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Some Changes in

CEASTERN APPLES DURING STORAGE

by R. C. Wright, seniar physiofogist, and T. M. Whiteman, associate horticulturist
Agricuftural Marketing Service, Biclogical Sciences Branch

CONGLUSIONS

In these investizations the [ength
of time the apples could be stored
at 31° F. and still retain o com-
paratively high quality rating after
1 week of simulated marketing
eonditions at 70° was as Jollows:
Grimes Golden 8 to § woeeks,
Golden Delicious 15 to 18 weeks,
Delicious 26 to 25 weeks, and
Winesap, Stayman, and York Im-
perial ahout 30 weeka.

The fesh of varleties studied
softened in storage in the following
diminishing order: Stayman, Wine-
sap, Rome Beauty, Golden De-
lieious, Jonathan, Yellow Newtown,
York Imperial, Grimes Golden. and
Delicious.

Redueing sugurs tended to in-
ereaze during storaze while suerose
lereased only during the first 1 or
2 months,

Total sugar inereased while acid-
1ty deereased during storage.

In general the greatest volunie of
juice was found alter storzge in
the Winesap, Delicious, Jonallan,
Yellow Newtown and York Im-
perial varieties I the order given.
In varteties that teaded 1o beeomne
mealy, sich ps Rame Beauty, Stay-
man, and Golden Delicious, the
juier volinne was less.

INTRODUCTION

It is often not readized that apples
remein alive even alter thev are
picked from the tree. When lefi
t ordinary room temperatures they
pass through their post-harvest life

I Diguow, W, I3, Gone, I, (., and ITowarp, B J
Agr, Bur. Chem. Buli. Y4. 100 p., 30 fig., § pl., biblivgeaphicad footnotes,

at o comparatively  rapid rate,
whuereas i stored ot the usual cold-
storage temperature of 317 o 32° I
they go theonugh the same life proe-
esqes but at aomueeh slower pace.
Ouve somelimes hears it said that
“eolil-zstorage’ apples do not taste
as good as apples do shortly after
harvest. However, cold storaee 1s
necesaary to prolong (he useful life
of the fruit, and to make apples
available for consumption at seasons
when fresh or (ree-ripened apples
are not obtainable. In general,
the storage hfe of apples depends
upotr the variety. storage  treat-
ment, state of maturity when hae-
visled, and area lic which grown.
When all of these conditions are
reazonably favorable, apples that
have been stored should have nearly
the same quality as those that have
not been stormd but  that were
ripened  soon after removal from
the tree.

PART 1.—CHEMIGAL AND PHYSICAL
CHANGES

For mauv years nvestigators
have bren interestedl i studying the
chemical and physical ehanges oe-
eurring in apples during theie devel-
opneat on the tree amd subsequent-
v during storage.  Sngar angd staveh
doevelopment were studicd early by
Biglow, Gore, and Howard ! and
their resudls were published i 1905,
They reported that during the early
Crowing season suzar wis lareely in
the form of glucose, but as the
season advanced sucerose, a3 well as
the redueing  sugars,  incressed.
“TITnIE< 0X aprLEs. UL 8. Dept.
1903,




Starch 1ii\cwise neressed and reach-
ed its maximum about mid-Aungust.
After this elimax in starch accumu-
Iation there was a gradusl decrease
accompanied by an increase in
sucrose. Haynes and Archbald ®
after a cntlc'ﬂ study of sugar and
acid relations in apples during stor-
age suggested that acid is formed &8
a result of oxidation of cne or more
of the produeis that result from
inversion of sucrose. They pointed
o the coincidence of the death of
the apple with the cxhaustion of
sucrpse and aecid. Later Tadd and
West * showed that Bramlex’s Seed-
ling apples after 230 days of storage
showed a loss in total sugar and
sucrese, o slicht gain In u'r]u('mw
sugar, and a loss in acid as follows:

Suerose

Inrlti:li

anantily
IS, . A
Chante  wfter 2

dars . . . . ... LI: AN -1 B =056

Magness and Dield? in their
observations on physiological
changes in apples hefore and sfier
harvest siated (hat with the re-
moval of the frult from the tree
eerlain processes stop while ethers
continue more or less as hefore. For
mstance, while Turther incerease in
size slops, the change from green
to vellow eolor on the unblushed
sicde of the frutt continues: the red
color may inerease ol ordinary
temperatures after picking, bul not
after the frult has been placed in
cold storage,  They noted that
softening of the apple continued
more rapidly after its removal from
the teee than before.  There was a
distinet differenee I rate of solten-

THMavyes, Doand Avcusann, I K,
N, A QUANTITATIVE STEDY 0F CHEMECAL
pp. 065-1017,  (el. 1928,

F ipn, I, and Wesr, O
ACTIVITY OF APPLES
Soc. Beries B, Vol, 106, pp. 43-109.

1 Aacyess, J. R and nem., . C.
Jour. Agr. TRes. 2 27, No. L, pp. 1-38.
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PIYSIOLOGY OF FRUIT.
DURING SENESCENCE AT DIFFERENT TEMPERATURES, Proc. Roya
1930,

PHYSHOLOGICAL STUDIES OF APPLES N STORAGE,

Ing, however, at different storage
temperatures. A4 70° F. apples
softened 10 to 12 times faster than
at 32° and 2 times faster at 36°
than at 32°.

Materials and Methods

A study was begun in the fall of
1839 and continued, with some in-
ferruptions, into 1930 to obtain ad-
ditional information on the changes
thal take place during the storage
life of several commercial varietios
of apples, Physical and chemical
examinations were made mouthly
on successive sample lots of several
varieties during storage at 31° F.
and on similar samp]es after ripen-
ing at 70° for approximately 1 week
following vemoval from storage.
T oh]oct ui this procedure was to
determme the changes taking place
in apples during sLomﬂo and how
long the appleq could be kept in
storage and vet allow for a market-
ing period of at least a week in a
temperalure of 70° before they be-
came overripe.  The varietics stud-
icd and number of vears cach was
investigaled were as follows:

1. Delicious, Tour seasons.

2. Golden Delicious, three sea-
s0Ns,

3. Grimes Golden, three seasons,

. Jonathan, four seasons.
5. Rome Beauty, three sensons,
Stayman, {hwee seasons.

7. Winesap, lwo seasons.

Yellow  Newlown  (mature
\\hnu picked) three seasons.

9. Yollow XNewlown {(immature
when picked) two seasons,

1L York Imperial, three seasons.

Al varietios were harvested at
the stage of muturity thal was con-
sicdered best in necordance with local
commerciel practice. The picking
time usually was determined by the

CHEMICALFTURIES IN THE PHYRIOLOGY OF APPLES,
CHANGES [N S'ORED APPLES.

Ann. Bot. 42,

I, THANGES IN THE RESPCIRATORY
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apparent maturity as indicated by
color and tendency to start to drop.
Most of the varieties were grown at
or near the Plant Industry Station,
Beltsvalle, Md. The Yellow New-
town apples, with the exception of
the station-grown mature lot used
the last season, were grown near
Crozet, Va. For two seasons one
lot of these was taken at the time
the usual commercial picking was
meade, termed immature herein as
this variety is often harvested so
early that its potential quality does
not develop. A second lot of these
was taken from the same trees a
month later. These were still quite
green and hard although they had
inereased in size during the interval,
In 1943 the mature Jot of Yrilow
Newtown apples was grown at the
Plant Industry Station and no im-
mature {ruit was used. The Wine-

sap apples studied came from near
Mount Jackson, Va.

The general procedure with cach
ot of npples was to selecl about, 12
bushels immediately after harvest.
These were repacked, with a hall
pound of shredded oil paper, in

bushel baskets having paper linings
and pads under the lids and were
stored at 31° F. When preparing
each lot for storage 50 {ruits were
set aside as an orchard check sam-
ple. This sample was divided into
twa equal lots, one of which -was
analyzed immediately; the other
was held for 1 week at 70° to ripen
and was then analyzed. Two col-
lateral samples of 25 fruits cach
were removed from the lots in stor-
age ot approximately monthly in-
tervals and one analyzed immedi-
utely and the other after being held
af 70° for about 1 week. Work was
terminated cach season when too
much decay developed to justify
further study.

Analytical Procedure

Firmness

® Each sample of 25 fruils was
washed and thin dislss of skin about
the size of o dime were removed

trom 3 equidistant positions around
the sides of each [rint. The firmness
of the flesh expressed as resistance
against applied pressure was then
determined with a AMagness-Taylor
pressure tester equipped with a
plunger of #e-inch diameter, An
avernge value expressed in pounds
from the 75 readings was thus ob-
tained for cach lot.

Tissue Analysi:

For tissue analyses a composite
sample was made up of two wedge-
shaped segments of about ¥-inch
thickness on the cuter edge taken
from the sun-exposed and unex
posed sides of each of the fruits in
the sample. The composite was
ground 1 a food chopper and
then homogenized in a laboratory
blender. Duplicate 50 gm. aliquots
were then laken for carbolydrate
determinations and 100 gm. aliquols
were dreied in a vacuum oven for
moisture determinations.  During
the second and subsequent seasons
additionsl sections were cut from
the remainder of each fruit, and
juice for addifional analytical data
was extracted from the composite in
8 laboratory hydraulic press at a
standard pressure of 8,000 pounds
per square ineli.

Sucars.—Aflter extraction of the
homogenized samples in 95-percent
alcohol, veducing sugavs were deter-
mined by the Quisumbing-Thomas
method, and cuprous oxide was de-
termined by the volumetrie per-
manganate method.  Taotal sugar
was determined in the same manner
as for reducing sugars after hydrol-
ysis with hydrochloric acid, aud
sucrose was caleulated by difference.

SrarcH—starch was determined
in the residue, after the extraction
ol sugar, by the anction of diluted
fresh saliva on 0.5 gm. aliquots.

Juice Analysis

Juice was extracied for each sar-
ple from sliced material pressed
under uniform conditions and was
measured [or volume; then specific

5




gravity, Brix, and pH readings were
obtained. Total acidity as malic
acid was dofermined by fitraiion
with \;90 sodivm hydroxide solu-
tion by using a standard pH meter
to detormine the end point al 8.2,
Astringeney of the juice was de-
termined by the official method * for
determming {annin in fea,

Subjective Observatians

Subjective  observations  were
made by the anthors at each sam-
pling period on the general maturiiy
as mdicated by consideration of
texture and flavor while keoping in
mind expeeted varietal characteris-
ties.  When varieties were judged
to be eating vipe they were rather
at the bv(rnmmv of that stawe, and
in the ease of most varieties, en pable
of being held considerably loneer in
qlmwv before beeoming unmarket-
able. Apploes in this stage were firm
i textuee, juicy, nol starchy, and
considered desirable for eating raw
B those who do not prefer a soft
mellow Truit. When elassed as over-
ripe the fenit was just past the best
stage lor marketing.  Such apples
were nol necossarly too ripe for
cating as they enme from stornge
but they tended {0 become soft and
mealy within a duy or twe after
removal to the 70° F. roon. Al
each mspection the apples were
classed as indicated by the pressure
tester as hard, fien, rmaipe, vipe,
or overripe i accordance with the
berms used in “070 80 Standards foe
Apples™ Cand as developed by Hal-
ler, Lutz, sad Mallison ¥ to deseribe

the firmness or consisteney of the
fHlosh,

Results

The delmled data ¢
from all (he tests are shown in
tables 13 1o 22 of the appemlix, snd

by varieties

average values for several segsons
in tables 1 1o 30 of the bulletin.

Firmmess znd Market Quality

In general it will be scen that.
firmucess ai harvest differed from
season (o secason with the same
variely, and the fruil slse differed
by season and vartety in firmness
when Judged to be vipe or overripe.

The Delicious apples in 1840 were
firmer and were picked carlier than
m the other three seasous (table 13,
appendixt, as they had colored pre-
mafurcly on the Leees and had begun
to drop, necessilating harvest on
Seplember 11, Av this time the
apples tested 17.9 pounds. Tn 1942,
however, the same variely was har-
vested on September 15 and tested
only 14.9 pounds.

The average firnmoess of the Deli-
cipus qpp](‘s for all seasons when
Linevested was 16.1 pounds, when
rafed as ealing ripe in storage 14.3,
a loss of only 1.8 pounds, and when
overripe 13,7 pounds, #s shown in
table 1. This vaciety also soltened
less in storage than the other vario-@
ties studied.

There was a wider varialion in the
picking dates of the Golden Deli-
cious apples than of the Dolicious,
but the difference in firmness of the
apples was loss (table 14, appendix),
Picking dates ranged Trom Seplom-
ber 200 in 1843 to Getober 10 1n 1940
and pressure tests from 154 1o 16.6
pounds. The average lirmness value
of this variety at harvest time was
152 [)()lilld‘« whienr raled as eating
ripe i slorage i was 12,8 pouuds,
a loss of 3.4 powmuds, and when over-
ripe nstorase 11,5 pounds (table 1),
Golden Delicious apples soltened
more i storage than did Delicious
npples,

{rimes Goklen apples were har-
vesled ab wearly the same date each

& Official amd {enfative methods of anady=is of (he Associntion of Official Agricullura)

Chemists,
B United Btabes Standands Tor Apples,
1% pp. 1951,
P Hannie, MO,
TO RIPEXESS U8

5

Lire, J. ML
BASFLERN-GROW N ADPLES,

S Bepl, A, Prod, and Mhig. ‘\dm.

aid Mannsax, K, B pie nenaTioN m FIRMNESR

LR Depl Age, O 5T, 22 pp. 1
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vear (lable 15, appendixi. In 2
years the firmness was practically
the same (16.3 and 16.53 pounds)
whereas in the third year this value
was 18.2 pounds. The average firm-
ness at harvest was slightly higher
than for Delicious and Golden Leli-
clious ftable 1Y, The amount of
softening in storage until eating
ripe or overripe was about the same
as for Delicious. Grimes Golden
apples did not ripen in storage to
attain the flavor or color of the
orchard checks that were ripened
ot 70° F. immediately after harvest.
The characteristic color of the vari-
ety developed fairly well after a
month in siorage, but when stored
longer than this the color that
developed on ripening was 4 mottled
greenish yellow.

Jonatbhan apples were also har-
vested close to the same date vach
year rtable 16, appendixi.  The
firmmess at harvest varied from 14,4
to 16.3 pounda. The average fivm-
neas at harvest for this varely was
the lowest of all the varicties
studied, whereas the average loss
iu firmness when the apples were
eating ripe in storage was 3.3 pawuds
{table 13,

Rome Beauty apples were har-
vested October 25 and tested 16.5
pounds the first season whereas
during the next two seasous they
woere harvested on Oclobor & and
tested 19.1 and 19.2 pounds itable
17, appendix,  The average firm-
ness at harvest was 1S3 pouwds
and the averase Toss i firmness 0y
storage until judged eating ripe was
3.6 pounds.  ‘This loss was greater
than Tor Delicious, Golden Deli-
cious, Grimes Golden. or Jonathan,
which was to be expecied heeause of
greafer firmness at time of harvest,

Slayman apples ranged Mrom 16.0
to 19.2 pounds in fimmess at har-
vest and averaged 174 pounds,
which value was shghtly less than
for the Rome Beauty varieiy (tahie
1 and iable 18, appendixy. The
Toss in firmness in slovage during
ripening  was 4.7 pounds.  This

variety softened more in ripening
than any of the other varleties
studied, except immature Yellow
Nowlowns {table 1).

Apples of the Winesap variefy
were studied ouly 2 seasons. They
wore pieked on October 22 1 1942
and Oeclober 15 the next year and
the firmness values were 16.8 and
21,1, rezpectively fiable 19, appen-
dix), averaring 189 pounds (table
1i. When the apples became cating
ripe after 5 monthas in storage, they
had softened to an average of 14.4
pounds, a loss of 4.5 pounds.

Mative Yellow Newtown apples
were harvested on Qetober §, 14,
andd 26 during the 3-vear study, and
firmness at harvest was 17.7, 16.1,
and 104 pounds, respectively (table
2, appendixy,  averaging 177
pounds.  Firmness of these apples
when eating ripe in storage averaged
1.0 pounds, a loss of only 2.7
pouds itable 1),

Immuniure Vellow Newtown ap-
ples harvested in September testod
20.7 pounds In firmness two seasons
Halle 21, appendini, When judeed
eating ripe, although the qualicy
was wenerally pour, these apples had
saftened to 1625 and 1446 pounds
after having been in storage 5 to 6
montha.  The average loss in frm-
neas during this period was 3.2
pounds ttable 11,

Yark Imperial apples varied {rom
15,3 to 21.0 pounds in firmness ot
harvest and from 133 to 188

-poundds when eating ripe in storpge

{table 22, appendix:. They ripened
in 317 F.storage in 4 Lo 4.0 months
and lost an average of 2.2 pounds
in firmness riable 1),

The datn for firmness of all
sarteties al the monthly sampling
periods are averaged lor the diiler-
ent vears they were studied and are
shown in figure 1. This figure and
{ables 1 and 2 amlicate the period
when thie apples wore ripe and over-
ripe both In continuous storage at
317 Fooand after they had ripened
at 707 for 1 woeel alter stornge,
When eating ripe i storage the

7




LOSS OF FIRMNESS AND RIPENING
OF APPLES DURING STORAGE ®

LBS. PRESSURE™™ " ™~ B T !
- w— [}i1ec| fcom $ioroge (317 F) GOLDEN —
20 S DELEC:OUS . = mmme L{ler nisetang §omeek n F0F DEL[C]OUS ;
- R - Ripe O Oeenpr _1'
}5 :*k_._.._g.....__'.___, . 0_____;:' P m H .
pm o S, o -
10 b e e e L e
- GRIMES GOLDEN 41 JONATHAN ~
20— —— ]
- ' | _!
] 5 A G [ .\___.......:' [—— N . ;
e R--- "1I !\. ‘.l iod -
10 Y T — ! e ey P —
L ROME BEAUTY St STAYMAN ~
‘20 i s _._a. — e i e e e ot
- . - -
15 O P A -
TO 2 ) T - - - > -
WINESAP -k YELLOW NEWTOWN - .
20 Cme e e e e L. L. w e o {MA?URE‘] =

15
10

YELLOW NEWTOWN [
{IMMATURE

20

15 °

RO R S L R S
0 4

MONTHS IN STORAGE

I L LA LA A T P L P T T TV ST

Figrae 1.-—The average firmness of specified varieties as determined at monthly
intervals when removed from storage at 31° T. and after holding each removed
lot 1 week at 70° is shown; also time when appies hecame ripe and overripe is
indieated.

