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EFFECT OF TEMPERATURE ON PHYSIOLOGY
AND STORAGE QUALITY OF PEARS

INTRODUCTION

Profitable disposal of the pear crop requires that
high quality fruit be avallable for marketing over an ex-
tended period. This in turn demands refinement of teche
niques in handling and storage of the fruit. Investigators
heve insistently emphasized the advisability of sdopting
methods which ensure cooling of fruit in the least possible
time and maintenance of finely controlled, uniform storage
temperature. Although these recommendations ars obviously
sound they have lacked the compulsion of adeguete experi-
nental evidence, particularly in ragevd to cobling rate,

It is not surprising, therefore, that in conatruction of
cold storages, rapid cooling 1s sometimes sacrificed in the
compromise between cost of installation and efficiency.

Cooling performance of some storages recently con=
structed to keep pace with expanding production shows little
if any improvement over older plants., Poor design and/or
inadequate refrigeration cepacity have rendered these
storages lncapable of meeting the demands of critical peri-
ods during loading of warm fruit. The result is thet cool-
ing time mey be much extended and the stabilized temperature
of the fruit in some locations within the storsge may be too
high for long storage. This situation would be aggravated



further by attempts to extend the storage period, the use
of cardboard cartons for packed frult and adoption of bulk
bins for handling loose frult.

Neither refrigeration equipment nor knowledge of its
application 1imits achievement of desired c¢ooling rates.
The onus is on the storage owner to specify the exaci ré~
quirements in the agreement with the refrigeration contrac—
tor. However, nore 1nrormationlis required so that ithe
value of repid cooling can be assessed and practlcal limits
suggested.

The purpose of this investigation was to determine
the effects of cooling rate and different storage tempers-
tures on the physiology and ultimete storage quality of
Bartlett and Anjou pears.



REVIEYW OF LITERATURE

In assessing qfrects of temperature on post~harvest
physiology of frult, it is important to be aware of some of
the pecularities of the specles and variety. Unlike apples,
most pear varieties do not ripen normally in c¢cold storage,
but require a temperature of 60° to 70° P, to ripen with
good quelity, Hartman (19, p. 59) deseribed temperatures
of 35° to 45° P. as being lethal to pears. In this tempora~
ture range Bartlett, Plemish Beauty, Howell and Bose
varlsties respire rapidly and assume & yellow skin color,
but fall to soften, If removed to a higher temperature,
pears in this condition turn brownish black with a disorder
known as scald. Some verieties such as Anjou and Wintew
Nelis ripen slowly at 35° to 459 #, and are capable of come
pleting the pipening proceas satisfactorily after removal
to higher temperature.

Tindale, ¢t al,. (34, p. 20) give the following satise
factory minimum ripening temperaturest Bartls tt 60°, Howell
55°, Boas 55°, Comice 45°, Anjou 45° and Winter Helis 379 F.

Some varieties of pears ripen slowly or incomple tely
at high temperature immediately after .plcking, but will
ripen satisfactorily after cold treatment or treatment with
ethylene., Hsnsen (15, p. S545+549) found that the effective-
ness of ethylene in ripening Comice and Anjou pears



decreased with increasing length of storage. Ulrich and
Psulin (36, p. 603-60l) reported that Passe-Crassane pears
were in good condition for ripening et 18° C, after storage
for 11 to 15 weeks.af o° ¢, |

Itlis apparent,'howevef, that loss of ripening
ebility 1s not relasted to disruption of the climmsecteric
cyeles When pears were ripsned at 65° P, immedistely fol-
lowing harvest, Hansen (15, p. 545) found that ripening be-
gen with the onset of the respirastory climecteric and the
parallel inerease in othylene production. Tindale, Trout
snd Ruelin (3l, p. 1h-17) observed that at temperstures un=-
favorable to ripening the climscteric rise may be completed
with respiration rate eventually dropping sharply to zero
upon the death of the fruit, In all varletiss which failed
to ripen at low temperature, the ability to ripen termi-
nated considerably in edvance of ths ¢limacteric pask,.

The varieties Comice and Anjou which ripen at low
temperature, Hansen and Hartmen (17, p. 4}B<451) found that
the climacteric ocourred during a long period in cold
storage, but ripening ﬂés delayed until the post~climeecterie
period or untll fruit was removed to temperatures more
favorable to ripening,

The actual cooling rate of frult generslly is most
significant when the fruit is storsed promptly after harvesat.

With good organization and cooperation between grower and
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storage operstor, frult cen be placed under refrigeration

weil within 2l hours of harvest,
INPLULHCE OF COQLING EATE ON STORAGE LIFE

Hell end Sykes in Australia (14, p. 2) observed
"That rate of cooling of the fruit once it 1s in the ccol
store is more important than had been realized." They
found that maximum storage 1ife of Williams (BRartlett)
pears was obtained when the flesh temperature of the fruit
was reduced to 45° F, within 24 héurs of picking end to 35°
Fs within 3 days, This cooling rste is attalned in prac~
tice b& pre~eooliﬁg loosa‘fruit in pleking boxes before
pacling,

In Orezon, Hartman (18, p. 292-294) asserted that
rapid cooling of pasrs was imperative. He rocommended that
pre~cooling should be used if necessary to reduce the core
temperature of Bartle tt pears to 32° to 33° P, within 2 to
ki days of hervest., The Refrigeration Research PFoundation
(38, ps 26) sdvised thet Bartlett pears should be cooled to
29° to 31° P. within 448 hours from picking. Delaying har-
vest & few days was considersd to be less haymful than exe
tending the cooling periocd,

In British Columbia {10, p. 12) it was found that

when long storege life is required, Bartle tt pears should
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be in cold storage within one day after plcking and should
be cooled to & core temperature of 33° P. or lower in not
more than 5 days.

Types of conteiners and methods of stacking ia the
storapge affect the cooling rate of packed frult. In studys
ing this problem, Sainsbury snd Schomer (30, ps 8~9) found
that more tlme wes reguired to remove the field heat from
fruit in caprtons than in wooden boxes., They concluded that
on the basis of firmness and color, Anjou pears were
slightly riper in fiberboard cartons than in wooden boxes.

Recommended cooling rates appear to be based on
empirical observations. In none of the work reviewed was
exporimental data given which showed actual effects of dife
ferent cooling rates on physlology and storage quality of
fruit,

EFFSCTS OF DELAYED STORAGE

Research on pear storage has shown repsatedly thet
the ¢ritical period in handling pears is that between picke
ing and cold storage. The harmful effect of withholding
pearé from cold storage after picking, i.e. delayed storage,
ia supported by ample date,

Some of the sarllest work on cold storags of pears
stregssed the advantages of prompt cooling. 1In 1503 Powell
and Pulton (28, p. 1l.) reported that storage of Bartls tt
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poars at 32°2 ¥, within 8 hours of picking was an importent
factor in malntalning good quality and preventin losses
which wore seriocus 1f storaze was delayed ag long es3 days.

