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Physiological Investigations on Fall and
Winter Pears in the Pacific Northwest'
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INTRODUCTION

Commercial production of fall and winter pears in the United States
is hugely confined to the warm, dry, irrigated valleys of the three
Pacific Const States, where approximately 14 pereént of the Cali-
fornia, 65 percent of the Oregon, and 32 pereent of the Washington
total pear acreage is plamtenT to these varieties (87).2  Production
trends and essimated new plantings foreshadow a considerable increase
in both acreage and tonnage.  Although production has varied from
season o season, carlot shipments of winter pears from the Pacifie
Northwest have more than doubled during the 10-year period 1920-39 3

Thie Anjou (Beurre d’Anjou) variety has shown o consistent gain in
popularity and in 1934 comprised approximately one-half of the total
commercial shipments of winter pears. The Bose (Beurre Bose) and
Winter Nelis form the major portion of the remaining tonnage of fall
and winter pears, and Flemisl Beauty, Comice (Doyenne du Comice),
and Howell represent varieties of lesser commeseinl production in the
Pacific Northwest.

The winter-pear market is largely a fresh-fruit market and as such
demands the utmost in appenrance, condition, and dessert, quality of
the fruit. Improvement of these essential fnctors can be accomplished
through intelligent harvesting, handling, storage, and mearketing
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1 Infarmation shtained fton the Wonatehee Valley Iraflic Assavintiog, Wenntehse, Waxh,

o FL R YT |




2 TECAXICAL DBULLETIX 759, U. & DEME 0P AGRIGULLURL

practices, Because pears are decidedly more active physiologically
than apples, handling delays and higher storage or transit temperatures
are correspondingly more critical factors in the maintenance of
maximum storage life and of best dessert quality.

Published work (I, 23, 24, 38) relative to maturity standards and
proper storage procedures for handling fall and winter pears has formed
the basis for a continued improvement in the commereial handling of
these varieties. The above factors have received attention in the
present studies only insofar as they might affect the physiology or
hiochemistry of the experimental fruit.

Information relative to the physiological response of fall and winter
pears to various handling, storage, and ripening practices was decidedly
limited prior to the initiation of these studies in 1931, This publica-
tion presents information relative to the physiological and biochemical
response of different varieties of pears picked at various maturities to
handling, storing, and ripening procedures. The results of measure-
ments of respiration, aceteldehyde, ethyl alcohol, carboliydrate, pectin,
enzyme, and astringency served as criteria in following thiese responses.
Certain of these determinations were also used in following the course
of scald, core break-down, and loss of normal ripening capacity in
pears. The results of these studies should lead to a better under-
standing of iLa physiology and biochemistry of the different varieties
of fall and winfer pears.

REVIEW OF LITERATURE

The following briel review of the experimental work with pears is
confined to that dealing with physiclogical and biochemical changes.
Maturity, storage, and ripening studies are reviewed only insofar as
they relate to the physiology and chemistry of the fruit. For a
detailed review of harvesting and storage studies, reference is made to
the work and appended bilﬁiogmphies of Hartman (23, 24), Diehl*
Allen (1), and Penizer (38).

Gore (18) studied the respiratory activity of Kieffer pears a¢
temperatures from 2.9° to 34.4° C.  He found the @ 10 (Van’t Hoff
temperature coefficient for a 10° difference in temperature) to be 2.24,
since the respiratory activity doubled after each rise in temperature
of 8.6°. He reported no stimulus in the rate ol respiration due to
picking rom the tree. Tn studying the respiration of Kieffer pears at
different storage temperatures, Lutz and Culpepper (33) obtained the
oreatest activity during storage al 15.5°. They found the rate of
respiration to be directly associated with the rate of softening.  Stor-
age temperatures of 26.6° and 32.2° effected a diminution of hoth res-
piration and softening.

Kidd and West (30) studicd the respiratory activity of Conference
and Comice pears as influenced by maturity at time of harvest and
alter storage at 12° ¢ Respiratory activity was greater in the less
mature fruit both at the time of gathering and at the peal of the
climacterte rise.  Clarbon dioxide production, however, was remark-
ably similar for the two varietics of pears. The ineidence of the
respiratory climacteric nt 12° was much earlier in the more mature
frutt. The peak of the climacteric, irrespeetive of the maturity or

VKL, 1. G, BARVESTING PEAKRS TO ORTAIN PEST QUALITY.  Tiev. 1930, [Mimengraphed.]
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variety, always occurred when the fruit was cating ripe. Hansen
and Hartman (19) found that ethylene inereased the respiration of
Anjou and Comice pears both at harvest and after short periods of
cold storage at —0.5° and 2.8°. The magnitude of the stimulation,
however, decreased as the length of storage inereased, and after 2, G,
and 8 weeks, Bose, Comice, and Anjou, respectively, failed to respond
to ethylene treatment. This lack of further chemieal stimulation
was associated with a natural increase in the respiratory activity of
the fruit.

Tindale and others {44) found thai the carbon dioxide production
of Bosc, Howell, and Winter Nelis pears stored at 32° and 37° F. in-
creased to o maximum and eventually declined to a point where
respiratory activity ceased. The latter point coineided with the
denth of the frudt through disintegration of the tissue. Stmilar results
had previously been reported by Gerhardt and Ezell (78) for Comice
nt 32°. The respiratory elimacteric of all the varietics studied by
Tindale and others (44) appearced several weeks earlier in storage at
37% than at 32, Furthermore, these authors found the initial rate of
respiration and the storage life of Williams Bon Chretien [Bartlett]
pears at 37° was not influenced to any extent by cither size or maturity.
At 32° the climaeteric oceurred 10 days earlier in the large-sized fruits
than in the small and 22 days carlier in the more matured fruits than
in the least mature. The storage life of the more mature fruit was
onty 1 week less than that of the least mature. In terms of storage
life the authors stated that this meant a difference of only 3 and 7 days,
respectively, e period of little practieal importance.

Ezell and Gerhardt (8) found no correlation between respiration,
oxidase, and catalase activity of Anjou pears at 32° F.  They found
the respiration rate of Bosc pears at 30° and 36° to be practically the
same in froit from three different producing areas on the Pacific coast,
whereas the enzvme activity varied widoly.

Emmett (5) eoncluded that total solids and sugars of Conference
pears decreased at practically o constant rate during the entire storage
life of the fruit. She found a close correlation between the rate of
ripening and the rate of conversion of protopeetin to soluble pectin.
This author reported that pectic changes occurred more rapudly in
pears then in apples at 12° C., whereas at 1° the reverse was true,
Bhe suggested that acids may be involved in the peetic conversions in
apples, while in pears this process may bhe ehicfly enzymatic.  Martin
(36Y in & chemical study of the ripening process of Bose pears. found o
loss in weight of about 0.5 pereent per day. Levualose and total
sugars increased whorens sorbitol deereased during ripening., Wikl
the exception of an inerease in sucrose, differences it maturity were
not reflected in the resulis of carbohydrate annlyses. When pears
were ripened at harvest after treatment with ethylene, Hansen (17)
found an increase in starch hydrolvsis and a corresponding aceumula-
tion of sugars. Ethylenc also catalyzed the hydrolysis of protopectin.

Lutz and Culpepper (33) reported that diflerences in quality of
Kieffer pears, as influenced by various ripening temperatures, were not
r.ected in the results of chemical analyses for solids, sugars, and
acids, Btarch was not generally present, and in this respect the
Kieffer variety differs from certain high-quality pears of which the
sugar content increases through hvdrolysis of stareh, These authors
found fbe reie of hydrolysis of protopectin to soluble pectin was
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closely associnted with the rate of softening. This rate was highest
at 60° F. and decidedly Jower at 32° and 90°. Gerhardt and Ezell
(11} found that carbohydrates in winter pears were influenced by
maturity and by variety. Levulose and sucrose were the predom inant
sugars present, and their aceumulation varied divectly with the
maturity of the fruit at harvest. Comice and Bosc varietics had =
higher percentage of these sugars than did Anjou or Flemish Beauty.

Moore (87) found the mineral constituents highest in the Bose
variety and lowest in Winter Nelis, and an unusuglly low jron-copper
ratio compared with other foodstuffs. The alkalinity of the ash of
winter pears varied from 3.6 {cubic centimeter of N/1 Hel per 100
gm. tissue) for Comice to 5.7 for Winter Nelis.

Epinastic responses of tomatoes confined with pears led Hansen
and Hartman (I8) to conclude that ethylene is produced by Anjon
and Winter Nelis pears, Peclings as well as peeled pears produced
epinasty, but pear tissue rendered inactive by freezing or by chloro-
form produced no response. These authors also presented chemical
evidence to indicate that ethylene is present in winter pears.

Acetaldehyde and ethyl alcohol have been found as products of
normal snd abnormal metabolism of pear fruits {10, 21, 22, 29, 44).
The accumulation of these volatiles in abnormal amounts has usually
been associated with scald (22), core break-down {21, 10), over-ripe-
ness (44), loss of ripening capacity (10), and artificial storage atmos-
pheres (27, 29). It has been suggested by Hulme (£7) that these vola-
tiles sccwmulate as a result of the gradual failure of the oxidative
mechanism to function in fruit during the latter stages of senescence.
Tindale and others {44) concluded that acetaldehyde is formed as an
intermediate substance of partial oxidation during respiration. The
rate at which it incressed was greatest in pears thet failed to ripen
normally at 65° F., and its concentration reached & maximum with
the appearance of cove break-down. Harley (27} found a_similar
correlation between acetaldehyde and core break-down in Bartlett
pears. In advanced steges of senescence, cellular disintegration and
general collapse of the tissue served to restrict the normal aerobic
processes of oxidation, and with the onset of anaerobic or fermentative
processes, ethyl alcohol was produced in increasing amounts (44).

Winter pears have a rather definite storage life, the length of which
is dependent upon the variety, maturity, storage temperature, and
prestorage handling practices. Under optimum conditions, the com-
mereial storage life at 32° ¥. of the different varieties has been reported
as follows: Bosc (28, 44), Comice and Seckel (25), and Kieffer (25, 33)
90 to 100 days; Anjou (25) 150 to 180 days, and Winter Nelis (25, 44}
160 to 180 days. In studying the length of the commercial storage
life of winter pears, Tindale and others {44} found that with the excep-
tion of Winter Nelis this period was about three-fifths of the time
required to reach the respiratory climacteric and two-fifths of the
time before scald appeared. That the storage life of Comice, Confer-
ence, and Winter Nelis varieties can be materially extended by gas
storage has been shown by the studies of Kidd and others (29). They
found that subnormal concentrations of oxygen from 20 to 2 percent
did not significantly retard ripening, but that 0.2 percent of oxygen
caused a marked retardation. Carbon dioxide, in the presence of more
than 2 percent of oxygen, greatly retarded ripening, and the degree of
retardation was dependent upon the atmospheric concentration of this
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gas. Gerhardt and Hzell (72) have reported similar results for Bart-
{att pears.

The potential storage life of each variety of pears is directly depen-
dent upon the storage temperature. For winter pears, Tindale and
others (44) found this period decreased one-fifth for every 3° F. of
increase in temperature between 32° and 37°, and Hartman et al.
(25) estimated that 1 day’s storage at 65° reduced the subsequent
storage life at 32° by 10 days.

Studies on the ripening of winter pears have received the attention
of several investigators. Most varieties of pears do not ripen prop-
erly when held continuonsly at 32° F., and in order to obtain the hest
dessert quality the fruit should be transferred to temperatures of 60°
to 70° for ripening (25, 88, 38, 44).

Certain varieties fail to soften and ripen properly upon removal to
temperatures of 60° to 70° F. after prolonged storage at lower tempera-
tures (26, 28, 44). This loss of ripening capacity in pears has been
described by Kidd and West (28) as a form of low-temperature injury.
Such fruit may appear to be in excellent condition and yet upon
removal to ripening temperatures it fails to soften normally, develops
an abnormal flavor, and scalds badiy or develops break-down at the
core. ‘This loss of ripening capacity sometimes results in heavy
financial losses. Little is known concerning the physiology or bio-
chemistry of this storage disorder.

MATERIAL AND METHODS
SOUKCE AND SELECTION OF MATERIAL

Flemish Beauty, Comice, Bose, and Anjou pears were used in the
studies reported herein. In 1931, 1932, and 1933, fruits of these
varieties were harvested from typical, vigorous trees of full bearing
age, grown in the Wenatchee %&Hey in Washington. The Anjou
trees were growing in o heavy loam soil and the other varieties in &
sandy loam. Cultural practices were standard for the district. The
quantity of fruit required for the storage experiments varied from year
to year, depending upon the particular studies being made. In work
on the Bosc variety usually the entire crop from three trees was used,
whereas in that on the other varieties fruit from a single tree of each
was generally sufficient. In 1934 the work was expanded to include
& comparative physiological and storage study of the Bosc variety
as grown in the Wenatcheo and Yakima valleys of Washington and in
the pear district of Medford, Oreg. Representative fruit from three
trees in each district was harvested at optimum maiurity and brought
toge{;}lmr for storage at temperatures of 30° and 86° ¥. at Yakima,
Wash.