average firmness of these apples age firmness of all varieties when.
renged from 124 to 17.2 pounds, overripe was only sbout 1.3 pounds
the softest being Jonathan and the  less than when they were judeed as
firrnest York Imperinl. The aver- caling ripe. The lime lapse before

8
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TanLe L—The firmness of apples when harvested and when ripe and gverripe in continuous
storage af 31° F., by varieties

When dpe o storsge ' When overripe in storage
Flrmpess! . .
o Firmness Firmness
Variely ak
harvest Mﬂil;ths Moixélhs
starage On storare On
romoval | 058 removal | 19SS
Pounds | Number | Pounds | Pounds | Number | Poundy | Pounds

Delicious —— 15.1 3.8 14.3 1.8 7.4 153.7 24
Golden Delictous. i6.2 20 128 3.4 kA 1L § 4.7
Grimes Jolden. 17.0 L0 154 1.8 20 13.1 3.8
Jonathan 15,7 3.0 124 a3 5.0 11.6 41
Rome Beauty-.. 183 2.4 45 3.8 4.0 12.3 6.0
Stayman 14 3.0 127 4.7 G.0 1L 4 6.0
W EEAD e e m e am v mm e e m e e | 15.8 a0 144 4.5 50 12.9 G.0

Tellow Newtown: i
Mature - i 177 4.0 15.0 L 7.0 14.1 B
Immatare...___.. [, 0.7 8.0 15.5 5.2 7.0 4.3 6.4
Yook Tmperind et ; 1¢.4 4.0 5.2 2.2 70 15,2 a1
Average all varicties., ______.. i IRT feee. [ TR i —— 1301 |,

1 1 L

the different varieties became eating The time at which apples should

ripe in storage varied from 1 to 3 be removed from storage to insurc o
months (excluding the immature weeck’s life at 70° F. is an important
Yellow Newtown wvariety which practical consideration. The stor-
never became normally ripe (table agelimits and the firmness measure-
1). Arranged in order of increasing  ments for each variety studied are
time required to ripen, the varieties shown in figure 1 and table 2. The
are; Grimes Golden, 1 month; varicties can be classed into groups
Golden Delicicus and Rome Beauty, as  follows: Golden Delicious,
2 months; Delicious, Jonathan, and  Grimes Golden, and Rome Beauty,
Stayman, 3 months; Yellow New- which had a lifle of 1 month 1n
town (mature) and York Imperial, storage and 1 week at a temperature
4 months; and Winesap, 5 months.  of 70°, and which developed over-
The time in storage hefore the ripeness after 2 months in stovage
different varieties became overripe  and 1 week at 70°; Stayman and
varied from 2 to 8 months. Delicious, 2 months in storage and

TaBLE 2.~—The firmness of ealing ripe and overripe apples after & given storage period at
817 F. plus an exira week al 70° by vartelics

Eating ripe Overripn
Tirmness after hetng in : Firmness after being in
Slorspc At 3i° F. stgrage at 31° P
Varlety Monthis Months
in in
sr.grﬂge o Plos 7 stnr‘;v_z“n o Flus ¥
a n extra nt 31 n exira
remaval Loss days ot romrgval Loss days at
i 707

Number | Pounda | Pounds | Pownds | Number | Poundr | Pounds | Pounds
Delicions 2.0 14. 3 18 12.2 3.0 4.3 1.8 1249
Golder Delickous. 1.4 13.7 2.5 1.3 2.0 12.8 3.4 11.3
Grimes Golden 1.0 15. 4 LB 1.3 2 3.2 39 il.3
Jonniban. 1.0 153 -4 10, 3.4 12.4 3.2 10.8
Home Ben 1.0 17.7 1.0 2.7 2.4 7 .6 126
Stayman . 2.0 13.8 3.6 10.4 KA 2.7 4.7 10. 5
Winesap._ 3.0 154 3.5 13.6 5.0 144 2.3 ize

Yellow Newtown:
Y (LT T, 20 § 16.1 1.8 153 5.0 14.9 3.8 14.3
Immature.. H 3.0 15.3 5.4 4.9 6.0 fommocmma v mmannad
York Imperial . oooaea .. . 20 1721 2.1 15.§ 540 1.2 A P
Avoragooll verlatles ' .. T AT RN 2.5 . __________ 140 (oo, 121
' H - ! ! !

325208—55—2 9




overripeness after 3 months; York
Imperial, Yellow Newtown (m*um )
2 meonths 1n storage and over-
ripeness after 5 months of storage.
Immature Yellow Newtowns had o
minimum of 3 mouaths of storage
fife and were not overripe until
after 6 months when held 1 week at
70°  Softening duving the permis-
sible storage period for each variety
ranged {rom 0.4 pound for Jom-
athan {o 3.6 pounds for Stayman
and 5.4 pounds for immature Y ellow
Newlown, and averaged 2.3 pounds
for all varicties. When the apples
Lind reached a degree of frmoess
at which {hey would become over-
ripe in & week at 70° they averaged
about 3.7 pounds less irm than at
harvest. It is of further mlevest
to note that opples which rated as
prime after a week at 709 avernged
12.8 pounds in firminess and later
when consideved overripe after a

week ab 70° they averaged 12.1
pounds, a difference of only 0.7
pouiul.

Carbohydrate Content

Importanl charaeteristies of the
taste of apples are sweetness and
sourness.  In the apples siudied,
the sugar analyses show an extreme
difference of slightly more than 4
pereent in tolal sugar between vari-
eties when haevested {table 31, Tlhis
difference was redueed  during 2
months m storage lo about 3 per-
cenl.  The proportion of redneing
sugars aird anerose vared belweon
varielies, Redueing sugar averaged
lowest thronghout the storage sea-
sons in the Grimes Golden and im-
mature Tellow Newlown apples and
was the highest in Golden Delicious.
The suerose contenl ol Grimes
Golden was Uw bighest of all vari-
eties, next Lighest i Stayman, and
least in Winesap, There was a
trend in most vareties oward an
ingrease in reducing sugars during
ripening and an inerease in sucerose
for the frst or second month of
storage followed by a decrease. In
the lols of fruil that were trans-

10

ferred from storage to room temper-
ature of 70° . there was, in general,
an licrease in sugar dmmcr this
vipening period in the first 2 or 3
lots transferred; but later lots, ns
the storage season advanced, tended
Lo lose sugar after being transferred.
In gencral, the Golden Delicious
and Stayman were highest in total
sugnr; ihe D(‘hcious varicty wns
next hl{rhml the Winesap and im-
mature Yellow Newtown were low-
est, Toial sugars in the Grimes
(iolden and Jonathan varieties when
ripened in 70° temperature after 8
period i storage were definltely
higher than when ripened in con-
tinuous slorave; in the other vavie-
ties these differences were usually
slight and i some instances those
111)0110(1 in 70° contained somewhat
less sugar than those ripened in
storage.

Starch  was  delernuned  during
two seasons.  The amounts found
woere, of course, higher in {he newly
harvested apples, varving from less
than 1 pereont to a little more than
3 percent. The York [mperial and
Delicious varielies had the largest
amouni{. Starch disappeared mthm
rapidly and most varieties after 2
months in storage had little more
thun o frace.  This deecrease in
starch probably aceounted for the

arly increase in sucrose already
noted.

Juice VYolime

In the Delicious, Golden De-
licious, Rome Beauty, Mature Yoel-
low Newtown, and York Imperial
varietivs the extractable juice vol-

unie  dnereased  during  the  first
month ol storage (table 4). In

the Delicions variely this increase
extended fo the third month and
from there pn remained neavly stable
to the end of the tests (7 months),
The vohune in the other varicties
tended to decrease in storage lvom
the beginning.  The varietics that
tonded to hecome mealy as they
vipened decreased in juice volume
hecause Lhe [reit cells separaled
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TaBLE 3.—asnerage sugor conlent of apples determined ol specified periods of siorage ol

81° F., by verieties, average of 2 lo 4 yeurs

. Pereeninge supar content

. Variely and months In

slorge | Redue-
tng  Suernse  Total
‘ =upar
Dielicious: - Percent Percent Percent
Atbharvest .. ... .. ) 2,42 )1 %y
lmomth.._.. . oo ... T.52 5l 1o, 54
2 months. .. Hoah 2. 1. 46
dmonths. ... ... . LA By it
Amenths....... .. . &3 i .5
& months, . 4.7 2, 11.493
& months....... . in.38 1.3 Rl
vmonths_ ... . ... ... 0.9 1.3 0. 56
Giolden Delicious: :
At harvest | . : 0 1243
1 month..._. . 539 i R4
2months_._.. 339 12,74
Hwnths. ... R 317 1441
4 months.,... . . . . 3.10 120
dmonths ™. _ . A0 | B
G monghs?__. .. 271 1324
Grimes (oldon:
At harvest ... da7 9.4
1 menzh. ... 4. a3 il.0s
2 months 1,74 oY
3 monihs. .. 1.3% 1.3
4 months1__. ER ] 1144
Jonathan;
At barvest - 25 Iy
1 moneh, ..o . 2, 11.32
Fmontha. ... ... N 11.32
dmonths. . .. 4 Ly
4 months. .. .. 2, 1.3
Smonths. . 2 i1.21
foponths. a. 144
Rome Tieanly;
At baryest o L ] 16 fia
1month. ... T .57
Impnths . . _ s nl 1182
* manths. . 7. i 7H
4 months. . . v. sh 11.1k
Jmonths | . Fih .47
Stayman:
At barvesg . i 342
1 menth. ... p ) .0
2monihs_ .. oA

T Resalts from 1 year enly.

rather than ruptured under pres-
surc.  Liltle or ne diminution in
the yield of juire was evident in
the Delicioua, Jonathan, and York
Imipertal and posaibly the Winesap
varieties which did net  beeoms
mealy. In general, {he ereaiest
volume of julce was ubilained from
ihe Delicious, Winesap, Jonathan,
Yellow Newtown, and York Im-
perial  vavielies.  Rome  Beauty
rated the lowest,

Titratahle Acidity

Titratoble acidity, enleulated as
wlic acid in the expressed juice,
shows considernble varintion  be-
tween variclies as well as within
variclies Mrom year {o year.  Varie-

" Percentape sugar content

Yariety and manths in . :
sLorage Rdne- .
ing Sucroge Totol
sugir

Starman—Contiourd Percent Pereent Percent
B Ry

dmonths_..... ... . .. 808 .22 2
4 manthe_ . . . A 3.0 1142
Smonths__ . .. 5.00 4.2 0 1392
Hmgnth=1._ . . . 572 206 12,68
7 months ‘. 4. 41 340 12,2
Winesag: ’
Athareest o . L. 5,23 230 . 1062
| month.. .. K, 53 .31 in &4
2menths L. K81 232 10.03
d menihs ... 88T 1.52 10. 60
ttoenths. . ... . . aan LG 10.75
Smonths.. ... 4.125 LG, 18l
fmanths. . . 119 LA, LLAR
T mooths . 118 L% I [ N
S months .. W LA 10054
Yedlow Newown dnatiune: ;
At harepst | 7.2 3.31 10. 55
T mnnih. .. TR Al i1.13
Imonths. . .. . T.oad 3. 40 42
Jmonths. ..., I 3.7 15. 3
L months. . AT 3.83 11.58
A manths 7R 3.3 1.l
fimenths =01 3.04 L3
vmonths . . 515 205 11.10
Tellow  Newtown cimma-
bure - :
Af hurvest | o0 A 1] w5
I mnonth . 4hr 250 S HE
2months . L 2 7 9.4
3 months [ T 57
4monits | TR 23 a4
Jmonths [ 35 40
hmonilis oL [ i 8494
7 manihs ) 48 1.ud .38
Yark Timperiai-
AU harvesy . - 1.74 9.15
1 tronith R A5 16 69
2 senLis S04 2,45 10. %
Amonth-.. .. . i 415 il.13
4 mantis . L.} 307 11416
Armanths 5 i3 T 1.7
vmenths . .0 0 w2 EAL] i i

tal difference is especially netice-
able between (he Delicious, which
was the lowest, aud the Jonathan,
which was the highest, in acidity
of the vareties studiod (table 3).
Although the average sugar con-
tent of the two varielies is prae-
tically the same. the low acidity of
the Delicious aceounts lor its swoeel
taste as compared with the tart,
spiey taste of the more acid Jona-
than variety.  After 5 to 4 months
of storage, Deliclous and Winesap
varieties lost the least acid during
ripeming whercas CGolden Delicious
lost the most, In most instances,
the apples when ripened at 70° [,
following storage were slightly loss
neid  than when ripened at 31°.
Al differences weve slight, howoever,

1
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Tasrg 4,—Vohone of juice per 100 gm. of tissue of difierent varieties of apples at monthly

tnlervals during storage al 31° K., uverages of 2 o 4

years

Varlety

MMonths in storage

19
wr
[y
L
=
7

Dellelows. ...
Golden Dellelous .. .

Grimes Golden.
Jongthan

Yoliow Newlown (imm 1[Hicd]
York [mperinl . R

Solids-Acids Ratie

Solids-acid ralio, which is based
on the relation of the soluble solids
content determined by the Brix
hydrometer {table 6) to the acid
content of the juice varied largely
with the acidity of the different
lots. Inmosk varietics, the average
ratio of soluble solids to acidity
increased during storage {table 7).
In the case of the Delicious, Jona-
than, and Staoyman varieties, the
ratio began to decrease during the
last month of storage. The ratio
was relatively high in those varietics
such as Delicious and Golden De-
licious which were low in acidity
and low in the Jonalhan varicty
which gave a high acid titralion.
The average amdm of the im-
mature Yellow Newlown apples was
slightly less than that of e malure
Yellow Newtown whereas the Brix
reading for soluble solids of the
former was considerably less. The

resulting ratio was slightly higher
for the mature apples.

Specitic Gravity

The juice showed no consistent
varintions in specific graviby within
varicties during siorage, but the
average volues for vareties did
vary. The highest approximate
average value was found in the
juice of the Golden Delicious vari-
ety and the lowest in the immature
Yellow Newtown as shown in {'he.
following tabulation:

ariot < Specific

Yaried s gravity
Tehielons ... oo ..ol 1054
Golden Pefiefates, ... ..o . .0 oo 1 O6f
Grimes Golilen .. ... ce e eiaereaaa 1,052
Jonniben, oo oo lalil 0L aeaa L
Rome I‘imu!y e e i aaa 1053
Brpvman, . P e e e e . 1,038
Winesnp. Lo e 186
Yellow Newtown (nnlun e 1049
Yellow Newtgwn nmm-\mﬂ-:_. 147
Yok Dinperin).. —— 1,038

TABLE 5.—Aridily {as malicy of differeal varicties of apples delermined ut harvest and at

monthi} J tirlereals {1’ uri ng sforugc wf SI F.,

Varlery

DeMetons___. .. ...
Golden Dollclons .
Goimes Golden_, .. .
Jonothon...... .
Home Bepoty.
Stoyman. .
Winesap. .- -
Yollow Newtown (matared ..

Yellow Newtown (Immnnlre) L
York Imperlal. ... ... ... ... e e

12

rwrrrag-:"i af 2or 3 ?,!mrs res id!s

Months in storige

i] i 2 3 L -

Pereenl Percemt Percent Perceal Percent Pereent

1 M 4,137
A2 L34 .309 . .2!'1'." P
. 530 SRR L3880 L4060
LB . 782 1 N
i 5] e {151 L3580 332 Ll

. M 4n Lane g L asd
C4E 452 Ladl - LW L HEZC 43
B3 &5 L5 @ Ld96 .68
SO LSI . LA LA - 4B (40s
RTINS TS i 1
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TABLE 6.—Briz hydromeler values as defermined in the Juice of different varieties of apples

al harvest and
resulis

at menthly intervals during siorage ot 31° F., averages of 2 lo 4 years®

Months in storage

Varlely il
i

a

1

25334_.5::6

Dellclous
G olden Deliclous.

Grimes Golden.__
Tonathan

15.49 |
{1300
14,50
1406
14,81
13,88

Yellow Newtown Emmum} -
Yellow MNewtown (immatire). .
York Imperlsl

{ Degrees f Degrees
i 1282 | 13.86

' ' t 1
Degreey jDegrees ' Degrees Deprees * Degrees
13.47 | 1415 13,79 7

Degrecs
14.31 . 1413 13,04
165,60

13.92
15.20
12,15
14.80

Tatal Solids

Values for total solids waried
very little during storage and very
little between varieties. However,
the highest average values were
found In the Stayman and the
lowest in the immature Yelow
Newtown variety {table 8).

Aleohol Saluble Solids

Alcohol soluble solids as deter-
mined in the tissue of the different
varieties averaged highest in the
Golden Delicious and Stayman
varieties and lowest in the Yellow
Newtown (immabure) and York Im-
perial varieties (table 9). There
was & general tendeocy towsrd sn
increase in alcohol scluble solids
during storage; Golden Delicious
was an exception, however, as the
solids in this variety actually de-
creased.  Aleohol soluble solids

which, of course, include sugars
showed nearly the same relation-
ship between varieties as did total
sugar., Two exceptions to this
were the York Imperial, which was
relatively low in alcohol soluble
solids and relatively high in total
sugar, and immatore Yellow New-
town, which was relatively high in
aleohol soluble solids and low in
total sugar.

Astringency

The results from determinations
for astringents (tannin and non-
tannin) were so extremely variable
that no definite conclusions or
trends secmed cvident. In gen-
eral, total astringents were highest
In the Stayman and Winesap,
followed by Grimes Golden and
immature Yellow Newtown. They
were lowest in the York Imperisl
varieby.

Tanre 7.—Solids-acid ratio as deiermined 1 the juice of different varieties of apples at
harvest and at monthly intervals during slorage at 31° F., averages of 8 io 4 years’ resuils

Months in storage

Varlty ;
]
1

Deletons___ocaeo o ____
Golden Delleh
{rbmes Golden
Jonathan
Romg Benuty.

layman. ...
Winnsan
Yellow Newtowi Emuture}.
Yellow Newbown {Immatur
York Imperio)

;
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TapLe 8—Tolal solids in differeni varietics of apples as determined ol harvesl ond at
monthly intervels during storege at $31° F., avernges of 2 to 4 years

Montlhs in storage

Variety

o

1

Drelleions. ..o oocama oo
Golden Delicious.

Grimmes Gokllden ..

Jonnthan ...

Rome Beunty -

BtEyian... e
Winesi: e it e s
Yellow b town (innlire}

Yellow Newtown {Immmabare) .-

York lmperial........

