 

IPS 

■CM
 

H
' 

45 

©
 

©
 

C
D

 

f^
     C

O
 

©
s 

0
s * 

CD
 

®
 

0-4 
US.     E

s. 

^rs     Cs» 
so

     C
s 

IS
.     SN

 

P
 

fc
 

©
s    U

s 
0

s     0
s 

o
 

C
O

 

•CD 

4; 
O

S 

IN
 

O
J 

€
0

 

CM
 

CM
 

C
O

      O
s 

*        • 

O
 

■o
 

■0
 ♦ 

s©
    cy 

r-t      IS
 

V
O

       N
O

 

U
S

      C
J 

cs   r^ 

ev 
W

 
f*

) 
rsl 

O
J 

C
v 

C
u 

00 
Ev. 

fiv
 

SN
 

IN
 

■«*!■      fN
 

*       ♦ 

cs 
f
t

 
N

0 
©

s 

p 
• 

CO 
• 

U
s 

■Q
 

O
     O

 
4 

*
 

a a r-5     S
S

 
0

s    CO
 

O
N

      prj 
0

s      O
s 

,
 
*
 
 
 
 
 
 
 
 

■.
*

 

U
s 

tH
      O

s 

H
 

p
   m

   m
 

0
^ 

GO 

m
 

U
s 

©
s 

N
O

 
as 

CO
 

CM
 

5N
 

(S
s 

5N
. 

H
' 

O
 

U
s 

4^ 

«3 

O
 

^
 

©
 

o
 

S3 

fa
 

0
 

r4
 

fe
 

CO 

O
 

■4
5

 

O
 

©
 

o 0
 

O
 

TO
 

431 

P
 

*4
 

O
 

"U
N

 

H
 » 

vs 
CM

 

O
 

o
 * 

IN
 

^
s 

U
s 

m
 

o
 

O
 

®
s. 

m
 

o
 

U
s 

o
 

%•)       4"       ^J- 
ft3 

■P
 

*rt 

O
N

 
H

 

N
©

 * 

U
s 

O
N

 
O

S 
O

N
 

U
s 

o
 

O
S 

IN
 

*3
r 

a? 

©
 

E
v 

00 

m
 

0N
 

H
I 

o
 

O
N

     U
s 

O
s     rr%

 

ro 

<» 
45 
<3 
•0 
■P

 
■m

 
m 

fa 
>

■ 
0

 
u 

iU 



80 

r =  -.8592 
sy.3t  r     .442 

N =       40 

5:fc T5fe risT oo ,800 1.100 
PER CENT  MALIC  ACID 

Figure ?•     Regression line of flavor score on per cent malic 
acid of fresh fruit and 90 per cent  confidence 
interval. 
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last h&vwQ&t date*.   The iaoroas© in iho s?atlo was steady 

aad consistent through all harvest Sates• 

Statistical analysis of variance of the data show the 

ILoSoDo batw©©?! harvest date m&axm at tho 5 ge^* ©©at lei?©l 

is 1*M*    In all cases hut throe^ £mit fy-oa-oaeh suecessi'??'© 

harvest dsat© urns signlfloantly different in soImMe solids-^ 

aeid patio from those of tho iiest*    Bven toi-mrd the ©aS of 

the season when othos* fruit eharacteristies shoxmd no 

significant diffomiees hottroon fruit of th© various har^ 

^©st tlatssjg this ffitto shoim 'differences mm present* 

fh© correlation coefficient bottroen soluble solids^ 

acid r&tlo of the raw fruit ®ad canned fruit flator scores 

is ^p,92l5»    tJpoa calculation of a, regression lino as shovm 

in Figure Pj. the standard ©ntsx' of ©stimt© was foiand to bo. 

relatively low^ «.33^ flavor seora units*    Hofer to Appeaotis, 

fabl© X tor tho ve^mston ©cpation*    fh© ns® of soluble 

solids^scid 5?atiQ ^-jithin the 90 por ©©at confidence ii$its 

to predict canned fruit flavor is satisfactorily precis©* 

Coupled with its precision of "showing significance be* 

twfen fsralt of various harvest dates and its precision in 

prodlcting the caimofl fruit flavor^ the soluble solidg~aeid 

ratio appear© to have aerit for use by the cannery field 

©and 

E3SPX8AE2QH STUDIES.    Tho two groups of prunes placed 

'under separate conditions August 2& showed slightly different 
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8.0 

3.0 

r c   /.9215 
3y.x  =     .334 

N .        40 

X X X ±. JL X X X 
9      10     11     12    13     14     15     16    17     IB     19    20     21    22     23 

SOLUBLE  SOLIDS-ACID   RATIO 

Figure 8.     Regression line of flavor score on soluble  solids- 
acid ratio of fresh fruit and 90 per cent confi- 
dence  interval. 
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dhaages In the ovoXtitlon ©f COg per Kg Ijes8 hou?*    Data is 

stiota in Table !?•    ft© saspl©© pls&ccS la a d@8slc@tor$ 

noa^aes^tdd as shotm in fJLgmrs 9^ shot? quite aa ineross© 

ia - rospipation tho second day of saaasureeont 9 August 23$ 

hni then doereose on August 30«    Tho fruit h9T& show & . 

