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PHXSICAL AND BIOCHEMICAL 
CHANGES IN PEARS UtJRING 
STORAGE AND RIPSNING 

Chapter I 

INTRODUCTION 

Because of certain characteristics which are differ- 

ent from those of other fruits, the commercial handling 

of pears presents special problems in harvesting, storage, 

transportation and marketing* Unlike most fruits, pears 

do not develop desirable flavor and texture prior to 

natural abscission. In order to obtain long storage life 

and desirable eating qualities, they must be harvested at 

an optimum stage of maturity while still firm and green 

in color, and kept as nearly as possible in this condition 

until ripening is desired. When stored at low tempera- 

tures (50-32°?.), progressive ripening to an edible con- 

dition such as occurs in apples does not take place. At 

intermediate temperatures (36-50°?.), the storage life is 

shortened and in some varieties abnormal changes occur 

which prevent the fruit from ripening properly when re- 

moved to warm temperatures. Desirable eating qualities 

including a melting, buttery or Juicy condition of the 

flesh depending upon the variety, together with good 

flavor, are developed only when the fruit is removed from 

storage while still green in color and firm in texture 
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and ripened within a comparatively narrow warm temperature 

range. Recommended practices consist of storage at 

30-510P* and ripening at 68*.70oF, 

At the present time the retention of optimum fruit 

quality over the maximum period of time is best obtained 

by close maintenance of the storage temperature at 

slightly above the freezing point of the tissues. Recent 

investigations have given some indications that the 

keeping quality can be further enhanced by the use of 

activated carbon in the storage rooms for adsorption of 

the phyBiologically active volatiles #manating from the 

fruit. 

Even under the best storage conditions, however, 

certain physiological changes occur which later may have 

an adverse effect on the quality of the ripened fruit. 

Anjou pears, for example, tend to become dry and mealy 

rather than soft and juicy after removal from storage late 

in the season. The ability of the fruit to ripen may be* 

come completely Inactivated in Bartlett, Bosc and Cornice 

pears after prolonged periods of storage. The develop- 

ment of these conditions is a serious handicap to suc- 

cessful storage and marketing programs and often results 

in serious financial loss to the pear fruit industry* 

Considerable information is available relative to the 



physical and biochetnical changes which occur in pears and 

other fruits, The inter-relationships of the reactions 

in the tissues during storage and especially the effect 

of the resulting changea on the behaviour of the fruit 

during ripening have been studied to only a limited ex- 

tent, The effect of fruit volatiles on the biochemical 

changes in the fruit while stored at low temperatures has 

not been determined. This investigation was undertaken as 

an endeavor to obtain information on some of these prob- 

lems, especially* 

(1) The possible interrelationships of the changes 

which occur in the tissues and juice during storage to 

the nature of the ripening processes at ripening temper- 

atures • 

(2) The effect of the use of activated carbon for 

the adsorption of fruit volatiles upon certain of the 

physical and biochemical changes in the fruit during 

storage and periodical ripening. 



Chapter II 

REVIEW OP IITKBATURK 

Chemical Composition in Relation to Environmental 

Factors and Storage Conditions 

A brief review of some of the literature dealing 

with some physical and chemical changes in pears in 

particular and other deciduous fruits in general, during 

maturation and after harvest, together with factors that 

affect the quality of pears, is given below. 

Carbohydrates*>Sugar 

Carbohydrate material forms a major portion of the 

dry matter of deciduous fruits. Of this carbohydrate 

material, sugars form the largest fraction. Sucrose, 

fructose, glucose are the most commonly found sugars. 

The amount of these sugars also verles in different parts 

of the fruit (33, 57). Fructose is the principal sugar 

in the flesh, whereas glucose predominates in the epi- 

dermis * 

Fruits vary in their sugar content from year to year 

and from orchard to orchard (6). Gerhardt and Ezell (23) 

stated that accumulation of fructose and sucrose varied 

with the degree of maturity of fruit at harvest* 



According to them, carbohydrates in winter pears were 

influenced by the relative maturity of the fruit and the 

variety* Magness (56) reports that Bartlett pears in- 

crease in sugar content and decrease in alcohol insoluble, 

acid hydrolyzable material during maturation on the trees. 

Ezell and Diehl (16) have reported a decrease during 

ripening of alcohol insoluble solids and reducing sugars. 