18.03 ¢
JT.BY §
16,69 3

i

i
|
k
'

-
f=]

(=
o
=1

me
e

'.'.f
Y

]

-]

e
prey-s
=

i Pereend: Pereeit " Percent Percent Pereent | Percent,
N i 7081 16,58 7.06 1 16,97 |

-lsi 1:~ }

17.84 !

c
HRasEE

|

Summary to Past |

Nine warieties of apples were
stored during sceveral seasons ab
31° F. Af monthly intervals sam-
ples were removed from storage for
inspection and analysis, while sim-
ilar lots were transferred to a room
having o temperature of 70° and
held there for a week to determine
the ripening changes oceurving dur-
ing this period.  Taste and pressure
tests for ripeness, tissue analyses lo
determine carbohydrates and solids,
and juice tests for volume, pH,
acidity, soluble solids, and astrin-
geney were made at each trapsler
and after holding the [ruit at 70°.

The approximate maximum stor-
age periods in which the different
varieties were'suilable for consump-
tion after storage at 31° I8, {(before
they Dbecame overripe), and  the
maximum  periods in which they
could be stored at 31° and yet allow
a markeling period of a weelk at 70°

hefore they became overripe are
shown in table 10.

These data show that most of the
apples studied, if they are to be held
at 70° F. for at least o week in the
process of marketing after being m
cold storage, can be stored for only
about one-half the time 1t would
require them Lo ripen i 31°.

The frmness of apples as deter-
mined by the pressure tester at
Larvest ond during ripening in stor-
age was recorded. In general, the
Grimes Golden and Delicious vari4f)
clies had softened the least when
ripened in storage. These varieties
were followed in order of increasing
loss in firmness by York Imperial,
mature Yellow Newtown, Jonathan,
Golden Delictous, Rome Beauty,
Winesap, Stayman, and immature
Yellow Newlown.  The average
firmness of all varieties when har-
vesbed was 17.7 pounds; when ripe
in storage, 144 pounds, and when

TabLe 9 Alrohol soluble solids in different vericties of apples as determined ol hurvest
i ul monthly tntervals during steroge al 31° K., averages of & lo 4 years

ATpaths in storape

Variely
0

i

T T DA R T B B

Belieions ... o0 ool e oo o0
Gollen Delicieus . .. . . . .. oo
Grlmey Gelden .00 .. ... . ..
Jonathan_. ... ... e e
Rome beauly

BEAY M o e e e

Whaesnp. .. ... .

Yollow Newlown (toabore) .

Yellow Newtown (inuatoeeed. ...

York Linperelal. ... .o

i)

Flervent " Bercent :f’f'rﬂfnﬂ_ Pfrcmf: Porcent Prrecuts Pereend’ Percent
i P-4 w i iy s
12,74 L4, .

15. 87

134,75
15 G2
1340 .-
00

408

1560 .
13,70 3. 1T
AL Ll i L4, 1
11.70 . L0 1162
118G o

IERR

130} T8
v 15,73

I LT
AT
14,07
13,32

i BEh 12

Jd. 4%
11,65
1415

14
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TarLE 10.—Marimum time apples were held al §1° F. before becoming overripe in
storage, end mezimum time they could be siored af 31° ullowing olse an additional week

at 70° before becoming overripe

Varieiy

i .
"y { AT F.- Lweck
At 31 P, 1 e

Drellcious. .

Goidon Dcllclous
Grimes Golden. .
Joenpthon.. -
Roiae Euul
Stayman. .

1o et horvestedr, .
Yellow Newtown (hnmnt PG W heu harvested). ..
Yuork Imperial .. ..

e Ipte T months oL
. Tpiwdmooths. ... . .

overripe in storage, 13.1 pounds,
showing less than a pound difference
in ﬁlmnoss between the ripe aud
overripe product.

Total sugars tended to 1nerease
and acidity decrease mnall varielics
as they ripened in storage. Redue-
ing sugars tended to Increase during
stomge whereas sucrose 111(‘1051;:0(1
ouly during the first 1 or 2 months.
Starch varied from 1 to 3 pereent
at harvest and vsually decreased to
only « {race after 2 months, Acidity
varied greatly Dbetween varioties,
amounting to 0.69 percent in the
Jonafhan \'mlctv and enly 0.18 in
the Delicious when ripened in
storage.

In general, the greatest volume
of juice oceurred 1 ithe Winesap,
Delicious, Jonathau, Yollow New-
town, and York Imperial varielies
during storage; the lowest volume
was found in the Rome Beauty.
In varicties that tended to become
mealy as they ripened, such as
Golden Delicious, Slayman, and
Rome Beauty, the juice “volume do-
ereased beeause the cells separated
rather than ruptured under pres-
sure. In every instance (here was
a lower volume of juice in apples
rated as ripe after a woels at 70° 19,
Tollowing storage at 31°, than in
those that were rated s ripe in
confinuous storage.

PART 2.—CGHANGES IN EATING
QUALITY

After the study of chemical and
physical changes in apples during

o tod mmanths,
pto 2 monkhs.
JJa

p 103 months,
1o 2 rontle,
10 3 munths.
Tio 3 manths,
1
t

1N
1
Upto 2 months_.. ..
Up o b monihs, T
Upto 4 moaths. . .. Up
Upte o ruonths, | . I'p
U'p o % months .- Tp
Upto ¥ mpuths. . 0 0 .
.o 1%
Cda u

a,
o § manths.

3]
a § montls,

i

storage as reported in part 1, a
project was hegun to 1[1veqt1(rﬂ,te n
arcater detail the changes in m.tuw
qualzL_\', and to delermine the max-
mum safe peried that apples can
he held in storage and yel allow a
reasonable period lor distributing or
marketing alter their removal from
storpge,

Li the work covered in parl. 1 the
authors arbitrarily determined when
the different varieties of apples were
caling ripe in order to correlate the
period required for ripening with
changes in firmness, sugar content,
acidit\' and others. Becnuse of the

detailed work involved, samplings
were made monthly. It was evident
that too much change n eating or
cooking qyualily occurred (ILumO'
sampling ntervals as long as &
month. Therefore, in the following
study sampling periods were made
at 2-week intervals when possible
aned the average ratings of § judees
wore used o deternining ripening
qualiiy.  The ripening periods re-
ported here do not alw avs agree
with those given i part 1, hut 1t s
believed thatl as {lese were derived
on a different hasis, bath results will
serve o uselol purpose.

Method of Procedure

Seven \'l'l.Il(‘[l(‘b nl' apples which
m('ludod ‘short,” “medium,”’ and
“long keepers” were used in this
study. These varieties were Deli-
cious, CGolden Delicious, Crimes
Golden, Jonathan, Stayman, Wine-
sup, and York Jmpuml Duuug

15
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the first season (1944) the varieties
studied were obtained either from
_the Plant Industry Station at Belts-
ville, Md., or from nearby commer-
cial orchards. The approximate
blooming date for all varieties was
May 1. The picking dates corre-
sponded with the usual commereial
picking time for ewmch variety.
Thus, Grimes Golden and Jonathan
apples were harvested on September
14 and stored the following day.
Golden Delicious apples were ]’Jl(_‘.l\(‘d
and stored September 23; Delicious,
5eptembel 25; York Imponai Octo-
ber 7; Eatapnan October 11; and
Winesap, October 31.

During the second season (19435)
frost following Tull bloom destroyed
most of the crop of apples near
Beltsville, but a supply of four
varicties was obtained near Kear-
neysville, W, Va. These varietics
ineluded Golden Delicious and De-
licious which were picked Septem-
her 20, stored near Kearnevsville
at 32° I, then trucked to Belts-
ville on September 24 and stored;
and Staymen and York Imperial
which were picked QOctober § and
10, stored near Kearneysville at
329, then {rucked to Beltsville on
Oclober 17, and again stored.

In 1946 Grimes Golden, Jonaihan,
and Delicious apples were  used.
The Grimes Golden variety was

cbtmm‘d at Berryvidle, Va,, as
again none of this variety  was
avadable at DBeltsville. T hese

apples were picked September 11,
stored at 36° K, until September 17,
when they were {rucked to Belts-
ville and stored. Apples of the
Jonathan variety were picked at
Belisville Septermber 17, and stored
the following day. Delicious apples
were picked at Belisville on Sep-
tember 18, and stored September
20, Sl‘&ymans were  pleked near
Kearneysville, W, Va,, October 24,
end stored at DBeltsville (he fol-
lowing day.

In 1949, the Grimes Golden va-
riety alone was studied. These ap-
ples were oblained from o com-

16

mereial orchard near the Beltsville
station,

The general procedure on arrival
at the laboratory was Lo gently
pour the entire lot of cach variety
of apples over & long work table
thus mixing the contents {rom each
original container. All undersized,
oversized, or otherwise abnormal
or injured {fruits were discarded.
The required number of standard
bushel boxes was then simultan-
eously filled by successively select-
ing, at random, fruits of the same
approximate sizes for cach box.
Thus, all the boxes, when filled,
contained the same proportion of
the different sizes of apples. The
boxes were lined, padded, and lidded
and about one-half pound of cowa-
mercial shredded oiled paper was
distributed through each while be-
ing filled. Yhen packed, cach lot
of fruit was stored at 31° F. and o
relative humidity of 85 to 90
percent.

Depeading on the variety and
condition, & box lot of each variety
was removed from storage at ap-
proximately 2-week intervals and
taken directly to the holding room
which lLind a temperature of 70° F,
Samples of 10 apples each were
taicen a2t random for tasting by o
pancl usually of 8 judges, {1)
when the boxes were Temoved
from storage and (2) at 3- or 4-day
intervals while the boxes were in
the holding room. At the start of
the tests a box of cach variety was
put directly into the room having
o temperature of 70°, and also
sampled at 3- or 4-day perieds.
These apples are hereafter referred
to as an orchard check. Sampling
of each lot in the 70° room was
discontinued when the apples had
become overripe or an excessive
amount of deeay bhad developed.

Each of the samples of 10 apples,
after being wormed to room tem-
perature, was cut info segmenis of
approximately equal size. Sub-
samples constituting & segment from
each apple were made up from these




end were given to each judge at bis
customary place of work to aveid
assembled discussion. A simple
score sheet, as shown on this page,
was provided each judge and he was
asked to checl 3 iteins only; texture.
taste, and flavor or aroma. Numeri-
cal values were assigned to each
item on lhe score sheet, as shown,
but these values did not appear on
the sheets when the judges received
them. Changes in the score sheets
after the fimt season made some
differences in certain values, but
practically no change in total
values. The judges were familiar
with apple varieties and were in-
structed to score each sample on the
basis of vavictal characteristies and
to avoid personal varicetal preler-
ences as much as possible.  Judges
were informed as to the varietios
they tasted, but not as to storage
treatment. It «will e noted that
opposite each item under texture.
flavor, and {sste, the numecrical
values were arranged te reach =
maximum s the fruit ripened to
the most desivable characteristic Tor
apples in their prime condition lor
cating ou? of hand or for cooking.
After reaching this maximum, the
values decreased to & point I}eyond
any measure of usability, Thus
under ‘texture” ithe values -
creased from “hard” to “fim” to
“erisp” and then deereased as the
apples beeame “soft” and “mealy.”
Taste values were largely 2 measure
of sweelness or sourncss aund in-
crensed from “starchy” to “tart,”
which represented o pleasant com-
binalivn of acid snd sugar, and
then decreased to “sweet” which
indicated low acidity. “Flavor" or
aroma was & measure of the fullness
of the desivable volatile substances
charpcteristic of the variety and
present when the fruit is in ils
prime, The judge was free to
check two items if in his judgment
the characteristic he wanted to
recnrd lny between the terms on the
score  sheel. In evalualing
scores the values corresponding Lo

JIPNE—E60—3

the

the checked items were added to-
gether to give the total (taste,
texture, flavor) value.

A taste-texture-flavor rating of
65 to 70 represented the minimum
acceptable grade in these tests, but
in the trade, fruit so rated swould
ordinarily have a somewhat longer
commercial Iife than is indieated
here,

Original Score Sheel Used n Sampling
Apples
MNumeriend
Texture (check one or more): rliee
Hard (too hard to eatoutof hand)_ 15
Firm fnearly cating ripe, but too

hard for most persons). . ____._ 25
Crisp ffender and juiey)oo ... ... 30
Boft {fully ripe, but not overripe). 20
Mealy (overripe) .. o _o..aoL__ 10

Taste (cheek one or more):
Starchy. ... ... a
BOUT . e e mmmcemam———n 10
Tart (pleasant combination of

acid and suear) __________.___ 30

Sweet (low aeid) . .- .. oo ouooo 25
Flavor-aroma:

Lacking or partially developed... 15

Goodo e i ees 3a

Flat or lD‘-lpld ________________ 20

Stale or “off™. . .. ..o . e man 0

Revised Score Sheet

Texture (eheck one or more);
Hard {too hard o caboubof hand)_ 15
Firm {nearly eating ripe, but too

hard for most persons). . ....._.- 23
Crisp (tender and juiey)-. ... .. a0
Salt (fully ripe, but not overrlpe)_ 20
Mealy (ov errlpe) ................. 10

Taste (check one or nmrc}
Starehy. . oo oo acamaoo. -3
BoUr. . . i cmaacameccmeean 10
Tart (p]msaut‘. combination of

acid and sugar). _ ..o _.. ... 30
BWeet. oo ... 25
Low sugar-low acid. ....._.... . 10

Favor-aroma {check one or more)
Lacking . . a2 15
Approsching optimum... ... _____ 35
Oplimum. ... e e emeae 40
Past optimum. .. - . _..___.. .. 30
Ingipid. .o ool cooln. oolao- 10
Bbnlee e 0

Results

The results of the work of the
different seasons (1944435, 194546,
1946-47, 1949-50) are given in de-
tail in appendix tables 23 to 38.
These tables give the averaged
values for texture, taste, and flavor,

17




from the ratings by the individual
judges, together with the total
values for the different samplings
throughout the storage period for
each wuletv From these tables
have heen determined, in summary
form, the maximum time each
variety remained in usable condi-
tion while m_ continuous storage
(table 11}, and the maximum time
each cou]d remain in storage and
vet have a period for marketing or
distribution in which the apples
would bhe in aceeptable condition
(table 12).

Quality Development While in Continuous Storage

Consideration was given to the
development of quality of the differ-
ent varieties while in continuous or
uninterrupted storage af 31° I
Apples ean be held Jong past their
marketable storage ps'rio(l and still
appear marketable, but it is not
always realized that such fruit may
deteriorate suriously in quality a few
hours after removal from storage.
Such fruit can. however, he used
for limited purposes if utilized soon
after removal, rather than marketed
in the usual way,

Table 11 sho“'s the length of time
ench variety was in con tmuous slor-
age before a lotal rating {ft‘ls(c-
texture-flavor) of approximately 7
was reached, the stovage period (Im—
ing which the fruit iotnmed 1 rating
of 70 or higher, and the h]whc-,tqun]-
ity raling ma(hod wlhile 1n slorage,
The data show that Delictous apples
reached 70 (fair) or higher in from
G to 10 weeks and remained above
thig rating for from 14 to 32 wooks.
The hwtht rating reached for this
vmml\' was S0, Goldml Delicious
reached 70 in from 6 (o 12 wecks
and remained above this rating for
14 to 16 weeks., The maximum
rocorded quality was 84 and 73.
Grimea  Goldenr in 1044 npever
reached arating as high as 70 while
in storage, lnt]u‘. other (wo seasons
that this varfety was sludied, the
70 rating was suepassed in 6 weeks
and remained above 70 for 14 weeks.
The Dhishest ratings for Grimes
Golden were 89 and 8%, Jonathan
apples obtained o rating higher than
T0in G o 10 weoks and mmqm:'d
aliove 70 for 24 to 30 weeks., The
Ligheat ratings were 85 and 91.
Stayman while In storace surpassed

TapLe 11.—Derclopment of guuality of epplrs arkile i conlinzons storage al 51° F.,, by

rariefig

W ks iy whin TEThEL qm?.:]r}

Voricty and o0 0mem
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Il Lo.ls
184514 L.

17 ol

Average .

Golden Defician
19443 .
1M ...

AVErage. ...

Grimen l"‘uld(‘n

Average, ..

Wine-ap:

AT Irnp. r11'?

ol Highest nunlity
. e ity
“E-:]}: r&r:;;\d_i" Y reached, and
: . timy n-quimd
Varkty an ! seson N
T Huoe |
skt mained el
wai ahowe Stz Weeks
LU ATH BT
N XNom- I Num-
Tt lim: ter 1 Ber . Rating her
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vapezr, LT

Ay
LY I S,
-4 P

l’J-h—Ih U
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o rating of 70 in 8 to 1C weeks and
remained above this point 22 to 30
weeks. The highest ratings were 87
and 89. Winesap apples were vari-
able. The one storage lot reached a
rating of 73 in 12 woecks whereas
succeeding lots rated below 70 until
after 18 weeks of storage. They
were ogain Dbelow a rating of 70
until stored 26 weeks at which time
they scored 72. Yeork Imperial
apples rated above 70 n 12 to 16
weeks and remained above this
rating for 22 to 28 weelks. The
highest ratings for these lots wore
79 and S1.

The resulls, as will be seen, show
that, in general, fruit which ripened
at 70° I, afier siorage had some-
what higher ratings thau fruit which
ripened in eontlhuous storage af
31°  Jonathan and Stayman had
about the same rating for bolk
temperalures.

Marketahle Storage Life

Table 12 shows {column 1) the
approximate maximumstorage
peried in which the apples were 1a
storage and sobscquently retained
o lotal grade (taste-texture-flavor)
uot lower than 68 to 70 for 6 to 7
days at 70° F. In columiu 2 of this
table the highest quality ratings
attained by each variety durlng
ripening at 70° are showmn.

Grimes Golden apples, as indi-
cated In table 12, possessed the
shortest storage life of the varicties
studicd. This storage life averaged
9 weeks with extremes of 6 and 10
weelks as the time these apples could
he stored and yet allow a weck at
70° I¥. {for marketing. The general
guality of the 1044 crop was mierior
to that in the other 2 vears studied,
The color of the fruit when stored
was a slightly yellowish green. After
about 4 weeks of storage these
apples still ripened Lo a fanly good

T‘\MSE 12 —~8emmeary shewing the approrimale time xpples could be held in storuge at
31° F. and siill vemain in aeceptahic evndition (with o mintmum raling of 68 to 70) jor
at lrast a week qfter remoral {o T0° and b ghest quelily reached during ripening at 70°,

Iy varicics

Maxi-  Iigwnine at To°
Comuin o F, o hichest
Ctime I quly

storugy —

utild ye-

T omaln
ubsrhet-
Cooldel
woek ul

.