climaefcorle ris© to tli© poali 0x1 Ooptosibos? 2 safi tlien starfe 

to decrease*    Sh© freit at this point starfceS to cSeterlomt©* 

In tie ao^atod saBpla tho fmiii show a gradual deelise 

in respiration vntiX August 31 ©nil t&an thsf rise ia tb-o 

clays tO' the cllxaaeterie peeks a^ptca&si1 .2*    Both sauaples 

of primes show a definite clte&eteriQ tli© SBMQ oalosclai'* 

day-9 slss dayo after the a&©©3W©a©ats \mT® started, 

SeptembQr 99 when th© fruit on the tree appeared to- 

be in a prim© .shape aa far as fresh fruit flavor and oolop 

were concerned^ the fruit irero harvested end th© respiration 

was moastirod starting' Soptesbor XO*   th© fruit as shown in    ■ 

Figure 9 or© in the cXimcteric rise and roach th<s peak 

Soptoiabo^ 12*    th© noxt two days thoy show a definite $#■=» 

erQas©s inclicsting th© clisaa^tsrie peak was passed*   Thie 

climacteric peals coinoides with harvest dat© 0S the dat© 

shotri-ng th© highest nujaorieal flavor and color scores of 

the earned fruit*    Harvest. dat^ $ ims Soptosaber 12* 

Ctimm WmiT qmLlTJ TBSSS«    Color Measurement by Suh^ 

Jectiv©. Panelg«    Tho 00X0r evaluation of the canned fruit 

the color panol ranged fros canned fruit scores of 3«69 
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Figure 9. Respiration changes in aerated and non-aerated 
samples of fresh prune fruit during the latter 
part of the harvesting period. 
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on the first kapimst date to 7ol5 on the eighth and tli©n 

dropped slightly to 7*00 for fruit ©a the last harvost date. 

^k® caaaefi prmia colox1 sltoiwd o, v&thet consist exit -and fogn*- 

X.ar increase in desirability to the .eighth Mrirest datt* 

.Statistical analysis of mrlaae© of tfee data shot-m the 

£.»S.«I)0. feetifoen Eosas sit tiio 5 pes1 OQBt Xemt is *60.*    Is 

shoim la foMo I65 tho cai'iaod rrult ia Siai?¥eGt dat©s 1 ©ad 

2 sliowed no sigiiifieaat colo^ differences a ©armed fruit of 

har?est dat<& S i^aa sigirlfieamtlF cliffercat in color £mm 

tfoos© of harvd&t fiat© 3*    Cosmed fruit of Mnrest dat^ 3 

was gigniflcmitlsr differoat in coXor froa tiarv^et datt ^* 

Chimed fruit of ha3.nrc©t dates h asid 5 ifQK1© signifi.oaatl^ , 

diff©fQiit im color f'£OB. thoso of harvest date S tfliieh showed 

the miaerical peak ia fimit eolos-p    Gamied fsruit of harvest 

datas 65 ?5 8 and 9 wo^e not sigaificsntly diffefoat in 

■eolof,,    This Indleatod that evon though sone physical tests 

ray shoti significant difforamses feetiyeea fruit of ths fariou®. 

hardest clatos-j tho eoloz* test paael oould hot dlscoria the® 

in those fruit h&rvostod lato in the aoason, 

Colos9 paaol raw dat© o^© found In Appeodix fabXs 6* 

Colox1" scores bsr iadividuaX?j arc found in Appetidix tabl©' 7* 

the cowalatiosi coofficleat betweeia tho flavor scores 

©ad siihjectiv© c&loi11 test scores is $+9h$B and as shotm ia 

Figure 109 tho staxid&rd error of ©stiaatej the lowest ia 

this study9. Is ,273*    Shis shows that with high psfcfes&U&fcy 



Table 16*   llean sttbjeeti^e GQI&T? paael scores of &mm&& pftmas for aia@ hardest iates* 

Ifeirvast .1 

2.67 

,. 2 

3*72 

_JL-__ ^f J?.- 6   , 7 8 ^ 

Tree & ^9**- 5.83 5*02 7*78 ■ 7.3X 7*k7 7*02 

B ^^J ^♦01 U-*91 5^0. 5^7 7.07 7*3^ 7,29 6*?6 

C 3*^f 5*00. 5*15 6^0 6*60 7.22 7.16 6.26. 6*79 

B Wie »^V5. ,5*03 6*^3 $.6* 6*85. 6,93 '7*30 7.3^ 

B 3*29 3*80 5*60 6*16 5.53 6.35 6. .Pi 6*99 

COIMSB 1'Ieans    3*69 V*19        ^#65       6*09       6*07        6*89        7.01        7*15        7*00 

Mean Harvest &.S.9* at 5^ level 9 *60 

Aaalysis of farlan^© Calculations 

Source of mriatioa . d.f* Sma of   Sqs* "ferianee- 

fotal W 80*08 is=».TS?-e^i«i>«r 

TTQQS h 3*309 *8Jf72 

Harvest «l&t®s- B 69*662 8*7077 

Error 32 7.029 *2196 

F 

>e=3c=>c=3X» 

3*6579* Slg. 

39*6525** Highly sig. 

€0 
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SUBJECTIVE COLOR SCORE 
Regression line of flavor score on subjective 
color score of canned fruit and 90 per cent 
confidence interval. 
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,y@u $mj prodliet flairor scores of a eaaaod pmme tmm its 

.sulJJQCtlv© color scores*    Si© regression line ©ad 90 p©r 

cent confidence limits of tiies© txfo tas'fe ar© sho\M ia 

Figure lO*  ■ Hefor1 to Appendix S'aKle 1 for the regression 

•   ■   Fl^oy; l5galiiatioa»   ■ S!io a¥02osso fIsivos0 scores of ting 

canned fruit as Judged toy tlse fisawr panel are gliom ia 

i'able 17#    The range is f roa W+6 to 6#93*    Ihe increase In 

eanned fruit flavor wes rat&@r stGady la tread and reaohocl 

a aim®rical p©a.k of 6*93 ia ^ruit of tjio eighth harwst 

date-aad then aoclined slightly in flavor to 6*75 on the 

ninth harvest date*   •   ' • _ 

ilg shot/ii ia 5?able 17^ the statistical emalysis of 

variayice shows the &.S»0 for asaas at the 5 ser coat level 

as ■••B7»    Ccamed fruit of harvest date 1 uere juflgedl slgnifi* 

cantly differeatia flavor from those of harvest date 2* 

Fruit of harvest ^ates 2 aacl 3 fell ■ into the sasas flavor 

grouping,    Cannod fruit of harvest date 3 .sras sigmifioantly 

different in flavor froai tfeoae of harvest date k*   Canned 

fruit of harvest detes ^ -and 5" fell within th^ sane -flavor 

groupiag-*    Canned fruit of harvest dates 69 7$ 6 sad 9' fell 

within tlie SBMSB flavor grouping although harvest date 8 

showed the highest mmericsl flavor score* 

Flavor paael rat? data PXQ foimfi la Appendix Table 8* 

Havor scores h?/ individual' testers are found in ■ Appendix 



falbl-e 17*    Mean subjective flavor pansl seores of cssmesl pstmoB tor nine harvest elates,. 