In reports on pear storege oxperiments in Oregon,
Hartmen snd co-workers {20, p. 10), {21, p. 10), (18, p. 292«
29h), {19, p. 5-9) showed that motontiszl cold storage 1life
of poars under certaln econditiong may be reduced sbout 10
days for each day delay at 65° F. prier to eooling.

nxporimentel work in Australia (34, p. £-10) reveelw
od the serious consequences resulting from failure to cool
Williams pears womptly following picking. Fruit held 3
days at 650 P. prior to storege at 32° P, had a storage -
life of 6 wceks compered to that of 13 weeks for fruit
placed in 32° FP. storage within 2l hours.

licderate psriods of delayed storage may not always
caugse this spectacular roduction in storage life., Some«
times the effects are aprparent only after extonded storage.
During the course of three ysars work on Vasbhiagton and
Californis grown Barilett poars; Magness, Diehl and Allan
(26, v+ 16~17) found that in some instances as much as six
days elapsed after picking before frult commenced softening
at 65° P, They considered, however, that ripaning changes
were occurring during thet time becausge delayed storage

resulted in reduced storage life.



The fect that maturity of the fruit when bharvested
has considerable éeaéing oé tﬁs effeets of subsequénﬁ
troatment may be responéible for some conflicting results
of delayed storage experiments., Thus, Harimsan, gg'gza
{20, p. 10) obser&ed that éhehstorage 1ife of eéri& heps
vested Bdsc'pears was not materlally affected by & seven
dey exposure to orchard tempersatures, but fruilt hervested
in midseason and later haed to be cooled promptly to avoid
adverse effocts,

In searching for a post-harvest conditioning treat-
ment which would permit Bartlett pears to ripen sstisfac-
torily at 45° F,, Van Der Plank (39, p. 28-50) in South
Africa found that onset of softening was sometimes delaysd
as long as six days at 53% to 75° F. The interval during
which softening waa delayeé was related inversely to
maturity. Fruit which was‘cooled 1mmediateiy renmained
firmer in storege than that exposed to the conditioning
treatment.

Experiments carried out over a periocd of five years
in Austrslis (33, p. 1-4) produced some interesting results
regarding the effects of delayed storage on resplration,
softening end color c¢hange in Bartlett pears. These gtudies
rovealed & post-harvest period of low metabolic activity
lasting as long as three days st 20° C. During this poricd

respiration rate, flesh firmness and skin color gave no



indication of changes indicative of ripening., Nevertheless
storaze 1ife of fruit withheld from storage for perilods in
excess of thrse days was reduced significantly.

In another report from Australia (1L, p. 2) the
reéommendation was glven that Bartls tt pears be placed in
cold storage as soon as possible after harvest, at least
within 2l hours.

Experiments in British Columbia (11, p. 217-223)
demonstrated that effects of post-harvest treatment may be
congiderably modifisd by the maturity of the fruit. Keep-
ing quality of Bartlett pesrs picked at ths beginning of
the harvest season was not adversely affected by 3 days de-
lay at 70° F, prior to storage for 8 weeks at 32° F.
Storage life of frult picked one week later, 1,e. towards
the close of the recommended h&rvest period, was reduced by
delays exceeding one day. Samples of frult from the first
plcking exhibited no changes in firmness or respiration
rate indicative of ripening for ss long as 6 days at 70° P.
This static period in frult of the second picking was
shorter and in some cases absent, In a third pleking, 2
weeks after the beginning of harvest, ripening commenced
within 2l hours at 70° F,

In studles on effects of ethylene on pears, Hansen
and Hartman (17, p. 450-452, 16, p., 69-72) showed that the

long interval between harvest and onset of ripening in
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early picked fruit corresponded to a period during which
ethylene was produced in concentrations too low to have a
stirmlatory effect. Slightly immature Comlice and Anjou
pears under constant aeration were kept at 65° F, for
thirty deys without ripening. Treatment with ethylene or
volatiles from fipe fruit resulted in prompt initietion of
ripening.

INPLUENCE OF TEMPERATURE ON STORAGE LIFE

Fresh fruits such as pears which are not subject to
¢old injury have a maximum life when stored at a tempera-
ture just above their freezing polnt., Small differences in
temporature of frult in storeze may affect metaboliasm to an
extent not predicted by Van't Hoff's law. HMetabolie
activity and hence potential storapge 1life can be revealed
by measurement of respiration. In general tha temperature
coefficient for respiration of plant material is 2.0 to 2.5
for a temperature range of 0° to 30° C. The Qo for fruit,
however, is sometimes considerably greater. James (22,
pe 7h=75), in discussing respiratory drifts in frults,
gives the on of initial respiration as a 1ittle over 2,0,
but states that during the climacteric rise in respiration
at temperatures of 2.5° to 10° C. and 10° to 22.5° c,,

Qp's may be in the order of 10 and 100, respectively.
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Magness, Diehl and Allan (26, p. 26) considered that
storage lifae of Bartlett pears was terminated when fruit
hecame overripe, was affectod by scaldy; by corse breakdown,
or falled to ripen satisfactorily when removed from cold
storagze. On thils basis they showed that storage life was
dotabled with btemperature reduction from u3° to 36o ey and
at 31° P, storage life was twice that at 36° F.

Tindele and associates in Australia (34, p. 7) found
that in tho range of temperature from 30° to 45° F. storage
life of Bartlett pears decreasod one-~Pifth for a rise in
temperature of 2°, Compareble results were obtained by
Hall and Sykes (1L, p. 7) who stated thet the avorage safe
commerclal storage 1life of Bartlett pears was 12, 10 and 7
weels et temperatures of 30°, 32° and 34° P, respectively,
Pidler {9, p. 173-185) reported that English grown Bartlett
pears could be kept for six weeks at 34° F., 7.5 weeks at
32° Foy 9 weeks sat 31° F., 10 weeks at 30° P, and 12 weeks
at 29° F. The temperature quotient for storage life cal~
culated from the values given above in the range 30° to
36° F. 1s 7.2 to 7.5

Since the freezing point of most pears is about
28° P,, a temperature of 29° to 30° is usually recommended.
Hartman {19, pe. 59-60) pointed ocut that even in well
equipped plants some fluctuation of temperature is unavoide

eble. In plants which are not as well equipped or not
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efficiently operated, attempts to iralnhain a rinimun ter-

perature lower than 31° or 32° F. nay be inedvisabla.
RELATIONSHIP OF CARBON DIOXIDE PRODUCTION T0 STORAGE LIFE

Since cerbon dioxlde 13 ons of the products of rege
piration that can be readily determined, measurement of
carbon dioxlde production is the most common method of dew
termining respiration rate and has been used to follow the
respirstory pattern of fruits through various stages of
development, During the post-harvest pesriod, respiration
moasurement 1s particularly useful in ssssssing the re-
sponse of fruit to storage treatment,

There is some evidence that, although only a snall
part of the respirable substrate of a fruit has haeen
utilized, the storage 1ife may be terminated after a speci-
fic anount of carbon dioxide haas been liberated. Kidd and
West (23, p. 93~109) found a strikingly close inverse cor~
relation between duration of storaze life of Bramley's
Seedling apples and total carbon dioxide evolved, regard-
lass of temperature, At temperatures of 2.5°, 10° end
22,5° ¢, the total carbon dioxide production during storage
life was 12,84, 11.35 and 11,42 liitres respsctively.

