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About one hzlf of the blueberries harvested in Michigan
go to fresh market outlets. Frecuently, considerable locces due
to deterioration of the fruit in transit and in the markets are
encountered and these losses often can be attributable to
overripe berries within a package, therefore, a knowledge of
the proper timé to harvest the ripened fruit would be an important
scset to the blueberry industry. Chemical changes and
ch-nges 1s onhysicsl characteristics due to cheule=zl changes
have been used as harvesting standards for other fruit so
it would seem likely that cone or more =zimilar changes in blue-
berries could be adavted as a harvestinz standard. For
thie reason, tne initial step in this research was to.-determine
the changes in organic and incrganic fruit constitusats durlng
the ripening phases oi fruit development. The second step
was to use this knowledge as a basis for devising a rapid
test cuitable for fleld application as a means of determining
the proper time to harvest blueberries for optimum dessert and
keeping quality.

During the first year of this study Jersey blueberry
fruit on 18 uniform buches of a commercial plantation were
tagged at the time of red coior development in the skin.

These fruit were harvested at *-4 day intervals for a veriod
of 20 days after red coloration to prqvide frult of known and
varylng degrees cf ripenese. The harvested frult were qulickly
frozen, held at -5° F. until all harvests were comnleted,

and finally lyophlilized 1in preparation for the determination
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of chemlcal constituents on a dry weight basis.

Chemical analyses of the Jercey blueberry fruite of
kn~wn and uniform physiologiczl age showed changes with ripen-
ing as follows: (1) sugar content increased for 9 days after
red color formation and then remained constent, (2) titrat-
able acld content decreased continually and the pH 1ncreased.
continually as ripening progrecssed, (3) intensity cof vig-
mentation increased the first six dayes following red
colbration and tnen did not chsnée, (4) soluble pectin
contenté decreased continually and, assoclated with thise,
the pectin methylesterase acltivity increases, (5) starch,
¢cld hydrolyzable polysaccharides, ether soluble material,
lignin, and cellulose did not change markedly, and (€)
changes in mineral constltusnts were relatively small and
inccnclusive with ripening. :

Sugar acid rafios increased with ripening and there was
a positive linear correlation between this ratio end ripening
of tne frult. This relatlonship was substentiated by repeat-
ing the test the following year for Jersey blueberries u:ing
the same buches. Frult of the Rubel variety was also hervested
at known stages of ripening. The positive linear correlation
of sugar-acld ratios to tiie degree of ripeness of the fruit
held true for both varieties. The change of the sugar-acid
ratios of the frult with advancement of physlological age
was cutstanding and most likely of practice1l slignificance

for a measurement of ripening.
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Since the inital data indicated that the sugar-acid
ratioc was & promieing index of rivening, five nlots <i 20
Jersey bucthes were used ito relate the sugar-acid ratics of
the fruit to thelr shelt life after harvest. The five_plots
selepted were in ccmmercial plantatlons of varying ages in
western Michigan near Bangor, Grand Junctlon,lacota, Allegan,
and Holland. The different locations which extendeda in a
north-couth direction {or about 100 miieg, provided a cecuence
of initial harvest dates. The harvests which started July 31
and continued to August 31, consisted of 5 vickings oi each
plot at intervals o:r four days.

Ripenecss of the fruit was varied by harvesting one set
of four bushes cf each plot at each narvest date. No fruit
weres harvested irom a set of bushes prior tc the deslgnztied
time of harvest. At thie time ail frult which were clue in
color were plcked from clusters at random Irom the four bushes
to fill eleven pint boxers. Ten of these pints were useda Ifor
storage tecsts snd cne pint was frozen for chemlcal anaiy:lc.
The sugar-acld ratlos Ior tae Irult narvested over & »neriod of
20 days wnlch inltially contained frult ci varicbdle deg.ees
of ripeness =nd whnich ccntained wlder rarnges ¢i rincnecss &c
harvests progressed, were ccrrelated with the perce:tease i

creagdown ci the Ifruit in storage. Increacecs in bLas cccumule-

1 ]

tion of ripening were acomvoernled Uy ilncreases in tne cugar-

¢

zcid retios end the percentage breakdowrn in storaze. It wa-s
t

1

found that the keeplins guallty ol Jersey olusberry frul
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was dependent upon the degree of ripeness, which in turn
could be measured by a sugar-acid ratio. A soluble sollds-
acild ratio was equally reliable as a measure of ripeness as
the sugar-acid ratio.

It was found that pH gave a rellable estimate of the
acid content of the frult and that a hand refractometer
measurement of soluble solids served to measure the percentage
sugar content. Since soluble solids and pH can Ee'measured
quickly in the fleld, it would appear that a soluble solids-
acid ratio could serve as an index for harvesting blueberries.
Also 1t could be used to determine the lots of harvested frult
suitable for shipment, ahd possibly the periocd of time the
fruit could be in transit and marketed without excessive

deterioration.
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INTRODUCTION

Knowledge of the proper time to harvest the ripened
fruit would be an important asset to the blueberry industry.
Presently, each grower on the basis of his personal experience
determines the time to pick his fruit according to fruit
characteristics such as size of the berries, sweetness to
taste, and firmness of the flesh., Individual variations of
judgement and opinion of ripeness result in large differences in
quality of the fruit harvested from dlfferent plantations.

About one half of the blueberries harvested in Michilgan
gd to fresh market outlets. Frequently, considerable losses
due to deterioration of the frult in translt and in the
markets are encountered and these losses often can be
attributed to overripe berries within a package. The overripe
berries are subject to breakdown which may cause the other
berries in the container to become moistened with juice or
they may decay so as to make the berrles unattractive,
off-flavored, and less marketable.

The presence of overripe frult in fresh market packs can
be attributed to the lack of standardization in determining
the proper time of harvesting. Therefore, an objective test
to measure the ideal stage of ripeness for optimum dessert
quality and maxlimum market and storage 1life would be desirable.

There are numerous frult properties to consider in choosing
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& sultable index of meturity cr ricenin:. Many of tunece
characteristics al.ect edible cuality; fhoy iuclude ilech
ana skiu texture, sweectnes: or tartnece, sid nsychologicel
conslderations sucu ag color, clze, and frescéom ci defectz.
Frequently, the eating quelity of fresn oriduct must be
partialiy sacrificed tc provide a marketable product which
mey e hendled without demage, stored for a reascnable
periocd, aund remain free ci vhysiclogicsl or vathclozicel
Gisorders until the consumer has had an opportunity to
utilize the product.

The maturing fruitz cf the highbush blueberry renidly
chanze in color from green to red snd then to dars dlue.
ane the ekin of the berries beccmes ccmnletely blue in
color it is im~ogsible tc observe 1f the berrliec have ripened
adecuately to be harvected. Since the wosition of the
berries cnn the nanicle 1¢ no ilndication of the degree of
maturity there ic¢ nc wet pattern for harvest oi tne Iully
colored berries. All blue colored frult are plciked ci,
therefore, all degrees ci rinsenecs are lncluded 1o the yleld.

A horvesting stendard woula need tc meccture ihe desrce cf

ripeness ci blueberriecs which are culte lac.ing in unl. crrity
of ripcne;s, arid etill previde & gulide to wvold exce-clve
guentities of overrive iruit.

The terms mature =znd rice are not clearly defiuitive
in common usege for deceribing frult ccundition. With blue-

-

berricec it would ceem best to adply the terw maturatlicon to



all phacec c¢f develonpment c:i tie perry ircw fertilizotiocn to
senescence. fruit growtn ircw fertilization to reu coler
cevelcpment cf the #kin mey be concidered z: tine l.uature
stage o. maturatiocn, and red ccloration tc ceneccernce mey

be concidered tne mature staege. Changes teking ~luce during
the latter stage mey be ccnsidered as ripening. Within

the mature stage, sour berries that lack blueberry flaver
mey be unripe, the fruit mey be censidereé &c rifc when

maximum dessert qﬁality has been attained, and overrioc
when the fruit becomes flat in tacte cr/pcsaesees en undesir-
able texture cr appearsince due to aging.