Whenever maturity was studied in relation to biochemical and
storage behavior, three pickings were made, the second usually
coinciding with the vommercial harvest when the pressure test met
the recommendations of Pentzer and others (38). The first and third
pickings were spaced so as to secure relatively immature and more
mature fruit. In those seasons in which a single picking was made,
oround color, finish, and firmness were used as indexes of maturity,
Firmness was measured throughout by taking the pressure of the
pared flesh of 10 representative pears by means of the United States
Department of Agriculture pressure tester having a ¥%p-inch plunger.
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Unless otherwise speeified, the fruit was harvested in the morning
and the spray residue was removed by washing in a 1-percent hydro-
chloric acid solution at 90° K, in a single-process washing machine. It
was then wrapped in either oiled or plain paper and placed iinmediately
under the destred experimental storage environment, The fruit was
stored at a temperature of 32° and a relative humidity of 80 to 85
percent uniess otherwise stated.  When delayed storage was used the
fruit was hield at 65° for the required number of days prior to storage
at 32° The time [rom harvest to storage was usually less than one-
hall of a day. During this interval representative samples were
taken. Respiratory and enzymatic mensurements at harvest were
usunfly made within 24 hours {rom the time of picking. Ripening
cabinets were maintained at a temperature of 65° and a relative
humidity of 75 to 85 percent,  All ripening data are based on the fruit
after removal from low storage temperatures and after varying periods
in the ripening cabinets except that ripened at harvest without being
subjected to low-temperature storage,

Puysionocicsr. M eEraons
RESPIRATION

From 356 to 50 representative fruits (9 kg.) were placed in wide-
mouthed, S-gallon, glass pickle jars fitted with rubber sealed covers
bearing & copper inlet and outlet tube. These tubes were left open
hetween periods of neration.  The fruits were acrated at least 24 hours
per week to minimize the effeet of aceumulated carbon dioxide on
the respiritory activity of the fruit.  Prior to respiratory determina-
tions the fruit was aspirnted with carbon dioxide-free air for 48 hours
at a rate of 10 or 18 liters per hour (depending upon the storage
temperature) by manipulation of calibrated flowmeters.  The respived
eavhon dioxide was removed {rom the air stream as barium carbonate
by passage through a solution of 0.3 N barium hydroxide in a Truog
absorption tower. (See fige. 1 and 2.} The earbon dioxide equiva-
lent was established by titration of the barium hydroxide solution
with 0.2 N hydrochlorie acid anc expressed as mg. CQO, per kg. per hour.

ENZYMES

Ten or more fruits were used at cach sampling.  The technique of
preparing the Iruit tissue for enzyme analysis was cssentially that
described by Ezell and Gerhardt (8}, Two disks approximately 1 em.,
thick were cut from each fruit through its greatest transverse dinmeter.
The sections from the calyx half were used for the catalase measure-
ments.  They were weighed, sprinkled with 1-percent caleium earbon-
ate, and ground in a lood chopper with a nut-butter attachment. The
juice was filtered through cheesecloth and held at 40° IY. for 24 hours
hefore its catalase activity was determined in duplicate by a water-
displacement method similar to that described by Heinicke (26).
A mechanieal shaker (fig. 3) operating in a constant temperature bath
at 25° C. cansed a uniform flow of solution 108 times per minute from
one arm of the catalase tube to the other. Catalase activity is ex-
pressed as cubic eentimeters of oxygen liberated in 5 minutes.
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Figure 3.—Apparalus for measnritg catalase activity, showing: A4, Shaking
deviee; B3, water punmp; C, epnsiapt<temperature baily; £, water-jackeled ma-
nomoeters; and 2, eatalase-renction Luhes,

Oxidase samples wore obtained from #he juice of seetions from the
stem half of the same fruits used in the eatalase work, Oxidase ne-
pvity was determined iodometneally as described by Guthrie (75) and
oxpressed a8 cubice contimotors of N/108 sodium thiosuiphate.

Cresresn Murnons
SUGARS AND SOLIUS

Samples for carbohydrate analyses wore takon from 20 réprosenta-
tive pears by passing a 7/i6-ineh cork borer through the greatest
trunsverse diameter of each fruil. Pollowing removal of the skin
and core Lissue. 106 gm. of this materinl were passed through a Clark
press and immersed i boiling %5 pereent ethyl aleobol.  The samples
were preserved for fulure annlysis by botling with sullicient 95 pereent
ethiyt nleohiol to produce a {inal coneentration of approximately 80
perecnt aleoliol.

The teehnigue for hamlling the alecholic extracts and the methods
for the determination of reducing sugars, total sugars, aleohol-soluble,
aleohol-nsoluble, and total solkls were essentially those as described
in detail by Baell and Diehd (6) for 1931, Sucrose vas caleudated by
the difference in the copper redueing power of the elarilied sugar solu-
tion hofore and after neid nversion with 5 ce. hvdrochlon. acid (sp.
gr. 1.125) por 50 ce. of sugar solution after standing for 15 minuies at
0% 0, The redueing power of the ueutealined solulion was determined
by nsing the Quisumbing and Thowas (39) reduction procedure and the
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Shaffer and Hartmen iodometrie titration method (40). Glucose and
fructose were measured by using the iodine oxidation procedure as
outlined by Lothrop and Holmes (32). Sugars and solids were ex-
pressed as percentages of fresh weight,

STARCH

The dried aleohol-insoluble-solids residue from the sugar sample
was quantitatively transferred (including adhering filter paper) to &
500 cc. screw-top reagent bottle; 300 ce. of a 1-percent solution of
potassium oxalate were added and then agitated in a motor-driven
shaking machine for 6 to 8 hours.  The finely divided, partly cotloidal
contents of the boftle were filtered through dintomnaccous carth and
washed free from oxalate with cold water. (The above procedure is
essentially that of Widdowson (48) and has for its purpose the removali
of pectic and other gelatinous substances that interfere with the
enzymatic conversion of starch to soluble sugar.) The cold-water-
washed residue was then translerred to a 400-ce. beaker, and after the
addition of 200 cc. of water, gelatinization oceurred after a few min-
utes of boiling. The contents of tiie beaker were cooled to 50° C.
and, after the addition of a suitable amount of saliva (6-10 ec.), in-
cubated at this temperature until plase fests indicated the disappear-
ance of the characteristic starch-iodide eolor. Tf upon rehoiling the
solution the fest remained negative, the clarified fitrate was made to
volume and the reducing power determined as previously described
for sugars. This redueing power expressed as glucose was multiplied
by & factor 2.10 (the factor used being hased on actusl inversion of
pure starch to maltose by trial in this laboratory) and the latter value
hy the conventional conversion factor of 0.9 for glucose-to-starch.
The final value is expressed ns percontage of stareh n the fresh tissue.

PECTIC MATERIALS

Soluble pectins were determined as caleium peetate according to
the method of Carré and Haynes (3), using 100 gm. of juiee which had
been clarified by filtration tlvough diatomaceous earth. Preliminary
trials substantiated the work of Haller (16) wherein he reported similar
values for soluble pectin by using cither 100 gm, of tissue or 100 ml.
of juice. .

Samples for total-pectin determinations were tade in & manner
similar to those for sugars; 100 ec. of N/30 hydrachlorie acid were
added to 100 gm. of the macerated pulp.  After refluxing for 1 hour,
the solids were ecompressed in o Carver hydraulie press and washed with
50 cc. of N/30 hydrochlorie acid. This refluxing and washing pro-
cedure was repeated for an additional three times. After filtration
through diatomaccous earth, aliquots representing 20 to 40 mg. of
calcium pectate were carried forward as in the determination for
soluble pectin.

Protopectin (inscluble peetin) was obtained by the difference he-
tween the total and soluble forms. The various forms of poectic
materials are expressed as pereentage of fresh weight.

SOENSY g 2
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Total acidity was measured by sampling 20 representative fruits
with a Ze-inch eork borer in a manner similar to that previously
deseribed for carbohydrate analysis. An equal weight of water was
added to 100 gm. of the freshly macerated tissue and the mixture was
boiled until the tissues became disintegrated.  After cooling, the con-
tents were diluted to 1 liter, filtered aliquots of which were titrated
with N/10 sodium hydroxide, using phenolphthalein as an indieator.
Total acidity was expressed on a fresh-weight hasis as percentage of
citric aeid.

Hvdrogen-ion-concentration measurements were made on the ex-
pressed juice from the same fruits that were used in the determination
of the total acidity. Hydrogen-ion values were determined electro-
m c]t.rically, using a gold quinhydrone electrode and a saturated calomel
eell,

The index figure (4} was obtained by dividing the gram-molecules of
hydrogen-ions per liter by the millequivalents of H, per liter, and
represents the ratio of dissociated to total acids present.

ACERTALPDEHYDE

Acetaldehyde and ethyl alecohol were extracted from the fruit tissue
by steamn distillation in a manner essentially similar to that described
by Fidier (9). However, one modification was made that precluded
the use of ice for the receptacle bearing the steam distillate. [t was
found that losses of standardized amounts of acotaldelyde during
cdistillation were less than 2 pereent (as found by Fidler to be optimum)
when a condenser of sufficient cooling surface was used. The glass
condensers nused had g jacket length of 25 inches and a sealed-in
hulheus inner fube. Duplicate 200-gm. samples of fresh macernted
tissue, obtained by cutting disks (seeds removed) from the grentest
transverse dinmeter of 20 fruits, were transferred to 1-liter, round-
bottomed, Pyrex distilling flasks. The latter were connected to the
stenm-distilling apparatus and, after distillation for 2 hours, the dis-
tillates were ecach made to & volume of 1 liter.  In those instances in
which only acetaldehyde was measured, the steam distillate was led
directly into a standardized solution of sodium bisulfite. Acetalde-
hyde in a 500 ce. aliquot of the original distillate or the entire amount
nl the bisulfite distillate was determined according to the Ripper
muthod as deseribed by Fidler (9). Acetaidehyde is expressed as
milligrams per 100 gm. of fresh weight.

ETAYL ALCOHOL

The remsaining 500-cc. portion of the original steam distillation was
used for the determination of the total ethyl aleohol. Oxidation to
seetic ncid was aceomplished with potassium dichromate and sulfurie
acid (sp. gr. 1.8351) in amounts of 10 gm. and 15 cc., respectively.
After standing at room temperature for at least 1 hour the mixture
was distilled to a small volume, and after frequent additions of dis-
tilled water, untit the total distillate approximated 750 cc. From
the titration of this distillate against N/10 sodium hydroxide with
phenolphthalein as an indicator, the total ethyl alcohol was caleulnted.
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This total figure for ethyl alcohol represents that present as sueh in
the {issue and that formed from the acefnldehyde during the dichro-
mate oxidation. According to Fidler (9) it is necessary to subtract
1.05 times the acefaldehyde wvalue to obtain the truc amount of
aleohol.  These recommendations have been followed in the present
work. HKthyl alcohol is represented as milligrams per 100 gm. of
fresh tissue.
ASTRINGENT MATERIALS

Included under the classification of astringent materials is a large
group of substances that reduce potassium permangsnate under
specific conditions. It includes tannin (gallic acid), its methylated
derivatives or condensation products, coloring matters, and any of a
rumber of organie reducing materials. The Loewenthal-Proctor
method as deseribed by the Association of Official Agricultural
Chemists (2) was followed in this study, and the data under this head-
ing are presented in three subclassifications, total astringeney, tannins,
and astringent nontannins. The former were determined by titration
with potassium permanganate in the presence of indigo carmine; the
latter were measured in the same manner after the removal of tannins
by precipitasion with gelatin and filtrntion with kaolin. Tannins
were determined by the difference in the two titrations. All results
are expresed on a fresh-weight basis as percentage of tannin.

In the studies on the distribution of astringent materials, 200 gm.
each of peeling, flesh, and core tissite were macerated and boiled in
400 cc. of water for one-half of an hour. After filtering through
distomaceons earth the aqgueons extracis were cach brought to a
volume of 1 liter. Duplicate 200-cc. nliquots were used for both
total and nonastringent tannin determinations. Comparative studies
of equal weights of juice and flesh tissue gave similar astringency
values. 'Therefore, in obtaining all of the astringency data bearing
on the influence of variety, storage, and ripening capacity, 200 gm. of
filtered juice from the flesh tissue were used.

PRESENTATION OF DATA
RespriraTioN oF FALL Anp WinTeEr Prars

The term ‘“‘respiration’” in the present work has reference to the
final oxidation of a large heterogeneous group of respirable materials,
and the authors have interpreted the carbon dioxide liberated as a
measure of the respiratory intensity. Becnuse the latter is a generally
accepted index of metabolism, it has been used as an aid in studying
the storage behavior of pears as influenced by variety, maturity,
delayed storage, and certain handling practices. _

Respiration of pears as influenced by wvarietal differences was
studied in Bose, Comice, Anjou, Flemish Beauty, and Winter Nelis
pears thet were harvested at their optimum maturity and stored
mmediately at 32° F. Respiratory determinations were made on -
fruits from the different varieties aft rregular intervals during storage.
Data typical of each variety are shown in figure 4.

Except during the first few weeks the respiration rates of all varieties
but Winter Nelis graduelly increased with the length of storage.
Although this increase was small, 1t should not be overlooked that
the metabolism of the fruit was greatly restricted at a temperature of
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32° F., and if this increased respiratory activity were expressed on a
percentage basis it would be large. The respiratory intensity of
Bosc pears was the lowest of the five varieties studied, being similar
to that of the Bartlett pear as reported by Magness and Ballard (34).
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Ficure 4.—Respiration of fall and winter pears during storage as influenced by
variety., A, Winter Nelis, harvested October 9, 1981; B, Anjou, harvested
deptember 14, 1831; C, Flemish Beauty, harvested August 15, 1432; D, Comice,
harvested September 1§, 1931; E, Bose, harvesied September 8, 1632.