Hanresjfc,   „.,... 1 .    , 2,3     .___1„__,_^ -^A__ 7   , .8   , 3 

free I 3*87 5*03  5*29 5:.$0  ?*^8  6*(?l  6.99 7*17 6*29 

B V.75 5*Mf  .5*m 5.S^  6.>9  6*79  6.89 6*99 7#01 

C V.,50 5*75.  5V73 6.33-  6*66  6*63 : 6*77 6»91 6.*a^ 

D V'*52 5,^2   5*^8 6.03   6.6©   7*01   7*0V 7.08 6*68 

S ^.6P 5*28   5*66 5*99  6^-2   5*97  6,25- 6*53 6*95 

Colum mms   Kk6 5*3«   5*51  6*02  '6.35  6.6^_ ' 6.79  6.93  6*75 

Mean Harvest £*8*D* at 5^ lev©! ■« .37 

Analysis of farianee Caltml^tions ■ 

STro? 

..f... Sua of Sas, V&nance 

If^ 31,13 eSscsoe^-tfa..^ 

I*. ..98 .2^5 

8 27*^8 J:.1^ 

32 a*67 .083 

r 

C»*i».ca.C3C^i- Total 

fress ^        ..98        ..2^-5    .2*95* SIg, 

Harvest dates 8      27*^8    -  3*Mf    k-lJ^**- Blghlj  slg» 

* 

».«=»-S=3S3» C=S 
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Sable % 

Sine a flavor of tho connedl pntno is felt to be the 

woBt IspOftsB.t giasXo casanoct fifislt cpal5.t|r fa3tor9 all  ■ 

oth©r s^oyeg • fyoia objeetivo ami sisfeJQoti^e tosts of tJje, 

fruit m*® eorrelated uith flavor SCOPOSV    If the correlation 

coGffieloats were a?3ov© «P00 tho ^©^rossion llae9 t]h© 

st©a<aard. error of oijtisaate rnni 90 per e@at confldeac© Halts 

i?©^© const^wetoi botwe^a flavor seoros su! tile particydar 

test valtHQS* 

gjat^^t^o24b3^_goliis..OA tho Juice«>    The cut-out p^^ 

oeat .soluble solids of th® ©aimed jaic© rsiigooip as shot'm.ia 

fsMc 19, fro® 22*.9^ for fs'iait e&amefi tSie firat harvest 

dato to 25*72 Sow those' canned on the eighth harvest flate 

ami thoa foil alightly-to 25«60 ia those caxmetl th® last 

harvest tlateu 

She XJOSPD* fros the statistical' amlysis of variance 

hotwoon ©oaas at tho.5 per eent lovol ia 1*0>#    Canned fruit 

juic© of harvest date 1 was sisnifieantXy different in 

soluble solids frosa that of harvest date %*    CamieS fruit 

Jttlo© of harvest date 2 i-t&s significantly dlffefeat in 

soluble solids froa that of harvest date 6*    Cssined fruit 

Juico of harvest fiate 6 was sigEifieaatly different in 

soluble solids fMia that of harvest fiat© 8 uhich has the 

greatest nuoorlcal soluble solids reafiian,*   Conned fruit 

juiee of harvest dates 7g ^ aa<3 9- shotradi no significant 
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differences' in pene <sent sotebla solids* 

kppQn&lx T&blQ 10 coataiiis cut^ont per ©oat soluble 

solMs' ^@M data* 

It ea» fee seen tliat sigaificaat differeaeos In per ©ant 

solmbl© solids of egmnsd fruit juice frosi tlio TOriotts har- 

vest, tot©s are on tlie basis of siss OF niae^day iatervals so 

that tlie sethod docs not appear to bo svsttieiQntXy preeiso 

for three-day latorvels* 

Sue correlation coof'tlcloni botueon ent-onit sgolublo 

solids ©f th© Jiilco aad ■ flcwoi' scores-ia /«7G17$ ^licn 

appears too low to predict i-rltfe aay prceisioa. tlio flawr 

of tho eaimed fruit♦ 

Beon In feble 19 the per cmfc transsittanc© of tho canned 

prune jiaico using tlie yellm^groen filter 530 up* ranged 

froia 71 o5 on Jnic© of th© first harvest date to 3&'® on 

Juiee of the last harvest date*    the per emit traasBJittaacs 

of tho canned fruit Jiiic©© shat'ied a ioag gradual decline 

as the fruit ripenod and th© color bectesio cioro inttns@». 

Tha ti^S^D* for means at th© 5 per oont level is 7*39* 

Pnrae juice of harvest date 1 aafi that of harvest date 2 

were not signifiemtly different la color intensity*    C©med 

juice of harvest elate 2 and that of harvest date 3 w®-® 

significantly different in color,'  Fnait•Juice of harvest 

date 3 and that of harvest date **• differed significantly 



fable lB9    Hgsm cut^om.t soluble solids data ©f the eanaeel prime© for nine h&tve&t dat©s* 

Harvest .. .    .   1 2  3 k -JL— 6   . .7... 8 9 

Tyee A 23*03 2ZM 23«20 23M- 23*83 25,13 2^,25 23*38- 26+0$ 

B 22493 23*35 23. ^ 2K€3- 2^.08- 2^*%5- 25*69- 26.93 • 2%h5 

C 23.; 50 2^a3 23.93 23*78- 2h,QB 2^.70 25*99 27*28 25*30 

D' 22.30 2^,18 23.30 2if AS &¥. 73 2^.35 25*63 26.90 25*80 

S 22,95 23.50 2^.35 2MB 25.93 2^.63 2^38 2^X3- 25*30 

CoIiiMi feans- 22*91f-     ' 23^53     23*65     2^*16     2^.53     2^.65     25*19     25=72     25.59 