Chemical changes and chunges in »hyelical chearacterictices
attributable tc chemical changes have been used as horvesting

‘stendards for other iruit co it i: »rcbable that cne cir more

elmilar changes 1n blueberries could be adadtea as & harvecst-

|,J-

ng standard. For thisz reascn, the initicl step in tihics
recearch wa: tc determine the development cor degradaticn of
organic end inorganic Ifrult constltuente during the ripsning
shases ¢f fruit development. he second steo wer to de-
termine the possible uee of this knowledge ac a bacies for
devising a rapid test for determining the vroper time to
harvest pblueberrlies for optimum dessert and Keeoing cuallity.

Such a raopid test would be desirsble for use under ficld

ccnditicons.



LITERATURE REVIEW

Numercus experiments designed to measure and define the
best stage oi maturity or rizenecs ror hervesting horticultursal
crops ere described in the literature. Few, hcwever, huve
declt with the blueberry cind relatively little infcrmation
1e avalleble describin. the queslity facteore cad how they
are affected by vnhy=zical and chemicel changes cf the Iruiv acs
rivening progresses. Reccmmendations for nervest are limlted
and vagsue with resnect to the condition of th: fruit. Balley
et al. (1939) m=de the following statement regarding the
harvestin: of blueberries: "They must be neither tcc green
nor tco ripe. The stem end oi rine berriecc has a dark, ricn,
blue cclor. A redaich tinze there indicates ilmmaturity.
Underripge fruit is cour and lacks plueberry Ilaver. Plcking
chculd pe done evefy six or severn days. If doune more often
then thisz, tco msny underripe berrles are nicked." Little
wac adcded by the reccumendetions ci Slate and Coi_iscn (1%4z),

except that overrioe berrles shcould be excluded frow the

m

harvests, but they ms=de no suggestion as to
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characteristics of overrineness.

The ccmucnly ured maturity indices are cuumarized by
Shoemaker (1955). Taey luclude subjective guldes csuch asc
arcme, taste, changin: of the color of the ctems: from green
tc brown, shriveling o: tine steme, eace wilith which the berries

separate Ircm thelr stew:, Ireedcm ¢f the seed: Ircm tne Hulp,



end cclor of ceeds. Objective teets, where acopllicable, are
more gultable for generzl use. There listed acs 2cc~ibie

ipdic ¢ are size, cugar cna scila content, the sugar-acid

ratio, changes in viscocity ci the Juice, and chenges in
texture of the pulp. Cbjective inuices diccucsea by Swcch

and ReubertA(195O) a¢ peegelonlilties ior apples are fleesh
pressure, the time intervel frow full blceom, and starech centent
oi the fruit.

Ure (1657) pnresented data chewing a definite correlation
petween fruit size and cugar and acid crountent of the Jersey
variety ci blueberry. Sugar content increésed Wwith lncresaczed
berry clze, and acld ccntent decrescsed with increaced berry
size. Vericus Tertililzer trestments did nct significontly
influenée the sugar or acid content c1 the berries. Berriec
ricked at the end of the cseecszcn were lecs seld than thece
vicncd at thne begluning ol the cvezecn znd sugar content in-
crezced with later o»icking. fhutea et 2l. (195€), hcusver,
indaicatea thnet tiie scludle =sclides content oi rine verricce cf

the Dixl, Pembertor, Atlantic, :unu Pleonesr vericetles decreused

b}

herveet sea:cn vrogrecsed. For « glven veriety, cerly
ripening berries were cweeter thun those rincnin: later.

BUnemann (1S5€) fcund th:t the sgcluble scild: content

o
b

Dlueberries increased «o rijenecsg precgrecsed. Bellin er,

et &l. (195.) reoertsc th=i total yleld in voundsc per ouch

eiiects soiuble voildasr coitent ol the blueberry Irult Jll

i

sciuble scliids content decreesling ¢ yleld ilncrezced.



Caldwell (1S34) feouncd ila crunge., orsacirult, o ~le.,

[§3]

strawberiies, oleac.osriries, oo oerrl e.derberrics,

[
-

nckeberries, cnd cheriries thct the tota

1

titrstsole ccldlity

s
o

incresved wve e frult metured, attalned & moximui about
the time ricenin: begen, wnd then decrecced ce ripe.ing
“rec.eded. Hill (1952) found with reespberries that chenzes
were penerally uniform in tltratable acid content sud
hydfogen-icn councentraticn. 4+ooy reached o maxinouw abcut
tne tlwe visible Irult nigmentaticn cccurred : na then de-

v

creasced oo ripening rnrcececded. He suggected tnese chsnges

[

mey account for the increscceu palatabllity ci berries

betweer: Lne time o: frult plzsmentation tc fuili rioconcie.

There 1c¢ concidsrable evideicu thet cu. ar o acla
I
N

changes can be ured &: mewzures oi rioveninz ifor cther iruite.
Soluble sciids content hac been rexxrted co a measurc of
harvest maturity for cherries by Marshzll (1854) end for
grapes by Shoemaker (1955). Scluble scllde ccntent oI oranges,
centalounes, melecne, aznd onears are glven as meturity standards

in the Agricultural Code of Caliicrnia (1957). A maxiiunm

m
ct

andard for

57).

acid ccntent of the julice serves as & maturity

o

-]
O

pomegranater (Azriculturci Ccde of Celirfornia,

3

Scmetimes a sugar-acld ratlo glves & better measure-
ment oi eating cuallty than either sugar or aclaity eicne.
Harding et al. (l94C) re . crted that the ratio c¢f tetal

o

sizlide to total acld hwoc been used as & maturity stondard for

(6]
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orenzes for meny years. He sugge



gsolldes ac well as a miniuum total acid content be uczed zc¢ a
maturity standerd for Valencla orsnges. Rygg and Getty (1955)
found that the best maturity standard for Marsh gravelruit
was a ratio oi total solide to totzl acid. They indalcated,
however, that diccrepencles between thic ratic and
palatebility made a better standafd decsirable. Winkler
(1¢32) sugsested that maturity related to nalatabllity could
be meacured for table grapes using the degree Bzlling and
the degree Balling-zclid ratio. Amerine and Winkler (1941)
concluded thet the Balling-acld ratlo wa: influenced by re-
glonal &nd seascnel condlitiones, the size cf the crcp cnd the
veriety. Varlety was of marked influence aﬁd secuwed more
imrortant than other varicbples studisd. Hsller (1¢52)
stated'that coluble sblids-acid ratios heve been uced as

a maturity index rlor canteslcupes.

Truscott and Wickoen (1954) found that julce visco=ity
of the frult showed promise as & meacsurement for precicting
the preper nervest dates for avples, peacunees, and ~eszre.

Allen (192¢) renorted the results cf studies of rivening
changes for olums, peare, anricots, veachec, znd ¢ les. He
concluded that softening of the flech wes cne of the most

-

impcrtent chanzes tekinr nlace in deciducus fruit:. ‘he
knowledze tnst the fleegh of Iruite coften durin. rincning nec
stinmulated the testing oi varicuse pressure devices for

meacurin: iruit meturity. Haller (1952) concluded o Hrescure

teet we: the best aporcach to o maturity stendara lor 2euches.,



Pressure tecsts hocve been the mcest relicvle z1n.d nractic. 1
maturity test for pearc (Allen, 1¢32). The Bcuycucce-
Marshall (1951) smell fruit pres=zure tecter was succescfully
used by BUnsmann (195€) to measurs differences in flech
firmness of blueberries. He obtalned meacurable difference:
in »ressure readinzs with blueberries of different degrees
of ripeness which had been stored eicht weeke.