; . i A A
Prelicinus: Wil rating’
Wad-is Lo L s - w m
B LEE o | PLTI Wy %
Wy oL iy N b1}

Varlpty sl sepson
Woeks
in ~tor-
ot
"o

e
¢ arefed

Average P it ]

Crodden Tiekiedais: )
=S oL L 1. 1
14514 . ] M

Avirage S ! hi - i

Crinws Galdeg:
JLIE R | S [ Ihl
. =

Aversge | oL [ &3

Jonatlan: -
104345 .. e ] M
WHG-4T L. P K Hil

Averngr. . .. : hait

1 Paste-texture-fiver ratlng,

Aasl- Ipening at 709
mum |3 te highoest
tie in :
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oound re-
maln
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P Weels
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L} 1
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DELICIOUS APPLES

Eoting Quality Ratings During Continueus Storoge and After Ripening

. 5 DEPARTMENT OF AGRICULT . RE

QUALITY RA"]NG

80 E_"_—gz—x..:._‘_ x .

60 5 .

40

20 i # In continuous storage at 31°F ___-
| mme : Same ot 1 week later in 70°F i

0 ] J L l I i 1 ] L 1 ] 1 1 ! 1 |
¢ b 12 18 24 30 36

WEEKS

CURVES SHOW THE DEYELOPWENT OF EATIHNG QuilITY WHILE I COMTINUDUL STORAGE
AT 2™ F. AMHB [N IDENTICAL LOTS | wEEK LATER I 70°. CURVES Ma THEMATICALLY
CALCULATED FROM JEAN QUALITY RATINCE NADE AT APPROKIMATELY 2.WEEK INTERVALY

HEG, 1135-54¢]1}

AGRICULTURAL MARKETING SERYVICE

Figure 2.

yellow color, bui small greenish
spots remained on most fruits after
ripening. As the time of storage
increased, the amount of green re-
maining on the surface of the apples
after ripening inereased until finally
very litile yellow color developed.
This deterioration of characteristic
ripe color developed somewhat more
rapidly than deferioralion in the
caling guality. Although (hese ap-
plesremained comparatively hard in
storage, when they were brought out
to ripen, more rapid softening fol-
lowed by decay occurred in them
thanin the other varicties. The eat-
ingqualityof the lots that ripened at
70° after storage at 31° compared
favorably with the quality of the
orchard checks ripened diveclly at
70° (tables 28, 29, and 50) up to the
maximum time this variety could
be held in storage and be marketable
a week after removal from slorage.

The next variety in order of in-
creased storage life was the Golden

20

Delicious.  This variety was stored @@

when the ground color was hetween
green and yellow, but mostly green.
An attractive yellow color developed
during subsequent ripening. The
1944 lot had a maximum storage
life of 14 weeks and the 1945 lot
16 weeks,

Delicious and Stayman apples
both showed an average storage life
of 21 weeks allowing for the usual
7-day marketing period. The sea-
sonal results were variable for hoth
variaties, ranging from 16 to 28
weeks for the Delicious and 14 to
28 for the Stayman.

Winesap apples were available in
only one season during these tests.
These kept in macketable condition
for 22 weeks. The gencral quality
of these apples as compared with
the olher varieties was low. There
was considerable variation in qual-
ity bebween successive storage lots
in spite of the care that was taken
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GOLDEN DELICIOUS APPLES

Eating Quality Rotings During Continuous Slerage and After Ripening

QUALITY RATING ’
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b, 5. DEPLARTHENT DOF AGRICULTURE
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CURVES IHOw THE DEVELGPMENT OF EATING QUALITY WHILE {H CONTINUOLUS STORNCE
AT 11" F AND IN IGENTITAL LOTS | wEEK LATER tw 0°
CALCULATED FROM MEIN OULLITY RATINGE waOE AT APPROLIGATELY Z2-WEEK INTERWALY.

HEDG. 1084~ 541001,

CURYEI WATHEMATICALLY

AGRICULTURAL MARKETING SERVICE

Fiaune 3.

@ o insurc uniformi ty in making them

up.
Jonathan apples showed a wide
seasonal variation, For the first
vear tested they had a marketable
storage life of only 18 weeks, but in
thie next season it was 30 weeks, or
an average of 24 weeks for the 2
scasens.

York Imperial apples remained in
marketahble condition longer {han
the other wvaorieties studied; 26
weeks was {he maximum period for
both sensons in which tesls were
made.

Table 12 ulso shows the highest
quality ratings atinined during anv
ripening peried and the time when

31° I%. to atiain these ratings. It
will be noted that these highest
quality ratings compared favorably
with the maximum ratings of the
orchard cheeks ripened directly at
70° as shown in tebles 23 to 38.
Thus, Delicions attained a maxi-
mum average qualily rating of 86
after 9 weeks of storage, Golden
Biclicions 85 after 4 woeeks, Grimes
Glolden 81 after 7 weeks, Jonathan
86 after 9 weeks, Slayman 87 after
10 weeks, Winesap 76 after 14
weeks and York Imperial 86 alter
G woeks.

The mathematically developed
curves shown in fgures 2 Lo § ® were
constructed to illustrate graphically
the relation of the eating quality in

the speeific lots were removed from,

¥ The data for these curves were caleulated by 3. J. Ioch, Biometrical Services,
Apriculfural RRescarch Service, by means of mulliple regression techniques. The eurve
of best fit was determined for each variety when removed from continuous storage and
after each lot was ripened 1 week at 70° . The best fitting curve in most cases was
found to be a multiple regression equation usieg the square root of the number of weeks
in storage as one of the independent varinbles and Lhe logarithm of the number of weeks
of storage L3, log (z4-1}, es the other independent variable. These variables were

2




GRIMES GOLDEN APPLES

Eating Quality Rotings During Centinvous Storage and After Ripening

QUALITY RATING
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Figure 4,

the different varictics of apples at
successive periods in conltinuous
storage at 31° K. to that quality in
identical sample lots 1 week later
after being transferred to a tem-
perature of 7T0°  These curves
show, with one exception (York
Imperial} that the ovchard check
samples atiained & higher or nearly
higher rating after ripening at 70°
than subsequent samples {aken from
storage and held 1 week ot 70°,
In all varietles, the guality ralings
of the apples ripened directly aL 70°
diminished until (he curves inter-
sected the ratings of the apples held
in 31° storage in from § to 30 weeks,
the length of time depending on

whether the varieties were short,
mtermediale, ov long “keepers.” At
tie {imes when the curves inter-
sected, the apples had ripened suffi-
ciently in 31° Lemperature that they
no longer improved in caling quality
when moved Lo a higher tempera-
ture, and from here on they pro-
eressively deereased in quality with-
m & week after being removed from
storage. The {ime when the 70°
curves show the qualily raling to he
belew 68 to 70 also indicates when
the apples in storage will no longer
remain in good marketable condi-
tion for a week after removal
These periods indicated 1n figures 2
to 8 do nob nlways coincide with

arrived at by more or less trial and error.  The cquation of the enrve for the Deliciows variety
in continuous storage for instance, was estimated y=_582.99—10.75v' x4 28.11 Log (z4- 1}
where x represents the weeks in storage, The multiple corrclation coeflicient for this
equation is B=_80, the coeflicient of determination being H2?=.80. Beeause of the
peeuliarities of these factors in o multiple regression under eertain conditions, a dip in
the corve appears in the Golden Delicious and CGrimes Golden varicties nerr 2 weeks of
storage and little confidence is therefore putl in these curves in the intervals from 0 to 4
weeks.

22
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JONATHAN APPLES

Eoting Quolity Ratings During Continuous Storage and After Ripening

QUALITY RATING
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FiGure §.

® those shown in table 12 which are
based on actual mean values, but
the mutual relationship is generally
cloze and probably more real,

The curves in figure 7 for York
Imperial apples are interesting in
that they hoth show an inerease in
quality rating to nearly the ead of
the stornge period. This wvariety
ripens slowly and does not attain
its highest quality 1mtil comparn-
Uively late in the storage sesson.
In the studies of this variety, as
well as of the others, the tesls were
concluded when an  abnormal
amount of decay and internal
breakdown indicated that storaee
{or longer periods than those used in
the tests would he commereially
impracticalle.

Summary to Part 2

Seven varieties of apples were
stored at 31° F. and at approxi-
mately 2-weelk intervals sample lots
were removed from storage. A
park was rated as to eating quality
by a panel of G to 8§ judges and
a part was  transferred to o
temperature of 70° for a holding
test and periodically rated by the
judges.

The purpose of the study was to
determine not only the comparative
rates of ripening in storage but also
how long cach variety could he
held in storage and yet retain
markefable quality at least a week
after removal from storage.
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APPENDIX

TasLe 13.—Delicious apples; Condition and composition al harvest und after specified periods of storage at 31° F.; and after a subsequent
1-week period of ripening at 70°

Date stored and pe-
rlod of storage und
ripening

Condition t

ottt s s,

when inspoeted

Juice analysis

Tissue anolysis

Maturity

Sept. 29, 1939

Atharvestooo. ... .o}
Plus 1 week ot 70°.. _:

2'months storage.
Plus1 week at 70°

Y o

5 months" stortige... ...
Plus | week at 70°,...
6.6 months’ storage ..
Plus 1 week at 70°. .

Sept. 11,-1940
At barvest........ .;*

Plits 1 week 8t 70°. .
1 month storage......

Plus 1 week af 70°. ..

Plus1 week at 70°..._
3 months’ storage. ..}
Plus 1 week at 70°

4 months' storage....
Plus1 week at 70°

5 months' storage....
Plus 1 week at 70°,...
6 months' storage. ...
Plus 1 week ot 70°. ..
7 months’ storage....

Firm to fiem ripe
Ripe..., ool

Firm ripe. ...
Fiemiripe to ¢
Firm ripe.
Rips......... B
Firnyripe to ripe..
Ripe

Firm eipe
Overvipe.,..

Hard to firm.._....

Firm to firmeripe. . .
Hard to firm. ...

Firm to firm ripe. _.
Firm. c.iieemeniin
Firm ripe. ... .
Tlard to firmi... ..

+ Firm Yo firm ripe

Hard to flemi.....
Firm to firm ripe.
Flrm ripte ..o cas
Firm. ..

Firm ripeicoscassns
Firm. cunoverannsas,

1

Quality

Starehy, poor flavor ...
Full flavor, sweet, aro-

matie.
Full flavor,
Full flavor
Full flavor.
Slightly ove -

sweet, erisp..

- Stilt full ripe for ¢ating..

Overripe, llnvor gone.. ..
Qwverripe, poor finvor ...
Soft, mealy, avorless. .

¢ Flavor undeveloped,
starehy.

Flavor undeveloped. ...

Flavor undeveloped,
starchy.

Almost full flavored ...

i Fluyor undeveloped.....
Full flnvor

- Almost eating ripe, crisp

Full flavor.cou v ina

4 Full flavora .. oo ..ot .

i Somewhat overripe:
Full tlavor., ..

Overripe, mealy

Full flavor. ..

i Mealy ...

| Flavorfalri. . ivaniiv-van

i Vol
Firm- : ume
ness? | oper

100
gnl, of;
Lis-
sue

Acidity - | Sg}e

rs0l-

| s

i Ay { Brix
piL malic; rend-
| neld i ing

i
3.4

.8

30.6

Rzud-i Per-

H

De-

ing ' cent | grees

0.270

244
2274

L 242

13,40

15:07
13.27

4,178

12,15 4

1295/ 47,

Sal-
fds—
neld
tutio

Spoe-
cific
frav-
ity

Astringents per

00 ml.

Sugars (as
doxtrose)

Alco-
hol-

Non-
tarni-
nin

Total

Total
solids

Re-
due-
fng

Su-
Crose

sol-
uble

"Total| solids

Starch

Sp.
Ratio .

7747

Mg,

6. 73, 80,1055
U TRt vt
T158: 713706} 8841 1. 052

127.0;

Per-

cent
8.44
8,46

10.70

17.2
15. 80} 10, 22

Per-

cent
2,28
3.22

3.26
3,34
2,66
2.24
2,20
2,43
1.85
1.82

g8 8

%Gmp‘-'—‘
SRS ES

R L T L I CICE ST VR
. e
2%

[

Per-
cent
10,72
11.68

13.36
13,52
14,16
12. 08|
13,44
13.48
14.00
13.92

Per-

9.28

11,24
10. 08|

11.76

12,36
12,60]13.
11,48} 13,06
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Sept. £5, 1944
At harvest.oo... R
Plus1 week at 70°....
I month stormggeon-.. .
Plus 1 weok at 70°....
2 months' storage. .«
Plus 1 week at: 70,
o sloras -

4 months’ storngoe....
& months' Storage.....

Sept, 15,1942
Atharvestii.anioue,
Plus 1 week at 70°..

L'month stornge ...
Plus 1 week nt 70°. ..,
2'months’ storage....

Tlius 1 week at 70° ..
3 months’ stornge. ...
Plits T week ot 70%....
4 months’ stornge. ...
Smonths’ sternpge. ...
G months'-storage. ...

7 months’ stornge... .

& months’ storage....]

Hard to firm,eacnn. -

Firm ripe

[

el

Firm ripe to ripe.. ..
Flrm to i ripa....

Flrm ripa to ripe....]
Firm to firm ripe.. ..
T TP e ey

B [
SR 1

Flrm to firm ripe,. .
Fleoripes el vmnes

Firm to irmeripe....
Firm ripe. c.viieenns
Flrm : .

Firm ripo to fipe...
Flem riptiacaceiaion
Firm ripe to ripe....
Firmripe. . i.ioia.
SN | 1 N
PR ¢ 1« NN

wewn 07

Flavor undevelopod,
starchy.

Primo for -enting, aro-
matle.

Flavor slightly - unde-
veloped, storehy.

Mostly good quality, o
few somswhat soft.

Eatlng ripe, aroma. not
fully developed.

Somewhat overripo......

Full lavor.cimmeee. .

Soft but not menly,
some overripe,

Full flavor, crisp.....

Full finvor, still erisp. ...

Flavor undeveloped,
sturchy,

Euatiug ripo, full flavor
and groma.,

Fluvor undoveloped. ...

Primeforenting . . ...

Almost eating ripe,
flavor fuir,

Primo for eating ... ..

Eating ripe, flavor good,

Qverripe, flavor lacking.

Prime for cating.........

{ RO

PR [+ MO,

Flavor  good, almost

__ovirripe,

Flavor  good,
averripe,

almost

417
4,22
4.5

4,30
4.41

308
4.00

; 12,001 64. 47

312,04
13,67
£ 12, 85! 77.88

| 13,371 84,6

[ 138,29 145, 56
58} 13, 60! 86,70
23° 13, 50,100. 57
13, 33 146,00,

| i
. 18,40 152, 80

13,40, 70. 76
14.70; 79.25
15.10; 79, 52
14. 060 02,27
14.:30; 96,74
03, 54
14.80! 87.84
14, 00,111, 00,

14, 507114, 28

1
13, 90 131, 62

13, 13: 65,01

3. 13; 76, 34

13, 07143, 15,

1. 050 40.6
R . 0p 31,7
1. 056 37.0
1,064 38,9
1,053 441
1,062 40. 4
1. (56 36,5
1,052 306.3

1, 056 30,3
1. 053 28,2

1048 68.2] 4.5
1.048] 38,8 38.8
L.od6) 853 ar0
1.0500 ! 5.3
1048 80,00 40.0

1. 049 0.6

71 1,061 3 47.9

1L050; 1356.3] 441
10511 40.41 40,0
4 44,1

1,062 58,2

e chesenln

1050; -30.0; 80,0
B H
| | !

!"Terms used in rating samples are defiiied on p. 4.

3 Indicates resistaniee of the tissue to applied pressure.

0.7
6
72,8

72.3
70.6

1. 49,
17. 46
16,75
17.03
16,19

15,94
16, 37

16,308 10,00

10. 91

15, 90

10, 35
16, 38!
15,75

P15, &4

15, 5(\!
15, 52,

0] 15, 7%

15, 04!
15, Mi

& 15, 26!

15, ‘20!

40, 11,42

2,85
2,99
273
2,96
2,48
2,67
2,42
2,33
2.33
197

1,798
1. 34

1.58

10.70
12,32
11,72
12,36,
11.78
12.14
12,20

12,10
12,52

9, 64
0,82

12,60
14,20
13.45
14.10
13,76
13.85
14.10
13,26

14,15
13. 55

12,40
12, 65,

12,45
13, 05
12.35

12,85
12, 95
12,60

12, 95

13,20
12,90

g
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TanLe 14,—Golden Delicious mﬁ)lcs‘: Condilion and composition at hurvest, after specified periods of storage al 31° I, and after a subsequent
1-week pm Tod. of upcmnq at ‘70°

. i
Condition 1 when Inspeeted i Julee unulysls Tissue annlysis

Astringoents per Sugars (as !
00 ml, doxtrose) 1:\100-

! pogal! - hol-

| solids! I | sol- | Starch
’J‘un "\0"‘ ! Re i

! - ublo
i tan- | Total due- otul solids
| nin i ing

; -

U Yale | Sol- 3 i !

Firnu. Lume | - Acdity | ul)lk { ol | i Mpe- f
ness? | per ¢ Sole -~ 1 cifie

i 100 Idg (.lﬂ(. I

P!