Magness end Ballard (25, ». 814-815), though not
wldely quoted, wera among the first to observe o quantita-

tive relationship betwesn carben dioxi&e rroduction and
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ripening processes, . In thelr sxperimonts, one sauprle of
Bartlott poars wes held continuously at 60° ¥, after har-
vest and another was storsd 22 days at 32° F, prior to
ripening at 60° P, Both samplos hed resplred virtually the
sarme amount of carbon dioxide by the beglaning of the
respiratory climacteric and subsoquently the respiration
inersased at about the same rate. They also found the
inltial production of carbon dioxide higher and the in-
crease more rapld from pears grown in reglons producing
frult with poor keeping quality than from poars with good
storase characteristics.

Tindale, ot al. (34, p. 19) concluded that the total
anount of carbon dloxide liboerated during storage life of
Howell, Bosc, Packham and Wintor Nelis poérs was very
nsarly the samo at 32° as at 36° . The carbon dloxide
rospired by Bartlett poars, however, was progressively less
with increasing temperature betweon 30° and 48° F. Thoy
suggosted that retardation of respiration might be caused
by failurs of this variety to ﬁipen at temperatures below
55° P,

Allen and Claypool (2, p. 198-203) steored Bartlett
pears at four levels of oxygen between 1 and 21 per cent at
both 32° and 37° Fe Rate of carbon dioxide production ine
e¢rcased and storage life decreased with higher concentra-

ticas of oxygen and higher temperature, but the total
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emount of carbon dioxide evolved during the entire otorage
period was remarkably similar for &l1 conditions. These
results led to ths conjecture that curmlative carbon
dioxlde might be s useful index of storage life.

From sbtudies on respiration activity of MeIntosh
apple, Srnock (31, p. 178-18}) coﬁcluded that curmlative
carbon 420zxide output during tho merketable period was
about the same for fruilt in controlled atnosphere storage
at 1o® P, as in air at 32° P, Likewise, Biale (3, p. 363-
373} found that total carbon dioxide evolved by Fuorte
svocados during a post~harvest period ending with the
climsctoric poak was spproxinately constant for fruit
stored in several different riodified atrospheres at 158° €.

Dealing with a somowhat different type of frult,
Daks end llorris (&, p. 308-31}), who wore primarily intore
osted in chilling injury, obsorved that at all non-chilling
terperatures cucumber fruits evolved about the same amount

of cerbon dioxide during thelr storage life,
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METHODS

(1) Source and Varilety of Pears

All fruit used in these experiments was grown in
commercial orchards in Medford and Hood River districts of
Oregon. In 1957, because cold storage reséarch facilities
were not available until September 2, only Anjou pears
from the late-growing district of Parkdale, in the upper
Hood River Valley, were used,

In 1958 Anjou pears were obtained from the Hood
River Branch Experiment Station on August 28 and from
Medford Associated Cold Storage Inc. on September 11. The
Experiment Station pears were plcked at approximately the
mid-point of commercisl harvest in that ares, and the
Medford fruit was obtained during the latter part of the
commercial harvest., Also in 1958, Bartlett pears were
obtained from Sunset Orchards, Medford, on August 19, the
latter part of the harﬁest period for this orchard.

Frult of U, S. No. 1 grade;, size 100 to 110 was used
throughout excepting the 1958 Anjou pears from Hood River
which were not sized. All fruit was brought to Corvellis
and treatments started within 2l hours of harvest.
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(2) Storage Trestments

& sample consisting of three standard pear boxes of
fruit was used in each of the storage treatments described

below.

- {a) Cooling Rate

The term cooling rate as used hgre refers to the
time required to cool the fruit from a fiéid temperature of
apéroximatoly 70°‘to 30° P, Cooling rates of 2, 4, 6, 10
and 1l days were obtained by moving the fruilt successively
from warm to colder storage rooms. Frult remained at eech
temperature for a period of time which corresponded to
actual curves of temperature reduction obtained in commere

cial cold storages by Sainsbury (30, p. 1~19)a

(b) Delayed Storage

Delayed storage relateé to the brooadure of with-
holding fruit from cold storage for s period of tims fol-
lowing harvest, Anjou pears in 1957 and Bartlett pears in
1958 were subjected to a temperature of 70° F. for 2, 3 and
ly day periods prior to storage at 30° F. In 1957 Anjou

pears were delayed at 70° for ss long as & days.
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(c) Storage Temperastures

In 1957 Anjou pears end in 1958 Bartlett pears wore
stored continuously for the duretion of their storsge life
at temperatures of 29°, 30°, 329, 3)°, 369, 4410°, 50°, 609,
and 70° P,

(3) Ripening and Evaluation of Fruit

Periodically, samples of frult from each treatment
were placed in the ripening room st 70° F. (65% in 1958)
for ripening and examination. Observatlons were made on
skin color, number of days required for ripening, flavor,
texture and the number of days frult remained in acceptable
condltion after ripening. The latter 1s sometimes desig-
nated "shelf 1ife",

(L) Detsrmination of Chomical and Physiological Changes
in Storage | T '

(a) Respiration Measurement

Respiratory activity of pears at 29°, 300, 320, 34°,
36°, 40°, 50°, 60° and 70° F, was determined by measuring
carbon dioxide output of approximately L kg of fruit. Each
respiration sample, consisting of an equal number of fruits
uniform in size and fres from skin damage or gbnormal
color, was welghed accurately. Samples in 5 gallon screw

top glass jars were aerated continuocusly at a rate of 6
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litres per hour for temperatures of 36° F, and below and

&t 10 litres per hour for all temperatures sbove 36° P,

In 1957 respiration jars were placed in storage rooms maine
tained at the desired temperatures., In 1958 the desired
temperatures were provided by water baths located in a

29° P, room and equipped with thermostatically controlled
heaters and stirring epparatus,

Reapired carbon dioxide was absorbed by passing the
effluent air from the respiration chambers through sintered
glass bubblers in 50 ml of dilute sodium hydroxide solution.
Fifteen hundredths normal sedium hydroxide was used for teme
peratures of 29° to 36° F, and 0.3 N NaOH for témperatures
of 4j0° to 70° F, Absorption was continued for two to elight
hours, depending on the éctivity of the sample. Carbon
dioxide content of NaOH solutlion was determined by hydroe
chloric acid titration of & 10 ml aliquot which was diluted
to 60 ml with water and from which carbonate was precipi-
tated with barium chloride. Dllution was found necessary
to obtain a well defined end point with thymolphthslein

indicator.

{b) Prezsure Test

Pirmness of the flesh of pears 1s a useful indicator
of harvest maturity and degree of ripening following har-

vest., Pressure tests were made with a Ballauf tester using
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a 5/16 in. tip to make two punches on the pared surface of
ten fruits, In this way changes in firmness of fruit re-
calving different storege treatments were followed throuch-

out the storags period.

(¢) Skin Color

Yoellowinz of pears in storage 18 & sign of approache
ing senescence and 1s viewed with concern by commercieal
storage operators. The color of all samples of pears taken
from storage for pressure tests was evaluatsd by comparison
with the U, S, Department of Agriculture standard ground

color chart for apples and pears,
{a) Pectin

Soluble pectin was determined by precipitation es
calcium pactets accordinzg to the method of Carre and
Haynes (4, p. 60-69). Sectors from each of the ten pears
used for the préssure test were ground in a food chopper
and the juice pressed out throush several layers of cheese
e¢loth. About 250 ml of this julce was centrifuged to re-
move suspended materlal, Following the addition of 200 ml
of dlstilled water and 100 ml of 1 N sodium hydroxide to
100 ml of centrifuged juice, the mixture was left to stand
overnight, Fifty ml of 1 N acetic acid was then added teo

neutralize the sodium hydroxide and after five minutes S50
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ml of 1 I1 calciun chlorido was added to precipitate the
pectin., After one hour the mixture was heated to boiling,
filtered hot and washed with distilled water. The pre-
tipitate was tranasferred to tared fritted glass ¢rucibles,
dried at 75° €. and weighed.