The time interval Ifrca full bloom has been recommended
as a méturity index [or avnples by Haller =nd Smith (1$50).
Hewever, an apHlicatlon cof a pnericd of time frowm fuil bloom
to harveét wculd be difiicult with the pblueberry cince the
-plosconing veriod lasts twe to five weewr In coummerclolly
grown highbush varieties. Balley (1$47) rencrted that the

o

time intervel was tco variable between seszsscons Lo de of

m
¥l

praecticcl uee acs 2 moturity standard for blueberries. Alro

o

le et al. (1557) have re orted that the time interva

between blossom drecp and irult maturity was tco varicbie
te be ured asg & vrediction of harvest time for blueberries.,
They alco found no relationchl @ between wood thicaness and

tiwe to maturity. Ycung (1952) found that the develorment

¢

cf the bluecoerry frulv toock place In three stages: steage I,

rapnid growth; stege II, very little increace .n eize; =nd

G

staege III, reold growth aend riocalngs. Steagze II was quite
verizvle even between bercier on a s=ingle plent, thus
rendcrin: a time intervel Ior harvest maturity unrelicvle.

Hindle et al. (1957) al=c observed this rowth wmattern lfor



varlietlies of blueberriec.

I

ct

1

m

immortant that blueberries vosceze adeguate maruet

3

da

and cstorags 1ife in addition to hiih dessert quality. The

fruit should be left on the burh until it beccmes rine c=ince
the blueberry, like the grape, doces not increace markedly

in sugar ccnteut after hervest (Shutak et al., 1956).

These researchners chowed that berries when rijsenea on the
buzh averaged 3.€ percent nigher in scluble s£clide than
berriec ripened ofl the du:zn.

Chandler (1¢44) f-und that blueberrics ccoculd be kept

ct

four to s=ix weekes at 35°F. in sealed Jars vrovided they
were firm, not overripe, and hindled ec little asz nocesslible.
Bunemnenn et a2l. (1957) found that blueberriec hervested at
three cstages cf nmnaturity defined as ripe, firic ripe, aud

herd rive could be stored for tw

(@]

weeks witnout any merked
chanses from the originael quality.
The limited inforwation presently svallsble Zor blue-

berriec csugzsctse tin t meacurcment of chemlcal chun_ec

stcclated with rios.ing may serve as a zZulde ior harvesting
this Irult. Al:o the f&vorablc results obtained in adaptin:
chemlicel chenges to harvesting standards with ctasr I'rults
indicate that they mizht be adantable as &« nmaturlty index

or ctandard icr blueberries.
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MATERIALE ALD METHCDS

The Dblueberry Irult cbteined in the firct year oi thic
study ceme from & ccmuwerecicl vlentation of zU-year c¢ld Jerscey
bushes near Scuthh Haven, Michigan. Fruit of known age 1in
respect to rincning were assured by fifst removing all the
berrie: whlch were blue in color from 18 uniforum-csized buches
co that only fruit which were re¢d or green in cclor remeslned.
Since thic wasz shertily oprior to the time c¢f a norm=1l first
commerclcl harvest, meny fruit cshowed vigment developumcnt
{rea or blue)—the,followlng dey. These were tihen tagzed cnd
gubsequently harvested over a period of time tc provide iruit
of unown maturity or degree c¢f ripcness. The tassed fruilt
were ricked at intervals of three or Iour days for a 2U0-day
period. These harvests provided a range cf fruit meturity
of the fruit from unripe Lo overrivpe.

Four pihts cif berries were obtained at each harvect.
The berries were picked intc a contalner and randeomly divided
into four lote, and then sealesd into sevnarate plastic bags.
foluble =clids readings were tahen in the fleld at the time
cf harveset with a Zels=-0Opton nand refractomster. Three
determinaticns were made ci the julce extracted from about
20 berries cruched in & mili fiiter disk. The fruit in the

cczer cavlnet at

D(j

lestic buage was pluced In a hone

Ar]

ir
pproxiuately -5 F. witiiln one helfl hcur after hearvect.
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At the conclu-ion of ths harvee£ teecon tne perries
«ere ground in the frozen state in a Wering blendor snd then
lyophlillized toc prevent chemical and enzymatic changes during
drying. Thic metnod of dryin:s the frult permitted cnzymatic
studies and prevented caramellizaticon of the sugars. The
lyophilllized frult was finelly dried cover phocphorcus
pentoxide at four millimeters pressure and rcom tempercture
in a Weber vacuun oven. The entire frult wes used Ior
ahalysi& withcut meking a sevaration of seed, zkin,and flecsh.

" A weilghed ether soluble fraction was cbtained frow &
one gram cszmple of dried blueberriec extracted for 1€ hours
in a Soxlet extraction unit with absclute diethyl ether.
After extraction the extrdctant was evanorated on a steam
bath and then dried for four hours at 70° G. and four
miilimeters nressure over phoesphorous pentoxide in & deber
vacuum oven.

The original dry rcsidue wes prencred for carbohydrate
anelyses and anelyzed {or reduclng sugers, ncn-reducing sugars,
sterech, cnd eacid hydrclyzeble polysaccharides by the pro-
cedures cutlined by Sell et.al. (194€). Acid hydroiyzable
polysaccharides were determined Ifrom the acld hydrolyzable
residue frcm the starch determinations.

Approximately one gram of dried fruit was extracted
with 50 milliliters ol 80 nercent ethyl alcohol for four acurs
cn a Goldllscn aosparatus ¢nd enalyzed fcr cellulocee by tos

AL

method descridbed by Phillire et al. (1843). The lignin



centent wasc cbtalned asccording to the srocedure cof Williilams
and Clmstead (1835) using about twe grams of dried iruit
and extractin:g with 80 »ercent ethyl alcchol [cr four ncurs
-on a Geoldfisch envaratus.
Soluble poctln content we: dcterwin:sd by & =11 _htily
medilled procedure Ifrow tie one descripbed by Lewrence c:d
Greves (1$54). ‘Instezd of renseated wacnin. of the calcium

necrate vreclypltate oy sliernste centrifu in: cud decantiry,
& recémmcnded, the'calcium noetate 2reclpliate wa: transiered
tc a tared filter naper. Tae nreclniiote wo. warneo wilhh act
weLer until free of thoride icne. The paper and coententes
vere then dried st 10C¢ C. for 43 hocurs and wel ned.

Cne grem oI dried Irult was extracted with 30
milliliteres cf water at 380.0. for one hour, fi.itcrec, ' =nc
the filtrate used fcr nectin metuylesterace detericinaticne
(Kertesz, 1537).

A cne grem samonle of drled frult war used bte determine
.anthccy;min ecrntent. 1Tne orececure ucsed for extracticn
wac deseribed by Andercon (182%). The riltrate contaliling
the »igmente wac mede to 100 milliliters with water anc tuen
S diivted to 200 wrisilitersz with 0.1 melar citric scic und 0.2
moliar diccdium nhospnete cuilrer sccolutlon, tace B adjustec

e 3.0 with 0.1 molar solutlica of vcdiuw byaroxidco, cnd then

nece tec 100 miilititers with water. Trancmlesicn wea: mestured

{n

in & Beckmar W K-2 spectrophctemeter at 500 wmillimicrcnes.

Titratable acidity wac Lound by the -rcesdure
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described in A.0.A.C. (1955). Water was added to a one
gram sample in an amount calculated to be equivalent to re-
store the berries to a fresh weight basis and thoroughly
stirred. The pH was measured initially and then the juice
was titrated with 0.1 normal sodium hydroxide to a pH of
8.1.