The Anjou and Flemish Beauty varieties respired at a rate comparable
to that of the Kieffer as reported by Lutz and Culpepper (83). Comice
was the only variety in which surface scald and core break-down
became apparent at temperatures of 32°. The restriction in respira-
tory activity of this variety late in the storage season, as shown in
figure 4, D, was closely associated with the presence of the above
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storage disorders. A similar relationship between respiration and
the presence of pear scald has been reported for Base by Tindale
and others (44). That the rate of respiration is not & true indication
of the potential storage life of pears wll:en comparing ohe variety with
another is shown in figure 4, A and E, wherein Bosc, with a relatively
short storage life, is shown to respire more slowly than Winter Nelis,
which at 32° has a storage life more than twice as long,

The life of pears in ecold storage is directly dependent upon their
handling betwean harvest and storsge. Subjecting them to high
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Fieure 5.——Respiration of foll and winter pears during storage as intluenced by
immediate and delayed refrigeration after harvest. A, Anjou, harvested Sep-
tember 14, 1931; B, Comice, harvested September 18, 1931; C, Bosc, harvested
Beptember 27, 1983. In A and B the pears were held 7 days at 65° F.; in C, 2
daye at 65° followed by 10 days at 45° (simulated transit conditions).

temperatures between harvest and storage is detrimental to fruit in-
tended for extended storage (44). The effect of such temperatures
during delay before cold storage is indicated by the data in figure 5,
wherein the respiratory intensities of immediate and delayed stornge
lots of Anjou, Comice, and Bosc pears are compared.

The data in figure 5 indicate that during the normal commercial
storage life of pears at 32° F. the rate of respiration is not directly
correlated with the handling treatment immediately following harvest.
In figure 5, A and B, delayed storage after harvest resulted in a lower
respiratory activity of such fruit during the commercial storage period
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at 32°, whereas in € such treatment induced a more rapid rate of
reapiration. ) .

After prolonged storage at 32° F., however, respiratory activity
could be correlated with handling practice at harvest. In this case
the respiration rate of Bosc and Anjou pears increased rapidly and
reflected an advanced degres of ripeness, as indicated by color and
texture of the fruit. In Comice, figure 5, B, scald and depression of
the respiratory intensity occurred approximately 6 weeks earlier
when the [ruit was delayed for 7 days at 65° at harvest than when it
was stored immediately as 32°.

Maturity at havvest is a vital [actor in the storage life of pears
destined for long storage al low temperatures (24). Usually fruit of
moere advanced maturity hos a shorter storage life. Results in
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Fiaure 6.—Respiration of Winter Nelis pears during storage as influenced by ma-
turity at harvest,  Fruit stored immediately at 32° F.  First picking harvested
September 15, 1931; second picking harvested October 9, 1931; third picking
harvested October 30, 1931,

figure 6 show that the maturity of Winter Nelis pears influences their
rate of respiration during storage. Even when harvested within
the range of marketable maturity, the fruit from the late picking
generaily bad a higher respiratory intensity than did that of the two
carlier pickings. Furthermore, after 180 days of storage at 32° F.
the more mature fruit began to ripen rapidly. This change in ripen-
ing rate was also correlated with a marked rise in the respiration of
such [ruit. The increase in respiratory activity of the first picking
nfter 150 days of storage was not accompanied by a similar accelerated
ripening as noted for the third picking. The less mature fruit wilted
badly and this factor may have influenced the rate of respiration.
‘The relation between advanced maturity and respiration is substan-
tiated by additional unpublished results with Bartleut, Comice, and
Anjou pears. Tindale and others (44) have also reported that ad-
vanced maturity of Bartlett pears caused. a greater respiratory inten-
sity and a shorter atorage life at 37°, wherens Magness and Bellard
(36) found that early picked Bartlett pears respired at a lower initial
rate and that this rate increased less rapidly after storage than in the
later-picked fruit from the same tree. The date in figure 6, as well as
those of the aforementioned authors, do not support the results of
Kidd and West (30) who found & greater respiratory activity in the
less mature Conference and Comice pears hoth at harvest and at their
climacteric.
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Obvicusly there is some accumulation of carbon dioxide in the res-
piration jars (fig. 1) between periods of neration; the amount, however,
could not be measured with & Hayes gas analyzer. That this sccu-
mulation might influence the respiration rate and also the ripening
of the fruit therein is possible, because Willaman and Brown (46)
observed a temporary higher output of CO, (due to the partial pressure
of the dissolved CO. in the cell sap) from fwigs and potato tubers
during prolonged seration following periods of storage in closed cham-
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Fioure 7.—Respiration of Anjou pears as influenced by: A, Contiuuous and inter-
mittent & =ation (one 24-hour period per woek); B, ripening at 65° I, after fin-
mediate storage at 32° for 50 days.

bers. Furthermore, Gerhardt and Ezell (/2) found that carbon
divxide retarded the ripening of Bartlett pears. In order to deter-
mine whether short periods of carbon dioxide sccumulation might
influence the respiration rate of Anjou pears at 32° F., comparable
lots of fruit were serated either continuously or intermittently between
runs during & period of 130 days. The respiration curves for this
experiment are shown in figure 7.

There was po significant difference in respiratory intensity between
the two Jots of pears. Evidently a 24-hour period of aeration per week
was sufficient to overcome the respiratory change in the fruit due to
gaseous accumulation of carbon diexide within the container.
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Druring normal ripening pear fruits undergo decided changes. Dur-
ing the first 5 days in the ripening room little change in respiratory
sctivibly was noted in Anjou pears. Beginning with the sixth daoy,
however, respiration increased rapidly, the climacteric being reached
on the eleventh day of ripening. The shape of the respiratory curve of
ripening Anjou is similar to that of Bartlest pears (8). The crest of
the respiration rate was correlated with optimum dessert quality of
the ripened fruit. Senescent changes after 11 days at 65° I, resulted

——— PLAIN
ol

=t CELLOPHANE
.A —+—— NONE

{ | L | | | 1 | i | ! 1

GOz (MILLIGRAMS PER KILOGRAM-HCOUR)

—

2 ) ; 1 t i 1 1 i 1 ! t |

o] 20 40 80 8C 100 120 140 180 80 200 220 240 260

DAYS IN STORAGE AT 32°F

Ficure 8. —Respiration of fall and winter pears during storage as influenced by
type of fruit wrap, Immediate storage 32° F.. A, Comice, B, Bose, C, Anjou.
The oiled [ruit wraps were of commercial stoek and contained 17.5 percent oil.
Cellophane wraps were of the mojstureproof grade.

In over ripeness. 'The latter condition was associnted with a diminu-
tion in respiratory intensity. A comparison of figures 7, B, and 24
indicates that acetaldehyde nccumulation in ripened pears continued
for approximately 7 days after the interval of greatest respiratory
sctivity.

Somz form of fruit wrap is used In packaging the major portion of
the fall and winter varieties of pears grown in the Pacific Coast States.
A comparative study was made of the respiration of Bosc, Comice,
and Anjou variefies as influenced by the kind of fruit wrap. Data
typical of this study are summarized in figure 8.

With the possible exception of Comice, use of plain or oiled paper
or cellophene wraps did not influence the respiratory intensity of pears
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during storage at 32° F. With the exception of differences in loss of
moisture and in the prevention of surface scald in the Anjou variety,
storage and ripening responses were alse similar,

Prebiminary storage and ripening observations in 1933 suggested o
variance in the quality of Bosc pears from different producing distriets.
A more comprehensive study of the storage behavior of this variety
of pesrs, as grown in different localities, was mitisted in 1934, Fruit
from the Wenatchee and Yakima valleys of Washington and from the
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Fi1gurE 9.—Respiration of Bosce pears during storage as infinenced by temperature
and by produeing distriet.

Medford distriet of Oregon was harvested at optimum maburity and
stored immediately at 30° and 36° . Cultural practice, tree age and
load, and soil type were similar for the two districts of Washington.
In Oregon, however, the trees were much larger and older, and hore a
lighter load of smaller fruit. The soil types and irrigation practices
also differed considerably from those of the other two districts,

The results of studies of the respiratory activity of frait from the
different districts during storage at 30° and 36° F. are presented in
figure 9.

The respiratory intensity of Bosc pears from the three producing
districts was sinmlar. Although the magnitude of the respiratory cli-
macteric was greater at, 36° ¥, its time of ineeption was approximately
the same at both temperatures, Bosc pears respired more rapidly
during storage at 36° than at 30°, increased respiratory activity being
sorrelated with a shorter storage life. However, this increased respir-
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atory activity could not be correlated at either temperature with loss
of ripening capacity or difference in the dessert g uality of the ripened
fruit. Differences i cultural practices and growing conditions of the
three producing districts could not be correlated with differences in
respiratory activify af fow temperatures.

ExzyME ActiviTy oF FaLl axp WINTER PEARS

Beeauso oxidase and catalase apparently play such an important
part i the metabolism of fruits, it was thought desirable to study the
offvet of various factors on the activity of these enzymes at harvest,
during storage, and at ripening.  The activity of these enzymes in
the ifferent varieties was studied in relation to maturity, storage
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Ficrae 10.- -Bifcet of maturity on (he oxidase and ealalise activity of pears at
harvest and tring storage; average setivity of Flemish Beauty, Cranice, and
Bose varietios,

temperature, fongth of storage, ripening, growing districts, orchards
al seasons, development of pear seald, and loenlization within the
Lissues,

To determine the influcnce of matnrity on enzyme activity,
Flemish Beauty, Comice, and Bose pears were harvested at three
maturitics. The second picking represented the optimum maturity
for commercial harvesting; the first and third pickings were 2 weeks
earlier and later, respectively. The fruit was stored at 32° F. im-
medistely after harvest, and the oxidase and catalase activity were
determined at harvest and at intervals during storage.

Figure 10 represents the average oxidase and eatalase activity of
the three maturities, There was a tendency for the oxidase activity
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to be greater in the immature {ruit and this became more evident in
storage. The authors (7) have previously reported the same to be
true for Bartlett pears, The late-picked fruit showed greater oxidase
activity st harvest and during ecarly storage than did that picked at
optimum maturity. However, during late storage the oxidase
nctivity was least in the late-picked frait.  Catalase activity varied
rather widely within a variety, nevertheless it averaged slightly less
in fruit harvested at optimum maturity.

In order to study the influence of storage temperature on enzyme
aetivity, Flemish Besuty. Comiece, Bose. and Anjou pears were picked
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a4 their opdimum maturity and stored Immediately at 30° and 36° I,
Results of oxidase and catalase determinations made on the fruit
from each temperature at intervals throughout the storage season
ate presented in figure 11.

The oxidase activity was higher in fruit stored at 36° F. There
was an inerease In activity with length of storage at both temperatures.
At 36° this activity reached its maximum in 125 days and theun de-
creased toward the end of the storage season. Although fruit stored
at 30° never showed as much oxidase sctivity as that stored st 36°,
it attained & maximum at the end of the season and gave no indication
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of decreasing late in the storage season. except in the Flemish Beauty
veriely.

Catalase determinations showed less response to storage tempera-
tnres than did oxidase,  Fruit stored at 36° F. reached a maximum in
about 125 days and then declined slowly. At 30° the catalase re-
mained fairly constant until near the end of the stornge season when
there was & gradual inerease.

Oxidase activity at all maturities (fig. 10}, at both temperatures
(fig. 11), and in all varietics (fig. 13), increased with the length
of storage. The inercase was greatest in the earliest picked fruit with
a maximum increase of 70¢ percent in the immature Comice. At
36° K. oxidase activity increased to a maximum and then declined
late in the storage season,  In frait stored at 32° or tower, the increase
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Tusunk 12.—-Kifeel of vipening on the oxidase and eatalase activity of pears,
A, Average of 27 swples of Flemish Beauty, Comice, Bose, and Anjou direct
fram cold storage and after ripening to prime eating econdition: B, average
cnzyme activity of the same varieties dircet from ¢old storage and st ditferent
intervals during ripening at 65° F.

continued throughout the storage season and never reached a maxi-
mum as great as in that stored at 36°.  In general, length of storage
had comparatively little effect on the cﬂtn%ase activity. (See figs.
10, 11, and 13.) It should be noted that these determinations ex-
tended over a longer period than the normal storage for Flemish
Beauty, Comice, and Bosce varieties and beyond the period at which
they will ripen normally.  There was no definite break in the enzyme
activity at the time the fruit failed to ripen. This would indicrte
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that the failure to ripen is not due to a failure of the oxidase or catulnse
system to function normally,

For the purpose of studying the relation between ripening and
enzyme activity, Flemish Beauty, Comice, and Bosc pears from the
Wenatchee district were harvested at threc maturities, early, com-
mercial, and late, and stored at 32° F. In addition, Anjou pears
from pickings at commercial maturity were stored at 30° and 36°,
and Bosc pears from the Medford district of Oregon and from the
Yokima district of Washington were stored at 30°. During the
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Fiaore 13.— Oxidase and vatalase activity of different varietics of pears at harvest
and during storage at 30° .

storage season and while the fruit would still ripen normally, oxidase
and catalase determinations were made on 27 samples of these lots,
both before and after ripening to prime eating condition. As shown
in figure 12, the oxidase activity was definitely higher in the ripened
than in the unripened fruit and the catalase activity was somewhat
lower. In all instances the ripe fruit was higher in oxidase than the
unripe with the exception of Bosc stored at 30°, in which all lots
showed less activity in the ripe fruit.

The enzyme activity of Flemish Beauty, Comice, and Bosc pears
from 32° ¥. storage was determined at intervals during ripening (fig.
12, B). Both enzymes increased during the first few days at 65°.
The oxidase activity then remained almost constant until the pears
were long past prime eating condition, but the catalase activity de-
creased as ripenmg progressed.
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Pear varicties differ greatly in the length of time during which they
ean be stored and ripened successfully,  Ir ovder to determiune whetlher
this characteristic might be due to differences in enzyme content, the
oxidase and estalase activity of Flemish Beauty, Comice, Bose, and
Anjou pears were determined at harvest and at intervals during the
storage scason of 1934-35. The oxidase coutent of all varieties was
low at harvest {fig. 13) and gradually increased during storage at 30°
¥. Varictics showed a wide diflerence i eatalase content at harvest
but the dissimilarity became less during sterage.  Although the
oxidase and catalase confent of the [ruit depends to some extent on
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Fioune 14~ Oxidase and dataiase activity of Bose pears from different producing
distriets as influenved by storage at 30° and 36% F. and by ripening at 65°.

the variety, it appears unlikely that these enzymes are responsibie
for the characteristic varietal behavior of pears in stornge.