(e) Viscosity

Viscosity of the centrifuged julce was determined
with an Oztwald pipette kept at a constant temperature of
22° ¢, in a water bath as deseribed by Date and Hansen

(7’ po 218"222) »

(f) Total Soluble Solids

Soluble solids content of the centrifuged juice was
determined with a hand refractometer,

(g) Expressible Juice

The ease with which julce may bte sxpressed from the
pulp of pears haes been shown by Date and Hansen (7, p. 218«
222) and by Reyneke and Pearse (29, p. 9~22) to vary with
length of storaze and ripeness of the fruit, Expressible
julce was determined only on Anjou pears in 1957 by the
method described by Date and Hansen (7, p. 218), Juice was

pressed from 1000 gm of ground frult using a Carver press
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at 5000 p.s.i. Tho woight of juice was found by subtrac—

ting the welght of pressed pulp from 1000,
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RESULTS

Comparison of Respiration Rate at Different Temperstures

In Figures 1 to lj, showing respiration rate of
Bartlett and Anjou pears at different temperatures, smooth
‘curves have been drawn to fit the points as closely as
possible. This facilitated salculation of cumuletive cere
bon dioxide production and illustrated rospiratory treads
more readily than by plotting the curves in conformity with
sach valus determined for respiration. Appsrent irregulers
ity in rate of carbon dloxide production, partiecularly
evident at low temperature, is not likely due tb efror in
determination, ,Respiration,studiés on &pples aﬁé pears
generally show similar irregularities. Aithaugh & reasone
able explenation for this phenomenum is net available, it
has been shown that other reactions apparenﬁiy fluctuate in
& corresponding manner, Turner (35, p. 14b6=147) found that
malic, citric acid and total organic scid content of Granny
Smith apples during storage at 0° C. exhibited fluctuations
corresponding to those of respiration rate, Spencer (32,
Ps 1261-1270) deseribed the production of carbon dioxide
occurring in waves during ripening and aging of tomato
fruits and found that once ripening commenced, waves in

ethylene productlion corresponded to those of respiration.
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The marked influence of temperature on respiration
i1s clearly illustrated in Figures 1 to 4. While 1t is con-
venient to deplct temperature effects on respiration by Yo
or some other expression of rete increase per increment of
temperature, velues 3o obtained should be regarded as
approximate unless restricted to a particular set of con-
ditions, This wili be apparent when one recslls the
anomslous behavior of these pear varieties at different
temperatures. For example, the respiratory course of Anjou
pears at temperatures of 50°, 60° and 70° F. shown in
Pigure 1 represents & distinctly abnormal situastion that
sometimes may occur when Anjou pears are held continuously
at high temperature following harvest. Respiratiqn declined
to a low steady state with no appearance of the climacterie
rise for about fifty days; During this period there were
only small differences among respiration rates at 40°, 50°,
60° and 70° P, A climscteric rise in respiration had not
oceurred during 53 days at 70° P, when the sample, fully
yellow and firm but with soms decay, was discarded. Res-
piration rate of Bartlett pears at 50°, 60° and 70° F. shown
in Pigure lj, decreased somewhat during the first four days
aftor harvest then lncreased rapldly in a normal climscteric
rise that commenced about the same time et all three

temperatures,
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The problem of comperinz rcsplration at different
temparatures was further compliceted not only by the fact
that respiretory activity increased during the storage
period but also becauss the rate of increase'was creater
with increasing temperatufe. In spite of such difficule-
ties, 1t is valuable t6 show some numcrical relationship
betuesen resp;ration rates at different temperstures. Thus,
it was calculated that the aversge daily production of CO2
por kilogram of fruit at 30° F. waes 57.3 mg for Anjou and
76.0 mg for Bartls tt pears. At 32° ¥, the values were 77.l
and 90,7 mg for Anjou and Bartlett, respectively., The
respiration rate of Bartlett pears at 36° P, toward the end
of storage life was ebout 2.25 time s that of fruit stored
for a comparable period at 30° P. This represents a %Yo
of 6.7. ‘

Respiretion rate of Bartlett pears was somewhat
lower at 29° than at 30°, but as shown on Figure § there
appeared to be little difference in respiration of Anjou

pears at the two temperatures.

Effect of Prestorage Treatment on Subsequent Respiration

It appears that prestorage treatment may produce a
residual effect on respiration that persists throughout the
storaege pericd., It is evident from data plotted in Figure

£ that Anjou pears delayed four days at 70° P, prior to
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storage respired at & considerably higher rate than com-
parable frult stored et 30° F. without delay, The 10-day
peried at 70° during which the frult failed to ripen
apparently produced an‘inhibitory effect on respiration,
Bartlett pears which were cooled slowly over & period of
1l days respired more actively than fruit cooled promptly.
For the period shown in Figure 6, respiration rates
fluctuated considerably but rate of the slowly-coolsd fruit
remained conslstently high until about the 110th deay of
storage.

Gerhardt and Ezell (12, p. 13) showsd in a similar
study that holding Anjou pears at 65° F, for 7 days after
harvesat caused & reductlion in resplration rate that per-
sisted during cold storage. When Bos¢ pears were delayed 2
days at 65° then held at 45° for 10 days, subsequent res-
plration rate in cold storage was greatly eccelerated.
However, they did not determine if stimulatory effects
could be induced by hSo temporature only.

Cumilative Carbon Dioxide Production
at ﬁifferent Temperatures

The difficulty in assessing total ecarbon dioxide
production 1s mainly that of identifying like stages in
ontogeny of the fruit undergoing different treatments,

Kidd and West (23, p. 93-109) included the entire period
of storage terminating in fungal rotting of the apple.
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Smock (31, ps 178-18}) considered only the marketable
period of apples, whoreas éiaie (3, pe 36§~370)~foﬁnd the
gsimilerity in total carbon-dioxide persisted until the
climacteric peak in avocado.

An arbitraﬁy designétion of some end éoint is likely
to be reasonably accurats for fruit at low temperature with
low rate of respiration and restrictsd climacteric'rise.

At higher reSpira%iaﬁ ratez and accentuated clinmacteric;
aceurste indication af'tha storags ond point is critlically
important for accurate calculation of carbon dioxide
output, | |

Tablags 1 and 2 gshow total carbon dloxide obtalned by
integrating the area under respiration curves for different
temperaturcs end siorags poriods. Cumulatlve earbén
dioxide produced by Anjou poars shown in Table 1 was cale
culated for the periosd during which the frult softensd to
10 1bs. firmness. This corregponds to the upper 1limit of
"firm ripe™ condition thought to represent maximum ripening
that can be tolerated safely if frult is to be handled
commercially in the usual menner. Fruilt stored at 30° F,
had not softened to 10 1lbs. during 210 days but had reached
the 1imit of storage during which fruit could be ripened
with acceptable quality.

Normally Bartlett pears softén very Little or

erratically in cold storage, but yellow color develops



Table 1, Effect of temperature on cummla-
tive carbon dioxide produced by Anjou
pears during storage.