Some of the mineral constituents of the frult, namely;
calcium, magnesium, manganese, copper, iron, phoséhorous,
boron, and silicon, were determined by a modification of the
method used by‘Perry et al. (1950), whereby a potassium
sulfate-graphite buffer 1n powdered from was substituted for
a 20 percent sodium nitrate solution.

The same procedures and bushes were used for obtaining
blueberriés of known‘degrees of ripeness in 1958 as in 1957.
However, in 1958 two pints of tagged fruit were pilcked at
each harvest. The harvests were spaced four days apart
and made for a period of 20 days. In addition, 15 bushes of
the varlety Rubel grown in the same plantatlion and of the
same age as the Jersey bushes were tagged and harvested in a
like manner. All berries were transported to East Lansing
the same day they were harvested in an insulated food Jar
on dry ice, and then transferred to a freezer room and held
“at -5° F. until chemlcally analyzed.

Since the 1957 data indicated that the sugar-acid ratio
was a promising index of ripening, five plots of 20 Jersey

" bushes were used to relate the sugar-acid ratios of the fruit
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to thelr shell 1life sfter arvect. The Tive »lot: celeeted
Wwere 1ln ccumercl.l nlantinze ol varying ages in western
Michigan near Bangor, Grand Junction, Leccta, Allegen, =nd
Holland. Thé difierent locations, which extended in & ncrth-
gouth directicn for abcut 100 miles, provided a senuence oo

initicl hurvest datez. Tunc hsrvests, which started

oy
o
}_J

e«
Ll
@]

znd continucad tc Auzust 21, consicted oif 5 nickings cf each
‘plct at intervals of fcour daye.

Ripeness ol the Ifrullt waes varled oy harvestin: cne cet
¢l four buches df each wlot at ecci harvest date. He Irult wes

ci bucthes prior te the deslg:

faad

. hervested from a se
of harvest. At thl:s time Irulit winlch wac plue in color wec
picked from clustere at randecm from the four bushes Lo fill

11 »int boxes. Ten of these =ints were used Ior ctora.s test

1

end cus pilnt wee {rozeo Jor chemicel aneiy-1=.

The storage samples were trancoorte

to Eact Lenring

the sawe day they were horvested end placed in controiled

s

temperature rocms e uisold at 75 end 40% F. Four niuts

Y e} pe O i -2 . e - X . R A =
ult were held at 75 F. Tor six deys sod clx luol ol

@]
[
+
L

fruit were held at 40° F. rfor 10 Gaye and tnen eXamlnsid.
Shelif-1ife wee evaluated oy the vercentaze ¢ berrlies, cn a
frecu weight basls, thal civwed breakdcown. Frult Lhot wos
cnriveled was nct clasced zr breahdown. Nearly'all deter-
loration obzerved wes :iem -Car decey, with only cceoiicn:l
runny soft" berries oeln nwrecent. Stem scer decuy anreared

N N

as a dépression in the berry cund ccometimes browaoing «t toe
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noint of sevaration frem the nedleel, The flech of the Iruit
béneath the ckin disintérgrated cnd often julce exudatlonc
were obcerved. Mold growth was frecuently acssccleted with
stem ecar deterioration esveclally at 75° F. The wmold
growth precent was observed to be an Alteriaria. "Runny
soft" berries were characterized by comslete inmicrnal dic-
intefgration of the flesh and the collapse of tiie berry

wnen subjected to slight prezsure. No fungus wycelium could

»

be observed in the pverry tissue. Beth thece dicorders
vwereconsidered tc be physicloglcal brealbdown and the mold
srowth was believed to be secondary infection.
Deterwinestions were mede for pH, total sugar, &nd
titratable scid content of the tagged fruit and fruit frow
maturity »nlots. Anslyce: were made on a fresh welght bsacls
rether than on a dry‘weight basic ag in the previocusn year.

.

t

&

Threc coluble sollds readings were taken on all samples
the time of harveet with a hand refractcometer for all
cauples using 20 berfies fer eacin determiunatlion.

Total sugars were deterwined for all scamvles using
the Lane-Eynon (1923) wethod. A 50 gram semple ol frozen
perries way vlended in a wWering vlendor with 100 milliilite.s
of wuter, two &ramo of celcil.u carvounate wee added, and
then the cauwple wes bolled for 30 minutes. The szmnle wac
trensicrred to a 500 milliliter volumetric flack, cooled,
cnd then made to volume. A 100 milliliter allicuot we:o

+ran-ferred tc a 200 milililiter flask, threc milliliter:z of
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saturated neutral lead acetate added, and the solution
allowed to staﬁd 15 minutes after shaking. The solution

was then made to volume and flltered into a beaker containing
one gram of dry sodium oxalate and refiltered to remove the
excess lead.

A 50 milliliter aliquot was hydrolyzed overnight at
room temperature with five milliliters of concentrated
hydrochloric acid. The solution was neutralized to a
methyl orange end point using 3 N sodlium carbonate and
made to 100 miililiterg. Total sugar was determined from
a 20 milliliter aliquot.by titrating to a methylene blue end
point by using a'Q.5 percent dextrose solution. All
determinations were made in duplicate.

Total acld was determined on a 50 gram sample. The
frozen berries were blended with 100 milliliters of water,
strailned through two thicknesses of cheesecloth, and a 100
milliliter aliquot taken. Initlal pH measurements were recorded
and then the solution was titrated to a2 pH of 8.1 with 0.1
normal sodium hydréxide. All samples were analyzed in

duplicate.



17

RESULTS

The quantities of the crganic constituents determined
“for the Jersey blueberry frults harvested at knocwn stages cf
ripeness in 1957 are summarized in Table 1. Thece ccntente,
expressed as percentsgze of the dry welzht cf the berries, are
averéges of four lots of frult separated at harvest. An ex-
ception 1s soluble pectin, which was,détermined from three lots
cf fruit as necessitated by the shortage of sample for messure-
ment of this constituent. These data were analyzed by the
multiple range and multliple F test descriped by Duncan (1955).
Since the data are expressed as percentages, arc sgine trans-
formatiqns are applied to constituents with contents cf less
than 20 perceut for statistical analysis (Snedecor, 1850).
Statistically slignificent changes occurred in all frections
during ripening.

Fizurs 1 shows the changes in percentage sugers froem the
time of red cclor formation to cverripeness. The chanzes 1in
non;reducing sugars, althcugh statistlcally cignificant at the
5 percent level (Table 1), were gradual and reletively smell.
The percentage content of non-reducing sugar at the first har-
vest wae glgnificantly lece than the content cf berries horvect-
ed at 1€ and 20 days aiter rzd ccloratiocn, and the amount cf
non-reducing sugar in berries harvested at € deys after red

coloration wae leses than that of berries harvested 20 days
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The changes in reduclng sugars, non-reduclug sUgars,
and total sugars of Jersey dlueberry frult duriag
ripening on a dry welzht basis.
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aiter red coloration.

There was & cignificant increase in the perceuntcge cf
reducling sugar vetween 0 dayes after red ccloration arnd all
other harvests, and between 3 days after red coclor formetion
ard all other harveste. There was no significant change in
reducling sugar thereafter.

Frult from all other harvests had a significantly higher
total sugar content than berries at the first hesrvest. Fruit
narvected at ¢, 12, 1€, and 20 days after red color formetion
had & higher total sugar content than frult hervected a2t 3 and
€ days after red coloraticn.