In order to determine whether the oxidase and catalase content
was frirty coustant in a variety or whether it varied with climatic
or growing conditions, Bose pears from the Wenatehee and Yakima
districts of Washington, and [rom the Medford district of Oregon,
were harvested at optimum maturity, as recommended by Pentzer
ot al. (38), and stored af 30° and 36° ¥. within 24 bours after harvest.
Oxidase and catalnse determinations made on fruit directly from the
two storage temperatures, and on fruit removed from the 30° storage
and ripened at 65°, showed that the Medford fruit contained about 54
times as much oxidase as the Wenatehee fruit and about 3 times as
much as that from Yakima (fig. 14). Medford Bose pears also con-
tained about twice as much catalase as Wenatchee Bose and 60 per-
cent more than the Yakima fruit.

Beesuse it was shown that the enzyme activity varied widely in
pears of the same varviety when grown m different districts, the varia-
tion in the same variely grown within a single districtt was then
shclied.  Anjou pears from thwee orchards and Bose pears from two
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in the Wenatchee distriet were seleeted and oxidase and catalase se-
tivity deternined at harvest and during storage.  Two of the Anjou
orchards were at an olevation of about 850 Lo 900 feet; one of them
was on a sandy loam and bhe other on & heavy loam.  The thind
orchard was on a heavy lonm but situsted at an clevation of approxi-
mately 2,400 feet. In enc of the Bose orchards (orchard F) the
frees wore growing on a medium loam soil and two lois of fruit were
inken, one from o heavily londed free, and the second from s free
bearing s medium losd.  Both trees were in good vigor wnd the dif-
fevence in load appurently was due either to uneguat thinning or to
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Frivre 15---Oxidase and catalase activity al harvest and doring stiorage of Anjou
pewrs from different orehards in the Wenatehee distriet.

the nmount of frait set. The seeond orchard {orchard 13} located
nearby was on a slightly heavier soil and many of thie fruits failed to
develop the normal number of seeds. The enzyme activity in the
various lots of Anjou peurs is shown in figure 15. Similar data for
Bosc pears are shown in figure 16,

Anjou pears grown ai the higher elevaiion were definitely higher in
oxidase activity both at harvest and during storage. They also guve
a higher pressure test at the time the fruit was barvested commer-
cially. Oxidase activity was slightly greater on the heavy soil than
on the sandy seil (nverage 17.9 against 15.4 ce, and only lower,
1.5 ve., 8t one key point on the curve) even though the pressure test
at harvest was slighlly greater on the sandy sol. However, the
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differences were not very grest and may not be significant. The
fruil. from the higher clevation tended to show somewhat greater
cataluse activity, although the results were not conclusive.

Al the time of harvest there was little difference in the oxidase
contend of Bosc pears from the two trees used, one bearing & heavy
load and the other s medium load. During late stovage (beyond the
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the sawe orchard.
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commercial storage sepson), the oxidase activity of the fruit from the
heavily loaded tree was less than from the one that bore a medium
crop. Fruit from the latter tree tested 1.7 pounds harder at harvest
than fruit from the heavily loaded tree. Thus the incerease in oxidase
activity during storage might be due to this difference in firmness or
maturity., The fruit {from orchard D averaged higher in both oxidase
wnd cntalnse than fruit from orchard F, but, as it wes found that
many of the fruits were abnormal in the number of seeds which they
developed, the results may not be represeniative nnd their significance
may be guestioned. The fruit from the tree having a medium load
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in orchard D had about the same firmness at harvest as did fruit
from the lightly loaded tree in orcherd F.

Bosc pears from Medford, Oreg., grown on a light sandy soil and
another jot grown on a clay adobe soil showed the same oxidase
aclivity during storage in November, which was 50 percent greater
than in fruit grown on & heavy loam soil in the Yakima district of
Washington. Catalase activity of fruit from the Moedford sandy soil
at this time was 15.1 cc.; from the clay adobe soil, 22.2 ¢e.: and from
the heavy loam at Yakima, 25.8 cc. This latter figure is shightly
greater than for any of the Wenatehee lots at this time.  In a previous
publication (8) the authors have shown that the enzyme activity of
Burtlett pears varies between orehards.

In order to obtrin information relative to the seasonsl variation in
enzyme activity, Anjou, Bose, and Comice pears were harvested from
the same orchards in 1934 and 1935, The chief differance between
these years was one of earliness of growing season. In 1934-35
Bose and Comice were harvested on August 6 and Anjou on August
20, whereas in 1935-36 Bosc were picked on September 8 and Comice
and Anjou on September 17, Using firmness of the fesl when meas-
ured by the pressure tester as an index of maturity, there was approx-
imately 4 to 6 wecks’ difference in time of hacvest between the two
sensons. The pressure fests ol harvest for the 1934-35 and the
1935-36 scasons were as follows: Anjou, 11.4 and 11.6; Bose, 12.9 and
12.2; and Comice, 10.9 and 10.1, respectively.  Oxidase and catalase
determinations were made at harvest and during storage at 32° F.
At the time of harvest and for the most part during storage, oxidase
and catalase activity were greater in the 1935-36 scason (fig, 17)
than in 1934-35.  Although there was less variation in the catalase
activity than in the oxidase activity in Anjon and Bosc pears in the
two seasons, in nost instances the former was definitely higher in
1935- 36 than in 1934-35. In Comice pears the catalase aetivity
Huctuated widely both in the 1934-35 and in the 1935-36 storage
seasons.  No explanation for this is offered.

A change made 1 the method of «etermining oxidase activity
prevents comparison of oxidase content hbetween fruit of the 1933-34
ancl the 1934-35 seasons.  IHowever, the resulis of catalase deterni-
nations on the fruib stored ut 30° F. for these two seasons are com-
parable.  Flemish Beauty, Comice, and Anjou pears from the Wenai-
chee district (Anjou taken from the same orchard both years) avernged
40 to 90 pereen) greater in eatalase activity during the 1934-35
season.  In Bose pears from the same district, catalase was wmore
than twice as active in 1933-34 as in 1934-35. As there was no
marked difference i the condition of the fruit at harvest or in its
behavior in storage duwring the different seasons, although differences
in oxidese and catalase were found, it is evident that these ehzymes
as measured by present methods are not closely correlated with
physiological behavior in storage,

Certain variclies of pears, if held at temperatures sbove 32° F,
but low enough {to prevent ripening, develop scald. To determinge
whether there is any relation between scald nnd oxidase and eatalase
aelivity in the fruit, Flemish Beauty, Comice, and Bose pears were
held nt 36° until scald developed. Oxidase and catalase activity
were then determined on the sound and on the scalded fruils, As

IS —H— 4
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inicated in table 1 the sound fruit showed greater oxidase and cata-
lase activity than did the scalded fruit from the same lots. The
enzyme activity diminished in proportion io the amount of scald
present; in fact, in some badly sealded fruits there was no catalase
activity at all.
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DAYS IN STORAGE AT 32°F
Fiouks 17.-—Seasonal difference in oxidase and eatalase activity during storage
of Bose, Anjou, and Comice pesrs.

TabLE },—Enzyme activity of pears s influenced by scald and acelaldelyde

]
: . Catalnse de-
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As acotaldehyde has been shown to be correlated with seald devel-
opment (22), it appeared likely that acctaldehyde might be responsible
for the decreased activity of enzymes in the scalded fruits; and this
possibility was investigated. When acetaldehyde was added to pre-
pared enzyme samples from normal frujts, such samples showed less
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activity than duplicate samples containing no acetaldebyde.  Also,
when sound frutt was cxposed to acotaldehyde fumes af 32° for 2
weeks, surface scald developed and oxidase and eatalase activity
decereased.

In order to determine the distribution of the enzymes in the fruit,
snmples of Comice pears taken with a corle borer ot right angles to the
long axis and through the greatest dismeter were divided into outer,
middle, and core regions. The core consisted of the center part of
the sample, including the seed cavity (but not the sceds) and closely
adjoining tissues, The remaining part was divided equally into (1)
outer region—part next to the surfnee but with the skin removed;
] (2) middle region—opart between core and ouber region. The
resuits are given in table 2.

Tanue 2—Lhovalization of enzymes tn Comice pears

: Coiutase ne
4 i Orgdelnse aelivily 1
Part aof frf I ENFI0 Nursr00) I h{};{:;{ig;

. Ce,
guterTegion_ ... .. L. iicaii. el leaas . FU—. 3.4
Mpddde region_. . oL .
Core region . .

Fioone 18, —Sectmn of Cmmce pear showing the localization of greatest 0\1dmsc
activity as indicated by the henszidine test.
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The oxidase activity was greatest in the eorc region, being 63
percent more retive than in the outer portion and five times as active
as in the middle. This is in agrcement with the benzidine colori-
metric test applied directly to tﬁe tissue (fig. 18). The first visible
indication of scald or core bresk-dawn is & browning of the fissues at
the surface, or at the core. These are the areas in which there is the
grentest oxidase aetivity, and the browning may well be brought about

v the oxidase after the eells have been injured by certain products of
respiration. Catalase activity was approximately the same in the
core and middle regions, in both of which it was four times as active
as in the outer region. These results are in general agrecement with
those reported by Hurding (20) from work on Jonathan apples, in
which he found the eatalase activity highest in the center and decrens-
ing progressively toward the outside.

SucaRs, STARCH, aAND SuLIDS

In order to determine the degree to which maturity may influence
the compesition and condition 5 of winter pears at harvest and in
storage, Winter Nelis fruits were picked from the same tree on Scp-
tember 15, October 9, and October 30 and placed immediately in storage
at 32° F. Representative samples were taken for chemical analysis
at harvest and after specified intervals of storage. Data from this
study are presented in table 3.

There was an increase of approximately 6.8 pereent in the total
solids of Winter Nelis pears when harvested at intervals over a period
of 6 weeks. During this time the aleohol-soluble solids inereased
31.5 pereent, and the alechol-insoluble fraction decreased 27.8 percent.
The aleohol-insoluble solids of Winter Nelis, s shown in table 3, were
considerably higher than those reported for Bartlett (6) and Kieffer
(3%), as were also the reducing sugar and total sugars. In the Winter
Nelis pears these soluble carbohydrates increased approximately 32
and 67 percent, respectively, during the harvesting period of 45 days,
and sucrose inereased 213 percent during the same time. Martin
(36) also found that the sucrose content of Bosc pears inereased with
maturity at harvest. The alcohol-soluble solids in table 3 are greater
than the acids and total sugurs, plus starch. This indicates the
presence of some undetermined constituent in the aleohol-soluble
fraction. Martn (36) recently reported the presence of sorbitol in
Bosc pears in amounts as high as 3.72 percent. Starch, although
]present- at each picking, decreased rapidly with advanced maturity at
harvest.

Data in table 3 indicate that there was a more significant correla-
tion between the carbohydrate composition and the maturity of
Winter Nelis pears at harvest than after storage at 32°F. The pres-
sure test for firmness of the tissue, however, could be correlated with
maturity at harvest as well as after prolonged storage at 32°,

That the kind of fruit wraps used in packing pears has no sig-
nificant influence on the chemiecal composition of the fruit after storage
is shown in table 4, which presents data on Anjou pears harvested at
their optimum maturity and wrapped in either plain, oiled, or cello-
phane papers, and stored immediately at 32° F. '

+ Az used fn this bullekin "'condition’ is & general torm which embraces those factars thal atfecl ehe apoar-
ance und keeping gnality of the fruil, sizeh as brulsiog, deeay, sealrl, break-down, shriveling.
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TABLE 3.—Firmmess, condition, solids, sugars, acids, and starch in Winter Nelis
pears as influenced by maturily and length of storage. Fruits slored immedtalely
at 32° Fi

Condltion and appear-
[[Falsl:]

solirls

Picking

Sorape nt 320 F.
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The changes in soluble carboliydates during storage were similar in
Anjou {table 4) and the first and second pickings of Winter Nelis
pears (table 3), but the quantity found was less in the Anjou than in
the Winter Nelis. Aleohol-insoluble solids and total acids decreased
during storage but could not be correlated with the kind of fruit wrap
used. 4 should also be recalled that the type of fruit wrap did not
influence the respiratory activity of comparable fruit (tig. 8).

TaBLE §.— Firmness, condition, solids, sugars, acids, and starch itn Anjou pears as
influenced by lype of fruil awrap and length of siorage at 39° P\ Harvesied Sept.
14, 1931, and stored immediotely
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The influence of delayed storage at 65° F. on the composition of
Co:lnice and Anjou pears during subsequent storage at 32° is shown in
table 3.

TABLE 5. FPirmness, condition, solids, sugars, acids, and slarch in Anjou and
Comice pears ns influenced by delayed storage af 66° F. and by length of storage
at 32°0  Harvested Sept. 14 and 18, 1931, respectively
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Delayed storage effected a greater change in the physical condition
of botli Anjou and Comice pears than in their chemical composition.
Furthermore, the storage life of both varieties, as shown in column 3,
table 5, was considerably curtailed by delayed low-temperature storage
at horvest. Both varicties decreased from 3 to 4 percent in firmness
during 7 days delay at 65° F.; they also lost approximately § pereent
of their total acids. However, delayed storage caused a much greater
change in the composition of some of the Anjou pears than of the
Comiice. For instanec, the alcohol-soluble solids in Anjou pears
increased 11 percent during this delay, whereas those in Comice in-
creased only 1.9 percent. Likewise, the insoluble solids decreased
about 25 percent in Anjou and only 1.7 percent in Comice, while dis-
appearance of starch was confined to the Anjou variety.