Cumulative CO, at Different Temperatures

— . Duration
Storage of CO2

Temperature Storage Produced
o days ng/kge.
30 210% 12,028
32 156 12,033
3 98 8,52l
3 75 6,880
40 Il 4,182
50 39 5,688
60 31 5,706
70 30 6,888

4 Frult hed not softened to firm ripe stage
but had reached the limlit of merketable
storage life.

33
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Table 2. Effect of temperature on cumulstive carbon die
oxide produced by Bartlett pears at different periods
of storage.

Cumlative CO, at Different

_ Storage Feriods
Period #nd of Use~ Ripeness or

Storage of Color ful Storage Failure to
Temperature Storage Change Life_ .. Bipen
F days ng/kg mg/kg mg/kg
o 115 8,148
3 120 ’ 8,675
140 10,637
32 55 3,945
85 ’ 7,032
100 9,065
34 L5 3,068
70 5,772
85 7,862
36 30 2,860
Lo ’ 3,864 |
56 6,777
0 23 2,580
4 20 ’ 2,18
34 L, 46l
50 13 1,992
18 ’ , &0032
60 9 1,932 ,
13 4,176
70 7 1,872

10 I, 368
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progressivoly with the losg of chlorophyll. Practicél
linlss for commercial stora e woere considered o have
occurred wnen 50 per cent of the frult in the sample assum~
ed & yollowish gresn color corregponding to stage No. 3 of
the U.S.D.A. color chart., Tlaxirun possible astoraze life,
obviously not of practical walue, was Zadicated by failure
of the frult to ripen properly whon removed from cold
stora_s, or by complate ripeanins of the fruilt 1f stored at
ripening tewperatures, An interiediate storage ?ericd
corrasponded to the maximum length of timse frult could be
stored snd ripened with acceptable quallty under eoxperi-
rental condltions, Teble 2 1lists curulative carbon dlozlde
rroduction for Barilett peasrs sccording to the three
storage periocds described above.

It is irmmediately apparent from data in Tables 1 end
2 thet under the conditions specified, totel carbon dioxide
production was ccnsiderably lowsr at high and Intermediate
tempersture than at 30° ana 32° 7, In the temperature
raage 34° to 36° F,, unsuitable for ripening of Bartlett
poars, total carbon dioxide dropped consistently, but was
fairly coastant at temperatures of LO® to 70°. At 40° this
fruit softened more than is generaelly expected, but ulti-
metely failed to ripen normelly. Anjou fruit falled to
ripen under continuous storage at high tempersture end ex-

hibited abnormal respiratory pattorns at 50 60° and 70° F,
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Pindale gt al. (34, p. 19) expressed the thought
that inabillty cf.Bartlett poars to ripen‘a%'tempefatures
of 45 to 30° P, might be responsible for differing amounts
of total carbon dioxide being liberated at sach teomperatura,

This, howsver, does not apply to Anjou pears.

Chemical and Physical Changes in the Pruit Durinp Storage

Detormination of firmness, soluble pectin, totel
soluble sclids, and viscosity of julce provided objective
measurement of ripening during storage. Results of
analyses te@etbar with otheyr dats on ripening andéd quelity
are sunmarized in Tablos 3 to b, |

Extractable juice was also determined on Anjou pears,
but failed to show any gconslastent reletionship to changes
in firmness, soluble pectin coatent or ripealung of the
fruit, This is in contrast to results of Date and Hansen
{75 Pe 219) who Tound that extractable juice increassd with
ripening and wasg inversely correlated with fruit firmness,

Changes ia total éolub’ls‘ sollds in Anjou and
Bartlsatt pears in ell treatments were too small sand incone
sistent to be of value in reflecting ripening changes.

Viscosity of juice incroased consistently with in-
crease in solubls pectin until fruit was almost ripe then
decreased, Dame et gl. (6, p. 28-33) propose that decrease

in viscesity may be accountéd for by shortening of
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Table 3. Influence of temperature on physical and chemical
changes in Bartlett pears, 1958,

Stor- Length Total Relative Ripe
age  of Firm- So0l. Sol. Vis-  a%t Shelf
Temp, Storage ness Pectin Solid cosity 65°F Life Quality

~days 1us, %g Z days days

0 16.6 1467 12.0 1,39
29 36 15,8 L0941 13.6 1.3t 7 T G
6L 1h.h  .AJ17 134 1,39 5 3 6
101 14.3 1186 13.2 1.33 I h PG
5 15.1 .1092 13.3 1.39 5 5 6
101 14.8 L1060 14,0 11 L L @
112 15,8 .1222 13.4 1.35 6 2 G
32 42 15.9 .138% 13,1 1.35 6 5 @
57 14.9 .11 13.0 1.39 6 3 G
B 15,1 L1681 12.6 144 4 3 G
101 1.k  .2434 13.2 1.35 - O Hard
3k 28 15.3 L1049 13.1 1,35 6 6 G
gl 15. .1883 12.9 1.36 S h 6
0 12.6 #3332 13.0 1.61 % 2 G
36 28 14.9 .1078 13.1 1.36 5 FG,Dry
Bl 15.5 (1573 13.4  1.86 L4 3 F,Sharp
52 130&. 03936 1209 1#90 het - -
1,0 23 15,5 .2594 13.4 2,08 4 L4 PF,Dry
3 9.7 L7909 13, 3.02 - - -
l,}l 6.1 l¢9966 12o 2098 hd 0 P’Hﬂrd
50 11 15.f L2165 13.0 1.87 - - -
13 12.1 L4215 13.3 3.27 - - -
15 7.7 .9139 13.0 .00 - - =
17 3.7 1.27156 12.7 5.13 - - -
19 3 1.2401 12,8 3,11 18 8 ©P,bry
| 27 9155 13,1 2,38 (50°F)(0°F) -
60 3 1607 01020 13.3 1039 - - -
6 15,1 .3605 13.1 2.98 - - «
11 6-2 08011 1300 ho?; - - -
5 15&7 .2560 13.1 ] 2.- 07 - - -
6 10,7 «3139 12.8 2.79 - - -
8 Sou. 06161 1301 5056 - - -
10 3 1.0940 12.9 2,78 10 8 ¢

G = Good, P = PFair, P = Poor
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Table lj. Influence of cooling rate and delayed storage on
physical and chemical properties of Bartlett pears, 1958,