The pH and acidity changes cof the berries with rivening
are chcwn in Fig. 2. Aclds are expresced acs citric cince Nelscn
(1927) found that most of the acld preseunt in bluceoerrie: is

itric with the remalning acide belng malnly walic. There was a

[¢]

m

harp decline in the percentage titratable acldés durilug the

<

|4

P{)

irst € days after red ccloraticn followed by a less ranid de-
cline tc the last harvest. As the acld content dscreuced there
was & corresvonding measurable increacse in pH.

Statisticel analyesls showed the acid contents cf the iruit
sigunificantly decreased as harvecting »rogressed excent between

the last two harve:sts which occurred 1€ ana 20 days after red

ip)

cecloraticn. Significantly dirfferent valucs for a1l hirve:stc
excent vetween 12, 1, saund 20 days after red color formcticon
were <ovideot by pH weas=urencite. The pH valuce werce converted
Lo hiycrooen ion cencentreticn for statlcticol casliy is cad

colculeticn of averagec.
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The cheanges in titretable acld ccatent

Jercey olueberry frult during riqew
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The changes in the ether :<cluble fracticn, acid nyurc-
lyzeabvle pclyseccharides, aad ttareh contents ¢f the Trult witn
ripening are shown in rip. 3.

There was a slgnificant decline in the ether scluble
material cof the frult vetween the initiazl =ind sececnd harvests
( O and 3 days after red ccloration). Theresarter, it reimained
conctant and the downward trend between the herve-te ot 12, 1€,
and 20 days after red cclor formaticn as shown in Filg. 3 was
noct stetistically signiificant.

There were sllght decreases 1in acld hyarclyzaonle poly-
saccherides for the first four harvests and lncreases thereafter.
Stetistically the acid aydrolyzable volysaccharide contente of
the verries hzrvected a2t 3, €, and 9 days after red cclor form-
ation were similar and significently less than the ccntents cf
fruit of all other harvests.

Althcugh the sterch contgnt appeared relatively constant

auring tne ripening perlcd 1in Fig. 3, the percentage ctarch

w

content of frult horvested at € dayse after red coloraticn wa

H
L)

snificently less than thne percentage sterch content of Iruit

o

mn

arvesetsd at all other tiwes excent at O daye.

. 4 zhows thet the celluloce ccutent decrescsed «ligntly

k/

|,_:.
3

r

ot

with nrezressicn of rivnening during the firct ¢ daye then neid

1 countent

o

conctant for the rewsinder c¢f the hervesting werica. T
gt ¢, lz, 1€, =nd 20 days wes slgnlflcsntly lower tuan et O days
efter red coloratlon.

Marsed caaages ln lisnin content occurred with rinssning,

(Fig. 4). Lignin content of thne [irct harvert wae sigaificantly
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The changes In starch and acld hycrclyzable
saccharides ccntents, and etner sclupnle uate
Jersey blueberry fruit durling ripening on a

baslis.

Doly-
rizi of
dry welgnt
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The changes in lignin zsnd cellulcse content ¢f Jercey
plucberry frult during rivening cn a dry welsght bacic.
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crester tiean all other nervects. Lignin content of berries
harvested 3 and 1€ days after red cclcr foruaticn was &igﬁif—
lcantly greater than berries harvested at 9 and 12 days after
red colcration.

The soluble pectin content and the pectin methylecterase
activity of Jersey blueberry fruit during ripening are chown
gravnhicelly in Fig. 5. There was a marked decrease in scluble
pectin oi the fruit<on‘the bushes between the harvects mede at
€ and 9 days. Corresvponiing to this was an increase in the
pectin methylesterace actlvity between thece hervezts cud a
continued increace in activity tnereafter. Scluble pectins
decreased throughout the harvest perilod, but thue sharp decrease
followed tue break in pectin methylecterace activity by at
least € days.

Blueberries harvested 0, 3, and € days after red cclor-
ation had significantly greater scluble pectin content than
befries harvested 1€ and 20 days after red coloraticn. Pectin
methylesterase activity =t 9, 12, 1€, and 20 days after red
coclcoration was greater than the activity in berrles harvested

zrescter

<

at 0, 3, and € days after red coloration. Activity was
in perriec narvested at 1€ and 20 days after red ccloration than
berries hervested st ¢ dayese and grester in oderries cervected at
20 days tuan those at 12 and 1€ daye after ri<d colicr Iforetlon.
The relatlconcshiv of plgmentition chenges with ripewin: is

jilicstrated in Fig. €. The changes in percentage transulcsicn

of lizht, due to canangee in councentreations ol anthceyanin
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Fig. 5. The changes in socluble nectin ccntent znd pectin
methylesterase zactivity of Jersey blueberry fruit
during ripening on a dry welilght bzsis.
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Fig. €. The changes 1in percentage trausnissicn of
attributable to anthoeyanin content in Jer
fruit durlng risening.

izt
csey blueberry
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plguments, during ripening indicatedlthat considerable awmcunts

of anthocyanin pigmenté were formed in the fruit during the
first € day; following the development of red cclor. Practicélly
no change occurred after the first € days. Fruit harvested at

O and 3 days were significantly lcwer in transmlssion values
than fruit harvested € to 20 days after attaining red color.

Thé ash constituernts determined spectrograpnically for
blueverry fruit of varyling degrees of ripeness are given in
Table 2. These data were analyzed statistically by the multiple
range and multiple F test described by Duncan (1955). The values
given are averages fcr three determinations.

The percentages cf calcium, magnesiuiy, manganese, and
phcsphorous on a dry weight bscelis showed a significan£ decline
as the fruit rivened. The calcium, magnesium, and wanganece
contente of the fruit declined rather consistently for the first
€ days after red coloration and then remaineé falrly constant.
Phospvnorous ccntent was more erratic‘showing & decline after
the first harvest, but an increase 12 days after red coloraticn
which was large enough tc e signlficantly greater than harvests
at €, G, and 1€ days after red cclor forwation.

Tecste in 1958 were designed to furnish additicnal infcru-
aticn regarding a sugar-acld ratlc of blueberries cf uniform
ripeness. The resultant data fcr the Jersey and Rubel varietles
are summarized in Table 3 and the sugar-acid ratios sre ccm-
pared with the ratlos obtained for Jersey analyzed on a dry

welght basis 1In the previoue yezr, see Flg. 7. The ctraight
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TABLE 3

SUGAR{ ACID, A.uD SUGAR-ACID RATICS CF JERSEY AKDRUBEL BLUZ-
BERRY FRUIT AT DIFFERE.T STAGES CF RIPEUILG IN 1658
ON A FRESH WEIGHT BASIS

[

Dayes After Variety
Red T — e

Ccloration - Jersey v Rubel

% Titrat- |[Sugar:

% Total | % Titrat- [Sugar: | % Total
able Acid | Aid

Sugar able Acid Acid | Suger

o 8.0 1.7€ 4.5 7.2 1.81 | 3.9

11.3 0.79 14.4 10.8 ; 0.37 ? 12.5

8 12.1 0.46 | 2€.4 117 i 0.52 ! 22.¢

12 13.0 0.33 40.0 j 12.8 | 0.37 ¢ B4.S

1€ 1 12.¢ 0.2€ | 50.0 | 12.¢ 0.30 g 43,0

20 12.7 ~0.22 § 58.5 1 12.9 0.6 ¢ 48
i P | :

line reletionship exicted for botn varietles when tue ratios
were calculated frcm the conteunts determined with fresh frult.
The slone of both lines was lower for Jercey ci the previdhs
. year.
Quality characteristics of the fruit cocerved ot the time
| of harvested suggscted that the best harvest time wcula b? ¢ to
1€ cays after red coler foruwation. Berries at O to 3 deys after
red cocloration were tart cnd come of the berries wnilch had been
blue in cclor for 20 days had deteriorated on the ovuches.