Ksan Hsr^eat Ir*S*D* at 5^ level - 1.05 

Malysls of Variance Calculstlons 

Sonreo < If Yariatloa d.f. Sum of Sqs* Ifariaace 

total M>- 61.2^ ep-c^CS-BSoCs- 

frees if 3*157 ..'78925 

Earnest Sates a 36,720 k.*59 

1S&TQV 32 21.369 *6677P12 

f 

1,181P9 Sfct sig* 

6*873508** HigMy slg. 

eqJeca«»q=9C3- 
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In eoi©!"5?    Camiod frait Juico of hs^'fest dates h mA 5 w®^© 

not signtficently different in eolor*    Kio fxmit Juie© of 

hervost dat©s '69 ?$ P and 9 sSiowed no significant differences 

in color.    TM© aethod of testing ©ai??sed fro.it jujie© color 

appears to parallel ¥©rj closely the re.nults fovmd by ttie 

color ana fl&tos panels^ 

Appondis feM© 11 contains p©r cent tfaasEiittaace' rat-/ 

data*- 

tho. correlation eoefficioat batx-ieea ■per cent t^ans^ 

Pittance of the canned Jwie© ^ad canned fruit flavor scopes 

is ~*9Q0h<,    This is the highest coryelatioa Between am ofe*- 

j©ct.i¥Q teat on the eaxm©<3 fruit cnel the canned fsuit fla^of^ 

i^efe? to Wlgu&o 11 for the Pogffessioa line and the 90 per 

cent coafidenco lieitsp-    ffes standard ©rro3? of estimate is 

*373.f    Ippendiss SaMe 1 contains the regression line e^ua^ 

It Epixssirs that coles? intensity changes expressed as 

per cent trssnsaitt-ance of the canned fruit Juices show 

soizio significant differeacet at tteoo-iai* intervsls and 

■elosolj parellol subjeetiv© color mid flavoi? scores-*    'Shun*, 

changes in pes? cent transKittaaee of the canned frmit ^ixiee 

appears to "be a good method to predict fl&fot of th@ canned 

fruit« 

Color of the.iSlEljvpf thq_Cgna<a6 Fgydt*    !•    M Values* 

fhe M color values of the eaanod pniaea studied, ranged 



fable 19? Mean per eaat tfanssiifcamee data of canned prunes during nine hardest dates* 

.Harvest _ ._„,,. 1  ,   , 2 „ , . .3  k  , 5  , 6 ^ , ,. 7  , , . . 8    ?.. 

free A            80.25      75.75     62.00    •%6.75 60.50 29.25 3^.00     32.00     31.50 

B            63.-75       7^.25     66.25     k$+Q0 ^7.00 3?»00 39.50     39.25     ^3.00 

C            66*25       67.75     53.50     ^*75 ^3*50 ^l-o:50 3^75     39*25     36.50 

D            75.75-       70.50     6^.00     ¥^.75 3^.75 ^oCO 36.00     35.50     33.25 

B            71.50       76*00     71*50     5^.00 5^.00 58.50 ^7.00     kS+oo     39.75 

Coluffln Means 71.50       72»t?5     63*^5     V^*85 ^8.55 ^3*25 *»0*25'    38*&>     36.80 

Mean Hardest J-SoB* at 5/1 levol 9 7*39 

Malysis of ?ariaae® Calealations 

Soiurae of variation 

total 

frees ^ 529*5      '        132.3^ '^.03°° Hishly sig< 

largest dates 8 7996*52 999♦"2 30.^7-* Highly sig* 

...f. Sim of Sqsm Variance 

Mf 9577.83 ■Catisj«» co^ia- 

ifr 529*5      ' 132.3^ 

8 7996*52 999."2 

32 ioU9*ra 32.-P1 aeacc^-ca 

OS 
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•Figure 11.  Regression line of flavor score on per cent 
transmittance of canned prime juice and 90 per 
cent confidence interval. ■ 
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imm f?«i3 for fruit of the first harvest date to  L#83 for 

twv&t of the last'to-rvegt clat-e* . Tine changes in M  color 

^©liios ©f the fietjit ifo.^e not pas^tiei'J.ariy oonaisteHt as 

so©n l'» 2abl© 20 » 

Statistical aaalysls of vaslane© shows L«S«D# for means 

©t the 5 per cent lev©! ©s *6X« ^he Id values of fruit 

frps harvest date 1 ueyo significantly different in color 

from thos© of harvest date 2* Caanod fruit of harvest dates 

2 and 3 foil within tho sasao color grouping and were signify 

ieontly differont in color frora those of harvest date h* 

Canned fruits of harvest dates h>$  5? 69  7? ^ and 9 foil 

statistically into the saao color grouping as aeasured by 

the Himter M scale* 

The correlation coefficient between itonter M values 

and flavor of the canned fruit is **s.B^r/l^  and the standard 

error of estisato is »3^'« the 90 por cent confidence 

limits and regression line were calculated to ©id in pre*' 

dieting canned fruit flavor from Hunter M valuesp Hefer 

to Appendisc Table I for the regression line equation* M 

seen in Figure 12  the xis® of Rd values to predict flavor 

of the canned fruit is precise.. 

The use of the Hunter Ed scale to detersiiae signlfiessat 

differences between canned fruit staples of different h&r** 

vest dates w^s poor and accordingly.? either the differences 

were not present or the Htmtor M value was unable to discern 
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Figure 12. Regression line of flavor score on Hunter Rd of 
canned fruit skin and 90 per cent confidence 
int erval.-' 
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thorn. 

2. Huntar; "b" ¥alues. As seen in fable 21, the Hunter 

"b" values for the canned fruit ranged from 12.81 for eannod 

fruit at the beginning of the harvest period to 4.73 for 

fruit at the end of th© harvest period* Jh© largest color 

changes on the "b" scale appeared In the canned fruit of 

the first f@w harvest dates. 