I

Date stored and pe-
riodt of storage and

- ripening Maturity ! Quality

v Ids
I(l grav-
fgm. of; i As r]lrl\' e
[tise | P imalie, read-; " ratlo | by
3 sue ]ncltl ‘ ing

Su- E
Crose ;
i

Oct. 10, 1850 : } Read- Per- . De- LS. j Per- | Per- | Per- | Per-+ Per-
+ ; LPounds: ‘\[I. ing 1 cent ' grees | Ratio: gr. | My, ‘ M. My, | oeent | ocent | cent l cenl. | cent
At harvest Flrmn . - Starehy, underripe. oo 15,4740, 4,48 0,405 16,52 33,48 L 062 45,0 -77.0: 123, 5 10.24] 0,84 3,64 13.48 16.25
Plus 1 week at 70°. .. Flrm to l‘rm xlpo o Ahmost eating ripie. .. 5 ST I 1 N 1 O 'll.i!lA 1.070: 62,9, 84.7, 1487.0] 20.27i 10,241 4,40,-14, 64’ 17.40
1 month storage, . do. . . i do o L7 M0 3,07 dbG 16, l.{ 5010040 37.0 (‘18 § 105.8! 19, 20 9.420 4, H[ 13 ab 15.80
Plus 1 woek ot 70°% ...¢ ]{lpe..‘.,.....'.. Prime for O'\L[Il’{,](lk‘}'..’ . 2 3.87 .3(11 17,47 »IS 301,066 4411 65.3. 100, 411032 0.78) 4.18! 13,06} 16,55
2 months’ %tor'u.o....1 Firm rlpe, .o .- Prhne foreating ..ol COWTT L3540 17,67 40,500 1,070 44,17 636 107,060 10,18 4.14! 13.96" 16,55
l’lusl week 4t 70° .,;J Fivm ripe to ripe..... “lH\tly mealy, Nayor | 11, ;407 .3H 17,44 50, :0 1. 0:0} 47.6; B 1005 10.47} 0.4 448 13.38! 16.25
nir, i i f i ,
3 months' storage. ... do.. Lo oo Good Navor RO L2 3 S() d(]o )uds 50. 91 1.008: 6t 33, 6, 125.2 10.00: 9. 3. 88! 13. 60 16,25
Plus 1 weelk at 70° RINCareiinnnn . widns! Moaly, flavor fair s I - - . P2 9, 4.06:°183, 48
4 months' storaee. RETVI S (5] SRR (11751 o (111 RO 4 l): 17‘:7 N dS I 0:0 “3i. S‘ 25,3: 10,76 3,71} 13,80
Plus 1 week at 70° .. _{ Firi ripe toxipe. ... Poor flnvor, soft .. : JES N ! 10,640 0,92, 3.88: 13,80,
5 months’ SLorge. v oeterenwflOn ot e wmaen. Menly, flavor foir - ; ~| 15 102 1747103, ()8 1. Obo 22,9 4,71 18.06; 0. 3,40, 13.36:
6'months’ storage. ... ..o oo aal o Poor llavor, mealya. .. . T P - 1 18.60 2,74 13,24 16,00/

i ; I : ;
Sept. 30, 1941 § 1 : ; : | ; F

Atharvest... b e Flavor undeveloped, . 16,6 ALY .62 .42, mu: 47, a 101,0 Bl A8 704 1RT8 070 8471 18,20 15.25
; starchy. i ! : i !

Tlus ] ‘week 1t 70°.. _, l-lm'm“mlls developed, i 4 6.7 3, 4 d"J 1(‘;.10 51,28 1, ()G 40,4 'l(),(if J&S.BZS1 10,32 3,08, 14,00, .16. 35

swee : ; i ; !

1 wmonth stornge. ... Firm...,... - Pair, slightly starcliy ... LS 644 382 .270« 15 [‘»0 55.-1',1, 1.()[3() 37.1E 33,5 . G; 17.82f ., T t 3.60; 13, H' 16, 95°.

Plus 1 week at 70° . ‘ Firm ripe 1o ..o Fullflavor. .. 38, 300,042 .:.60 65,40 1,060, 388.8 33, 5; S 17,560 0. 3,600 12,60 14. b5l

2 months’ smmgo.-.. Firm. . eveovn . Pully eating ripe Camet 3. L 00242 16,80, 70.48 1,005 50,40 40,6, 97,00 18, 1.3 . 70, 3 bO IJ JO 15, 40;

Tlus 1 week at 70%: .0 Firmoripe to ripe.. .. Good flavor..... .. 2 L7 L1 5,00 75,88 LOGK. . 20,4 20, 5} 18,

3 monthg stornno._.. Flem ripeina. cone.s. Flavor fale. .0 . 10 4,07 207 15,800 :G. 73 1062 33.5 0. Gy

Plis 1 week ot 70° Ripo....... we. Flavor poor....... ! ! A8 1760 15,60 90.08 1,060, 35,3 28,2 2 0. 88;

4 months’ stmu;.o.,.‘ Firnt ripe to rlpu .. Flavor faiv. ..o . ' o L7 426 L1500 15,60101. 23 1,060° 3710 38,8 75,9 17.3%0 0.G3!
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(k4

Sept, 20, 1048
At harvest.ocenocaaas
Plus1 week at 70°....
1 month storage. ...
Pias | week at 70°....
2 months’ storage- ...~
3 months’ storage. . .-

4 months’ storage. ...

Hurd..olocviancan s

Tirm ripgeiceaasionn
FRRRIUR{ [» J ORI -
im0 iiins v m———
IO ) IV S

.1 Somewhat overripo.,

Somewhat
starchy.
Almost enting rips, full

flavor.
Mostly eatlng vipo.. u...

swoot,

Mostly overripe..... .

Overripe, mealy, llavor
Incking,

R [ RN L.

18,0
12,8
12,7

1L 6
1.2

VI

11,1

80, 0
42,0
48.0)
30.0
46,0
46,0,

43,0

8. 45
3,72
362
3,85
4. 80,
4.98
3.00

14
. 864
L3790
.32
.30
201

242

14,67
14,48
15.00
15.27
14,67
14,84

L4, 03

45, 20
40,70
340,72
47,20
€, 47
60, 00

(1,60

1,064
1,084
1, 060
1,000
1, 060
1,058

1.058

36,0
30.0
41,0
30,0
34,0
36,0

33.0

41.0
5L
45,0
51,0
47.0
44,0

48,0

7.0
00.0

86,0

81,0,
81,0
82,0
81.0

16, 62
16.83

16, 48
17,88

8,565
8,62
8,74
85l
8. 53
860

8.81

10,600, .-

! 'Terms used In rating samplos are defined on p. 6,
‘Indleates tho resistance of the tissue to applied pressure,
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TABLE 15.~—~—Grimes Golden apples: Condition and composilion at harvest, after spcczﬁed periods of storage at 81° F., and after a subsequent
1-week period of ripening at 70°

Condition t when inspeeted b

i

Date stored and. pe-
riod of storage and
ripening

Maturity

Quality

Firm-
ness?

Juice analysis

Tissue analysls

Acidity

As
malie
acid

Sol-
Sol-
ids—

¢ | acid
r]g;h‘ ratlo

ing

Spe-

Astringents per
100-m).

Sugars (as
dextrose)

cific
grav-
ity

Non-
tan-

Total
solids

Re-
due-
ing

Su-
crose Total

—

Aleo-
hol-
sol-
uble

solids

Starch

Sept. 19, 1941
At harvest
Plus 1 week at.70%..__
1 month storage
Plis 1 week at 70°....
2 months’ storage. - ..
Plus 1 week at 70°....
3 months’ storage. ...
4 months’ storage. ...
Sept. 15, 1942
Al harvest
Plus 1 week at.70°....
1"month storage.
Plus 1 week at 70°_.._
2 months’ storage....
3:months’ storage....
Sept. 17, 1943
At harvest
Pius 1 week at 70°_
1 month storage
Plus 1 week at 70°_...
2 mounths’ storage. - .-

Plus 1 wéek at 70°..._
3 months® storage_...

Firn, unripe
Firm ripe
Firm to firin ripe

Ripe, eating ripe. ..
Firm ripe {o ripe...
Ripe.on.n.nis

Firmripe to u{m -
Ripe....o.o .

Firm..... - ...
Ripe.. :

Firm ripe

Firm ripe to ripe....

.. Not eating ripe, flavor-

Starchy
Fhavor undeveloped. ...

Jess.
Characteristie flavor
lacking, -
Eating ripe but flavorless
Flavor fair, puipy
Texture fair, flavor poor.
Flavor poor

Sour, flavoer undeveloped

Mostly prime for eating,
some with flavor un-
developed.

Almost eating ripe

Mostly prime for eating,
soIne pverripe.

Flavor pood, somewhat
overripe.

Overripe, mealy, flavor
poor.

Sour, starchy, inedible_ .

Almost eating ripe

Almost ecating ripe
flavor undeveloped.

Almost overripe, flavor
fair.

Somewhat ovcrnpe,
slightly mealy,

Mealy, overripe_ ...

Pounids
16.3
14.¢
15,7

Mealy, flavor gone

Per-
cent
0, 484
L411
390

.323

De-
grees
13.07
I:L 14

Mg.
105.8
107.8
102.3

[ 88.2
109.4

Per-
cent
16.42
16.95
16. 46

16. 65
16, 36
17,10

17.32
18.21

15,36
18. 49

15.31
15. 52
15.72
15,68

{1812

18.88
18.17

18.04
18.70

18.26
17.88

Per-

5,63

6.71
6.82
6.89
7.24
7.4

7.54
7.31

Per-
cent
3.95
5,08
5.08

6.22
5.58
6.26

4,26
3.601

2.75
4.80
4.07
4,70
4,15

4.60
4.41

! Tertns.used in rating samples are defined on p. 6.

2 Indicates the resistance of the tissue to applied pressure.
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STAYMAN APPLES

Eoting Quality Ratings During Continuous Storoge and After Ripening
QUALITY RATING

80

60

40

20 e In continucus storage at 31°F
mamm x Same lot 1 week later i FO°F

I N

12 18 24 30
WEEKS

CURYES SHOW THE DEVELOPUENT OF ELTING QUALITY WHILE I8 CONTIHDOUT STORACE
AT 311" F. AND IH IDENTICAL LOTY | WEEK LATER IN F0*. CURVES WATHEMATICALLY
CALCULATED FRUM REAN QUALITY RATINCT MADE AT APPROXIMATELY }-WEEK [NTERVALI

U. 5. DEPARTMENT OF AGRICULTURE HNEG. 118%- 54111}

AGRICULTURAL MARK ETING SERVICE

Figumre 6.
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Tanue 16.~~Condition and composition of Jonathun apples al harvest, after spemf('d periods of slorage al 31° F.; and after a subsequent 1-week
7)(‘1’10(1 of repening al 70°

D ——

Conditlon  when luspected Julee mmh sis Pgsue analysls

Data stored and pe-
riod of storpge and
ripentig

Neph 18,1950

At harvest, . .. .
Plus1 week at 70°
1 .month storage

Plus 1 week at-70°

Plus1 week at 70°.
3 months' storage
Plus1 week ot 70°, .
4 montlis' storage.
Plus 1 week at 702,
6 months’ <lm.u.v .
Plus 1 week at 70° ..
6 months' storage. .,

Sept. 18, 1941
At hareesto...... ..

Plus 1 week af 70° .

1 mnonth storage: .
Llus 1 week at 70°
2imonths’ storage -
Plus1 week at 702

3 months® storge., .
Plus 1 week at 702 .

4 manihs sterage. ..

5 months’ storage...
G monthe" storage, ..

Sepl, 17,3042

At haevest..... ...
Plos 1 week ai 70°.

1 month storage .

Maturity

Hard to firny.. .
Hrm ripe to 11;)0 S

s Taed
,‘ Firm ri]u- tmlpu L
2 months' stomm\.... !

Wlem
ir irm rlpe to ripr.
- Firm to finm 11130 s

Hlpo

i ripe.

Rip(\ e
Fimripe... .

L liem ll]w fovipe ...
LT emoripe..

.1 Hard gofiem_. .

U Firmcto fArmopipe.
Firm
Fir ripe io tpe.
Firm
W1 rm llpv to ripe. .
.1 A..,t 0 R

T rl[m...f.w

Firm ripe to x!]w
.do

.T Fitm
. lirmll[m._. IR

Mrm e

i -Sour,

Quality

Sour, starchy

lmh‘nnu‘ T
do. ...

Tating ripe, \])1(‘\

Underripe

Fair

Eating ripe, msp.f.f;.' .

Fast prime for u.sum,
Primie-for eating
Flavor Jagking_ . ..

Flavor gomd to falr..

Flavor poor.. .
Flavor fafr_,.... ..

Yery  hard tovigly
starehiy,

Unilpe, starchy

ur

o Flavor Iweking, starehy

High lavor. . ... .
Not ontiog r!]w .
Shightly overipe.. . .
Prime for sating .
Romewhat overeipe
somewhat - soft, flavor
‘oo,
Flaver falr

SRS ()] MNEN

‘wmr, starehy

Tart, spiey, almost ouL- :

Wgripe.... . ...
Havor
Apol.

uml(\\'ol- i

Vol
Birm-  ume |
ness 2 1 nm i

]

}1,m of

jotis.
s

1’0um’x

PPN
" -

VTS DD RS S TR

e
FEEnr-EEE

i ing
L840 0,979
P88
[ 320

IR

’*‘JAR

A0.9 1 .40
501 | 4al
3

dia40

Avldity - Dok
sol-
o hdgs
Ay Rplx !
malie  read-|
Caeld g

Pead- Pere . De-
cenl - grees
lAI.Q!)

| ()B

pli

3 LI
Bt
WTTY
097
.37
A6

.60
d340
il
.42
3. 60
352
3,60
450

ENSEI

3,22

NUIRIER
ST820L

NS

A0
. 582

%57 |

L1313
AT 13,40

-8 13,80

ubla ¢

]
+20, 00

Sol- - Spes |
fdg -]
acid
ratlo
1

grov-
ity

: LaS0.
dilio gr. |
1100 1, 050
17. 80 ‘l 8
16,31 11,062
19,42 51,054
1.062

1,062

1, 062

1, 002

1,061

o, g2

"() le 10065

25y

|
(1,030

1,055
10.89- L0587
,-.3 04 1,050
1,087

2 L 050

3 4,056
1,052

"2 KA l 055

93,52

17.01

G i
1

,21.10
i i
b
95,40 1.0y
2,28 1,050

2590 1. 051

Astringents per

cifie -

100 ml.

Sugars (us

dextrose)

Aleo-
hol-

tan-

Casn

0.0
74
75.9
65,4
i, 8

Non-

My, | M,
7.0 i
70.6 ¢

82,9

70.8

4.5

Total,
1 50lids;
otal;

nin o i

Per-

o~

due- :

ing

cenl

i
Su- 1

‘
Lops
erose Total

Per- | Per-
I eent | cent
2,92 710,48
3,00 11,84
d 18 (11,80

2.4 ’Xl 76

2,69 rll 33

Jl.SS
0 111,88
(11,50
11,348
111,44
K 11,08
1,32
5 (1L.30

L2

250 (11,12

2.78 1 .82

4.17

P

sol- | Starch
uble

solids

Per-
cent
13,85
15,00
15.25

14,90

11,08

13.85
14:30

13.20
13.30

10 28 i“ 20
:mwlam#&m!

2.00
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Plus 1week aL 0o,
2 months’storage
Plus  week at 70° .
J months’ storge.
Plus1 week at 70%.
4 months' storage.

S months® storngoe.. -

Sept. 15, 1043
Athnrvest.. ...

Plus 1 week ag T° =

© ¥irm rlpe to lll)c....‘

XM oripe .o

Ripeeoo i
Mrm ripe to 1i|w
CRipe.o .

s Plem ripe

Lnonth stomige. .. ..

Plas 1 week at 707
2 months sforage .. .
Plis 1 week nt 70° ..

3 months' storage. . 2

4 months’ storape, .. X
& months stomage. .o 0

Firm plpeta ripe.. ..

Mard to fran.. L0

Fiem to firmi ripe ..o

Flemv .o

Firm ripe to rlne.-..k

Flem ripe. .o oL
©Fiem ripe toripe.
Pl e, uenoin.

Flrm ripe 1o npv....'

L0 PREPUF

Prime for ealing. .

Mostly eattng ripe. ... -

Prime for eatimg. ..o..0 .
JO {1 N

Slightly m'(‘rrlpe i

Prime {or eating.,

Flavor fair. ... . PR,

Sour, Starehy ... ecouens

Almost eating ripe, sour
hut spley, ;

\lmll\ eating vipe, sour,

CV.
Jmllm, rlpo, ol flnvor
Mostly eating ripe, &pley
Soft, good Maver ...~
Eating rllm.wlc},smnc- ;
what soft.
Eating ripo, Tull-lavor
Somewhal pust mlmo |
for enting, ;

i g

e, e i
oo

_

1.5

11.0

17Terms used in rating samples fire defined o p, 6,
2 Indicates the resistance of the tissue to applled pressure,

8,44
L

HERLE
3,60
N
). 862
LWy
{ -
R

352

62,8 b

§ 47 8. 43 1, 050
.38 11,052

20 08,03 11,052
20 3290 11,062

320 08,71 ll gk

00 1
13,88 8L 62 11054

. dJl

| .80

. 765
818
'0

;ui?
L0490
i

- LBR

L0

13,13 48, 00 il 050

Do

16.17 718,40 1,002
J0.83 "l 00 1,004

lﬂ 0] "() 30 n.ond

'

0.5 ..5 50 1,064
i1, ﬂ(‘ 122,60 1,060
120 25,10 1062
6. 34 ‘21.410 1,004

710,23 23,70 11062
15,83 2060 1001

57.0
69.0

501

1

55,0 1110,0
40,0 1mu.u
65.0 ;1:1-1.0

63,0 .110.0
45,0 102.Q
57.0°190.0

8.0 | 4.0 18,43 |

i
Bl
fl'
l

L
b 44

57,0 115.0 :18.23

45.9 § k0 a7

50

[T

Ana
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TanLe 17.—Condition and composition of Rome Beauty apples al harvest, after syzcc%ﬁcd periods of storage at-81° F., and after a subsequent
1-week period of ripening al 70

Condition *when inspeeted | Juilee analysis TPlssue analysis

Due stored mud pe- | i | S| ataiy | S0k Astragents per RIS | e
riod ‘of storuge and | ness? | por sol- Spe- ' Total ) hol-

ripening Maturity Quality 100 | " lds: cifle. s sol- | Starch
gin. of As | Brix B . | on- SOHAS| Re- | g tible

tis- | pil nmllle rrl‘mb 24 nih t.nln- Total ({uc- erose Total| solids

suoe aeld ug nin ng

Ocl. 23, 1938 Renil-} Per- 2 Per- | Per- | Per- | Per-| Per-
) Pounds ing 1 cent Ratio . . | cent | cent | cent | oenl | cent
Atharvest. coeecaaen. Firm ooevas .1 Undeveloped - flavor, 16,6 . 15,66 | 7.32 | 3.08 {1040 |12.81
. green backgroumd, :
Plus1 week at 70° RIDE . coicvwnnninnin E:‘\t(ln‘;(; rim;, yellow: 1.5 6. . - 15.74 | 7,18 | 3.34 |10.562 |13.08
ekground,
3mionths’ storage .4 Firmripe {oripe ..} Eating ripe, somewhat 12,0 [oon. .- I . 15,65 | 6.£% | 2,164 0.04 |12.89
soft, yellow  back-
ground.
Plus 1. weekat 70°.. . | RiDC..ooaiiimnnnas <1 Full flavor, mealy 3 e eroie R 15.38 1 7.02 | 2. X 12,68
4 months’ storage....lu....do. Sotx‘ncwlmt, avertipe, fir . e 15.46 1 6.88 | 2 A 12.77
nvor.
Plus1 week ot 70°.. .J.....d¢ . .1 Soft, overripe, .. .cveioa. . ; 4. 6. 80
5.5 months’ smrngc... ¢ [ Qverripe e : 4
Plus 1 weekat 70° .. dve.o.do.. _.. 1 Overripe, flavor poor.. ..