The ratios presented above are for frult of .nown &nd
uniform ripeness for a given harvest. The sug;r and acid deata cb-

tained frow the five maturlty plots provides a more reallstic
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Filg. 7. Sugar-acid ratio changes of Jersey and Rubel blueberry

fruit during ripening. The values on the vertical axis
are sugar-acid ratios and degrees of ripening are

represented as days after red coloration on the horil-
zontal axils. :
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evaluaticn cf the ratic as a measure cf ripenesz. :ince tae
fruits of each harvest were of all stagee of ripening
with the tive of harve:t. For exauple, berries hzrvected at the
third interval contained fruit that ned turned blue in color
Just pricr to harvest cc well as fruit that riovened initially
and throughout the period uv to harvest time. The ratios for
these fruit (Table 4) are, therefcre, averases for all degrees

of frult ripeness when nicked at & given harvest time. The sugar-
acld ratios for frult from all five lcceelities for the first twe
herveets fall between the ratlios obtained focr Jersey blueverries
of C to 8 days after red cclcretion, (Tedble 3). Most of tue
inltially harvecsted fruit from the maturity olote hed a ratic
clmilar to Jersey berries hearvected four daye after cdevelcnusnt
¢f red cecloration. Thkis would suggest. thelt the oulk of the fruit
contained in these harves s.had rivened 4-€ deys asfter wttelining
red ccior.

Detericretion of the harvected fruit by plct locaticus

and tlumes cf haorvest ere ziven oy the perceuntace c¢f frult with
B} . . . o) R N DA
vbresidown aiter stcrage feor € days at 757 F. and il daye at

409 F. in Table 4. There wae & merked eifect ol tempersature upon
‘ . : . 1 ¢ A

the chelf life c¢f the vterrieg. Fruit held at 40 F. had wuch

lece breaskdcwn even thougn held in storage three tiwes as long

ol

se fruit held at 75° F.



TABLE 4

TEE RELATICMSHIP BETWEREK SUGAR-ACID RATICS &b BREAKDCWN
- Ik STCRAGE CF JERSEY BLUEBERRIES

_ Percentaze Bresidcwn
Plantaticn Harvect Date Sugariacid - =
) - 75° F. | 40® F.
Aug. 11 13.4 21.5 3.9
"1 1€.5 | 27 4 8.4
Helland " 19 24,6 2¢.9 13.¢€
nooo3 28.7 1 37.0 17.0
"2y 1G.4 30.0 19.2
S i
Aug. 3 : 15.4 ¢ 22.7 8.4
"o T 13.7 % 52.4 7T
Bengor " 11 22.¢ | 58.5 20.4
"5 26.5 | 5045 24.7
" 19 30.€. 70.5 37.3
Aug. ¥ 12.4 +  20.3 5.3
"1l “17.3 L 442 12.7
Grand Junctiom - " 15 21.8 3 3h.2 15.4
. S F€3 L 37.0 20.4
"oo23 33.5 | 55.3 35.0
Aug. 7 10.3 ¢ 13.3 2.9
"1 13.4 § 33.0 §d4
scot " 15 27.3 35.0 14.0
Lacota "¢ A 27.2 | 43 .7 22.1
" 3 33.9 4€.0 27.0
July 31 14.7 ¢ —m-- 10.1
Auz. 3 18.5 19.4 l?.g
" i) s o] o
. 7 . 25.5 - = 33.0 3.
Allegar "ooal 55.% ° B5.0 l 23.3
"5 2.8 €1.3 { 55.5
S e ‘ S TR




DICCUSEICH

The ilncrease in tctal sugars between O and ¢ days aiter
red colioratlcn was about 11 percentage points or slmost cne-
fifth on & dry welght basie (Fig. 1). Cn a fresh weizht bacsis,
however, the change in total sugers would avpear much czucller
(about 1.7 vercent) so as to be cf minor value s & measure of
rivening by a field test. Furtuermore, total suger cuonges are
relatively ewzll once the fruit turns red in cclor and ﬁould
nave little applicetion alone as a maturity index.

Changes in acidity and pH (Fig. 2) of the fruit during
rirening were the largect and might noeclbly e used alone as
& harvesting standard.

Scume of the ccnstiiuents which showed changes but which
probably have little nractical application as a field test for
riceness were ether socluble meterial, aclid hydrclyzable poly-~
seccheariaes, a:ad staren. The ether scluble fraction, which was
Ithe residue in the ether extract after extracticn cof the czmple
for sugar deterwinations,was ccomposed malinly of the lliplde; fats
and cils, wexes, and odncgpnollplde. Posslble non-1ipid conctbit-
uente contalned in the ether fractlon weculd be the resinsz, ter-
penec, sterols, and free fatty acids (Bonner, 1950). The Jersey
blueberry fruit had a relatively high starch ccntent (Fig. 3)
which wasprooably assoclated wiltn the many ceeds in the fruit.

Also, mocst of the acid nydrolyzable pclysaccharides and ether
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cgoluble rracticns were probadvly in the seeds. Winton and Winton
(1935} revcrted the percentege compocsition of air dry olueberry
seeds as: water, €.75; protein, 17.87; fat, 31.00; uitrcgen free
extract plus fiber, 42.72; and ach, 1.€€.

To eaccertain if the constituents of the cell walle were
posslbly related to the scftening and breakdown of blueberry
fruit with overripeness cellulosce and lignin were determined.
Although changes of these uwaterials cculd nct be easily adept-
avle tc fleld measurement;, they might account for the collapse
cf the tlcsues at the late stages of meturity. Changes in cell-
ulcce(Fig. 4) were slight and vrobably would not account for
the softening cf the [lesh of the blueberry during ripening.
Lignin cuanges (Fig. 4) were more marszed,howcver, it is likely
thet the seeds cantainedmcst of the lignin in the blueverry
fruit (Winten and Winton, 1935).

Noerwelly the pectin meteriels of cell walls rejnidly

i
- o

change
into ecluble vectins with rivening. Apparently with bDlueserries

thece =cluble vectins were ranidly broken dcown intc nectic acids
snd cther dezradation products of pectin during tne later stages

cf rivening. Thiswould account, at least in vart, for the sclt-

7]

ening and deterioration of the overripe fruit (Bonner, 1550).

-

Chn es in pizment content were ravid during the early

Dok

—_

Q

ctsves of rinecing (Fig. €). With vigment fcrmation beliing rapid
ard of snert duration,it offers poseslblliities as & tecst for
maturity »srcvided a simple =nd rapld test for ite ~recce:nce

coulid pe deviged.



A comparlscn of the values in Table 2 to thcece Amling
(1658) repcrted for aversse uineral content velues for Jercey
tlueoverry fruit collected the =ame year show thet nangerese
conteats are nearly ecual, calclum and wmegnesium contents are
lower and phosphorous, boron, ircn, zad copper ccatents zre
nigher in Table 2. Magneslum content of fruit given in Tabdble 2
ccrresoond to the average values for magnesium in blueberry
fruit reported by Ballinczer (1$58). Hewever, calciuw, phosphor-
ous, malnganece, znd lrcn values were higher and ccwnper and
boron values are lower than the nean valuec ne re-orted.

The values fcr ach ccns@ituents in Table 2 are within the
coefficient of variation values given by Ballinger.

The four minerzls which changed significantly during
riveuning may have been translocated from tne fruit as the fruit
watured c¢r the decline may have been due to a diluticn frcm
incregscd dry matter content. Since the moisture ccecntent cof the
verries was not determined the decline in winerali content can-
nect be defiumltely attriouted to lncreacsed dry natier. It may
e rnoted, however, that wmeet cf the winerals declihed, egpeclally
eiter tue firct cnd second narve.ots, when the larsect incresace
in sugare cccurred. The perceutage chaﬁge in wmineral content
ol £he fruit during ripening frcr the initial harvect willl chow
that the wminersl content decreacses moet nerkedly during tne €
deye efter red coloratlon axd then remsinc relatively constant.