During storage at 32° F., the results of chemical onalyses presented
in table B indicated that differences in the composition of lots of fruit
stored immediately at 32° and of others delnyed at 65° prior to storage
at 32° became less as the storage season progressed until little sig-
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nificant difference was evident, although on the basis of physical con-
dition it was apparent that the delayed storage lots had ripened more
at 32° than had the lots stored immediately. This agrees with the
results of Lutz and Culpepper (83) for Kieffer pears.  Data in table 5
show that Anjou pears had a greater acidity and a higher contant of
alcolol-soluble solids and total sugars than did Comiee. Total acids
and aleohol-insoluble solids in both varieties gradually deereased with
prolonged storage at 32°, but there was no definite change in soluble
carbohvdrates.

Comice pears scaided severely when stored at 32° F. for 177 days
following immedinte storage, or for i43 dayvs following delayed
storage; after 208 and 201 days, respectively, both lots of fruit were
completely sealded. and their flesh and core tissues beeame soft, dis-
colored, and disormanized.  The developnmient of these conditions in
the fruit eould not be correlated with results of carbohydrate analyses,
as shown m fable 5.

During the season of 1933 a study was made of the different forms of
free reducing sugars that comprise the soluble earbehydrate finction
of fall and winter pears.  The distribution of these sugars was sbudird
in relation to variety and maturity. Flemish Beauty, Bose, Clomice,
and Anjou pears were harvested at three maturities. Chemieal
analyses were made at harvest on comparable fruits of eaeh maturity.
Data relative to this work are shown in table 6.

TapLE 6.—Firmuess, sugars, and acidity of folt and winter pears as influenced by
wmalvurily and by rariety, 19331
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Glucose, sucrose, and fruetose are the soluble sugars that constitute
the total sugar fraction. Glucose was present in least amount and
decreased as the fruit matured. Varietal differences in ghicose con-
tent were small. Fructose was the predominant hexose sugar in all
of the varieties included in table 8. In Bosc and Comice, this sugar
inereased approximately 27.7 and 38.9 percent, respectively, during
the harvest period and atteined its highest concentration in the Contice
variety. Sucrose slso increased with maturity and reached its

entest accurnulation in the third picking of the Bosc variety.

vidently sucrose and fructose are the forms in which sugar accumu-
lates in maturing pears. The ratio of fructose to glucose increased
with maturity a,mdp attained its highest value in the Comice variety
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in which it was approximately 8 to 1. As both sucrose and fructose
are sweeter than glucose, their increase, together with the gradual
loss in acidity, doubtless explains on a chemical basis the inereased
sweetness of the more mature pears.

Certain varieties of fall and winter pears fail to ripen normally
when removed to temperatures of 65° F. after prolonged storage at
32° (10, 28, 44). Experiments were condueted to determine whether
this storage disorder can be corvelated with earbobydrate composi-
tion. Boese and Comice pears were harvested at oplimum commer-
ciel maturity and stored immediately at 32°. Chemnical analyses
were made on hoth the cold-stored and the ripened fruit before and
alter 1he onset of abnormal ripening  These data are presented in
tabie 7.

Tarue T.- Carbolgpdrates and solids 10 Dose and Cowder pears as Influenced by
normal and abermal ripening,' 1934
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tlinr, nod seatel, tissue diseotopatiom, ond core break-down were present in Comics,

During normal ripening, pears undergo a marked change in physical
condition. The color ehanges from dark green Lo varying shades of
yellow. There is a marked soflening of the flesh, which changes
from a firm crisp texture to a butterlike consistency.  Deta in table
7, however, indicate that there is no concomitant change in the
carbohydrtes in Bose and Comice pears during normal ripening,
In this respect the data are similar to those reported for the Kieffer
{88) and Bartlett varicties (6). There was some aceumulation of
fructose during normal ripening of Bose and Conice pears, and in
Ehis respect the data in table 7 are similar to those reported by Muartin
36).

The results of carbohydrate analvses gave no indication of any
apparent change in thie metabolism of the fruit (hat resulted in the
loss of normal ripening cupucity. Even the presence of seald, core
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break-down, or tissuc discoloration was accompanied by little change
in the carbohydrate content of the aflecied tissues. The data m
tabic 7 indicate that the loss of ripening capacity in pears is brought
about by physiological {aetors other than changes in curbohydrate
content.

Acerarpenype CONTENT

The role of acetaldehyde in plant metabolism has received consid-
erable attention since the earlier work of Thomas {43) on the relation
of acetaldebyde to carban diaxide zymasis, and that of Harley and
Fishier (22) on the correlation hetween the severity of seald and break-
down and the concentration of acstaldebyde in the tissues of Bartlett
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DAYS IN STORAGE AT 32°F.

Fieure 10.~—Acetaldehyde content of iissues of fell and winter pears during
storage at 32° F. as influenced by variety.,  Flemish Beauty, harvested Auguss
15; Cotnice, Scptember 19; Bose, Sepiember 95 Anjon, September 13, 1932
All varieties were stored immediately at 32° F.

ears. Tindale and others (44) have recently reported that aceumu-
ation of ethyl aleohol and acetaldehyde in Bartlett pears could be
correlated with a progressive replacement of the normal oxidative
metabolism by one of an anacrobic type. This replacement was
usually associated with overripeness or the presence of certain storage
disorders.

Studies were initiated during the season of 1932 to evaluate the
change in the acetaldehyde and ethyl uleohol content of different
varicties of fall and winter pewrs as induced by diffc. ~ut practices in
hendling, storage, and ripening. In general, the alcohol values
varied directly with the acetaldchyde concentration and their incor-
poration here would offer little additional information. For these

250346°—41——45
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reasons and in the intercst of brevity only the acetaldehbyde data
will be presented in graphic mnd tabular form. These data are
representative of several additional experiments of & similar nature
made during the vears 1832 to 1935, Data in Agure 19 are typical
of the resulls obtained rvelative to the scetaldehyde content of fall and
wigtf\r pears as influenced by variety and by length of storage at
32% &,

Dsta in figure 19 indicate that the acetaidehyde content of all four
varieties of pears increased with the length of storage. This increase
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DAYS IN STORAGE AT 32°F.

Fraune 20.  Aceiaidehivde eontent of fissues of Flemish Beauty and Comice pears
at harvest and during storage at 32° F. as influenced by maturity at barvest,
A, Fleinish Beauby: First picking Auvgust 11, 1933, at 13.5 pounds pressure;
second picking August 21, 1633, af 11.0 poands pressure; third pieking Septem-
ber 6, 1933, af 10.8 pounds pressure. B, Comico: irst picking August 30, 1933,
at 12.4 pounds pressure; secongd picking September 19, 1933, 2t 9.8 pounds
pressure; third pcking October 4, 1933, at 9.2 pounds pressure.

was greatest in the Clomice variety where its rapid accumulation after
140 days of storage was associnted with scakl and eore break-down.
In none of the other varieties were these storage disorders found during
a similar period at 32° F.; the aceumulation of acetaldehwde in ther
tissues was also correspondingly less.

The influence of maturity on the acctaldebyvde accumulation in
Flemish Beauty and Comice pears is shown in figure 20 and table 8.
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TasLe B.—Firmness, acidily, acelaldehyde condent, and condition of Comice and
Flemish Beauly pears at 32° F., as influenced by maturity at harvest
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Maturity at harvest was not a factor of importance i the accumulg-
tion of acotaldehyde in Flemish Beauty pears during storage at 32° F,
Furthermore, this varicty did not show scald, break-down, or
ripening when held at 32°  In Comice also there was no difference
until after 70 to 80 days’ storage after which acetaldehyde accumula-
tion was directly assoclated with maturity, being greatest in the more
mature fruit.  Similar results have been reported for Bartlett pears
(21). Both Comice and Bartlett are subject to seaid and break-down
when stored at 32°,

Delay in storing the {ruit after harvest also increased its acetaldehyde
content.  Data for Bose and Comice are shown in figure 21 and table g,

Because delaying the fruit at warm temperatures increased its rate
of ripening and decreased its potential storage life (table 9), and be-
cause acetaldehyde accumulation is closely associated with senescence,
8 greater content of this velatile constituent in pears improperly
handled at harvest would be anticipated.
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Froune 21.—Acetaidehyde content of tissues of Bose and Comice pears during
storage as influenced by delayed low-temperature storage at harvest. Delnyed
storage consisted of 2 days at 65° F. plus 10 days at 45° prior to storage at 32°,
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Oiled-paper fruit wraps for the control of scald in epples have been
in commercial use for & long time. Although it is known that their
use may not control scald on all varieties of pears, it appeared to be
desirable to sscertain whether the presence of oiled fruit wraps would
decrease the acetaldehyde content of pears. Dain bearing on this
study are shown in figure 22.
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Pravre 22.—Acetaldehyde content of fissues of Comice and Bose pears during
stornge as influenced by the kind of fruit wrap. The wraps were of the regnlar
commercial grade.  Oiled wraps earried 18.7 percent oil. 4, Comice; B, Bosc.

In neither Bose nor Comice pears did the use of oiled fruit wWraps
mfluence the acetaldebyde content of the fruit or the development of
peur seald,

The potentinl storage hife of pears, as will be shown later {p. 57),
is influenced to a large degree by the storage temperature. That the
acctaldehyde content of pears bears a direct relation to storage tem-
perature is shown in figure 23 and table 10.

There was little difference in the acetaldehyde content of Bosc pears
during storage at 30° and 32° F., but at 34° the concentration of this
volatile constituent was much greater than at 32° and 30° and much
greater at 36° than at 34°. Changes in acetaldehyde concentration
paralleled those of condition and appearance, as shown in table 10.
Pear scald was present on Bosc penrs during the latter period of
storage al 34° and 36°; however, 1t was not present on comparable
fruit at 32° and 30°.




TanrLe 10.—Firmness, acidity, acelaldehyde content; and condition of Jall and winler pears
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%'Too soft to record aceuraiely on the U, 5, pressure tester.

LSHAM HLHON
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Ficure 23.—Acetaldehyde content of timsues of Bose pears during starage as
influenced by sturage temperature. Harvested Septemnber 27, 1933, at com-
mereial maturity and stored immediately.

It has been reported (21, 44) that the acetaldehyde content of
Bartlett pears increases as the fruit ripens, reaclies a maximum with
the appearance of scald and core break-down, and rapidly decreases
with the onset of discoloration and collapse of the fruit ¢issue. During
the season of 1931 a study was made of the acctaldehyde content of
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Fioure 24.—Acctaldehyde content of Anjou and Comice pears during ripening
after sterage as influenced by variety and washing practice at harvest. A4,
Comice, harvested September I8, 1931, Washed with cold 0.5-percent hydro-
chloric acid and stored immediately at 32° F. until ripened on January 8, 1932,
B, Anjou, harvested Septemnber 14, 193]1. Handling and ripening procedure
was Bimilar to that of Comice. €, Anjou, duplicate fruit and handling practice
with the exeeption of the addition of a 1-percent kerosene cinulsion to the acid
washing solution.
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Comice and Anjou pears at different stages of ripencss. As experience
in the removal of spray residue from pears has shown that they fail
to color and ripen normally when a small amount of kerosene or
mineral oil emulsion is added to the washing solution, the acetalde-
hyde-ripening study also included comparabie fruit that was washed
in this way. Data for these studies are shown in table 11 and figure 24.

Tasre 1L.—dcetaldehyde content of Comice and Anjon pears during ripening af 66°
F., as influenced by vaviety coud washing practice
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_ These data indicate thet variety and kind of washing practice
influence the magunitude of the acetaldehyde accumulation in pears.
When normal ripening occurred, the acetaldehyde content of both
Comice and Anjou pears increased until the fruit became overipe and
broken down at the core.  When this stage of senescence was reached,
the acetaldehyde content of the fruit decreased as disintegration of the
Lissue progressed. In this respect the data are similar to those reported
for the Bartlett varietv (22). The results in table 11 show that
Anjou pears failed to color and ripen normally when mineral oil wes
used jn the washing solution. No scald or core break-down was
produced during 24 days at 65° F., and the acetaldehyde content
(fig. 24) was also much lower thaii in pears that had ripened normally.

Certain varieties of pears lose {heir capacity to ripen normally after
prolenged storage at low temperatures (70, 28). In some of the varie-
ties used in these investigations (Comice at 32° F, and Bose at 36°)
this failure to ripen was associated with the presence of scald, core
break-down, eand a decline in respiratory activity. The relation
between respiration and scetaldehyde accumulation is shown in
fipure 25.

The Comice pears {fig. 25, A) began to lose their ripening capacity
between 120 and 140 days’ storage at 32° F. Secald and core break-
down became incressingly severe after this period. Acetaldehyde
begen to accumulate rapidly snd was followed by a decline in the
respiratory intensity. In Bosc pears at this temperature {fig. 25, B)
loss of ripening capaeity OCGIII‘I'GJ) between 100 and 120 days in storage.
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TeURE 25-—Respiration (CO; reapired) and acelaidehiyde ecntent of tissues it
pears during storage as infinenced by variety and storsge temperature.
f mi% geceived irsmediate storage: A, Comice at 32° F.; B, Bosc at 32°; C, Bose
at 36°.

In this test, however, scald or core bresk-down were not present and
there was little change in either the acetaldehyde content or in the
respiration rate of the fruit. )

When Bosc pears were stored at 36° F., their normel storage life
was much less than when stored at 32% They began to lose their
capseity to ripen normally after 70 to 80 days in storage at 36°. At
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this temperature such fruit hegan to evidence seald and discoloration
of the flesh. Acetaldehyde began to aceurmulate rapidly with a sub-
sequent decline in respiration. Therelore, the relation between acet-
aldehyde and respiration was similar for Comice at 32° and Bosc at,
36°, but was quite different for Bosc at 32°.  As gll three lots of fruit
lost their normal ripening capscity sand onty in tots A and € (fg. 25)
was scald, core break-down, or tissue discoloration produced, it
appears probable that accumulation of acetaldchyde is associated
with the predisposition to and oceurrence of such disorders, rather
than from the loss of normal ripening capacity. The failure of Tattz
and Culpepper (3%) to ebserve any correlation between loss of ripening
capaeity and acetaldehyde aceumulation ing the Kieffer pear supports
thts interpretation.