Oct. 8, 1940

At harvest oo coann. HArd . e e wnns-f Starchy, underripe. .. ..
Plus week ot 70°....1 Firmripe...... A Bating elpo . ceecennads
1 month’s storage.....| Hard to firin. .. Flavor undeveloped ...
Plus 1 week ab 70%._..} Rip . Fair flavor, rather mealy,
2 months' stornge 3. ...0 Ealing ri;])e_...--..-..-..
Plus 1week at 70° i Soft, mealy ... cannavanns
-3 months' slorage. . ) i Pulpy, poor flavor...
Plus 1week at-70°.... 1 Pulpy...
4 months’ storage. ... y i .
Plus 1 week at 70°%....1 RIDGaovevovuns 1 - A SN
§:months’ storage. ...} Firm rlpe.w rpe ... e . % DR

Oct. 8, 1941

27,01
35.80
20,08
48.71
27,70
42,37
41,81

=1
3 ae b

rcn:ra-—-o:g:a
OO v

ST D

oo

05 T e i e S 83
Suuag—xﬂguq»—

At harvest. ..o oceinn : %}ard, unripe. ... Tasteless, starehy. ... . 2 0. 13, 66 36,71

Plus 1 week 6t 70° 11 1 N Flavor undeveloped.. g 3. 13.14 43,52
T month’s storage.covaivn a0 s JRSR U | 1 TSN 7 J 13, 81 43, 21
Plus 1 week at 70°.,..0 Firm ripe, . ... Fully ripe, flavor fair.. . 3. 3 . 118,60 50,65
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2months’ storagé...,.| ... d NP Flavor fully developed..

B T NSO
Plus 1 week at 70°....| Firm ripo to ripe. Somgwhat overripe,

mealy,
3 months' storage 3 . . Good flavor, some meali-
ness.
4 months’ storage.....f-....do. seaatlO
5 months’ storago....] Ripe. .| Fair N1
. mealy,

14,3 130.6° 3.67 | L340 113.70 14041 [1.052 | B1.8 | 47.6 | 70.4 |16, 72
1.1 ] 30,0 383 | .330 11400 (42,44 {1,054 | 8.8 { 47.0 | 86,4 ]15.59

129 [ 33,0 | 3,77 | 316 113,76 }43.60 {1.062 [ 31,8 | 45.8 ] 77.5 {15.71

120 Fuenidommcifennomalucmsicfmmmonndoanonnfamnanmfadamaafunon. ] 16. 50

S8 B (RGNS DRSNS NENRRIDE WIS NI AP SUESII OISO SN 1T

8.48
8.43

8.75

8.97
8.67

2.88 111,30
2.93 (11,36

2,77 |11, 62

2.9 111,96
2.33 (10.90

12,86 f.o.o. v
1270 |emamiin

12,95

12,60

“Terms used in rating samples are defined on p. 6.
% Indlcates the resistance of the tissue {o applied prossire,




apples at harvest, after specified perinds of storage at 81° F., and afler a subsequent [-week

Tasre 18.~Condition and composilion of Staynian
period of ripening at 70°

Coidition t when inspected Juige nnnlysls Tissue analysls

Sugars (s
dextrosc)

A
; Fiems Tunpe |
| mess?

Dato stored and pe-
riod of storage and
ripening

| Astringents per
sy | 00 ml,
{ cifie ; }
achl fgrave |
mtlui ity

Aleo-
hol-
sol-
uble

solids

Total

solids Starch

e-
du-
g

Sl N
fonin

Muofurity z Quality

Syt

1‘0!.:\1 crose

¢ ;] i |
malic roads ! t'm- Total

Lplp
ing ;

Ocl. 14,1039
Ab harvest. ...

Plus 1 week at 70% .
2 monthis"storage. ...
Plus 1 week ot 70°. .

1

Hard to firm ..

Ripi. .
Fien pipe i,
Ripe .. ...

3 months’ storage. ...
Plus 1 week at 707, Ripwe
4 months® storage....}

Tlus1 weeknb 70°, .

Firm ripe toripe.

Ripne

6 montlis’ stornge. ... ... _da

Plus1 week at 707, .
Oct, 16, 1930

At harvest..o. ... .

Plusi weck ot 70° . . Fiem to ficm r[pu
1 month storage.... . llan

oo

Plus 1 week at 70
2 moriths' storage. ..o
Plus1 week ab 70°
3 months' storage. ...
Plus 1 week at 70°

Firin

F'irm Lo firm ripe
Firm ripe to ripe

Firm ripe tn rlpo

Tard oo

Firm ripe to ripe

Ripeo.ooooo

i i E f i peld ;

" Flaver

I

.

s Flavor nud(-\vlnnml .
i

i

4

IR

| Read-!
ML dag

Per- | De- 5
I’onmlx
undeveloped, | 6.0 Ceel

starehy,
Full llavor

Foll flaver, prine for
eafing.

¢ Mlavor undeveloped

Fnil (lavor, somewhat™

Cokoft. :
ralt flavor, prime for ¢

eating,
Souewhat overripe,
sone {lavor lost,

" Flayor: falr, stightly

overripe,

- Qverrlpe, wcaly, lavor-

less,

3.46 () 540 13,72

4045 L HI0 1480
S8 50 15,29

2048600,
%87 85t}
478868
EOLD | 350
4n.8 8.0

2, 2() 1 05.3

28.04 l 038 !
2685 1000

30,97 1 OﬂU
28, h{
34,5
31,2
49,

Flavor undevelopesd, 02 522
sturchy.

Flavor tmdeveloped

Flivor nndeveloped,
starchy,

full-flavar, eelsp, Joley

Almost eating ripw -,

[lavor fale, ...

la wting ripe

Almiost mealy .

4.2
8.7

488
<308

. S‘p. !
seent grees: Rul!oé ure

. |).lr ;

Toabe

83.2

60,0 |
0, 0

17.0 ;
!10.0 !

My,

1
; " Per-
Myt ocend
. .,.(y,,ls.n
10,34
BILIAI)
18,02
18,03

g

18.61
181!
g1
4813 |

7.7

110.4 (16,06 |
1286 17,65

112.9 17,70 |
1217 ‘17,63 |
3.0 117 17,48
65.8 1118.2 17.44
63.5 105.8 (17,84

18,64 4
HER Y
702

Per-
cent
7.88
R. 52
8.02
8.10

7.80
.8

8.72

848
i

P 6.88

7.20
7.20

7.70
7.86

L5050
D80

8,70

Per-
cent
10.60
3,50 112,08
S84 1130
4,02 112.12

4,14 12,00 11
3.84 11072

3.02 111, 96
ol 1130
3.00 12,68

Pr-
cent
2.72

i
i
1

4.08 10 06

Per-
cent
14, 83

16,50
15,82
15,70

15,83
15. 71

15,76
ta.46

ilﬁ. 43
t t
$,00-,12,08 .)

5,80

13.70

4.52 »H.12
4,02 11! 25

(60
4,22 “l" 08 :

4,02 12
8.80 't

J4 15
18,95

2,20 414,95

14,70

4,06 1 2 36 ’1‘1 80
.32 |
., 6l

1+ 00
1610
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4inonths’ stomno...-, Flem ripose.. . lunlluulpu Dimm A man R H 482 la.nz .40.18 il Oﬂ" 00.0 ) 61,8 411 '17‘.1.»
Plus 1 week at 70°. Flem to firm rhm Mealy, oversipe ..y ... R S inas .....< 8
5 months' stomge... . Firm tIpesa, o Flavor falr to good L0 sl 15.67 i‘.’ 36 11,0607 6" 07168 104 17.15 44 1 4,70
Umonth%‘stomw.... Firin ripeto ripe . 0 Flavor falr fo PO s s .l.r».; il }15 038800 1,000 | 66,3 | 68,2 128,56 j17.480 1 884 | 3,40
Oct, 93, 1051 P ; b Lo
: i : : I :
Abharvest... o . Thard ety Flavor undeveloped ., UL WS AL L 0 0,00 (1. 064
Plus 1 week at 707 Riem. .. Cof Foll Bavor. . L PO IR G0 5 870 16,00 L b0 l 004 81.1 10,55 A0 14,00 315,00 |aneacan
1 month storage - Fard to e, 1-1w]ur lmrlhny nlm; | [O7.T 800 0 L8038 16,70 189,03 1960 T 61,2 05,4 118. 78 . | 4.05 15,00 Jrsurnane
o veloped, ' [ : i | -
Plus 1 week at 70° . 2 Ripe ... 00 0 \unm\]\ldut. mealy, auft.,f 10.4 98 ST L0 17020 48,04 1,054 | 980 8058 [JU 00 4,20 114, 15,98 Tuvouunn
] © o goad flavor, | ! | i i |
2 monihs’ storuze [ o Pl to ﬂrmxlxm L2 Mll‘ng ipe, full avor .0 388 0 128 D882 418 16,460 30.67 1,004 ¢ 60.0 L0 L 070 38,76 10.82 1 8,88 118,20 16,15 [cwennnn
Plus 1 week at 50+ Ripe. . - cFhawor gond, xvunm\lmt LIUS IR : 3.70 LT 1620 M3 il.()(i’.! J 408 P48 84.7-419.01 AL 118,62 118,10 fanuenan

mealy, | i
Fmonths'storagme. .. | Fienyelpe. ... o0 Pl fldvor, still orlsp RENTR S ¥ J a7 ! f AU 1790 4324 L0000 | 480 3 87,0 10,07 801 A 5L (40 {1610 bosoncnn

g 72,4 18,40 oA 10004 118,88 [

17,
34,
1,

. 1
4 months' etorage . Ao l'ulr flavor, noterlspa, o0 L4050 48,0 5 8,05 L850 168,60 600 1084 T 460 145, 70.4 10801 9. 4,05 11429 110. 26
& months® storage - . irm ripe Lo ripe r l~ulr flavor, 806 e, an .17 4 ‘ :5.(50 3931800 .I‘HD l 062 Al’i.ﬁ B304 8Lt 1010 4,71 ‘l«l,-ll) 16,96

P Terms uswed in mtlu s:xmplv'; are th\ﬂnod o . G.
2 [ndfeates reslstance of the tsste to npplied: prossure,
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WINESAP APPLES

Eoting Quality Rotings During Continuous Storage ond Aftar Ripening
QUALITY RATING
U

80

hd . L .
x - L B E— -
60 | e e
) %
40
20 — s |n continyous storage at 31° F
3 mmmx Some iot 1 week [ater in 70°F

0 L | ] | | 1 I | i L ] ! L l 1 }

c 6 12 18 24 30 36
WEEKS

CURYES FHO= THE DEYELOPERT OF ELTING DULLITY WHILE W CONTINUOUS STORACE

AT JI1° F AND FN TOERTICEL LOTS  wEEK L ATER IN J0% CUAVES UsTHESATICALLY
CLLOULATED FRO LN DUALITY RATIHNGS WADE 4T sPPROXIMATELY J-WEEK INTERVALY

U. 5. DEPARTMENT OF ACHMILULTGRF HES 1180+ 52 11 ASRITLILTHRAL MARMF TR LFRYICE

36

Figrre 7.




YORK IMPERIAL APPLES

Eating Quality Rotings Dusing Continuous Storoge ond After Ripening
QUALITY RATING
x

X

80

60

40

= s |n continuous starage at 31°F
== « Same {of 1 week [ater in 70°F

, 1 i J ! i l )] 1 | 1

12 18 24 30
WEEKS

1

CURVES SHO= THE BEVELOPHMENT OF EATING QUILITY wHILE IN CONMTINUDUT TTORS 6T
AT JIT F, 1D tn IDENTICAL LOTS 1 WEEK LATER I¥ 70* CUAVES i FHEmATICALLY
CALCULATED FROM MESN DULLITY RATINGS HiDE 47 4PPROXINATELY 3} WEEK IMTERVALS

4. % DEPARTOIRY OF AGRICULTURF NEG JI9[=5d¢3]  ACRICOLTURAL waMFL TN 4 s

Figrre 8.




TanLe 10—~ Condilion and composition of Winesap apples al hu:uest after spec lfcd periods of stordage al 81° F., and after a subsequent 1-week
7wrlorl of rnwnmg aL To°

‘ (‘ondmml twhen lnspouvd / 1 Julee nnalysis ‘ Tlssuo nnalysts

i ‘ Vol- : Nol- i ’ Astringents per Sugars (ny
Date stored and pe- * Acldity ! ) i i ' .
riod of storage and. ! ume | ligll" | ol | Spe- 100 ml. P destroso) 1]\11((;1(2.
ripening i Maturity Quality s w\hl" ! C::??.; ' slo(l)lt(‘l‘; sol- | 8tarch
: ! y LAs Dk R Nou-i Re- | gy Fuble
} ;malle road-! AL ’ Y Lan- { Totnl duc- | 2.1 Total sollds

Paeld = fng | n ! fng g

nin !
e Ot i i S P 1 T S A b B i 0 A e . e e T e e e R d oo e s e i - R e

| -
Oct. 28, 1942 | t; s Reads Der~ . De- | isn, i Per-} Pers | Per- | Per- | Per-

i
1
1
i

: | l’muuls ing : cenl _grees Vetiot gr. i h cent | cent | cent | cenl
ABAPVESE s cnmvansat FII o pime cess - Starehy sour, tosteless. 16,8 ST 162 0,482 12,27 2842 1,045 0 40.8 1 3L8 1 S 14. b4 1,01 | 0.4 111,40
Plus 1 week at 70 Fiom pipe.. cauienns da’ R 17 L4888 870 L3065 1240 33,07 1,0 | 44 8. 2 14,84 4 1 1L88 1 .62 111,86
1 month storage. Flem (o flvm ripe . \l,lroh\ snur t‘mmless S 14 80 BUAT - 308 12,88 8187 1L 18, i I 14,20 1,492 1194
Plus L week at 70%.. Plrmeelpe to ripe.. | F l']l\nrI pmlu' niul uu~ P28 ] 43,0 3,66 7. 358 12,63 .85.00 - 440 42,31 34,30 2,07 ;9. 11,80

: developed, ; i ; ) :
2 months' storage, .0 Flrm ripe. U Btarchy, Navorless *....1 14 LG 8052 1 411 1270 8002 1O N ¢804 L . 2,221 0,74 12,15
Plus - week al 707,00 Ripo ... - S Bating rl])c PR, PR h”' CL310 12 70 376 11 . .3 {14 3 18O ;0. 12,30
3 months’ stomw,.,, r‘lr|11 ripe S Murcm, thvoriess ! 5 LB TE L300 1208 33,95 (10 i 42,3 104, 4 1.08 11.76
Plus 1 week at 7%, cde. C Bating ripe . . 12,0 4780 .66 U800 12,78 5 LA 2.0 44197, X f 1.067 11,04
4 niotiths' stom[,o,”, UURUIN [ X S Ju:lltln;, ripie, finv 2.4 L8360 1 L8700 1250 83,28 |10 5.2 062,90 111, . 12,10

ng, ! ; | ! i ! H

Plus 1 week at 707 ,‘ Ripa.. -4 Flayor fafr 0 1LF o408 3,67 920 43 3508 1.0 i bl . . 1.8 A 11,90
5 monthg’ storage..... Firm ripe (o ripe.. .. Flavor eking. . 0. BT 3 L350 42 200 g4 41 1046 ¢ BLS ¢ 5041182 14, . . .48 112,20
Plus L week at 7090 0 RIPO. vicamsvncemvivnn o 10 dannannn N IR T{ S UR Nkt B 1)) LTH ey : i
G IONLHS SIOPAEE. s ven e WY oo nsen - Flavor fuir to HOOH cenooet 12000 565 300 808 1248 4.7 N
7.months! storage.cae .- _oo Flavor gowsl eo. . : NI B IR R IR 1] 51 34.36 1.0 40, 80,9 ,
8 nionths® storage. ... doo PO Smuo\\'lml.ovcrri[m R b ) 00T 5008607 (1.0 LT 122,1 15 24

S 13

Sy S )

S E

i

Oct. 15, 193 ] : -, L ; | ; |

AEDREVESt oo cvnennod HAME L cioeiniowest Tough, starehy oooveen . ©B107T15.50 40,96 1,062 | CRG0 80,0 18.24 L 0.2 1 288
Plus tweekat 70° ilard to firm- L05 Sour, starchy %1 Cad08 1620 83.28 . S 65,0 ¢ 192,015,840 .74 0 2,82 112,
1 month storage..ca:. L Hard s niinad &mlm s‘luch\.ﬂmm un- : NE0 BT L6 1680 3067 L 064 i 6L ; 106.0 18,40 1 9. 2,70 12.-1() 15,70
¢« developod, i i ! g | ¢
Plus 1'week ab 70°. Piem to fiewrripe ... Flaver nmm eloped .0 LIAG 8200 3. L4382 715,60 130,37 l 062 ¢ ) 6.0 101 2,30 18,40 15,30
2 monthy’ storage....: Hard \u{n \ll uvhly flavorun- . 107 450 4 CHST 1000 3000 1,002 F . HURIE 8] ‘lt: 16 10, 2,02 il’.ll‘.! 15,40
i developed., : : : i P i ; ! .
Plus 1 week al 70°.. .1 Flrm to firm ripe ..., Flavor undeveloped. 5.8 0 28,0 8.60 0 400 1570 340 1.060 1 53.0 | 60.0 1113.0 1S 62 | 1.70: 112,28 115,50
3 months’ storape....) Firm ,..,“.-..._‘J Amost enting eipe.. .. 18T &L.0- 3. LR 15080 029,70 1,062 j i5.0 62,0 A8.45 ¢ 9. 196 11,92 15,65
Tlus 1 week at T0°. 0 Firm ripe.e ... aean FUL Tipe, Tull ﬂn\*or 200 0 857 0 A07 15508000 L34 230 12,64 15,60
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4 mo's' SLOORE. o PR i liennnesnn! A lmot pritme for oating 48 0 £ 001860 130,80 1. 000 ’ 83004501 0RO 17,70 2!(). 2108 DA
Plus-1 week nt 70"_,.AE PR ., wemeane! FullPipa,. .. . L L 3 {08 G DO T 00 L 060 T 60.0 1 B8O 100,00 (18, 27 HO,98 12,08 [t9a0
6 months' storago....d Tlem to fitm ripo. 1 Baging ripo . ooues .60 S8.64 LUGO § 810 | 880 [149.0 118,88 0,48 | 1,88 118,30
I'lus Lweek at 70% .. Fiencelpe to ripe. .. Fall ripe, somew haksoft. T O AR R I T X T N ]
0-mOonEhs’ SLoMgo. e of et eiie. .ol LG ElDE, & e 15.90 136870 ‘g’l.lm'.! [T . (8,0 172 1122
7 months' stomge.. o Flem to firm ripe .4 Flavor lacking.. . FLE A0 8 0L 10000 (w0 i 10,923 0,72 (12,00
8 months’ storago. . ..| Flrn ripe. ... P & o AR A 00 90621068 L L : 10,601 L6 11,08 Leavimw
g months' storage,.,. A v mmsr ]"Xlﬂslf{lfllflll, dry, Bavoer ¢
t SCRIE,

2 A7 LS, B0

WS o RD

|
LA 11500 B46.87 10000 00T 1000 | 0,88 ‘m.ss A2 fovwnnna

l

| ?