Evidernice to suonort the conclucicn that there was an
increacse in dry matter content cof the berries and thus verhaps

. diluticn in percentage mineral coatent during ripsning was

cl <



given by Shutak et &l. (195€). They found that berries rivened
on the bush were about 3.€¢ n»ercent hizher in ccluile sclids
than verries pipened off tue bush, indicuating that cu
belng tranclceated inte the fruit from the lecves durlag tle
rinening orccess. They alce »recented dete showilng that scluble
sclide increared in five verlctice by an averaze of 2.4 nercent
between red coloration end blue colcoration cf the berrie:.
Thelr resultec, hcowever, ceen iﬂconclusive cince in the scme
paper they reported the cveraze molcture content of verriec wac
around 3€ »Dercent regz sardlese of the gtage of ripening. It would
seenm that the vercentage moloture content zhould decrease with
increases in the »nercentage soliubvie solids ccrntent. The fact
thet cnly 25 berries were used in thelr mcisture determinstions
iay account for tne inccneistency of the data.

Four of the ash constit&ents determined spéctrograniilcally

1

hece four, cnly

c+

ghowed a clgnificant decline with rivpening. COF

cne, phosnhorcus 1eg adantable to a qulek fiecld test. Unfortunate-

ly, vhosphorcus did not Ifollow a logical pattern sc it probabdly

L]

could not be uced as a test of maturity.

The value c¢f a sugar-acld ratic as an lndex of rinening
ror cther frults (Africﬁl tural Code cf Califcrnia, 1S57)
suggested its adaptation for blueberries. The ratlo calculated
from the data presented on wercentagze total sugars and tie
pereentae titratable acids hae been plotted in Fiz. 7. Its

-

suitability as an index of ripening is strongly ludicated uy

y
[

the nearly linear relstionsnlp ol the ratlio tc days frowm red



color development of the fruit. Furither evidence for ite
application was needed, however, in respect to measureneut of
gugars and zclilds in the field on & frech welght bacis and for
varieties cther than Jersey.

The reason for the lower sugar—acid ratice for Jersey
fruit in 1958 than in 1957 1s nct known. The most probable
reason ls the fruit differeunces asscclated with cescscnal vari-
atlons and otner possible reasocns are the differences in
prevaration of the sawvle for analysie and the different pro-
cedures of znalyses. Tne sugar-acid ratlcs of the variety Rubel
were csmaller then for Jersey blueberries becauce cf the hilgher
total acld content of the Rubel fruit than of the Jercey fruit
at all harvests, ccupled with lower sugar ccntents at the first
feur harvests (Table 3).

The admlxture of berriec of all degreez of rincuess
accounts for the lower sugar-acld ratios of the final nharvests
of the meturity plots (Table 4) than for the final harvest
of the tagged fruit ci inown ripeness at 20 days (Table 3).

The nighest ratlio obtained for fruit of mixed desrees of rine-
nese was similar tec the ratlioc obtzined for tagged fruilt 12

dave after red ccloration. The decrease in ratios vetween the
fourth and fifta harvestis in the olantatlons near Hellaud,
Grana Junctlon, and Allegen may have been caused by the abscice
ion of ripe bperries of the first ripenling flusn duriag this
interval or 1t may have peen due tc a normal change of the

ratic in overripe fruit as shown in Fig. 7. There was a tend-



ency fcor the straight line relsticnshivn of sugar-acid r:tios
to ripeness to Tall when the frult was extremely cverrinve.
Thie cccurred for the last pickings of Jersey rruit in 1957

and 1558 and Rubel in 1958 and came about as +the decline in

pete

acid content became smaller and as sugars began to decreace.

Fruit deterioration following harvest (Table 4) was re-
iated Lo the sugar-acid ratio (Fiz. 8) and the linear correl-
ation coefficisnt of these prcperties at beth teuperatures
was highly significant. The correlstion at 40° F. was higher
than at 75° F. probabiy because of greater mold growth at 75°
. which developed as cceondary infeétion following brezkdown.
Moid/;rowth waeg ccnsidersly inhivilted on.berries heild at 40°
F. for the 138 days in which they were kept in storage. The
parallelicm of the regression lines at the two tewperatures
indicates therewas a imarked dependeiice of heeping quaiity or
shelf 1life upon the de;reec of ripeness regardless of the
teuperature at which the fruitwas ctered. A temverature of 32°
T, woula further decrease deterioretion of bilueberries accord-
ing to the studie: of Bunemann gt_al. (18957).

Shutak et _al. (1957) suggested the importance, in Rhcde

Island, of delaying harvest as long as practical after Llue
colorstion to obtein maxiuwum frult «lze, however, the danger

A

cf delaying hzrvest tco long in Kichigan is evident from the

[at!]

mc.rked dependence of shelf lile upon the degree of riveness o
the blueberries at harvest. Thelr suggestlon wes probably baced

unon the observatlon that the berriec frem the varietice
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icn of sugar-acid ratlos of Jercey
h the percentege breskdown %n
at 759 F. and 18 days at 407 F.
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Picneer, Pembepton,land Dixl, in Rhode Island, drop off 35-4

Sy

. e
days after blue ccloration as re-orted by Hindle et_sgl. (1957).

However,4¥oung (1952) reported that berriec rerained cn the
‘bushes 10-12 days after reaching "maturiﬁy" in Michigan. The
letter repdrt is in agreemeﬁt with the observations during
this experiment in 1957 and 1953. Few of the tageed verries cf
the varieties Jersey and Rubel abscissed when left on the
oushes 20 and 24 days, respectively, after red ccloration.
Compariscns of the uge of sugars cr acids alone, or the
sugar-aclid ratio were made for deriving a practical index for

time of harvest. Table 5 shows the reiliablility of the three

TABLE 5

A CCMPARISCH CF THE LINEAR CCRRELATICN CCEFFICIE..TS AuD STAWND-
ARD ERRCRS FCR ZUGAR-ACID RATICZ, SUGAR CCwTELT, A.D ACID
CCHTELT WITH TPL PERCENTAGE BREAbDCWh CF JEn*EX BLUE-
BERRY FRUIT HELD 18 DAYSOAT 40° F ARND € DAYS
AT 757 F

e s e

A et T AR e e S o o (SRS 8 et e Y a1 L0 L dimaie ST SN ST e g e 12 1Y S i, s D 1 AR o W Y Y At e e ¢

Fruit Deterioration

Indcx 18 Daye at 40 F. | € Days at 750_.;5._ .
Correlauicn Stendard Correlation Standard
Coefficient Errcr(p) Coefficiegﬁu mhézﬁgziﬁz
Sugar:acid 0.311%% i 7.5 ‘ 0.725% * 10.4
Suzar 0.3€5EE | 10.€ | 0.53TER L 1z.7
acta | ou7sess | m.e | o.sCE | 10.0

methecds &s an index for deuermlnlng the wercentage breskdown
cof fruit held at the two temperatures. The lowest =ztauCard

errcrs and the highect 1inearvcorrelation'ccefficients for



the sugar-acid ratlc chow it to be the moct accurate of the
three as a neasurement of keening cuality of bluecerries fcr
storage or ehlpment.

The determinction of cugars and acids hed to be = mnlific
in order tc use the gugar-acld ratic as a cguick test of rir-ening.
Possibilities included 5ul;ble sollds as a measure oi sugar and
pH for acid content. Therefore, ccluble solids readings, sugar
determine tions, pH meacurements, and titratable acild coantents
of the oerries were uade for fruit from the mwaturity olcts.
Many samples of Rubel and Jersey berries from-a coil fertiliz-
ation project were aleo utilized.