Torat Acimry, rH Vague, ann lapex FICURE

The influcnce of maturity on the total acid content of Winter Nelis,
Comice, and Flemish Beauty pears is shown in tables 3 and 8,  There
was a shight increase of total ncid in Winter Nelis pears as they were
harvested through a period of 45 days.  Magness (34) obtained similar
results for Bartlett perrs grown in Washington, whereas in those grown
in Calilornia he found o loss of sacidity as they matured. In the
present study the toial acidity of Comice and Flemnish Beauty pears
decreased 34 and 31 pereent, respectively, between the first and the
third picking and generally remained so during storage at 32° F.
{See table 8.) Bose and Comiee pears lost some of their total acid
during delayed storage (table 9), but lost it more slowly during siuh-
sequent storage at 32°, as the fruit receiving the delayed handhng
treatment genernlly had a higher acid contont during storage at 32°
than that which was stored immediately after harvest at 32°.  There
was a grent difference at harvest in the total acidity of the four
varieties of winter pears. The Anjou varicty had the greatest acid
content of 0.267 percent, and Bosc with 0,114 pereent had the lowest
(table 10}. Total acids could not be correlated with loss of ripening
capacity or the presence of seald or core break-down,

The pH value of the pear fruit tissues gradually increased with
maturity, changing from 4.38 to 4.53 for Comice, and from 4.31 to
4.71 for Flemish Beauty (table 8). This value ajso inereased in all
varicties during storage at 32° F., but did not show significant differ-
ences in pear fruits stored at different temperatures (table 103, Fur-
thermore, varietsl influenees and the presence of certain storage dis-
orders were not reflocted in the pEt vaiue of the fruit.

Do Toit and Reyncke (4) exprossed the ratio of the dissociated acids
(hydrogen-ion concentration) to the total undissociated acids as a
single quantity which they termed the index figure,  They found this
value to be correlated with the mafurity of fruit, storage behavior,
physiological condition, and cultural practiec, In tables 8, 9. and 10,
the index figure has been ealeulated from ehe corresponding data for
totel ncid and pH value.

Fruit from $he second picking (table 8) was gencerally considered
best for commercial storage. [Fruit from this pleking also had a
higher index figure at harvest than did that from either the first or the
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third picking. Because a high index figure can be correlated with
optimum maturity, the data in this respect support the results of
Du Toit and Reyneke. However, the results indicated no significant
influence on the index figure of handling practice, storage behavior,
loss of ripening capacity, storage temperature, or presence of storage
disorders. In the light of these results, it is exceedingly difficult to
believe that the ratio between the total amount of acid and its degree
of dissociation has any specific connection with the physiological con-
dition of the fruit.

ASTRINGENT M ATERIALS

The term ‘‘astringent material” is used to designate a group of
substances which have an astringent faste and certain charaetevistie
physical and chemieal properties.  This term includes both the tannins
and the nontannins, which are differentinted by the fact that the
former can be precipitated with gelatin. Thatcher (42) has stated
that tannins may represent intermediate products in cork formation.
Gore {(14) has shown that although fruits lose their apparent astringent
taste during ripening, the tannin content of green and ripened fruit
was quite similar, and that differences in astringency could be explained
by the apparent “walling off”” or condensation of the soluble tannin
within the cell. Similar results were obtained by treatment with
carbon dioxide.

It is conceivable that loss of ripening capacity in certain varictics
of pears might be associated with changes in their tannin complex.
Changes in astringent materials through condensation with acetalde-
hyde might also be associated with inhibition of the enzyme system
responsible for the hydrolysis of pectic compounds during normuai
softening of the fruit. Because of these possibilities, studics were
made of the amount and distribution of astringent materials in Bose
penrs during different stages of maturity, and in Anjou, Bose, and
Comice pears during storage at 32° K., and after ripening at 65°.
These data are shown in tables 12 and 13.

TanLE 12.—Astringent material in Basc pear Hysues as tnfluenced by malurity
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TABLE 18— Asiringent materials in Bose, Comice, and Anjou pears a3 influenced by
variety, lenglh of storage, and ripening !
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! Calentated ns percentape of fresh weight.

! Harvested Sept. 17, 1635; 11.6 poitnds pressure.
1 Harvested Sept. 9, 1935; 13.9 pounds progsiire.
§ Harvested Sept. 17, 1035 1.1 pounds [IFCSSLTO.

The data in table 12 show that in percentage composition the
highest concentration of the tannins is found in the peeling. The
tannin content of this tissue varied somewhat with the different
pickings, being rpproximately 100 percent greater in fruit from the
third picking than in that from the first. The tannin content of the
flesh also imereased, but to a lesser degree. Tn the core tissues, in which
the stone cells are predominant, the tannin content showed con-
siderable variation with maturity.

Nontannins were also present i significantly greater amounts in the
peeling than in the other tissues, but decressed approximately 29
percent between the first and the third picking. In percentage
composition the nontammins were similar in the eore and flesh, and
decreased more than 50 percent hetween the beginning and end of a
harvest period of 35 days.

On the basis of percentage distribution in the whole fruit, the
greater amount of all astringent materials was loealized in the cortex.
That this should be true is obvious because the cortex represents the
greater part of the weight of the fruit. On this basis the peeling
ranked second In astringent materials, and the core tissue third
Table 12 shows that the percentage distribution of total astringents
in the fruit as a whole can be correlated with maturity. Approximately
33 percent of the total astringents were localized In the flesh at the
first picking, but in the third they decreased to 45.9 percent; at the
same time, however, the percentage distribution of total astringents in
the peel increased approximately 28 percent. These results mdicate
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either an outward diffusion of total astringents from the flesh to the
peel, or the transformation of those in the flesh and the formation of
additional amounts in the peel as the fruit matures on the tree.

The dats m table 13 show no sigmifieant relation between the total
astringents in {8l and winter pears and the physiological condition
of the frutt as affected by storage and ripening or by the presence of
storage disorders. Similarly, no relation is indicated between the
total astringeney of the fruit and the variety tested, its ripening, the
presence of seuld and core break-down, or loss of ripening capacity.
Either the methods of chemical analysis are not sufficiently sensitive
to follow the change in distribution of the astringent materials, or
these materials are not altered by the practices and conditions studied.
However, the results indieate differences in the tannin and nen-
tanumin fractions as influenced by length of storage at 32° F. Data in
table 13 show that tennins gradually deecreased and montannins
increased with prolonged storage at low temperatures.  In interpreting
these results the possihility of addition compounds of tannin being
formed with certain products of metabolism as suggested by Thateher
(42 and Gore (74) musi be considered. The tannin fraction is
neasured by its capacity to precipitate gelatin from solution, and this
propertv would become altered hy the formation of tannin addition or
condensation products. Chemical estimation by present methods
would place this neow stringent addition compound in the group of
nontannins. The latter would thereby accumulate In the fruit
tissue at the expense of the original tarming, as shown In table 13,
Granting that reactions of the above tvpe may occur, it would be
difficult from a eonsideration of the data in table 13 (o say that they
caused the loss of ripening eapacity in pears.

Prome MaTenises

Ermmett (3) has stated that differences in the keeping guoalify of
Conflerence pears were nall probability due to differences in the rate
of break-down of the pectic compounds, and the rate of ripening at
dilferent temperntures was closely assoctated with the rate of proto-
peetin hydrolysis. Lotz and Culpepper {38) found s direct correla-
tion between optimum ripening and maximum soluble pectin forma-
tion in Riefter pears ot 80° F. Soluble pectin changes have also heen
correlated with the sturage behavior of Bartlett peurs in artificial
atmospheres containing earbon dioxide (12, 4.

Because differences v the phyvsiological metabolism of pear f{ruit
often produce blochemieal changes m the pectic materials, studies of
these changes were undertaken in 1934, Four varieties of pears were
harvested at thewr optimum mnturity and stored iImmediately at 30°
and 36° F. Comparable fruits of each variety were ripened to hest
dessert quality at 65° at time of harvest and alter storage at 30° and
36°.  Analvses of the pectic matevials in the different lots were made
at intervals throughout the storage season.  These dnte appesr in
table 14.




TaBLE 14.~~Pectic material in fall and winter pears as tafluenced by temperature, length of storage, and ripening, 19841

i
Stored fruit Ripened [ruit

Pectie materinl : - ¢ peetic material
Temperature ‘Q&g”'@ Condition in e Ripened \ ; Ripening e
“storage
|

Variety

storage

storage wL6s% B, ; [esser! quality

\ O ity
i Soluble] Proto-| Total , enpaeity ‘Soluble Proto- | Total
i nclin . peetin | peetin . ¢ p(‘clm pectin | peetin

°F, i L u’crccnl I’(’rwnl \fl’erc(nl Days Percent | Percent
Atharvest. 0 . .1 0.02 8

VT

Excellent o Normal 0, 3850
Very good o do . 3850
Poor . Abnarnial L3087
Excellent Noral | 3875
Poor I Abnormal i .3100
Poor, tissue collapse : do i . 1950

b

30 amia !
Flemish Besuty ] Very ood. ...
} Excellent. _ .
. b . Showing color
i i Sealded, poor

. ; Excellent. .- : (HBn .
30 . : ~do | L0420
: : \’(lry rood ... L 0300 8
; Excellent o LH28 AT
36 . Showing color © L0650 . 5150
Seald, poor. .. . .
At harvest ) e L0825 0 4300 1 o oo O
: “Excollent. [l 17 83 L ' Execllent . . - Normal . 3750
: ceploal L LOB50 4150 | | do . . do Lo L3800
Comice. . Yery good .. Lo 312001 472 : (tood . ; do . 2840
' 7 ¢ Excellent | CoL420 0 4360 4 ¢ Excellent do 3625
Soft, colored [ L1620 ] Poor, sealded ! Abmormal 4. . 2800
. Seald,break-down.! _. b i Poor, tissue collapse do L
At harvest : 0;... . ; 7h hd()() 67 e W - L
4 xeell (Hl)" L6279 oz | Excelient - Normal
0.0 .. too..do. . L0375 58% L6210 da . . . do
Anjou. . ; . Very good . . J0980 | L5200 . 6200 i do ... i do
Excellent. . | N X v 6222 0 GhR0D A do T T - :
Showing color. L2000 4000 |- 000 ‘ Very good do PLA300 1 -, 1 . 6600
189 i Soft, colored . ) e el Poor, menly 3 v . a . .

H

ST S
NT

T

Atharvest . JUN .

" Excellent O : Normal L4700
Fair . . S-Subnormal .3210
Poor . - Abnormal ©o2587
Excellent . . Normal 4400
Poor R - Abnormal L2875
Poor, tissue -ollup:o R do

.
q

Smei-In

DAV

INTMHINON

! P(‘ctiv mn[u‘rinl is expressed as |n-rm-nmw nfrn«h weight,
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The coutent of protopectin and total pectin of unripened Flemish
Beauty pears at harvest was greater than that of the Comice, Bose,
or Anjou. Evidently the high protopectin and low soluble-pectin
content in Flemish Beauty pears is not closely correlated with firm-
ness, as in Bose the relative proportion of the protopectin is mueh
less, although this variety is generally firmer than Flemish Beauty.
On the other hand, general commercial experience, and pressure-test
measurements as well, indicate that the flesh of unripened Comice
pears is softer and therefore more subjeet to bruising injury than that
of the other varieties. This variety also possesses a greater amount
of soluble pectin nnd 2 smaller quantity of protopectin at lhinrvest
than any of the other varieties.

Flemish Beanty and Bose pears «id not soften or ripen apprecinbly
at 30° K. Changes in soluble peetin also were small.  The Comice
and Anjou varieties, on the other hand, softened considerably at this
temperature, this change being assoelated with the hvdrolvsis of
protopectin inte the soluble form. This varietal response to storage
temperature was more marked at 36°. At this temperature, Flemish
Beauty and Bose fruits softened bus little and there was only a small
increase in soluble peetin, whereas the Comice and Anjou pears
ripened 1o n murked degree and their coutent of soluble pectin in-
cressed proportionately through hydrolysis of protopectin.

Data 1o table 14 show that pectic compounds play an important
role in the biochemical changes that occur in the pear fruit as it
ripens o prime dessert quality.  Normal ripening is associated with a
progressive change in the physical texture of the {ruit, which passes
from firmness and erispness to a soft, smooth, and butterlike con-
sistency.  This change in texture is directly associated with the
hydrolysis of the insoluble protopeciin compound into soluble pectin
and pectic acid.  The soluble pectins, ns shown in table 14, increase
as much as tenfold during normal ripening.  During prolonged storage
of ail varieties of pears at low Ltemperature there was no significant
difference in the total pectin, but during nornwl ripening at 65° F. it
deereased.

Previous storage studies showed that certain varieties of fall and
winter pears lose thelr capacity to ripen normally after prolonged
storage at low temperatures, DBiochemical data relative to this type
of storage disorder ave presented in tables 14 and 15.