~ Length ~ Total Rel. Kipe
Treat- of Firm~- Sol. Sol. Vis-« at Shelf ‘
ment Storage ness Pectin Solid cosity 6 Life Qualit

days at 1bs. _ %o days days
30°F | Ib%gﬁf

Delayed Storsage

x

2 days 50 1h.7 L1600 12.8 1,39 6 5 G
4 lgg 15.1 .,1105 13.4 1.33 4 3 g G
112 15.2 ..1229 13.4  1.40 % 2 FG,Sharp
3 days 50 146 . .10L5 13,5 1.39 6 g F,Sharp
8s 15.6 ..1110 13.0 1.0 L & FG,Sharp
101 . {not.all softening) . L 3 PF,Sharp
112 15.5 ..1356 13.0 1.36 6 2 FP,Sharp
5 15,6 .,1102 13.3 1,80 §& 6 ¥,Sharp
S 13.h 2600 13.0 1.69 i 0 FP,Sharp
6 days 23 5.5 11,0808 13,9 3,h6 - -
38 8.4 .8700 13.7 3.69 3 3 P,Sharp
62 3. ..7132 13.9 2.53 3 0 P,Sharp
Cooling Rates a . ;
2 days Deta given under 30° F. storage, see Taeble 3
Iy days %5 15.4 -.0918 13.2 1..31 7 5 G
S 15.5 .1186 13.7 1.42 &5 5 &
101 e 4o N - o p -~ 2 34, G
112 15.1 - ,10L3 13.7 1.35 2 G
6 deys he 18,5 0677 13.8 1,40 6 S &
101 <o - - - Ll d - - 5 2«»3 G
112 14.3 -L,X184 13.6 1.33 6 2 G
10 days L2 15,5 ., 1490 12,9 1.36 6 5 G
66 1h.5 .,1576 13.6 1.39 5§ 5 ¢ -
85 14.5 .0735 13.6 1.35 L S G
101 - - o - 5 2 FG
112 ‘{not 8l softening) - 6 2 ¥F,Sharp
6 1.9 116 12.7 1:27 5 L ¢
101 18.4 .18 12,9 135 5 2 PG
112 ‘{not all softening) - é 2 F,Sharp
G & Good
P = Pair
P S Poor
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chanres 42 Anjou pears, 19857,
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Table 6. Influence of rate of cooling and delayed storage
on physical and chemlcal propertiss of Anjou pears, 1957,

’ Soft
Length Total Reletive Fruit
Treats of Pirm- Sol. Sol. Vis- 14 deys

ment _ Storage ness Pectin Solids cosit 70° Quality
S Gysstiba. _gm - % F
300 F 1

Delayed Storage
2 days 107 14.2 - - - 90 F,Sharp
- P

156 - e - L d
198 12.2 L1177 13.7 1.69 95 P,Dry

I days 107 13.7 - - - 80 P,Sharp

6 days 107 13.9 - - - 70 P,Sharp
194 11.3 1318 4.4 1.79 8s P,3tale

10 days 107 14.2 - - - 90 P,Sharp
19  12.4 1373 14.7 2.11 95 P,Stale

- b

Rate of Ccoling

3 days 107 15.1 - ~ - 50 G
156 -- . w- - <= P,Flat
196 12.8 1464 14.3 1.83 ~ P,Dry
5 days 107 14.9 - - - 4o PG
156 13, - - - - P,Stale
196 12, .1338 14.2  1.75 90  P,Dry
7 days 107 15.%5 - - -~ Lo F
196 11.8 ,0894 13.7  1.62 65  P,Dry
11 days 107 13,9 - - - 90 F
156 13.6 - - - - P,Flat
196 11.6 +1456 13.1 1.69 85 FP,Flat
15 days 107 1h.3 . em - 60 P ,
156 14.9 -— - - FP,Flat
196 12.8 1311 14.4 1.8 100 P,Dry
G = Good
P s Fair
P = Poor
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polygalacturonide chains during hydrolysis of glycoside
linkapge and dew~egtrification of mothyl groups on pectin
during ripening., Viscosity of julce, which appears to be
clogsely related to soluble paectin, may prove to be & ugeful

and senaitive indicator of ripening in storags.

Lffect of Storage Tempsrature

Bartlett pears ripensd normally at 60° ana 70° F.
with consistent incresse in soluble pectin and viscosity,
beginning approximately the same time as the respiratory
c¢limacteric. Fruilt also ripesned at 50° but developed a
dry texture and poor quality. Both soluble psctin content
and viscosity were highest when frult was first ripe and
thereafter began to decrease.

The longest period Bartlett pears could be held in
storage and still retein capacity to ripen normally with
scceptable quality was estimated by evaluation of fruit
ripensd at two-weekly intervals duriang the storapge period.
These data, deslignated maximum useful storage life, are
given in Table 7. Onset of this point was not indicated by
chenge in firmness, but was preceded at most temperatures
by a deflnite increase in yellow color and by a smsll in-
crease in soluble pectin and viscosity of julce., Little

variation, however, occurred in soluble pectin, juice



Table 7. Influence of cooling rate and temperature on
storage life of Bartlett posrs

Tims for  Haximum Use-  Time until Ripe or
Treat- Color ful Storage Failure to Ripen
ment Change Life Normally
days days days

Continuous Storage

70° 7 . 10
60 9 13
50 13 18
40 23 20 3L
36 30 40 56
34 3 70 85
32 55 8s 100
30 115 120 140
29 100 100 112

Delayed Storage

2 days 0 1 140
7 10 20 LIy
8ly 100 100

" 66 75 85

" 20 0 50

Rate of Gooiing

2 daxs 115 12 140
100 120 140

" 80 120 140

10 " 66 100 112

i " 50 100 112
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viscoslty, and firmness of fruilt stored continuously st
29 ana 30° 7,

PTindale (34, p. 11) foundé that yellowing of pears in
storage was not always a relisble index of storage life,
but suggested that if chenge .in color was accempanied by a
reduction in firmness of about l lba, it would be advisable
to remove the fruit. In the present studles only fruit
stored ab hﬂo, 36° and 34° F. softened to the extent of 4
lbs., at which tine satisfaectory ripening was not possible,
Although the fruit softened to about UY.5 lbs. in storage
at uo°, it failed to ripen normally before scald occurred.

It is characteristic of Anjou pears that chemical
and physical chaenges associated wilth normal ripening are
eblse to proceed at low temperature. In this particular lot
of fruit, however, that stored at 29° and 30° F. showed no
appreciable change in poectin or viscosity of juice, and
goftened less than 2 1lbs. during 200 days. Degree of
softening, alsoc accompanied by increases in viscosity of
Sulce and soluble pectin, was a useful guide to the ripen~
ing progress of fruit at 40°, 36°, 34° and 32° P, Change
in firmness 1s presented graphically in Figure 8 and durae-
tion of storage 1ife based on firmness of 10 1lbs, is given
in Table 1. It 1s interesting to note that rate of soften~

ing once initiated was remarkably similsr at each tenmperas

ture. An initlal decrease followed by temporary incresse
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in firmmess of fruit stored ot 3&0 to 30°, vhich hae beeﬁ
observad on other occasions (7, p. 220), {12, p. 39},
appoars unrelated to pectin chanres during thet poriod.
Durinc the lens roriod fruit rermeined at 50°, 60° end

70° P, without ripening rormelly, scluble pectin and visge
coglty inersazed slowly. None of the fruit softened propor-
ly at 70° while gsome of that at 50° end 60° softened evene~
tually but remained dry and exceedingly poor in quality.