The total sugars in deciduous fruits increase 

gradually during storage, mostly owing to, first the 

hydrolysis of starch, and later owing to the hydrolysis 

of sorbitol (58). The rate of this change could be 

slowed down or retarded by lowering the storage temper- 

ature or by modifying the composition of atmosphere 

(59, 60). Such changes can be hastened and an accumula- 

tion of sugars corresponding to hydrolysis of starch can 

be brought about by the ethylene treatment of pears after 

harvest (55). A difference in the temperature of storage 

may, therefore, make a difference in the quality of the 

pears. Lutz and Culpepper (55), however, report that in 

the case of Keiffer pears quality differences as in- 

fluenced by various ripening temperatures did not show 

very clearly in terms of total solids, sugars, and acid. 

Since Keiffer pears differ from other pears by not con- 

taining any starch, this difference in their behaviour 
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may he ohvious. 

It is very difficult to correlate storage behaviour 

with sugar changes as far as total amounts are concerned. 

When considered in conjunction with the total nitrogen 

and acid content, Archhold (6) found a correlation be- 

tween the chemical composition and the storage life of 

fruit* 

Pectin 

It has been shown by several workers (1,2,5,35,36,37) 

that pears decrease in firmness during the later stages of 

maturation on the tree as well as after harvest and during 

storage. These workers have shown that the optimum time 

of harvesting can be determined by following the pressure 

test. The optimum pressure test for Bartlett pears varies 

according to the district where grown. Thus Allen (1) 

and Magness (56) have shown that Bartlett pears grown in 

relatively warm areas were firmer at optimum maturity 

than pears grown in cooler regions. Similar differences 

may be caused by the type of root stocks. Allen (3) re* 

ports that trees on Japanese roots produced firmer fruit 

than those on French roots. 

Deciduous fruits soften during ripening and this 

change is associated with the changes in the pectic 



material of the fruit. Carre'(11, 12) made extensive 

studies of pectic material in apples during storage. She 

associated ripening in storage with an Increase in solu- 

ble pectin and a corresponding decrease in protopectin, 

the total pectic material remaining constant. In the 

later stages of storage when the fruit became mealy and 

showed breakdown, she observed a change in the pectic 

substances of the middle lamella. According to Bonner 

(8) pectin in the cell wall is different from that in the 

middle lamella. The  pectic substances in the middle 

lamella are believed to occur as the calcium or magnesium 

salts of pectic acids. Joslyn and Phaff (42) quote 

Dauphine and Molliard as saying that pectin in the cell 

wall differs from that in the middle lamella by its 

association with the fibres of cellulose. Carra in her 

studies also presented some evidence to show that the 

total pectin content tends to Increase as apples ripen. 

During this period there was a temporary increase in 

protopectin Which again decreased. Haller's studies (27) 

are similar to those of Carre' (11, 12). He, however, 

found that the relative firmness of different varieties 

is not correlated with the differences in pectic con- 

stituents, 

EcheVin (13) has shown that in pears the rate of 
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pectic changes is related to temperature. In peaches 

Appleman and Conrad (4) found that such changes were 

oheerved to take place more rapidly at higher tempera- 

tures. During ripening in storage the amount of proto- 

pectin decreases, with a corresponding increase in the 

soluble pectin* The rate of these changes increases 

with increase in storage temperature. Emmett (15) using 

Conference pears stored at 12°, 5°, 4°, and 10C. found 

that the rate of softening increased with increase in 

temperature. Rapid ripening was associated with more 

rapid conve-'Slon of protopectin to soluble pectin and a 

further breakdown of the soluble pectin. At 10C. the 

development of soluble pectin was greatly retarded. He 

suggests that, in pears, differences in keeping quality 

are in all probability due mainly to differences in the 

rate of breakdoarn of pectic compounds. Appleman and 

Conrad (5) found in the case of tomatoes that pectin In- 

creases and protopectin decreases with increased maturity 

of tomatoes while on the vine. In canned tomatoes a close 

relationship existed between the amount of disintegration 

and the ratio of pectin to protopectin. Lutz and Culpepper 

(55) found a direct correlation between optimum ripening 

and maximum soluble pectin formation in Keiffer pears at 

60°?. Smock (68), Gerhardt (22), and Plagge (64) have 



also correlated pectic substances with the storage be* 

haviour of Bartlett pears in artificial atmospheres con- 

taining carbon dioxide at different levels. Plagee (64) 

has shown that there is a residual effect of CO2 on  in~ 

hibiting solubilization of pectic ttiatorials. Air-stored 

samples were consistently higher in soluble pectin than 

fruit stored under different carbon dioxide atmospheres* 

Heinze and Appleraan (59) found t^at in sweet potatoes 

protopectin Increased while pectin decreased during the 

storage period. Some of the increase in protopectin was 

due to an increase in the total pectic substances. This 

synthesis of protopectin continued in the roots as long 

as they remained alive and in a marketable condition. 