She L.S.D* of means at the 5 per cent level is 1.63. 

Canned fruit of harvest dates 2 and 3 were not significantly 

different In color but were significantly different from 

those of harvest date 4. Canned fruit of harvest dates 4S 

5} 6, 7p 8 and 9 fell within the same statistical color 

grouping and showed no differences among themselves. 

The correlation coefficient between canned flavor 

scores and Hunt©r "b" values is ».8l47. The standard error 

of estimate is .506 which is relatively high* The regression 

line and 90 per cent confidence limits aid in determining 

the prediction properties of the Hunter "b" scale in terms 

of canned fruit flavor. Hefer to Appendix Table 1 for the 

regression line equation. 

This method Is fairly accurate in predicting the canned 

fruit flavor but does not appear to show significant differ- 

ences betnreen fruit of the later harvest dates as do some 

other tests* This appears to be a considerable drawback in 

the use of the Hunter "b" scale to determine canned prune 
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6 7        S        9       10     li      12       13     14     i S      16      17 
HUNTER  b" 

Figure 13. Regression line of flavor score on Hunter "b" of 
canned fruit skin and 90 per cent confidence 
interval. 



coloxv ■ 

BH of CmmoM  Psranes* Ao shotm ia TfiMe 22* th© pH 

values of t^ie eaaaocl fruit for the Ediae harvest d&tog 

ranged froai 3*19 to 3«^?* Siei?@ se©iss to be no ■consistency 

or pattora la gll efasnges between tho caaaed fruit- dmrimg 

the seasons 

Mprnzkix T&blo 13 contains the raw pH data* 

'flie f values from tho  statistical analysis of variance 

were not signifleant<< 

The correlation coeffieieat bett-joea pH value^^ of the 

canaeol fruit and casmed.fruit flavor is ^,-5^10^ This  is 

very low and is not useful foy prediction purpose** 

Sitratablo Acilitvof Cnmicd Pmme Pulp* 2&© tltratabl© 

acidity of the caaned juice ©nd fFuit blended together 

ranged ffom ,55^ per cent salic acid, for fruit of the first 

harvest date to .«366 in those of the last harvest date* 

Tho reduction of acidity in, th® canned fruit appeals to be 

steady and uniform ia canned fruit throughout the harvest- 

ing season* 

Upon the statistical analysis of variance as shown in 

Table 239 the L»S»D<-of means at the 5 pel* cent level was- 

*032t Canned ffult of harvest date 1 were sigaifleaatly 

tliffextent in acidity from those of harvest date 2* Canaod 

fralt of harvest dat@s ,2 and 3 mm not si|nifieantly 

different in acidity* Canned ffuit of harvest date 2 were 



faMa 22*    Mean pH fiats ®f canned pinmss for Biae harvest dates, 

Harirest          .... 1 2, .«_JL^ *«•  JL^__ 6 .2    . 8 9 _ 

Tree A               3*26 3.37 3*30 3*3^ 3*33 3*33. 3.33 3*31 3.36 

B               3*3**- 3*28 3.33 3.33 3.36 3.39 3.39, 3o36 . 3.1>6 

C                3.02 3.3B 3*3?' 3*3^ 3.^1 ■ 3*39 3.50 3*38' 3*50 

D                3»0h ■ 3.,1S 3.29' 3.36 3.30 3*^ 3.50' 3.38 3.61 

E             3.29 3*35 3.36- 3.39 3*19 3.36 3*36 3.16 3*30 

Coluna Means    3*19 3.31 3*33- 3.35 3*32 3.38 3.^2 3*32 3*^5 

Saa&Lysls of farlaae® Calculai Sioas 

SOTOPO© of variation d.f. Swm o if Sqs* Fsrim^ee F 

Total Ms- ^! -935 ^»t=»<=3«»«» c?>°= 0.e=»ftb(sa 

Trees h *0226 ,,00565 « ,007 Sot sig* 

Harrost dates 8 a5o    • ♦026875' .« ■ 336 Hot sig* 

Bpror 32 ..2559 .«079968 == a«s*e£.c=S 

O 
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eigaificaB.tly €ttf'eT&nt in acidity fros those of harvest 

d&te 5S    Caimo^ fruit of -liarvost det© ^ differed signifi- 

eontl^ in aelfilty from tiiose ©f ■harvest date 6#    Caimoi 

fmit of harvest dates 6fr 7 PM P fell trlthln the s^aa 

acidity gK>np£^*   Csamod. frsiit of Mrvost date- 9 w^r© 

sigaificaatly ioss acM thaia those of harvest date £%.    She 

differences ia aelfiitj of the fruit of the various harvest 

datso imra sigBificrJit la ao?o eases than some of the other 

Eseasured easmaci fruit charecteristies* 

Appendix faMe 13 cofttaiao the titr&tnbsLo acidity raw 

data* 

The correXatlosi aoeffieioat !s$tt?©ea tlti'-atciMe &Qi§.ltf 

of the canned fruit ant! the eGasod fruit flavor is «*<.8960 

which was rather Mgh*,    Fron Figta^e 1% the s?egressioa lines 

the stguid&rd error of cstircit© of #38^ ©ad the 90 per cent 

coaftdenea limits show per ceat salie acid of the canned 

prune is a precis© tiay to predict comied fruit flavor thomgh 

the rsage is very short..,.    S^fer to Appesadix: Ta&le 1' for the 

regressioa line e^ttatioa* 

gj^<^.|gpjl&,,    She soluble solMs«&eid ratio of the cesmod 

fruit ia fahle 2h ranged from kl*<> for those of the first 

liarvost date to 70*0 for those of tho last harvest date* 

fhe iacregise of the soiiifele s:olids-*acid ratio in the canned 

fruit is -consistesit ia direction ©nd fairly lasiifora ia 



table 23*   loan par e#nt tsalie seid data of easmed pnmes ittrlag alas liafirest dates• 

HanFest I . 2     ___     3 ...          > 5. . 6_ .   __gL. .^^.A. 9,.. 

fy©® A *519 *510 *h% :M$ M% 'Ml *^30       A21       ♦360 

B ,527 ♦^S^ „h7h *»*76 *leo ♦^a .   ,M6        .^09       .370 

C *550 JfTl J&l #^51 *^36 #V3^ *V2^       ^^IW-       ,363 

D *606 A73 ^i? *M-78 A?^ *l^0lf- *396        .^33       *3^ 

S «,^9 .563 -W *^p *^71 *501 *50^       ^^6^-       o39? 