UTerms used In rivkIng snmples ace definet oo [INiN
lndleates reslsianee of Lhe tlssuo to npplled pressure,
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TanLg 20.-—Condition and composition of mature Yellow Newlown apples al har ues[, aflar specified periods of storage at 31° F., and after a
subscquent {-week period of ripening at 70°

§

Julee nnnlysis ! Pissue nnalysls

Condition ! when inspected

] i ‘\

i Vol L Bol- | ! i Astrinpents por | d Sugars (us ’
flim- |y | ALY Spos | 100 ml. ! : (le\lrosv) ‘A leo-
. ness® | POC e ! p Ilnc i e e QLAY e e e hol- .
Maturity Quality ©100 Ddst | i i \ . . sol- ; Starch

; ; ; grav-! i sollds: g bl

L gm.of X Uiy | P ey “uble
itise ; pll mnlk.;mz\d nin ¢ L Lotal tfue- (,ms\i’l‘oml solids
Losue v,ndd H ; fnin | hu; :

Dnte stored and pe-
riod of storage and
_ripening

U VU it e = e e e i gt i

Oct. 8, 1941 Read-: Per~ . De- | ; ) i g Pers Per- ;. Per- f Pers
l’omuhr M. ing | eent | greey - Rulio: yr. . \Iy LMy, cent 2 - cent
Atshnrvest.-a.-..-... Plrin, unripo Sturchy, s Leesis 7.7 ALE T 8,00 0484 1255 25,02 11,045 | 40.4 ¢ 40.4 1 08.8 11 12,06 |..
Pius 1 week nt 709, Tard, uorelpe . ..o o e IR 3,~IS LAGE 12,84 27061 1L 8. 8: 0.0 ¢ Cld RN 12,25
1 manth smmgt.... L Fiem,unrpe e, il Lo L5 87.7 - 3.80 1 .48) 27,16 4. 048 © 470 4200 90, 2 .“ 12,70
Plus 1 week ut @0° Firm' ceveveeonnne - Flavor T swoet, Bl AT :i. i L3073 ‘.53 38 *l 045 - 30,38 ¢ 476 8 1401 1 8.2 .50 110,72 112,60
slightly:st: ywehy, { ! 3 } { | i

LU80 8.60 ~Hl 13,13 13107 5\ 030 | 45.0 1 40,5 ¢ 86,4 (14,00 412,60 12,60 1.
CHALE R BAT 181 1, 60 30, lh-lﬂ."nll? L4 P 3R8 RS . 2,9 . 2,2
A2 300 ) 425 BRI PL080 © 47, . 32, X 7. 3 41123, 20
LI 11761 MO 1 3 | 17 18127 (1,080 ¢ L3 T . 8 2,81 ) l? 56
CALO 861 |85 1270 8634 LOMY AT L6 T, .27 2,40 .
DahG 3T L3612 40 “—!.55 11,048 i 7. 28,8 | 5.8 LT 1070 " 05

Camo e b osws 12,70 8800 'L0d8 | 42,87 818 | BT | 8. 43110, 56 112,26
CA00 L Gx BSG 1280 3350 1040 | 868 | B3| 7000 LGt S | s 1018 1220

>

2 months' storage. ... Firnt Lonun ripe..... Rather {nsteless, starehy

Phus 1 week ot 70°...., Gl neaao - Flnvor falr

3 months’ stomge-.._l L .05 Flavor still undeveloped

Plus 1 weekat 707, ..., do.. L Flavor fully developed .

4 months” stornge. ... ...do‘ JSPUUCRN NS d ) SRR

Plus 1 week at 707§ Firm tipa toripes: o0 A lumslt mealy, [lavor
i o0,

5 months' storage. ...’ ...do: .T,.,L‘,(lo.,.-“ T

6 montihs' storage-~.- Almost mealy;  flavor

o T

s

A==

=

r

—a—
o

. o fain ; ! ‘ ; !
7 months’ Storage.....l w0 aereuni Meaty, flavor falr Lo poor Caae O S R SR B SR I KR 10,18 112,20
Ocl, 15, 1942 : !

At harvest FIrm. . cienan e .. RoUn, undeveloped. .. 5.1 811 L 3 811,503 1804 123, . ¢ op, : ‘ 10 L16410.20 1. 0.
Plus 1 week at-70°%....0 ... dO. do i L5 622, 3 ! E FLAD el
1 month S1ornge. ceesi wneatlO e it wei \lxl‘ll()htt"\(.lﬂ;,ll]l(‘ , good | L2 BT 10,76 113. 60
avor. - ' :
Plus 1 wepk 8t 70°,.. 4 [ YRS BT | HI PO R 42,5 ¢ 3.4 ‘H.‘H t. 1112 114,60
2 months' stornge......: Firm to firmi ripe..... Spiey, nearly eating 15,4 478 o . 1.'.)‘) e 11, 32-{14.70
10,40

o e
bt
[

ripe,
Plus 1 week at70°....1 Flrm ripe._. Trime foreating ...
3 months’ storage. ... Firm toflrm ¢
Plus 1 \\-eck, at 70°....
4 months’ storage.. ..
fimonths’ storage....l.....
6 months’ storage.... Flrm 1ipe To rlnu
7-months’ slorago----{ Ftrmripo.ooi...o

g R RS R A

SO Y- D

=i

4, oL 11,08
4.75 110.86
3.58 110,58

30,00 1,045 |
36,30 11,052
146,59 .1, 055

FRIEmEE
03 e ST ke 2= e
o -;~.Or— B
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Oct. 26, 1948
At harvest.

3 months’ storagu.-._-
Plus'1 weck at 70°.._.

4'months’ storage....
Plus 1 week at 70°__
5 months' storage..__

Plus 1 weck at 70°....
6 months’ storage_.__

Plus 1 week at 70°-__.
7 months’ storage_. ..
8 months’ storage. ...
9 mounths’ storage..._

Starchy, tough.
do

Firm tofirm ripe....
Firm

Tirm to-firm ripe....
Firm.__._. .. PRI

Firm 'ripe
Firm.__

see-tdo.
Firm ripe.

- Starchy, otherwis

Almost prime for cating.

Flavor undeveloped

Prime for eating.........

Flavor undeveloped......

Full eating ripe, good
flavor.

Prime for eating,

Full eatitig ripe, mellow

Eating ripe to prime for
eating,

Full eating ripe, mellow.

Still prime for -eiting,
good favor.

Mellow, but good flavor.

Same as for 6 months_...

Flavor somewhatlacking

Flavor lacking, some-
what stale,

PRSINGOE

ek bt
NOR B 0 G0k SO

OV
AESR S, NG

bk g ik Bk

21,37
24, 42
22,10
27.75

! Terms used In rating samples are defined on p. 6.
* Indicates resistance of the tissue to applied pressure.
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F< TasLE 21.—Condition and composition of immature Yellow Newlown apples al harvest, after specified periods of siorage at 31° F., and
a subsequent I-week period of ripening at 70°

Condition ! when ingpected Juiee analysis Pissue analysis

. Vol- Sol- 4 Astringents per Sugars (as
D?itgdsé?'}t%lgl}é‘ul‘ﬁ Fii n- | ume | ALY pp " S 100 ml. dextrose) Aleo-
ripening & ne 32 4 per sol- cilﬁ~ Total hol-

pening Maturity Quality 100 R R C By vl solids sol- | Starch
gm.of | As | Brix] | th' Non- Re- t g4 ~ | uble
tiss | pIL  maliejread- ¥ tan- | Total due- crose Total] solids
sue acid | ing nin ing

Sept. 8, 1941 . Read- Per- | De- Sp.i - Per- | Per- Per-
Pounds| ML | ing | cent | grees o} gr. A . .| cenl | centl 1t | cent
At harvest. ¥ -1 T'asteless, inedible......2) ~ 20.7 | 40,5 { 3,30 |0.667 [10. 67 {10. 1.038 . A » 6.55 | L. . 10.05
Plus 1 week at 70°....}.. . lo. .- 21.3 d: 51 3.3L§.646412.01 . 10461 70. 6 .2 . s 5 3 11,05
1 month storage 1! o I 21, 3 3.30 1 .618 L 1044 L4 ] 47, I g . . 3 10. 55
Plus 1 week at 70°.... . .5 | 45,71 3.44 1,611 13,0 . Nl 38. . f L96 | 7.6 . 3 11.95
2 months’ storage.___ . . N . 4 . 576 3
Plus 1 week at 70°... e s x 3.3.18. 579
3 months’ storage_. .. 46.3 1 3. 579
Plus 1 week ot 70°....| T -do 17, .71 3.63 | b58
4 months’ s!“emge.,._ Hurd to firm. - 5 3 3. . 533
Plus 1 wcek at 70°. .. ‘Firm i : 38.9 1. 8.52 1,519
5. 1 4583
Plus 1 week at 70 o 2.2] Firm npe to ripe P (}\lor Llcking bat ed- 3 . .418
ible
6 months’ storage.....} Firm Flavor lacking, enting 5. 9 N 3.54 1 .439

N

vipe.
7 months’ storage____| F ripe Yellowish, fair flavor, . 3.062 1 .3806

somie greet: and. poor.
Sept. 16, 1952

Atharvest. 1 Sour, sturchy, inedible.

Plus 1 week at 70°

1 month storage

Plus 1 week at 70°....

2 months’ storage....

Plus 1 week at 70°.... do ;

3 months’ storage.. .. (i} -I Flav, m1 still” undevels . 3.52 | . 402 A 26, "9

oped

Plus 1 week at 70°....| Firm to firin ripe.__.| Flavor fair 5.0 41, 3.41 . .93 132,32

4 months’ storage. _. .| Firm ripe Alﬂmostr cizuting ripe, 4.2 N 3.50 §.456 112,53 127, 46
avor fiir. :

©owE@m™:=
WD = D00 L3 Wi
P S 00 OO e e

e
ga
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Plus 1 week af 70°., .. 0. o doa. [N

§ months' storage.. wam Z..i Eating ripe, fle .

Plus t week at 70°. o boaaos A0 oo ianiaunn - Bating ripe; flavor poor
to [air,

6 inonibs’ storage S 1 S

Plus 1 weeknt 70°,._.[..

7-months’ storsge....j.<--.00:.

S months’ storage. ... 3. .-_do_. .

9 months’ storpge. ...} Overripe. ovveinenn .

B0 1 V361 1107 33,25 11,044 5 85, 44,1 79,4 31412
3,88 1,354 112,30 134,95 1. (40 54.7 | 88,2 |14,52
3.68 |, 316 112,07 14821 {1044 52,0 | 88.2 14,18

3.04 | L340 11,87 134,80 |14 58.2-1102.3 [14.44
3.08 | L 312 12,19 134,02 |1, B 54,7 1 95.3 [14.14
8.60 | .4 11.07 |37. 48 |L. 40.4 | 82,0 N4.25
3. Y k 12.00-|38.85 47.5 | 89.9 |14, 50
3.74 ] L0284 {1211 [42, 50 : 6L 1| 88.2 {14.55

___
j-=f=-34-]
o0
883
sw©

PEoom ©
ogr—-ua
1 5 nNnEReo

o fco

ettt sl et ot

it B e i
wmo =S
NSO
B ST i
SehoN

1 Porms used in mting ssmples are defined on p. 6.
2 Indieates resistance of the tisste to applied pressure,




Tapuu 22 —-—Condztwn and composition of York I'mperial apples at harvest, after speufcd periods of storage at 31° F., and aftcr a subsequent
I-week period of rzpcnmg at 70°

Condltion V' when lnspeeted

i

Juice analysis

TPissue analysis

Date stored and pe-
rlod of storage and
ripening

Maturity

Quality

Firm-
ness 2

g, of]

Vol-
umeg
per

Acidity

100

tis-
s0¢

pit

As
malie
seld

Sol-
uble
sol-
1ds:
Brix

read-

ing

Sol-
Ig—
acld
mtlo

Spe-
cifle
grave
ity

Astringents per
100 ml.

Sugars (as
dextrose)

Alco-
hol-

Non-
tan-
nin

Totnl

Tota)
solids

Re-
due-
ing

Su-
crose

sol-
uble

Totall solids

Starch

Qct. 14, 1939

Abharvest. ool
Plus 1 week nt 70°, .,
2 months' stonige
Plus 1 week at 70°.

3 months' storage. ...
Plus 1 week at 70°
4.5 months' storage. ..

Plus 1 week at 70% ...
6 months’ storage..,. .

Plus 1 weck at 70°
Ocl, 11, 1940

Atharvest. o oaeen.

Plus'1 week at 70°_.
1 month storage.
Plus 1 week at 70°

2 months’ slorngo
Plus 1 week ut 70°,

3 months' storage_, ..
Plus 1 week at. 70°.
4 -months' storm.u.w.
Plus 1 week at 70°.

amonths' storage.. .
Plus 1 week at 70°....

4
;
i
|
i
i
i
i
I
i

Hard to firm
Firm vipe to ripe...
Firm

Firm ripoe to ripe....
Firm to firm rvipe.
Firint ripa {0 ripc-a..
Flrin

Firnv Lo ripe..
Fiemoripe. .. .. U

RIPOceciminien
)£ V11 I

¢
Tard to firm

Firm .
Hurd fofirm.. .

Hard
Hard to firmy, .
S| [ JUTOR

Firin

Hurd to firm. .
Firm to firny ripe. .

“F

Starchy, unripe. .

Full thaver .~

Flavor undmulonml
groen haekground,

Full flavor

Mavor umlu\'olm)od

Full flavor. ... .

Almost eating ripe, vvl-
low-green backgr ‘aund,

Mosily vips, full flavor.

r lu\'ux‘ somewhat lack-

ing,
Snfl. poox' {lavor

Flavor  undeveloped,
stareliy.
oo

EETT TS SN

o :
11 \oruml(‘\(‘loped nol‘»

starchy,

do
Clisp, juiey, nearly [ull
flavor,
l’n\clicxmy valing ripe
Eating vipe. ..

[N

do
(‘rlsp, fait flavor, some
internnl browning.
Flavor fair

Some dis(‘ul(nution,

overripe.

Pounds
18.8

M.

Read-
ing

3,38

3, |0
J ‘)‘

Per~

De-
grees

12,99

.0
13. 72

15,23 {2

25, 62 1

.03
. 57
15, 68
15,48
15,37
15. 47

15,487
15.93

14
15

18,30

29, b’

3336
28, 82
J2 14
35, 32
41,57

33,61

46,31
i

1. 050

1, 053
1,062
1060

056
1,061

L.ogL
1, (160
LOG0
L 060

11, 0%
1 Ul&()

104.1

. 5
105, 8
123, 5

84,7
1041
97.0
81,7
88, 2
90.0

107, 8
6

1824

18,05
18. 24

19, 10

17,88
17,38

18.00

18.72
18,40
18,75

18,75
18.21

18, 85
18,25
17.82
18.73

Per-
cent
1,38
2.78
2,40

2.44
2,46
2,4
2.08

2.08
2.00

2.08

1.88

2,78
2,82
360

3,60
3.70

4.40
4.28
3.88
3.80

3. 66
334

Per-
cent
12,15
14, 55
13.74

14.20
14, 44
14,85
16.09

15. 20
14,01

14,08

Per-
cent
8,40
10.40
10,32

10.48

10, 44
10. 52

12,15

13,30
13,35
14.45

14,25
14,75

14.95
14, 95
14, 55
15.15

12.36° {14, 80

16.10 |-
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6 months storage.. .} Hnrd to fiem....o...} Gramilar, poor flavor.... 18, 4.4 § 3,63 1,432 15,63 130,20
7 months' storago. ...} Tirmo. cooocinn. ceeand Granular or mealy, poor f .81 3 VAL 115,70 138,45

flnvor,
Oct. 4§, 1941

AL horvest. Loy ewnnwn, Hovd to e, ooween.! m“twr undeveloped, B A28 3 A3 112,307 127, 04
sturchy.
Plus 1 wieek ot 70° .1 Firm bo fiem ripe....[ Flavor undeveloped X 42,7 1% 438 40 131,20
1 month storagge. ... Flrm, immnture. .ol db. | onneiacivman. 7 5LU 13 442 50 130, 75
Plus § week at 70°,. . Firm ripe to ripe-...j Flavor fully developed .. 4 8.4 404 114, 45, 60
2 mounths’ storage .. [ Firm to firm ripo ..} Uneipo...osooanoiii Py 3 A4 13 REEINIE 42,86
Plus 1 week at 70°._,.0 Firm ripe, .cevecvien] FUll 88V0r o monemeaies b ALY A L350 14e 40, 37
3 months storage. . d.....do . .. ... Almost eating ripe. ... .. 8 440 30 1380
Plus Lweek ot 70°.. .| Flrnvripe to ripe.-c.d Full Davor. oo evenooo 4 8 R 372 {14, 8. 61
4 months' storage_...1 Firni ripe SRt ) - 7. 3 RIS 41,08
Plis 1 week at 70°.__{ Firm ripe to ripe.. L3365 {1 38, (X}

R [ R, ¥
& months’ storage. . .1 Firm to flem vipe. .1 Mostly rlll)(\, b flavor. . . . 368 118, 37,72 41,
6 tonths’ storago. ...} Firm ripe.eeeeeesoad Flavor faft, ocommenoois X 3 3 L3046 114, 38,62 i1, N A : 13. 80
7. months” storage. .o fuene Ao, oevu Flavor fair to poor . 3 L2074 (18,04 150,01 {1, 3 ) 13 65

P Perms used In rating suniples are dofined on p. 6,
~tIndicates resistunce of the tissue to npphed pressure,




TapLE 28.—Delicious apples: Ripening al 70° F. as scored ufter harvest and after storage
Jor specific perigds al 81° F. for increasing periods of time, 1945~45 season

! ] - g T
Troatment [ } 1 p Treutinent : ; ; H
i | . 1 ;
H . -t Fotal of : .. Totni of
Dugs inl o5 (ees- amg testure, Dussin D85 @vert ond |t
Weeks in rinen- - - BOUF} aromg A as“_g; © Weeksin O ripen- . 7 . s0ur} raroms ﬂ'as\_g;_
stomnee ing [ . : storaye Domg -
room ! . " rogm
1 . ' N H
[ I 19 | 3 48 1} 4 k0 15 - 75
. L 3 TN 24 ] 1 3 3 o 16 . I
LR 7. ks 2 24 2 SEmeotoorore 3 24 15 12 81
! it a5 x = 59 n & b 17 3B
14 ; 13 13 o 46 Q ) o 18 ir
I 8 3 21 13 64 E] 33 1 16 68
4 31 3 1 WO 3 32 2 i3 ]
4l T Ht] o) i W 11 I Jeiid 21 0
31 21 i n 1 Mo 0 i3 14 4%
. 13 H 20 2 B 13 ] 18 12 fil
' ¢ 3. 2 16 L DR ] 3 a2 16 !
5 4. 32 i) 14 I b B2 b4 H 1t
T oTTreros 7 3 2 15 W 1] 32 2 17 [15)
! L) i) 14 L} I T 3 42 15 14 1]
. [t] :iiz = ‘{5 n 7 3 il 13 i3
4 a2 et 4 72 R
11 S T 1] 1 o3 w1
14 23 17 i )
13 % i i2 4

t Direct from orelard.