TasrLe 15 Pretic malerial in Comiee and Flemish Beauty pears es influenced by
wormal ond abpormal ripening o 83° (3851
! a .
i I Bolubie peelin Pratopectin Total pectin
{te onedl Ripenine ta- | e s - -
ripened o 65° ity i
¥ 40 o1 ip-
' T ot ¥

Variety ] ,
wpa g ¢ I Loa s ip-
#EF enerl 2 F- cnetl

Daga Hercent Forcent Prereeat Prreeat Percent Perrend
T Noriul @OB25 QU2 0.5ITE 00480 4 AN00 . 43R

I Abmormnelt | CDGET 5D k] A0 . 5420 2440
Cunnice I8 3 Noromad B b AT Cdidsk ey . AR 400D
iMur ¢ 4 Ahbnormabt 0 MRy MR 3G L I3 LA

Flemish Henuty Koav. &

I Expressed o8 poereatibnge of fresh weight,

t Bireet from eold stormge at Lhe time of resnoval for ripening siodies,

1 After elpuning the specibad pumber of dass,

" Froit remusdned hard sod gramaler sod Mmibed o soften sod ripen sormndly op 55° F
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These data show a direct correlation between the loss of ripening
capacity and the inactivity of the hydrolytic system responsible for
the formation of soluble pectin. In other words, during normal
ripening the rapid softening and concomitent disintegration of the
tissue structure depends upon the chemical or enzymatic hydrolysis
of the insoluble intercellular, tissue-binding, protopectin material.
A large amount of soluble pectin is formed during this time and the
ripened fruit acquires a butterlike texture. When pears fail to ripen
normally, protopectin hydrolysis and soluble pectin formation are
greatly restricted and the fruit remains firm and crisp.  As has been
previously shown (10}, scald and core break-down may also be nsso-
ciated with this loss of ripening capacity. Respiratory measurements
and carbohydrate analyses, liowever, afford no indication of the loss
of ripening capacity in all varieties of pears susceptible to these
physlological disorders. This is shown in table 7, igure 4, G and E,
and figure 9. Protopectin changes, as shown for Flemish Beauty and
Comice pears in table 15, howewver, indicate that loss of ripening
capacity is associated with smaller quantities of soluble pectin and
the presence of large amounts of protopectin.

The question arises as to why prolonged storage should disrupt
normal ripening and probably inactivate the enzyme system respon-
sible for the hydrolysis of protopectin. It is possible that this apparent
inactivation may result from low-temperature injury, as suggested by
Kidd and West (28). However, this should not preclude the use of
30° to 32° ¥. in the commercial storage of pears because the injury
is not directly proportional to the decrease in temperature. Its
inception is earlier and more severe ot 36° than at 30°.  Furthermore,
it is difficult to conceive that anserobiosis and the accumulation of
the produets thereof, 1. ¢. acetaldehyde and ethyl aleohol, could be
the sole ecausative factor involved (44), because in cortain varieties
of pears, particularly Bose and Flemish Beanty, this loss of ripening
capacity occurs without the sccumulation of abnormal mmounts of
acetaldehyde and ethyl aleohol.

RipexNine Stunies

Earlter cxperiments (25, 33, 38, 44) have shown that fall and
winter pears stored at 30° to 32° F. attain optimum dessert quality
when they are ripened at 65° to 70°.  Fruit of each variety has s more
or less definite span of life in cold storage during which it will ripen
properly if removed to a suitable environment. However, when
certein varieties of pears are held ai low temperstures beyond their
normal storage life, thoy lose their capacity to soften and attain a
satisfactory dessert quality although retaining an apparently normal
external appearance while under refrigeration. After removal tc
higher temperatures, however, the pears may also develop severe
surface scald and core brealk-down,

In connection with the physiological and biochemical studies of fall
and winter pears, summarized data obtained in this investigation on
ripening capacity, dessert quslity, condition, and appearance of
comparable lots of Anjou, Bosc, Comice, Flemish Beauty, and Winter
Nelis pears are presented in tables 16, 17, 18, and 19,
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TaBLE 16~-Ripening capacily, dessert quality, end condition of fall and winter
peers o8 influenced by maturity af harvest and by length of storuge at 82° F,

WINTER NELIS

' Firme- ; Stor- Ltip- .
Harvest date "‘h‘;“r_’“'! 1:_5:‘ 02"’_‘! 5‘:{:;2::'; {II)I';&;EJ; Condition ks nppearshee
vegt  A2% F. | 05° F.
t ' I = -
Pounds | '
pressuve) Fiaps | Daps :
3 B8 G | Normmb, (LTI » Elond, sone sheivelling,
: 327 i o _ddy UoFnir, stelit senld.
Fept. 14, 193) 3 3 193 8 dn . Fair. : o,
B 4 Bi.. e, . . . do | : 3248
298 £ | Subnormal. franr -] Muorderute seald. poor.
74 10 | Narmnl Exeelicnt, 1 Exevilent.
l% ig .(%ﬂ gu i 1;(;.
‘ 17 H Rt o ! 0.
Oct. 4. 1931 150 i¥i 8 o Ao L Very goutl.
: . I B ta Vory gond Slipf\! senhil.
[ ] da. . do . 3o,
: £ 6 da o, 1 Blphily mealy, cood,
52 ig i <io i _:io .. So.
- 5 : TEV g, our o 0.
Ot 38, 103 IRl : 156 i 1 dao do. ..o .
| 187 - 2 oo, oo Fair. e Owverripe, mealy.
. Fed] Gi._ . _do. da. ... Da,
COMICE
! 57 i Normmil y Verg gond 7 Goml, slight shrivelling.,
: 82 7 tic : %t:a(i_ ’ - ! U, _ "
.- - b & du : Falp . phit segld, shrivellod.
Angt 31, 1 124 47 | 5 . Subnermet T Poor__ 1ya.
187 . 7 Abhnormal do L,
M4 £ o : do. .. . Srvere sealid, eore bresk-down.
4 18 Normal * Exeellent Excelienl.
44 it dn tle 1.
a2 ! 7 oy _tla I3
Hopd . %), 1WA [ At . # do o Vory poud.
17 1 5 da o Qood - Crosisth.
157 | 7 Abngrmal. ... Poeroo oL P Severe seald, core break-down,
i) i 4] o . th.
2 & Normal . : Exeelient.
{7 l 7 :;o .- : %u
. . Th 5 dn. . 0.
Oet, 1, 1933 a2 112 } i do . paans do. i Mealy, overripe,
152 7 i Abnormnt , Poor . _. Slight seabd, eore bronkolown.,
AP o1 o oo loolol | Completely  cenlded,  ecote
' hroak.down.
BOSC
", 13 ° Mormal. o Gaad o] Shabtly shirbveiled, poor color
H X 5 do ! do L Jo.
VT | LERT] 10E T da.. . .. Faly .o Dy,
’ 168§ | T oAbnormal . L0 Posr. L] Gronodor, beaed, sariveliod,
pu ] 10 [113] : ada, oL Lo,
[the i Normal { Exeelient .. LExeelient.
a6 8 l;(l_ Bo.
L o gr . Y H da 0.
RLNECEL L .3 JRITIN &7 Suybuormnl . ramzlr. fuir,
[ 4 Abnormal Hard, pramilar, fir.
Rh el o Da.
0 10 Moripn! Exceileni.
&4 g: do R e,
Sept. bt 118 08 7| Abnormal. .. Gramar, thealy.
. ; 3587 T Ho.
| i 173! o Grannlar, care break-Uows,
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and condition of fall and winter

TanLE 16.-—Ripening capncity. dessert qualily,
al harvest and by length of storage at 32° P.—

pears as influenced by maturity
Continued
FLEMISH BEAUY

Flirm- ! Stor-
nessat i age
har- ; at
vist ! 32°F,
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Eipening
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Dessery |

quelity ’ Cunditlon und appearance

,
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: T

t‘_
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o
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=D D S 5 e e G B =g DO
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R [ T
Excellent. . |
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; o

Exeollent,
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Do,
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: D

! 0.
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i ey,
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Tantk 1T.—Ripening eapacily, dessert qualily, and rondiiton of fall and winter peary

as infiuenced by season and length of
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TapLE 17— Ripening copacity, desserl qualily, and condilion of fall and winter peary
as influenced by season and length of storage ut 32° F. —Continued
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TavLe 18.—Ripening capacity, desserl quality, and condilion of Bogc p(-ars as influcnced by stor

tricts, 1934

age lemperature and by producing dis-

Producing
district

Storage temperature of 30° F,

Storage temperature of 36° F,

i
Ripened |
: at 65°
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.

Vakima.......

Medford. .....

Ripening
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Normal . ......
O [
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Subnormal. .

Abnormal
o
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TaBLE 19.—Ripening capacity, dessert quality, and condition of fall and winter pears-as influenced by leng(h of storage at different temper-
ahues. 19331

COMICE ? ANJOU

i

Storage

e Ripening Dessert

T I S Ripened | Ripening Dessert
! capacity uality

Temper-| porjoq P ®
!

Condition and appearance |Storage at 65° F. capacity quality Condition and appeéarance

ature

°F. Days Days
62 8-{ Normal.._.. ; - 2 . Excellent.
od Do.

. do .
Subnormal.. Granular, tough. M e
Abnormal:.. Severe scald, core break-down..
E‘ccllent“

=3

cald..
Severe scald. core break-down_._

E\cellcnt o 'F‘(ce]lcnr. ’

Very good
Severe scaid, core break- ‘down__

-
SwaSomoe

Fair, nstringeut L Good
..do. L. ‘
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FLEMISH BEAUTY

BOSBC

Excellent....
Goo

O [« S S
Moderate scald, granular, tough.
Excellent .._____. .. " " "

Excellent.
Do.

0.
Granular.

Granular, hard, tough.
Excellent.

Granular, hni'd, tough.

0.
Excellent.

0.
Gral]1)ular, hard, tough.

0.
Severe scald, core break-down.
Excellent.

Do.

Granulsr, tough.

Slight scald, core break-down.
Severe scald, tissue collapse.

* All varieties were harvested at optimum maturity and stored immediately.
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The data in table 16 indicate that maturicy at harvest is an im-
portant factor in determining the storage life and ripening capacity of
fall and winter pears. If harvested too early, the fruit has a tendency
to develop surface sceld and become excessively shrivelled. It 1s
usually somewhat astringent in teste and seldom attains the full
characteristic flavor of the variety. 1f harvest is delayed too long,
mealiness and core break-down become serious in storage. In Bose,
Flemish Beauty, and Comice, where loss of normal ripening capacity
occurs after prolonged storage, proper harvest maturity is an im-
portant factor, advanced maturity usually resulting in an carlier loss
of ripening capacity. This is illustrated by the data on the third
picking of Bosc and Flemish Beauty pears in table 16.

Pears ripen rapidly at temperatures of 60° to 70° F.  The length
of the previous storage period apparently has little significant influence
on the time required to reach full ripeness at these higher temperatures,
There was a difference of only 2 days in the ripening time of Winter
Nelis pears at 65° (table 16) after i{wing been stored previously at
32° for 74 to 200 days. Storage at low temperature also resulted in
a greater uniformity in ripening of pears harvested at diffecent
degrees of maturity., Bzell and Dichl () obtained similar results
with Bartlett pears.

Mable 17 summarizes the duts on the ripening capacity and dessert
quality of four varieties of pears as they were influenced by seasonal
differonces. As firmness of the flesh as measured by the pressure
tostor is one of the recoenizod indices of pear maturity, it was used
as the basis Tor establishing optimum harvest maturity. Except in
1934, the date of harvest varied only a few days from year to year.
The length of the growing period for these years also varied but
little, oxcept in 1934 when the bloom was approximately 3 weeks
carlier and the harvest 4 weeks earlier than in the other years.

In cach of the 5 years, Anjon, Flemish Beauty, and Cormniee pears
retained their characteristic ripening behavior at 65° F. efter removal
from storage at 32°. There was some variation in dessert quality
from year to year, but in general approximately the same number
of days were required cach scason for cach variety to ripen after
storage. The appearance of scald, core bresk-down, and loss of
ripening capacity was likewise corrclated with the time in storage.
" Flc date in table 17 indieste that Bosc pears were more variable in
their ripening during different scasons than the other three varietics.
fach year after prolonged storage Bose pears failed to ripen normally
but the seasonal variation in the time of inception of this pliysio-
logical disorder was wide. Bosc pears also varied from scason Lo
season in the degree of development of the characteristic varietal
flavor, Allen (1) also has reported that ‘“‘of all the pears obseirved,
Bosc has proved the most variable in quality.”

Data in table 18 show that the ripening capacity of Bosc pears
may vary between producing districts. Cultural practices, growing
conditions, age and vigor of trees were similar in the Wenatchee
and Yekima distriets. Therc was also a similarity in the ripening
hehavior and dessert quality of the fruit from these distvicts. On
the other hand, fruit from the Medford district was grown under
clean cultivation, where irrigation was somewhat limited, and the
soil was of & much heavier type. The trees were larger and older
than thosc used in the Wenatchee and Yakima districts and bore a
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lighter crop of smaller-sized pears.  Fruit from Medford was superior
in texture and flavor to that from the other 2 districts. lis ripening
capacity was still normal aftec 106 days of storage at 30° K., but
fruit from the other districts failed to ripen satisfactority at this time.
Data in table 18 show that Bosc pears have a much shorter stornge
fife at 36° than at 30°. Further evidence that loss of ripening
capucity may vary within a variety is indicated by the fact that Bose
pears from the Medford district had a longer storuge life at 36° than
did those from the 2 Washington districts. The comparative respira-
tory measurements shown in figure 9 and carboliydrate analyses not
ineluded in this report failed o suggest significant ehemical differences
between the fruit from the 3 districts. Oxidase and catalase
measurements (8), however, proved that the Medford fruit contained
3 to 5 times as much oxidase, and 14 to 2 times as much catalase ns
that from the other 2 distriets.

Data pertaining to the ripening eapacity, dessert quality, and von-
dition of fall and winter pears as influcneed by storage temperature
are presented in table 19 and show that the storage life of pears is
dependent upon the storage temperature. For cexample, Comice
could he ripenced normally after 127 days of storage at 30° F., but after
a similar period at 36°, normal ripening did not occur and severe
scald and core break-down were present.  Judged by condition and
appearance, the potential storage life of Anjou pears was greater
after 224 days at 30° than after 90 days at 36°.  Comice and Anjou
varicties softened and ripened at 34° to 36°, but Bose and Flemish
Beauty failed to soften »t these temperaturoes.