It hes been obaerved frequently that a perioed of
cold storage prior to exposure of pears to ripening ten-
perature mekes for uniform softening and generally improved
quality, Hansen and Hartman (17, p. Lli1-}52) observed that
early picked Anjou pears reguired a period of cold storagecr
treatment with ethylene before ripening was possible, Evi-
dence in the present work sugrest that intermnediate tempera-
tures may e more effective than 29° to 30° P. in promoting
ability to ripen. In early rivening tests, the first Anjou
pears with normal ripening capacity weére those stored at
3&9 to AOO F. In all subsequent ripening tests, as shown
in Table 5, & portion of the fruit that hed heen storsd at
29° and 30° P, failed to soften properly during the initial
two weeks at 70° P. Ulrich and Paulin {346, p. 603~604)
found that Passe~Crassane pecars falled to ripen at 18° C.
unloss treated with ethylene or stored four weeks or more

at 0° ¢, prior to ripening atterpts. Furthermore, the
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longer the period at 10°, 15° or 18° C. the more injurious
were the effects, with subsequent ripening following cold
storage being abnormel or incomplets. More recently,
(37, pe 76-81) these investigators reported that Passe~
Crassane psars from the Paris district required cold treate
ment, but fruit from the Loire could be ripened without
previous cold storage., In experimental work on Kieffer
pears, Lutz and Culpepper (24, p. 13 to 29) obtained satise
faectory ripening at 60° and 65° F. but ripenihg and soften-
ing were retarded at 70° to 80° F, even in the presence of
ethylene. Experiments showed that compeosition of the in-
ternal atmosphere was not responsible for the inhibition,
Specific physiologlcal on chemical changes in the
fruit which nmight explain the chilling effects have not
been determined. A report of Neal and Hulmes, however, is
of interest in this respect (27, p. 142-157). They found
that peel tissue of post-climacteric, but not pre«climsce
teric apples; decarboxylated malste vigorously; when pre-
elimacteric apples were coocled briefly to 3° to 5° C.,
however, the peel bshaved like that from post-climacteric
fruit.

Effect of Delayed Storage

The consequence of holding fruit at 70° P, prior to
cold storage depends upon the metabolic activity of the



46

fruit after harvest, Increase in respiration rate,
scluble pectin and juice viscosity of Bartlett pears be-
gan between the 3rd and the 5th day after plcking. It is
apparent from Tables lj and 7 that withholding fruit from
cold storage l} days cr more initiated ripening processes
that continued during storage at 30° F. A slightly in-
creased soluble pectin content in fruit delayed 3 days
persisted throughout 112 days of storage but was not suf-
fileclent to affect firmness or viscosity, Frult dslayed

l} days or more continued to soften in storage and soluble
pectin and juice viscosity increased, It 1s evident fronm
Table 7 that yellow color development was induced more
rapldly by slow cooling than by moderate periods of delayed
storage.

In view of the behavior of Anjou pears held cone-
tinuously at 70° after harvest, it is not surprising that
several days delay prior to cold storage had little effect
on ripening, In fact, as shown in Table 6, delay periods
up to 10 days caused only a slight persigtent increase in
solublé pectin and viscosity, insufficlent to result in
appreciable softening during 200 days storage. After 220
days storage, all delayed stored frult was noticeably
ysllower than that cold stored immediately.
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Fig. 9. Influence of cooling rate on color
of Anjou pears stored 159 days at 30° Foy 1958
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Influence of Rate of Cooling

Increase in soluble pectin’and viscosity of julce
which might be attributable to slow cooling was not of the
magnitude associated with appreciabls softening. It
appears, however, that temperatures prevailing during the
cooling period had a decided influence on subsequent de-
composlition of chlorophyll and consequent yellowing of the
skin. This 1s strikingly revesled in Flgures 7 and 9.
Points on the ¢olor curves represent average color of all
frult in €be sample., Each fruit was given & color sc¢ore
1 to 4 by comparison with the solor chart and & single
value obtained for the sample by dividing the total of the
color scores by the number of frults. Yellowing of
Bartlett pears in storage is frequently the forerunner of
abnormal ripening and scald which may occur when the frult
is removed, Color was considered fairly advanced when the
average color was 2.75, i.e., half the fruit corresponded
to color plate 3 and the remainder resembled 2 to 3. A
similar degree of yellowing was considered by Tindale,
{34, ps 10) to prevail at ebout the end of storage life for
fruit stored at 32° P, immediately after picking.

Datea in Teble 7 show considerable variation in rate
of color change under different conditions, Particularly

in respect to fruit cooled slowly, it appears that color
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indicated prematurely the epproaching end of storage lifs.
Handling frult under commorcial condltions, however, 1s
congiderably more rigorous than in this experiment. The
tendency for skin marking, a brownish discoloration caused
by abrasions, may be parellel to sdvancement of skin color,
but this was not determined. In any case, frult inspec-
tors and others concerned in commercial handling of pears
regerd development of yellow color as an indicetion of

approaching sensscence.

Influence of Treastment on Storage Life and Fruit Quallty

Storage life of peers 1s considered to have tere
minated when the frult feils to ripen normally with accepte
able quality at 60° to 70° P. Since this stage may not be.
marked by precise chemical or physical changes, 1t must be
determined by perlodic examination of fruit removed from
cold storage and ripened at 60° to 70°. For the purpose of
this study determination of meximum storage life was Iimpor=-
tant only insofay as it provided one means of comparing
_effects of treatment. Some other point in the 1ife of the
frult would be satlsfactory providing progressive changes
occurred in the fruilt which made it possible to evaluate
differences due to treatments,

Bartlett Variety. The Bartlett pears used in these

experiments had exc¢eptionally high quality and long storage
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1ife, As shown in Table 7, storage 1ife of 120 days at
30° P. and 85 days at 32° P, wes considerably in excaess
of the safe commerciel storase life of 35 to IS5 days that
Bartman (19, p. 61) reported could be expected in Oregon.
It is, however, comparablé to experimental results with
Oregon grown pears stored at 32° (21, ps 17),

The Importance of temperature in pear storage ia
cloerly emphsesized by the data in Teble 7. Haintaining a
storage temperature of 30° F. was effective in extending
storage life of Bartlett pears }J0 per cent and 70 per cent
over temperatures of 32° and 3&? F.y respectively. This
is of resl practical concern in plants not squipped to main-
tain 30° P, temperature uniformly throughout the storage.

It is sometimes stated that pears may be stored
successfully st temperatures approaching the freozing point,
which 13 considered to be 27° to 28.5° P, Furthermore,
slight freezing of moderate duration 1s viewed with little
concern, Hesults of this study indicate, however, that near
freezing tempersture may be dotrimental to keeping end eat-
ing quality of pears., Ice formetion was observed in some
Bartle tt fruit, the flesh temperesture of which was not lowe
er than 28.5% P, Although no sign of freezing injury was
obgorved in eny of the fruilt examined at 65%, 1%t was
apparent that development of yellow color and deterioration

of flavor proceeded more rapidly under these conditions
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than in 30° storage, Investigation of the physiologlcal
effects of frecezing revealed that a few hours of freezing
temperature efter ice formetion in apples (5, p. 16-20)
and citrus (13, p. 132-136) resulted in an incresse in
respiration rate cf\the fruit ot OO Ce

On the basis of ripening tests, 1t is estimated
that stoerage 1ife was not reduced zppreclsbly by two days
delay in plaeing frult in cold storage or by sxtending the)
cooling reriod to 6 days. Increasing the delay period to
3 days and reduction of cooling rate to 10 or 1l days re=
duced meximum storage life by about one-gixth, Advence-
ment of yellow color of the fruilt cooled in 6 days, how-
ever, was sufficient to ceuse congidoerable reduction in
storage 1life from az commercial standpoint,

In all cases, as fruit approacheod the end of sterage
1ife thse period of time between ripening and firsit sasppsar-
ance of core breakdown (designeted chelf 1life in Table 3)
was shortor.