TasLE 24— Delivious apples: Bipeaing at 7° F. us scored after harvest, and ufter storage
Jar specified periads at 317 F_ for inereasing periods of thne, 1804546 sogson

‘Freatment Treatment
—- - . B L e - Total of
. Tusie Flavor e, Laste Flaver

Trayve in tn ‘: fswept-  amt “;_‘ :ure. Thas in Tes- iSWeel- o "e;‘ Eufo'

Weeks in ripen- MY sour ammas "‘," w, Werks 1n mpen- M Tonr) aroog :l‘“‘f('

storeRe e avor storge g e

renm roin

[t 25 a 15 43 1] = 2a 1% 72
3 g 17 i4 %) + il N Ia I
nl._. . R 3 38 Hi i L T N . 7 25 beae] an /2
I 9 3 % 30 51 I T I SR S 52
13 14 25 a1 £ 13 a1 25 1 [i5)

[H 4 21 a1 filj L] o7 25 19 T
[ 3 % 20 ™o | I i it

4. h o e a1 - T a5 13 4 7
j 1] 13 Wy T o 0 25 M &
1 iz 1i pisid il 1] i kry i T2
] a7 35 4 | 4 ™y k1 =3 e
l 3 % 4 & 1R h 24 20 21 It
B .. L it g 3t 55 I it ] i 23 T3
| 1t 19 24 | H m pii3 In 63
34 ¥ 2u e H ] 2h p ] I

0% e By - " o
I 4 a4 o S T - I 7 o i) s i3
- J n st 3 a3 n " 24 i 7
| 0 o™ 3t - voon owm w 15 3
i4 il 2y it - 1 4 dh i) 13 5]
0 25 H} H i 2 % 26 a5 )
4 % 27 bz B 1 k 4 a i bt i
w... . . i % o i l I W o 1h £5
| i1 9 2y el a1, ] ] a H 10 T
1y 17 g [V I K ol 23 15 +H
] En 14 T ., )] [H] ] oG o] L)
[ 4 i 23 ) i 4 ™ 35 4 o]
3 S 7 o 31 Mo, ) } f m ) Ead 4
12 | 34 T ¥ 3 B 4 i )
i5 14 s L 5] i w3 a3
1 . " 2 14 1]

I Direet from grehard.




Tanre 25.~—Delicious apples: Ripening at 70° F. as scored affer harvest, and after siorage
Jor specified periods at 31° F. for increasing periods of time, 1946-47 scason

. Treatment i

i Days
i in
. dpen-
1 lng

Too

Weeks in
Storupe

- ture

: i = )
i : . Tregiment
1

; ! “'Total of -

" Tosle | Flavor lc,\ti{:ge, : Dix.:!ys
Navgr ©  Vecksin @
. stomge

Tox-

Ing
' EOOID

" ripen-

, Tosta Flavor|

Taotal of
texture,
tasto,
Navor

et bt
FICP b Dl LD

=
—-

b L O ]

1.

1 Direct from orebard.

oy

b e
G T D e WS e e D

=
=

Tanre 26.—Golden Delicious apples: Ripening at 70° F. as scored afler harvest and after
storuge for specified periods al 31° F. far increasing periods of time. 1844-25 scoson

Trentment

Daysin
Woels in ripon-

storage

¥ Dvreet from orchard.

Treatment

Total of —-
Tex-

tare Tasie

Iuys in
ripei-
ing
Toaimn

taste, ol 8
ﬂ!ls"ﬂl' Weeks in

orape

Flaver Total of
and lexture,

. LasLy,
Ok ﬁﬂ\‘o;

Tox-

ture Tuste
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TaBLe 27 —Golden Delicious apples: Ripening ai 70° F, as scored after harvest and aﬂer
slorage for specified periods al 31° F. for increasing periods of time, 1945—46 season.

Treatment Treatment
Total of Total of
Flavor| Flavor
Pays ln ?&’r’: Tasta| snd t%;;?m., Days in ?“' Taste| and w&:‘g“"
Weeks In ripen- aroms ﬂ’“_e, i Weaks In ripen- are aroma| a.oo0
storape ing ot Il storoge ing ar
room f oo
o 25 5 15 45 E| ! 1 [t] 24 il 22 T3
3 26 6 16 435, 4 24 24 bt 77
a1 1 6 30 i6 18 Gh i ST ! h o3 24 3z TH
T 2 29 21 n L { 12 22 27 v 66
1 13 27 b1 21 68 : 1 L] 25 exs i8 &6
: 16 28 23 FE] LN & S ' 4 a5 5 =3 73
: 1] 26 10 % 15 51 i ! 7 24 20 1% &0
: 3 o8 15 16 58 : ¢ 24 26 29 w0
| DR T a7 24 26 Fr TR LI -4 4 joaid 20 18 66
i 10 24 27 14 i N 24 a7 0 &0
i ia i} 24 a4 68! [+ s 7 17 67
| 0 a7 17 16 (11 TETI |- S 3 21 a7 33 7l
] 3 o5 24 a2 73 7 21 o7 i5 &
| T | T 26 bt 2% 83 ., ] 2 ry 14
: 11 o4 bt} 33 8 2. . -4 4 20 25 31 68
L ket 24 a7 30 81 = 7 = 27 i8 67
i 8 27 21 20 68 g { 9 7 7F ¥y 65
4 1 24 28 24 T Tttt =" 4 4] 27 17 65
- SR 1g ! 35 25 24 o 1 20 a6 1 a7
i 14 24 °8 24 W Mo cmm 3, 21 27 205 4
i 17 ! s 25 a4 o G ] 26 19 065
6] 27 7 16 o
: 4 35 o | 23 . w4
LT 16! 23 i i Gy . '
14 piid o] 5 71 ; :
L 1w, 22 @, 15, 50 ; : ;

i Pirect {rom orchard.

TaBLE 28.—Crimes Golden apples: Ripening atl 70° F. as scored ofier harvest and afler
storage for specificd periods at 31° F. for increastng periods af time, 1944—45 season

Trestment . i : - Treatnent
. . o Lotalof . M| TOAY Of
!Da | Tex- - Laste Flavor texture, | . Tox- J‘a?sf.c Flavorlyaxture
Fslo' o {sweet toste. Daysin| |05 (sweet| and |‘gRiTe
Weeks in rinen- - i sgur) orema Aovor | Weeksin | ripen- | 'sour) |uroms Anvor
storsge ! Ing i : ! sterage ! lmye !
' rootm - ) ) . room !
: Q. 17 15 Q i . i} LTI 18 7 51
4 24 Ly 1 42 6 4 L1 st 18 i1
[+ PO T 33 3 14 3 e T a3 ' 8 4 73
B 10 o 25 A I8 H 10 20 17 4 51
: 14 a5 i ] a3 . GY ! [l 27k 21 ] 53
0 18. 18 g 8 . Buel oon { 5, ! =] u ]
' 4 H:oZgr 13- Gi ; £; #2220 2 61
I TP om0 ogg 67 : : '
6. 250 M 3T &5 ; | ! }
14 2 2 16 - ik |
IO A | S
. 32 30 2 . iz 0h i :
L R —— §° 2. . 12 00 . :
) o 25" 8. 15 4 ! t
2 W W 18 o2 - 1 . :

1 Dijrect fremlerchard.

48




TaBLE 20.—Grimes Golden apples: Ripening at 70° F. as scored after harvest and after
sigrage for specified periods al 81° F. for increasing periods of lime, 1946-47 season

' B [
. H L

. Treatment ; ! - Trentment

D ';rauﬂ of - : 'trom of
. Days Fiavor texture, : Flavor Josture,
Weeksin 0 biste  weekstn faste,
storage fr’lg : : . storage

" room ' : v

bt

Pt D D b O D e e

[

t Tiirect from orchard.

TawvLe 30.—Grimes Golden apples: Rivening ol 70° P. as scored after harvest and after
storage for specified periods al 31° F. for increasing periods of time, 1949-50 season

Treatment . . ‘Trentment

b : - iTolal of
ays | Tex- .o LOXtUre,

' ture Finwri Laste, |
i flavor

o ; t Total of

ass  Tes- Pusle. Flaver EEUTE, ;

r . ]

Weeksin  fm o ture : sl Weekstn
SLomge . ili'lg . storope |

. rapm .

he! a1 34
25 ar kil
26 H 3z

Remeiniig apples

badiy decayed

23 v pat]

i

24

bt et

3 @ 3 23
Remaining apples

hadhy decaved

a5

24 28 -

x5 25

17 ™

=
oI ) DO O e e D

DWW WD oS
STEEBES

™
-1

¥ Dilrect from orehard.

|
i
|




TapLE 31.—Jonathan apples: Ripening at 70° F. as scored after harvest and ofler siorage
for specified periods ai 31° F. for increasing periods of time, 1844-45 season

Treatment I l l ” Trealment I
: i siare o Total of | ! . I Total
s |l Tex- ,T[}st.e i“m M texture, fl e il TEE ’I‘aste‘ Flavor o tun
Days I, fur ifsweet-] and taste, | Doy i ture jsweet-) and toste
Weeksin  § ripen- | € *zour) ‘nromal ﬂm-:Lﬁ- I Weeksin ! ripon- | | sour) jaroms | G0
sterage | ing : ! 5 storage ¢ g 1 aver
| room ] H it T TOOm
o o 1} | M i i K1 1 T
i al . 14 h 12 ) g 18 ]
Ul 7l w32 il B oo 9 2% 14 i
I [ R TR TR 1= 55 16 £3
1 a5 40 23 v o, 20 13 T4
Q, LIS 27 - . i 14 il b 1 18 71
41 34+ g5, ma. 51 e ‘l T, 16 oG
[ D, 7 a WG b4 i 10 - LI 16 GB
11 %3 N 36 G4 0 i 1% 07
14 . 25 | 25, 1 ¢ 5} 1w ). 3 25 18 i3
] H- T~ I | TG . Memmiomooeees & 2% 16 75
4 51 237 m b a. o 12 4
¥ 2% et 19 TH 0 27 14 Tl
1 nooBL %, W B IS . { i o8 14 65
- 0 e’} 17 i 2 7 a7 14 it
] 3 40 11 77 1] Y 1a 2
1 1| 33 17 - 52, 4 4 s 1G i Tl
T . T pt] 3 19 . F2 n pil] 13 113
1 W% o1 5 0 2 1 9
14 ir 2 17 71 4 A Hi 15 07
0 Y] 42 18 55 7.2 12 &0
3 31 ! i H) oy 1] et} 16 T
Wo.... . G ) et i5 3 T 4 2, 10 i}
i 25 82 15 8 . ; !
1% = pt] 14 i3 ! H i

+ Direct from orchord.
TapLe 32.—Jonathan apples: Ripening ol 70° F. as scored after huarvest and after sloruge
Jor specified periods af 31° F. for increasing periods of time, 195617 season

Trentment Freawmenk
T Totalof ~ 77T T Tolal of
D&}" EUPIL\(: Tasie Flavor “;3;1[‘;(" Dﬁf s flf;i,' Taste Flavor “t’;;?;"'
Woeks In riprn- finvor Woeks in ripen- T i fluvor
Slomege ing ’ ) Horypee g :
- room TopIn
I 1s nt I 4] 2 a8 24 7
0 25 fit ) n e} - i i
T AN L l 11 a1 an 17 3
i i a7 L 14 20 o] 22 G5
12 Hi i1 j It a -} 25 6
15 42 ki34 4 o3 ] ap '
19 32 51 | a1 a5 i 5
i 3 9 13 a1l = a T2
3 32 d % l 3 24 i) X 76
] 33 ) . n 4 = 18 Tt
1 12 Al X { 11 a3 by ., 72
e Hy oy Tt j ] 5 23 24 it
14 o ) 4 i i pecs I
2 3] 0 | 7 2 27 14 6
2 17 A il i -3 ] 7l
1] i} 54 [ 3 i o pld ]
3 24 1 M l A R T i
i o N 11 ] iy 13 52
... .. 13 o Tili 32 . 4] ] . ] 1t G2
G ny N
o " ] !
24 14 fid

T DHreet frow preburd,

a0




TapLE 33.—Sleyman apples: Ripening ai 70° F. as scored cfter harvest and efler storage
for specified periods of 81° F. for increasing periods of time, 1944—45 season

Treatment | ; i N N Treatment N i

. | pox. Tesie Flavor rtlc?:‘t’:llrgf : e 1 TSt ‘Flavar ;I;{%ﬁlrg[

Tays in tore (swect- and a1 L ays in fare {sweot- and taste.

Weeksin | ripen- sonr} . aroma finvor Weeks in | rijwen- - ' sour) ]nromn Revor
storuge ng ¢ ' : . . Slarage ¢ ing : H

room i  roontn

; ! ! 1

1 i

Hey oL L

|
]

b
] EF e =

1 Dyirees fram prehard.

TanLe 34.—Slayman appies: Ripeaing al 70° F. us seored after harvest und after storuge
for specified periods af 31% F_ fur inrreasing peviods of time, 1945-46 séuson

Trestment Treatiment

i e . e "
. ey Taste Flavor 2;';::11&’[ fex. Taste Flaver Tft?\l:;::rgr
Daysin [ o0 isweel- and Ao Days o {sweet- amd aste, |
Weoks in ripen- M2 Toopry arpma [1].1( Weeks in ripu- sour) aroma. r‘fﬁ(
slorage ing uvor slorage g nvor
ronm rooIn

Hy |5y

43

12
-

—— —— e, i —t—— —— A

N usabide,




TABLE 33.—Stayman apples: Ripening ol 70° F. as scored after harvest, and afler storage
for specified periods al 31° F, for increasing periods of time, 1846—47 season

Trentment Treatment
... ‘Total of Total o
Days | Tex- ) 1aste |Flavor texture, 1 Days | Tes- Flavoriio ture,
! {sweet-| and 1% ! | ture and 5 oste,
WeeksIn | O e |'sonr) |aroma ﬂm‘g' Weeks in rinen- r aroma| [8518,
storage {;'_]g v storage i iTg
{ TOOMm H 1 room
. . i :
o) 251 1] 5 ool a5 el o4 73
| 31 =l =mp = 80 43l ml ®m| ow 78
7 %] 30 5 TR I S, 7l % 7 2 76
v Bl 2| B E| 8 | s 2| 3 B &
, I H
4 17 Wi [ 69 i 0 Ex] 2 2 73
49 17| | o8 gofl oo, . N 1| 2| = 24 75
AT 6] 25 17 58 8] = 2| 2 75
i of =) 5| 95 78 ol =l =] = 71
; 3 N - Y BLH 2 . 4 25 20| 25 70
- § 23 o 8 ; _ it o= 7l 2 87
- : 10 2 n bl Th J L] 25 25 25 m
1 13 W, 20 7 alla. . L. 4 22 o8 2 72
I w1 =w; 281 2 77 17 bl % 17 66
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! Direet from orchard.,

TavLE 36.—Winesap apples: Ripening af 70° F. as scored after harvest and vfter sioroge

Jor specified periods aif 81° F. for increasing periods of lime, 1844—45 scason

Treatment . Treatment l|
’ : i Tatal of e lnenp Total of
*Taste Flavor . Taste Flavor. .
Daysln. E]eé (sweet-, and _wﬁ?ge" Dargs In ?lfr’; ‘(sweet- and ltm&m’
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B M 25 17 720, R 3t a3 2 12! 71
2. 17y 14| 11 12 A6l o mlo1e) 1 29
[ 2 T 5 0 32 ) 10
. %2 » 12 66 2. J PO ) 4 76
i 3| %] 13 HE b7y 82 2§ 4 72
i gi @ 2 12 72 ¢ a3 a4 1 £8
! 3. o 0 1 5 M._... . 3 33 Ex 12 69
: 0] 32 22 7 61 ’ o 30 n 11 e
10 l i, 3 7 12 0 g 0 32 7 13 72
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! i 3 24 11 [ : 0 32 kTl 13 9
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1 Dreet from orebard.
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Tanre 37.—VYork Imperial apples: Ripening al 70° F. as scored afier harvest and after
storage for specified periods at 81° F. for increasing periods of lime, 194445 season

: ; 1 i H
Treatment : ! H f g Treatment
[ T : " Total of + oA Total of
C'Faste Flaver: i Taste [Flavor|

iDa}*s in' 'trcx- {sweet- and ?t‘g;‘t’;“* i Dars In ?lf:g {sweet-| and wt:;fm'
Weeksln !rpen- | U sanr) aromal P N Weeksin | ripen- sour} {aroma| g8
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. : : . (O] ) { &) &)

1 Direct lrom orchard,
2 Supply exhausted.
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TasLe 88.—York Imperial apples: Ripening ut 70° F, os scored affer harvest and after
storage for specificd periods at 31° F. for increasing perieds of time, 1945—46 season

Treatment i 1 Ili Treatment ! ‘ | ‘ .
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i Dilreet from orchard.
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