Colajsa Jfema   *558 ,500       ,,^01       A^a       :.^62       Ml ■     A33       ^S?       *3^ 

Mean • Harvest LoS,©* at ^ level s -^032 

toalysis of Variance Calctilatioas 

Soiirc© of imriatioii.       cUf*        S«m of Sao* fariaace P 

Total                                      Vf                •l1*??                 -.*--.«■ *h»*.*^» 

fr#ss                                       V               .0137                .€03%25 5*6799*° ligMF slg. 

Harirest dates                       £               .11^5               *01*f3125 aS^S^* Highly sige 

Irroa?                                     32                o.Oi93               *Q006O3 ■ —~ 

© 
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Figure 14. 

r = -.8960 
sy.x = .384 

N =  40 

L 
.400 .500 

PER CENT MALIC ACID 
.600 

Regression line of flavor score on per cent 
malic acid of canned fruit and 90 per cent 
confidence interval. 
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mgiiit'&cle all the i-ray throws^ ^o harvesting po^iod* 

Aftor statistical analysis of Ttmriomces the L*B9J>e of 

the aeans at the ? per ccmt IcvoX Is ^.^o    Cenncd fruit of 

hfthrost elate 1 xjofa significantly diSgomni in ratio f?oa 

those of harvost dato 2*    Canned tmlt of harvest cl©tas 2$ 

3 and V fead statistically the same colnbl© aolicls-acid 

ratio*    Camietl fniits of !ia3?vost dat© 2 uos1© aigaificantly 

lotiei? in soli^le solid@«acid retlo thaa were fruit of 

tervost date 5«    Cnmiefi fruit of harvest dat© 5 wore signify 

icimtly cliffewest in soluble solMs-aciS ratio than, those 

of harvest date 7*    Crjrmod fnnit of harvest dates 69 7 and 

^ did not sppoai* to shoif sigaifieimt diff©reacts- in. solubl© 

solids-acid i?atiof    Bifferencos in soltihle solidc-'&cid ratio 

in nany cases ";oi?© not .sigsiificant but the ratio did show 

a-good rang© in th© cennod fruit S'tmaies m& probably jaesita. 

a'closer study*   . 

The correlation cooffioiont bett/eea cannod fmlt flavor 

mui th© solnblo solids^acid ratio is ^i,779k^   Tais appears 

to be a fairly food eoiroletion but not high onough to raake 

predictions as to the .flavor of individual cans of pimnei* 
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SUMMARY kW  COMCLUSIOMS 

Approximately 200 raw prunes ?;©re harvested from each 

of fiv© Italian prune trees every three days for nine con* 

secutive harvest dates. Thus, the harvesting period was 

24 days in length. Forty individual fruit from each tree 

were drawn at random and subjected to a series of fresh 

fruit quality tests. 

For each quality factor which was measured, the ©xper* 

iments were set up as nine by five factorial analysis of 

variance studies with the number of observations in a 

replication depending upon the factor being studied* 

The correlation of each objective and subjective test 

with canned fruit flavor was then calculated. The regression 

line, standard error of estimate and the 90 per cent con- 

fidence limits were calculated for each test which had a 

correlation of 0.80 or better with canned fruit flavor. 

Since the investigation included Italian prunes har- 

vested during only one growing season and in one orchard, 

the results justify that conclusions be drawn with some 

probability but with no certainty of their being entirely 

applicable after a more complete study of the subject. 

OBJECTIVE TESTS USED OH RAW PRUNES., Several fresh 

fruit quality factors are acceptably precise in predicting 

the canning quality of the Italian prune. 

^olub^e, Sp^id $~ Ac id, jfe.tj ip,. The soluble solids-aei^ 
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ratio of the raw prune shows the high correlation of /,9215 

with flavor scores of the canned fruit* Th© standard error 

of estimate is *334 flavor score units on a 1 to 10 scale, 

An average soluble solids-acid ratio of 21*5 gave the best 

canned prune flavor but a range of from 21 to 23 will 

probably givo th® most desirable canned fruit* This method 

will enable th© cannery field man to predict the future 

canning quality of the crop. 

Soluble solids-acid ratio of the raw prunes shows ex- 

cellent three-day precision as a guid<s to harvest maturity, 

PrGssuye ^e^.t,,  Th® m®an pressure test readings of 40 

prunes measuring the firmness of the raw fruit show th© high 

correlation of -.9100 with flavor scores of the canned fruit, 

th®  standard error of estimate is ,354. A mean prassur© test 

reading of 4,7 on the BaXlaaf 5/16'* tester gav© the best 

canned fruit flavor. The range of pressure test readings 

from 4,5 to 5«5 should give good canned fruit flavor»    The 

pressure tester has merit for use by the cannery field man 

as a quick and easy method to predict canned fruit flavor• 

Only mean scores of harvest dates 5 and 6 were not 

significantly different^ '.fhich indicate this method shows 

high thr©e*day precision as a guide to harvest maturity, 

gey, Ce^t Spla&aJSfiJU&u The per cent soluble solids 

of the raw fruit show a high correlation of /,9020 with the 

canned fruit flavor scores. The standard error of estimate 
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ia .372 flavor scor© units on a 1 to 10 scale. 4 mean par 

eont soluble solids value of 16.3 gave the best canned 

fruit flavor* Per cont soluble solids is a quick and easy 

method to predict canned fruit flavor. 

Th© only drawback to the use of per cent soluble solids 

Is that it does not seem to be precise as a guide to pick- 

ing maturity on a three~day basis. It could possibly be 

used for determining the maturity of fruit hafvested at 

intervals greater than every three days. 