Flavor and texture of fruit stored at 30° to 34° 7,
snd that cooled in I and 6 days remainsd consistently good
throughout tho storage period. Storass at 36° to 50° F,
resulted in dry textured frult with inforior flavor.
Accompanying symptoms of abnormal ripening was an increased

sharpness in flavor. This was apparent toward the end of
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the storage life of fruit cooled im 10 and 1l days. Fruit
withheld from storage in excess of 2 days had a characior-
1stically astringsent flavor,

Anjou Variety. Complete failure of 1957 Anjou pears

to ripen prior to cold storage, tho weak flevor, retonw
tion of greon color and slow softening in storage are
cheracteristics of ifrmature fruit. On the other hand,
scald was nol excessive oven after 220 days cold storage.
In any’casevthe prevailing low quality and unrespousive
nature of the fruity made evaluatioan of resulis difficult,

As shown in Pigure 83, firmness chaaged at & fsirly
uniform rate at terperatures of 32° to ao°, and thoerefore
was a useful msang of evaluating tho condition of tue
fruit. hen the frult had softened to 10 1lbs., its cone
dition was considered similar to thet at the end of com-
mercial storage 1ife. At 309, however, deterioration of
texture and flavor indicated the end of useful storage life
before much softening hed occurred,

Using those criteria, Table 1 weas prepared which
shows the storage life of Anjou poars at the different
storage temperatures. Iy was calculated that storege at
30° increased the life of Anjou pears 3% and 125 per cent
over that at 32° and 34°, respectively,

Leck of any distinct change in condition and large

variation of quality within the samples of fruit cooled at
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different rates made close esiimatc of storage 1ife impos-
sible. Slow and uneven ripening persisted in sll lcits of
fruit stored at 30° or 29° regardless of prestorage treste
ment. After 200 days storage it was difficult tc say with
agsurance, which frult wes in the best cendition. Frult
cooled slowly, with one exception, appeacred o bs somewhat
drier in texture than that stored immsdiately at 29° or
30°. After 220 days storagc the condition and appearsance
of fruit stored immediately at 29° ¥,, 30°, and that cooled
in 2, i, 6, end 10 days was practically identical. That
¢ooled in 1l days was noticeably ysllcower than the othar.

Delaying storage of Anjou pears accelsrated developw
mont of yellow color and, with the exception of frult de-
layed only 2 days, produced a sharply astringent, un-
pleasant flavor.

Full charecteristic verietal flavor did noct develop
in any of the fruit., Up %o 150 deays, however, frult stored
at 32° had the best flavor, but with longer storage beceme
stale. Pruit stored at 30° and 292 ripened with & mild

almost insipid flavor.

Storasce Disordsrs

Scald occurred in some lots of Bartlett psars, but

since it commonly dovolops in frult which has already lost

normal ripening ecapacity, 1t was not importent to this
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study. Anjou scald on the other hand maey cccur while the
fruit is in otherwise good conditicn. Like apple scald
it can be controllied by oiled wraps, at lsast until late
in the storase season.

In 1958 Anjou pears, an unusuel disorder appoarcd in
fruit from both iedford and Hood River after relatively
brief storage, preventiing satisfactory evaluation of the
2nd year's work on Anjou cooling studies. Frult with this
disorder appeared entirely normal iIn storage but during
ripening developed a dry julceless texture and water scaked
condition in the region of the vascular bundles aud siono
coells, This disorder, which was described by Aldeich,
et al, (1, p. 93-97) who showed its relationship to higk
temperature and water stress, was not named at the time and
has received little attention since. |

The incidence of disoriers in Anjou poars in 1657
and 1958 are summarized in Table O, A4s might be expected,
scald became wmore sevore with a longer storage pericd. In
the 1957 frult, the highest incidence of scald occurred in
fruilt delayed 2 or 3 days before cold storage and in fruit
cooled at intermediate rates. In tho 1950 fruit, there was
a pronounced inverse relationship vetweon émaunt of scald
and rate of cooling. The incidence of mealy breakdown on

the other hend was directly associated with slow cooling
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rate. Ia the praviouns encsunter with this physiclogiezl
disorder {1, p, 93-97), 1its severity waes lncretsed by de=-
layed storage which, however, rasultied in a reduction of

scald,.
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Teble 8. Effect of treatment on physiological disorders
in Anjou pesrs.

~incidence of Disorder After Different

~ Periods of Storage
Treat~ Hood R River 193 ﬁeaford i9§8
ment Scald g

196 days 220 %__ya

29° g N
30 0 11
—22 5 ==
Delayed
Storage
2 days 5 23
3" 10 15
g " 10 9
% o 7
10 " 0 S
Cooling
Rate
2 days © 11 Ly 93 20 g0
“y 0 10 15 g2 69 83
g " 30 19 25 50 52 76
" 25 34 23 31 79 93
g - - 14 19 6l 82
10 * 30 37 0 2L 92 87

iy " 0 15 y 10 86 75
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DISCUSIICcH

Prom consideration of the results obtained, it
seoms possible that a critical temperature zone may exist
for psars between S0° and 30° F,, and that exposure to
this temperature range during slow cooling mey have marked
physiological effects on the fruit; The most impressive
evidence in support of thls hypothesis 1s seen in the com-
parative offects of various cooling procsdures on color.
Rapid development of yellow color in storaze was assoclated
with slow coolling even though frult temperatures were be-
low 50° P. for the greator pert of the coolinz periocd. The
procedure of holding the frult at 70° P, for 3 or 4 days
then cooling 1t rapidly to 30° F. resulted in slowsr develop=
ment of yellow ¢olor than cooling the frult slowly eover a
1} day peried. Rapid cooling in which the temperature of
the fruit was reduced to 30° F. in 2 days resulted in the
least yellowing. 1t 1s evident that these results cannot
be explained by comparison of curulatlive degree hours to
which the frult was exposed before reesching the stebillzed
cold storage temperature. During the llj-day cooling period,
about 2800 desres hours above 30° F. were sccuwmlated. Be=
ginning at the same time, fruit delayed 3 days at 70° F. had
accurmlated 900 degree hours by the time it had coocled to
30° r.
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Intermediate temperatures were more conducive to
softening and ripening of the 1957 Anjou pears than either
high or low temperature., It has been demonstrated in these
oxperiments as well as elsewhere that ripening sometimes
fails at 70° P, or is initiated after some delay unless
maturity is well advanced or fruit has been chilled for a
period of time. 1In this study, fruit failed to ripen and
remained firm for more than 50 days after picking when held
continuously at 50°, 60° and 70° F. Fruit that had been
stored for one month at 34°, 36° or 0%, however, was
capable of ripening at 70%, but fruit stored for ons month
at 30° and 32° had not ripened after 20 days at 70°.

Ulrich (36, p. 603-604)(37, p. 78«81) proposed that
some pears have & chilling requirement which must be fule-
filled before normal ripening proceeds. It 1s interesting
to consider that ;his may be another example of physio-
logicel effects of cold on élant material, Treatment of
the frult with ethylene 1a an effective substitute for
chilling in inducing ripen ing of certain varistles of
pears immediately after harvest. It may seem logical to
assume that ethylene or a precursor is initiated in the
eold, but conditions sultable for ripening must prevail
before its effects become apparent. This may be an accepte

able explanation in respect to chilling effects, but it



seems somewhat less applicable to the effects of slow

¢ooling.
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