Varieties that lost their capacity to ripen normally did so irrespee-
tive of the temperature at which they were stored, but the inception
of the disorder was much earlier in lots held at 34° and 36° K. than at
lower temperatures. Bosc pears, for instance, could be ripened
normally after 119 days at 30°, whereas at 36° the suecessful storage
period was less than 80 days. Scald and core break-down appeared
earlier in fruit from the higher storage temperatures ripened at 63°
than in similar fruit from 30°; in fact, Flemish Beauty and Bosc
pears from storage temperatures of 30° and 32° remained entirely
free from these disorders.

Datn in table 19 indicate that for maximum storage life and for
best dessert quality after ripening, fall and winter pears should be
stored at 30° . If the fruit is stored immediately after harvest af
this temperature Comice and Flemish Beauty pears can be ripened
sutisfactonty at 65° after 120 to 130 days of storage; Bose, after 100
to 120 days; Anjou, after 18¢ to 200 days., These are maximum
storage periods found in experimental procedure and are slightly
longer than these recommended for commereisl practice by Hartman
(25) and Pentzer (38) who cmployed storage temperatures of 31°
and 32°

PrysioLocicat STorace DisornERS

The more common physiological disorders that limit the storage
life of fall and winter pears are pear scald, Anjou scald, core break-
down, and loss of ripening capacity, and these disorders are to » large
degree associnted with the senescence of the fruit. Their appear-
ance is hastened by improper handling and storage practices. In
the commercial handling of pears, any one of them may cause large
finanecinl losses.
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PLEAR SCALL

Most varieties of pears are subject to seald (fig. 26).  In pear
scald the skin of (he affected Truit beeomes dark brown, soft, walery,
and sloughs off casily under pressure.  In severe eases the peeipheral
flesh dissues also are involved.  Unlike apple seald. pear seald cannot
be controlled by oiled-paper wraps. It is usually charnelerized in
severe eases hy a foul ador and o disngrecable taste, doubtless due Lo

Fraves 26, Pear seald and ecore break-down it Flemish Beauty pears in storage
af 36° Koot Bonnd fruit; B, core break-down; ¢, pear seald; D, pear seald
and its extension nta the fosh,

the accumulation of acctaldehyde, ethyl aleohol, and butyre esters
in the diseased tissues,  Susceptibility (o pear seald ean he lowered
by harvesting the fruit at proper maturity and storing it inumediately
al 307 to 32° F. (88); by the use of “gas stornge” (carbon dioxide)
(12); and by limiting the length of storage al low temperature,

ANJOU SCALD
Anjou seald has been deseribed by Huartman ® as 2 motted surface
browning or blackening of the skin of the fruit of this variety, L

SEARTMAN, HENIY, IAYESTIGATIONS RELATIAG TO TUE NASUHASG OF EOGLE RIVERD YALLEY TEARS
M3 EASTERY MangkT=. [xo ] [MMinwopraphed,]
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differs from coramon pear scald in being confined to the surface tissue
and in not being characterized by a hydration or sloughing off of the
skin or by the accumulation of volatile chemicals that affeet the odor
or dessert quality of the scalded fruit. It rescmbles apple scald in
being controlled by the use of oiled paper wraps. Early harvested
fruit is more susceptible to Anjou seald than that picked when it is
more mature. Scald is rarely present on the {fruit in cold storvage
hut often develops quickly when the fruit is removed to warm tem-
peratures for ripening. It is limited to the Anjou varicty and,
although iis presence may detract from the appearance of the fruit,
the dessert quality is not impaired. Commereinl control of Anjou
scald ean be accomplished by harvesting the pears at proper matuwrity
and wrapping the fruit in oiled paper wraps.

CORE BREAK-DOWN

Core break-down in pears is illustrated in figures 26, B, 27, and 28.
In its incipient form (fig. 27} this diseasc is characterized by an exces-

Ficuur 27 —Early stages of core hreak-down in Comice pears: A, Soft water-
logged arca surrounding the core region; B, “core slip” in which the carpels
separate readily from the surrounding flesh.

sive soltening and hydration of the core tissue that often results in
“core slip.”  8evere disintegration and a marked browning or black-
ening of the tissues in the eore region and the adjacent vascular and
Hesh arca (fig. 28) mark the final stages of core break-down. This
disorder is also associated with an accumulation of acetaldehyde (21),
and like penr scald is more prevalent in seneseent fruit.  Allowing the
frutt to become overmatuie before harvest and overripe after
storage are important factors in its occurrence. It is also frequently
present in unripened fruit that has been held too long in storage at
low temperatures.  Overmature pears sometimes are affected with
core break-down while they are still attached te the tree.
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Al comumereinl varietios of pears grown in the Pacifie Northwest
are stseeptible to ecore break-down,  Bartlett. Comiicee, Fleash
Benuty, and Bose are the most susceptible, whereas Anjou and Winter
Nelis ave fately vesistant. A variely grown in the botter producing
distriets is less suseeptible to core break-down than is the same variety
grown i the eooler producing distriets. Harvesting at optimum
maturity, prompt storage at low temperature, avoicance of prolongid
storage or overvipening alter slorage are measures which con he
nsed Lo reduce losses from core brenk-down,

Ficere 28, Advanced stage of core bhreak-down in Comice pears: o, Dis-
coforation of the waterlogged ecore area: B, discoloration of the core region
anil generiad break-down of the surrounding llosh,

LOSS OF HIPENING CAPACITY

Loss of ripening capaeity in pears should be classified as ¢ physio-
logical disturbunce characterized by failure of the’fruit to solten and
attain its characteristie dessert quality under favorable ripening con-
ditions.  This disorder develops while the fruit is still in storagme at
low temperature, but it cannot be detected by visible symptoms and
Tor this reason it is diffienlt to dingnose before attempts are made to
vipen the frt.

T s been suggestod (28) that the loss of norma! ripening eapacity
in pears may be a form of low-temperature injury.  However, if low
temperature alone were the controfling faetor it would seen tlml the
fower the temperature the earlier would be the incidence of this stor ge
dizorder and the more severe would be its manilestation.  That such
= nol always the case, however, is shown by the data in table 19
wherein Bose, Flemish Beauty, and Comice lost thelr ripening capneily:
ninch earlier at 369 than at 30° F.

in Comice, loss of ripening capacity = closely associated with seald
and core break-down; in Bose and Flemish Beauty it is not. Follow-
ing profonged storage ot 32° ¥ these three varieties may appear
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harvest green in color and apparently in excellent physical condition,
vel upon removal to higher temperatures for ripening, they acqeire
golden-yellow color but remain as firm and crisp as they were while
under refrigeration. Of the fall and winter pears considered in this
study, the Anjou and Winter Nelis varieties alone are not subject to
this storage disorder.

No evidenre of the loss of ripening capacity is obtainable in the
respiratory activity of the fruit in cold storage.  Oxidrese and cat-
alase measurements do not reveal its presence, nor can it be correlate
with changes in carbolivdrates and astringent materials. Peetic
changes, however, offer 1 elue as to the probuble mechanism involved
when pears lose their capacity to ripen in s normal manner. Normal
ripening is associated with g rapid hydrolysis of the insoluble proto-
pectin into soluble pectin, which accumulates in copious amounts.
Loss of ripening capacity is associaied with a restriction of this hydre-
I¥tic process and is believed to be enzyvimatic in nature. I further
work proves this to be true, loss of ripening capacity in pears doubt-
less cun be explained by the inactivation of the protopectinase system.

SUMMARY AND CONCLUSIONS

Studies were made on five varieties of fall and winter pears after
thiese had been subjected to various procedures in harvesting, lian-
dling, storage, andl ripening. These studies invoived determinations
of the respiration, oxidase and catalase activity, carbohydrates, acids,
aceialdehyde, astringents, and pectic material, accompanied by ob-
servations on the behavior of the fruit during ripening and when
affected by physiological storage diseases.

The respiratory intensify at 32° F. was not directly correlated with:
The storage life of the different varicties of pears, the detayed handling
procedure prior to storage, the kind of fruit wrap used in parknging,
the incidence of loss of ripening capacity, nor the dessert quality or
storage lile of Bosc pears {rom different producing districts. It was,
however, directly associated with maturity at harvest and severiby
of pear scald and core break-down. Furthermore, normal ripening at
65° I. was correlated with an increased respiratory activity, and the
intensity of the two processes paralleled each other until the fruit
gcquired prime dessert quality.

Fruit picked at the stage of maturity recommended for best dessert
and storage qualities showed less oxidase activity than fruit picked
earlier; the catalase content also averaged slightly less at this picking.

The oxidase activity increased during storage at 30° and 36° F,
the greatest incrense being at the higher temperature. (atalase
activity showed comparatively little change at either temperature.

Fruit ripened to prime eating condition showed greater oxicdase and
less catalase activity than comparable fruit before ripening.  Wlen
pears fatled to ripen after prolonged storage at low temperatures no
concomitant change in oxidase or catalase nctivity took place.

The oxidase and catalase of a variety varied widely when the fruit
was grown in different districts and in «ifferent orchiards in the same
district. Their activity also varied between seasons.

Secalded fruits showed less oxidase and catalase activity than fruits
not scalded.
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Carbohydrate analyses indicnted no significant difierence in compo-
sition between pears stored inmediately at 32° F. and those delayed
at hLigh temperatures before placing under refrigeration. Similar
analyvses failed to indicate differences in the composition of pears as
influenced by seald, break-down, or loss of ripening capacity.  Matur-
ity al harves!, however, was assoclated with an increase in total solids
anul sotuble carbohydrates.

Ghicose, suerose, and fructose are the soluble sngars in pears;
Mietose was present In predominant amounts and {ogether with
suerose 18 the sugir that aceumulates i maturing peats.

The acetaldehyde content of each variety of fall and winter pears
increased with the Jength of storage. It inereased to & maximum in
Comice whore it was closely associated with scald and core break-down.
Its incrense with maturily at harvest was dependent upon varielal
characteristies, bl delaved stornge after harvest was condueive to
the production of greater amounts of this volatile constituent.  The
acotaldchyde content of pear fimils during storage at 32° F. could not
be correlated with the type of {ruit wrap or the loss of ripening capac-
itv unless seald or core break-down was present,

The aeetaldehyde content of pears was correlated with seald, core
hreak-down, and storage temperature, being decidedly greater in
frutt held at 362 If. than in similar fruit at 32°. Hinereased in Comice
and Anjou pears during normal ripening and stinined its peak with
the onset of scald and core break-down.

Total acids could not be eorrelated with loss of ripening enpaeity
or the presence of seald and core break-down,  The pll value of the
fruif tissues gradually inercased with muturity and dure ion of storage
but was notl correlnted with varietal differences.  Tn most instanees,
the “incdex figure” hore no dlirect relationship to handling practice,
stornze lempernture, loss of ripening eapacity, or the presence of
seald nted core break-down,

Tannin and nontannin compounds were present in greater concen-
tration in the peeling than in other portions of pear frais.

Changes in astringent components of the fruit could not be corre-
“lated with variety, storage temperature, ripening, scald, core break-
down. nor loss of ripening capacity.  They were, however, cocrelated
with length of storage at 32° F. nontannins gradually increasing at
the expense of tannms. These changes might be influenced by the
production of addition compounds of tannin with certain products of
metabolism such as acelaldehvde. Granting that condensation prod-
uets of (his nature may oceur, information at hand does not justify
a conclusion that when pears lose their vipening capacity these prod-
ucls inbihit (he enzyme system which normally hvdrolyzes the pectic
compounds,

The ripening response of different varicties of pears was directly
associated with the hydrolysis of protopectin into soluble forms.
There was a significant correlation between the degree of ripeness and
the formation of soluble peefin when pears were ripened normally at
65° . This constituent inereased tenfold during the process of
normsl ripening to prime dessert quality.

Data are presented to show that the loss of normal ripening capac-
ity i certain varicties of pears is directly associated with the fatlure
of the hvdrolytic mechanism responsible for the fo mation of soluble
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pectin.  The possibility is suggested that this mechanism may he
largely enzymatie,

Pear-ripening studies demonstrated the importance of maturity at
hervest in avoiding excessive shrivelling, scald, and the astringency
that characterize immature fruit, and the mealiness and core break-
down usuelly found in overmature fruit. In Bosc, Comice, and Flem-
ish Beauty varicties overmaturity at harvest was generally associated
with carlier onset of loss of nornial ripening capacity.

Sterage and ripening behavior, loss of ripening capacity, and the
appearance of seald were singularly nniform from season to season
except in the Bose variety where these Tactors varied with the season
and district in which the fruit was produced.

The storage life of fall and winter pears was dependent ipon the
storage tempergture, At 36° F. Comice and Anjon ripened slowly,
but Bosc and Flemish Beauty although nequiring 2 golden-yellow
color did not soften. The latier varietios likewise lost their normal
ripening capacity much carlier at 36° than at 30°. Secald and core
break-down were excessive at 36°.

For maximum storage life and optimum dessert quality after ripen-
ing, pears should be stored at 30° . Comice and Flomish Beauty
penars stored at this temperature immedintely after harvest could be
ripened satisfactorily after 120 to 130 days: Bose, after 100 to 120
days; Anjou and Winter Nelis, 180 to 200 days. These are maximum
periods of safe storage which would he difficalt to acltieve in commer-
cinl practice.

Pear seald, Anjou scald, core break-down, and loss of normal rvipen-
g capacity are deseribed. Preventive and control measures for
minimizing losses from these troubles are suggestixl.
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