Titratable Acidity of the HagJ Fruii;. The per cent 

malic acid of the raw prune has the relatively high corre- 

lation of -.8592 with canned fruit flavor9  but also has a 

relatively high standard error of estimate of .442. 

Its three-day harvesting precision is poor since there 

is no significant difference in fruit acidity between fruit 

of harvest dates 5» 6, 79 8 and 9. Thnss this test has lit- 

tle merit as a guide to harvesting though there is a fairly 

uniform reduction of per cent malic acid from, about 1.10 to 

,,70 in the fresh prune throughout the harvesting season* 

Color Qf .tfre ^aw ffrqne Flesh. The color of the raw 

prune flesh showed consistent changes on the Hunter "a" 

scale. These were from -4.9 which is green to ^6.0 which is 

yellowj the other Hunter Color-Color Difference Meter scaiesj 

Ed and "b'% showed almost no color changes. 

The Hunter "a" /10  (the /lO, a factor for calculation 



piartooges) readings of tfes f^csh frnit flesh shows a faifly 

high QotT@le.tion of ^139 itith caraiecl fruit flavor^ Th© 

standard error of ostinato is *36^* 

Its its© as a gtiide to hajffagt "bj thr^^flay periods is 

poor but it lass possiMXitisss fos? uso on fruit har^ost^d 

ov®v a greater intsjpval of tis©.» 

pH?aX»©s* flie eor^aleitfom coeffici©at l)et¥e©n pH 

values smd caamed fruit flavor scores is /«6808 wMch cloos 

not appear high eaough for fl&voj* prediction purposee? 

Tim  thfee^day precision of pH values to checli fresh 

fimit quality etisnges proved to be of little valia©*- 

Fregh FraitJJelght» She correlation'coeffielont b©«- 

ti,f($Qn fresh fruit weight and the eaimed fruit flavor scores 

is ■•/«5^33 which is not siifficiant for prediction purposes^ 

Ihc fresh frait weight of kO  fruit showed a trend toward 

a numerical peals of 2«6 pounds on th© fourth harvest dat© 

at prossiir© test reading of 7??» ■Sine© ther© nor© no sig^ 

nifleant differences between fresh-fruit weights of fruit 

from the third to the sewnth harvest dates 9 it may be said , 

th© greatest fresh fruit, weight was obtained with a pressure 

test range of P*9 to 5?3« -Eho pe^s of fresh fruit xmight 

on the fourth harvest date had a soluble soXids«*acid ratio 

of 16*5« Jhe range of soluble solids-acid ratio with the 

highest fresh fruit weight was from 3.^*5 to 2Q»2e    The 

thre@~dsy precision of this test as a giiide to maturity is 
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SBBJ03TIV3 TSSTS' USEO 01 MW PHUIES.    Th© method of 

grading t?mr pimaes hf ontor akin appQa3?once aloa© sfeous a. 

corrolatioa of /*?6B6' with tto cenaed .fruit flavor*    Shis 

method vjtii-oh attcsspts'to siiasulate caime^y grading, belt 

condltioas doos not seen a precis© way to predict canaad 

fruit quaiitjo    As a guida to harvest maturltyj the three*- 

d@y precision appears very low* 

RaSPiamOH iSSTJDI^*    The respiration of the fresh 

fniit was Beasurod hy the COg evolvod* ' 5he respiration 

cycle in the xtallaa prane shows a defiait© climacteric and 

this cliasefcerie appears at approxiisately the BBMG time the 

fruit fesrvostecl esshibit optimmi canned fruit flavor aad 

colors 

Cpmm WmVS QTOXITI tmTS*    fhe reisainiag lot of fruit 

after th© fresh fs?uit' smmloB w^r© rosovofi \ms placed in 

32° Fp. cold storage for processing th© nexfc day*    Fmit 

from ©aeh tree each harvest dat© WQTQ processod la twelve 

Uo6 2 fimit oaaaolod cans for use in canned fruit analysis 

studies. 

OBJl^flYl !r,:STS UiJ-2) ©H Cimi:© POTfcSS*    Several eaaaed 

quality factors can bo tssed to predict or specify the canned 

fruit flavor« 

gor ^gent ^s^agittaneG, of the jSagiifd JuJce*    2h© p^r 

ceEt transsdttance of th© diluted j'aic© (1 part canned julc® 
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to 3 pasts distlllQd wator) using s liiaastroa filter with a 

doxslaant waf© longth of 530 xp» sho^s a high coymlatitm of 

*-'*900^ i-jith camxcd fmlt flavor*    llie staadaM QTVOT of 

©stisat© ts #3?3»    to avei'sge p@r ccmt trsmsudttaace read** 

lag of 3&«$ w®s deteratoecl, on fruit with the highest flavor 

score*    'Ihe saoesa pea? caat traa-SQittsBCQ for th@ study paagei 

fffom 72*9 to 36*C*    This rnothod has merit for use by a 

©ompaoy grader desiring to saessiire the flavor acceptability 

of camied prnms*. 

ThlB qn&kXty factor has a relatively Mgh preeision in 

showing oolor differences botweea fruit harvested ev©ry threq 

■    g^mc^Frait,.,-Skin. Color as .feagareC^M the- gimter Color," 

Color DiffQrencg^.iggtero . rfh@ Suntor1 M t$k@n on the skis of 

craned fruit sfcmrs a eorrelatioa of /♦S971 id.tli caan^d fruit 

flavor*,    fhe stegadax*d ^si^ror of e^tiusate is -f3'?^f    Praae® 

with a H^aa IMntqr M vain© of 2»0 had tho isost dosirabl© 

flavor,,    A Qowpony grador could us© tfels value to aoasur© 

the flavor sceeptability of caimad pnm©s« 

Its ns® to show color diff^reneos between fruit hur^ 

vested every three (Says is poor but it may have application 

on fruit harvested at greater time intervals3 such as four 

or five days. 