Total sugar content of blueberries averaged cpbout two

percent lower than the zoluble sclids content. Thls i1c cecnsict-

ent with the findinge of Strachan et al. (1$51) for apples, pears,
anriccits, cherries, peachez, and Italian prunes in walcn differ-

ences reunged from twe vercent (apple) tc 7.€ percent (cuerriec)

greater for =ocluble scllds countent tuan total sugar content.

}_l

They noted a concistent relatloncihlp betwcen the actuzl tota
suger content end the soluble tolide ccnbtent for each kind or
fruit end only slight varisticns for different varictie:z of

-

tné cane Ifruit. Come variotlion cccurrsd with tile degree orf
weturity and riveness wlth sugar waidng up & cliziotly greatver
nercentage ol tuC goluble ncliids in more wature fruit of eany
one variety.

A linear correlatiocn calculated for scluble sclids contct
~~d totel sugar content of blueverries was ulgihly si

LT

w'th o corrclation ccefficient ci 0.€2 and o ctaidard errcr of

L4
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estimate of + 1.12 percent. This indicated that soluble solids
readings obtained by a hand refractometer would be a reliable
measure of sugar content of blueberries.

There was a positive linear correlation between pH meas-
urements and titratable acid content with a high correlation
coefficlent of 0.916 and a small standard error of estimate
of't 0.074 percent. Obviously, pH measurements would be an
adequately vprecise means of determining the total acid content
of blueberries,

Ratios calculated from the soluble solids and acid con-
tents of other fruits are used as harvesting standards
(Agricultural Code of California, 1957). It seemed feasible
that the measured soluble sollds content would serve as well
‘és the total sugar content as estimated by soluble solids
readings for obtaining a ratio for blueberries., Its reliabllity
was ascertained by correlating frult deterioration (Table 4)
with the ratio of estimated sugar content from soluble solids
readings to acid content as estimated from pH,and a correlation
of deterioration with the ratioc of soluble solids to estimated
acid content. These linear correlatlons are summarized in
Table 6.

The similarities of the two coefflcients of correlation

and standard errors at each temperature are good evlidence that



TABLE 6
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A COMPARISCN OF THE LINEAR CCRRELATION COEFFICIENTS AND STAND-
ARD ERRCRS FOR ESTIMATED SUGAR-ACID RATIOS AND SCLUBLE SOL-
ID5~-ESTIMATED ACID RATICS WITH THE PERCENTAGE BREAKDOWN

OF JERSEY BLUEBERRY FRUIT HELD 18 DAYS AT 40° F.
AND 6 DAYS im™ 75C F,

R N e

Ratios of
Fruit
Constituents

Estimated Sugar:
Estimated Acld

Soluble 3So0lidss !

Estircated Acild

P e T VU T

Fruit Deterioration

18 Days at 40° F.

6 Days at 7§b F.

Standard
Error

Correlation | Standard |Correlation

toefficlent Error Coefficlent
0.715%% 8.94 0.609%%
0.718%% 8.01 0,613%%

e i r—

11.90

11.87

the soluble solids-acid ratio was equally reliable as a ratilo

of the estimated sugar and acld, for predicting the shelf life

of Jersey blueberries.
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-CONCLUSIONS

Chemlcal analyses of Jersey blueberry fruilts of known
and uniform physiological age showed marked changes with
ripening as follows: (1) increased total sugars, (2)
decreased titratable acid content, (3) increased ratio of
Sugars and acids, (4) increased pH, (5) increased pectin
methylesterase activity and decreased soluble pectin con-
tent, and (6) increased intensity of pigmentation. Insig-
nificant changes in chemical content with ripening were found
for: (1) stareh, (2) acld hydrolyzable polysaccharides,
(3) ether soluble material, (4) cellulose, and (5) 1ignin.
Statistically significant decrease were found to occur for
calcium, magnesium, manganese, and phosphorous contents
with ripening. The change of the sugar-acid ratios of the
fruit with advancement of physiologlcal age was outstandiné
and most likely of practical significance for measurement
of ripening. It was found that pH gave a reliable measure
of the acid content of the fruit and that a hand refractometer
measurement of soluble solids served to measure the per-
centage sugar content.

The sugar-acid ratio, for frult harvested over a
period of 20 days which initially contained frult with
variable degrees of ripeness and which contained a wider
range of fruilt ripeness as harvests progressed, were
correlated with the percentage breaédown of the fruit in

storage. Increases in the accumulation of ripening were
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accompanied by increases in the sugar-acid ratlios and the
percentage breakdown in storage. It was found that the
keeping quality of Jersey blueberry fruit was dependent

upon the degree of ripeness, which in turn could be measured’
by a sugar-acid ratlo. Since soluble solids and pH can be meas-
ured quickly in the field and socluble solids-acid ratios were
equally reliable as a measure of ripeness as the sugar-acid

ratios, their ratioc could possibly serve as an index for har-

vesting blueberries.
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SUMMARY

Jersey blusberry Truit on 18 uniform bushes of a
coiwerclal plantation near South Haven, Michigan, were
tagged at the time of red color development in the skin.
These Iruit were harvested at 3 to 4 day intervals for a
period of 20 days after red ccloration to provide fruit
of knownfand_varying degrees of ripenesé. - The harvested
fruit were quickly frozen, held at -5° F. until all
harvests were completed and finally 1y0ph1;11zed in pre-
paration'for'determinétion of thelr chemlcal constltuents
on a dry'weight basis.

Extensive analyses of the fruit showed the following
chemlcal changes occurred between red color formatlion and
overripeness of the fruilt:

1. The sugar content increased for 9 days and then
remained constant.

é. The titratable acid content decreased continually
and the pH increased continually as ripening progressed.

3. The intensity of pilgmentation increased the first
6 days following red coloration and then did not change,

4. Soluble pectin contents decreased continually
and; associated with this, the pectin methylesterase activity
increased.

5. Other organic constituents, namely, starch, acid

hydrolyzable polysaccharides, ether soluble matereal, lignin,
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and cellulose did not change markedly.

6. Changes in mineral constituents were relatively
small and inconclusive with ripening.

There was a linear relationship between the sugar-
acid ratlos of the frult and ripening of the fruit. As the
degree of ripeness increased the sugar-acid ratios increased.

To substantiate this relationship, the test was repeated
the following year for Jersey blueberries using the same bushes.
Fruit of the Rubel variety were also harvested at known stages
of ripening. Both varieties were analyzed for total sugars
and tiltratable acid contents of the fresh fruit for cal-
culation of sugar-acld ratios. The llnear relationship of
sugar-acld ratios to the degree of ripeness of the fruit held
true for both varieties,

To determine if sugar-acid ratios are applicable to fleld
testing the degree of ripeness of blueberry frult, five plots
of 20 Jersev bushes each were used from commercial plan-
tations at five different locations in western Michigan.
Varying degrees of ripeness of the fruit were provided by
harvesting oﬁe set of four bushes of each plot at each of
five harvests. No fruit were harvested from a set of bushes
prior to the designated time of harvest. Frult from these
plots were held at 75° F. for six days and at 40° F. for
18 days and then examined for breakdown. Shelf 1life of the
blueberries was highly correlated with the sugar-acid ratios

of the frult at harvest time. As the sugar-acid ratio
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Increased the shelf 1life of the fruit decreased.

Since soluble s0lids can be determined with a hand
refractometer and acid content can be estimated by pH
measurements, the use of a soluble solids-acid ratio may
possibly_be used to determine the proper harvest time for

blueberries.
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