The Banter "b" readings of the canned fruit skin shovy 

a correlation of »**?lh7 td-th canned fruit flavor.    The 
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standard ©fror of estimate^ »506 flavor score miits.j. sevi** 

ousXy limits the use of-this mothod to predict esimed fruit 

flavor* 

Shis test shows tevy little difference In skin coloi* 

of caim©4 fniit Mrvostod every ttoeo days* 

. Ti.trjatRblo, Aoidity of the Caan.ed, jPrune Palp. She pep 

cent malic acid of th© caaaecl fruit show a correlation of 

»#^960 Kith th© canned fruit flairor^ The standard error of 

ostixnate is ■*;3^-*    fhomgh this Is a relatively high correla* 

tioa eoeffioieatj.fhe  short rsmse of the per cent malic 

acid change9 froB/'abomt *6O0 to o3009 limits th© use of 

this•method to predict canned fruit flavor. 

Canned fruit harvested every three days for the most 

part are not significantly different in per e@nt malic acid, 

lajOilMS^JPjjtrQttt. gpluble Solid,^ and, qnt^Out Soluble 

ggllds-Agid H^tio» These tests shou lower correlations 

with canned fruit flavor md for the most part show no 

significant differences between fruit harvested every three 

clays o 'She  cut«out per cent soluble solids-acid ratio may 

merit closer study because of the wide range9, kin2  to 70»-09 

Giioini bott-reen th© first and last harvest dates* 

mBSmtTfE  TSSIS OS:'© Gil CiLmi:B PMJISS^ Color of the 

Canned Fruit*. Tteo mean color score of the fmiit as judged 

by aa organoleptie panels described in section on flavor.,$ 

on the basis, of 1 to 10 ranged froia 3*69 the first to 7.15 
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th® ®l%lith hanrest date*    Th.® ninth liarvost data ®6aa, score 

di'oppod to 7«00«    Blff©r©aees in fralt colof of cooned fxult 

between the ©a^llor MrirQat tlat©^ were- fouad, to b© sigssifi-. 

caBt*    Tho panel denotocl sio signlfleant differences .in ■color 

bati'ieea cgjnaeS fimit of the last fotts" hardest dates tet a 

definite tfeiirl is noticeable*    Harvest elate ^ showed the    • 

highest mtBOfical color matins of 7*15* 

5*hd coyrelatioa coefficient between panel color scores 

ancj canned fitilt flavor SCOPSS is j^*?1*-!??*    This is tho 

highost eorfelation between eny quality tast and flavo^e-   ' 

Th© standard er^or of ostiaat© is rolativoly low? ©■273 

flaws1 score units.5 -and. th-as indioates th© flavor of canned 

primes csia bo iiell predicted tmm color of the canned fruit.* 

WXmor. of the earned Fzmit*    fhe moan flavor pcoro of 
8iCT£S^^affBg:-aiBWMi". 

the canaed trait on th© basis of ten points for  a "peyfeet1* 

score ranged fK>© hJ^S tho fiFat to 6*93 tho eighth harvest 

date,. rBi@ ninth harvest date- noan score dropped to 6«?5.o 

fher© vre^e sig'niflcont diffo?enc©G in flavor of the fruit 

the, first feu harvest dates but fruit fro© the last four 

harvest dates ware forad not to b# significantly different 

in flavor although the trond ghoised harvest date 8 liM the 

highest numerical flavor score., ffhere wore six to eight 

Judges on oeeh panel* Each tp©e=harvest saapl© was tasted 

four soparato times and &ver&scd.> She judges were selected 

being within the "three sigaa" limits of the avsrage.of 
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the xihote panel oaeh g©pa3?at© tree^liarvest date 65 pef emt 

or Eioro of the tla®#    fhese liaits were calculated for th© 

first ton taste«testing periods,*    After the first ten periods 

only the qualified jwdgos itjer© asked to taste* 

th® othBT' subjective and objective tests eartded out 

on the rm? and cs&med primes uere correla.ted with easned 

fruit flsvor because this factor was felt to be of slngmla? 

liap©rfc©nee In oai-m©d prim® quaLity* 
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APPEHDIX 

Appendix Table 1* Regression equations for Figures 4-8 
and Figures 10*14. 

FJ^uy® 4,, Begression lin© of flavor acor© on firmness 
of fresh fruit and 90 por cent confidenca interval♦ 
Flavor score s ~*376x "/  8,79* 

Figure ?« B@gr©ssion lina of flavor score on Bunt©? 
"a" ^10  of frash fruit and 90 per cant confidence interval. 
Flavor .score s •1992a: / 3< ~ i« < 

ire ,6,* Begrassion line of flavor score on per cent 
soluble solids of fresh fruit and 90 per cent confidence 
interval# 
Flavor score s »4252£ * #02# 

Fii^ura 7. Regrassion Una of flavor score on per cant 
malic acid of fresh fruit and 90 per cent confidence inter* 
val. 
Flavor score g «7#39x / 12,4. 

jFigura 8^ Regression line of flavor score on soluble 
solids-acid ratio of fresh fruit and 90 per cent confidence 
interval. 
Flavor score « ♦2l6x / 2.39. 

Plffiare ^Q. Eegrqssion line of flavor score on subjec- 
tive color score of canned fruit and 90 per cent confidence 

■interval. 
Flavor score » *589x ^ 2,63* 

figure 1%. Regression line of flavor score on per 
cent transraittanco of canned prune Juice and 90 per cent 
confidence interval. 
Flavor score « .068lx / 2.39. 

Figure ,12* Hegression lin© of flavor score on Hunter 
Hd of canned fruit skin and 90 per cent confidence interval* 
Flavor score s *6833t / 7«93* 

figure 13,^ Regression line of flavor score on Hunter 
"b81' of canned fruit skin and 90 per cent confidence interval. 
Flavor score 9 •231x / 7*7* 

jPii^ure 14. Regression line of flavor score on per cent 
malic acid of canned fruit and 90 per cent confidence SntsrvaL 
Flavor score s 15*35x ^ 13*27* 
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