Thus, normal ripening is associated with progressive 

changes in the physical texture of the fruit, which passes 

from firmness and crispness to a soft, smooth, and buttery 

consistency* TMs change is directly associated with the 

hydrolysis of the insoluble protopectin into soluble pec- 

tin and pectic acid. Gerhardt and Ezell (23) show that 

there is a direct correlation between the loss of ripening 

capacity and the inactivity of the hydrolytic system re- 

sponsible for the formation of soluble pectin. Respira- 

tory measurements and carbohydrate analyses, however, do 

not afford any indication of the ripening capacity in all 
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varieties of pears susceptible to these physiological 

disorders♦ 

Color Changes 

During ripening the green color fades and the yellow 

color becomes obvious, i'hia is especially marked with 

the Bartlett variety. Bosc and Anjou do not show this 

characteristic change, though there is a difference in 

the color of the fruit when it ia ripe. This color 

change has been suggested as a criterion of maturity 

(l, 2,  3, 35). However, color at optimum maturity may 

be influenced by variety, location and other factors. 

In hot dry districts with no irrigation the yellowing in 

Bartlett is more pronounced (2)* The fruit stored at 

52°?, will also gradually assume its characteristic 

ripe stage color. 

Acid 

Total acidity of apples undergoes a gradual loss 

during storage (6, 52). The change in pH is also very 

small but showa a tendency to increase (9)• The acids 

are primarily malic in apples and citric in pears. 

Caldwell (9) gives an account of how pH is related to 

plant growth especially with respect to water content. 
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Altapation in pH aarkadly affaets tha colloidal propartias 

of tha call and consaquently its watar iabibition capaci- 

ty. Haynss (38) has shown that high acid content and a 

slow loss of tha acid are not farorabla factors for storad 

apples, as they lead evantaaUy to internal breakdown* 

She suggests that apples should not be exposed to low tem- 

perature until their aeid content has been reduced. 

Plagge and Gerhardt (65) hare shown that soggy breakdown 

of apples is eoineident with a rather marked diminution in 

pH. This suggests an intimate balance between active a- 

cldity said carbohydrate reserres of apples at low tempera- 

tures. Magnesa (66) stated that acidity tended to de- 

crease In fruit from California during storage, whereas 

there was a tendency for it to increase in fruit from 

Washington and Oregon. Esell and Diehl (16) reported a 

decrease in acidity with ripeness. Hansen (SI) reported 

that during the course of ripening the acid content ahowad 

considerable Tariation but no well defined trends were 

apparent. 

lltrogen 

total nitrogen in apples does not change appreciably 

during storage but the protein nitrogen Increases in a- 

mount during the climacteric period* Archbold (6) in dis- 

cusslng the relation between chemical composition and 
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storage life of apples, stated that one condition favoring 

keeping quality appeared to be a suitable balance between 

the demand for respiratory substrate, regulated by the 

total nitrogen content, and the supply of readily avail- 

able carbohydrate, dependent on the inversion of sucrose. 

Wallace (75) stated that low nitrogen, high sucrose, and 

probably a large amount of cell wall material were con- 

ducive to good keeping of apples, especially at lorr temp- 

perature. Smock and Boynton report that differential 

nitrogen treatment in orchards may show no effect on the 

keeping quality of apples because the amounts of nitrogen 

in the tree or fruit may not be affected, Kclntosh apples 

showed a tendency for greater susceptibility to brown cor* 

whenever leaf nitrogen was high# There was always an in- 

verse correlation between leaf nitrogen and fruit firmness 

and ground color (70, 71). 

Respiration 

The results of the respiratory studies of apples 

have been recently summarized by Kidd and West (52). 

According to them the rate of respiration in apples 

follows a well defined trend during development, ripening 

and storage. It was shown that a sharp rise In respira- 

tion occurs immediately or almost immediately after 
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gathering« TMs respiratory peak has been called the 

climacteric, FollOT/ing the climacteric, the rate of 

respiration declines and the fruits are said to be in 

senescence£, The respiratory rise in apples and pears 

depends upon a number of factors viz., specific variety, 

climatic conditions during the growing season, tempera*- 

ture during storage, end the composition of the storage 

atmosphere* Respiratory rise is more evident at higher 

temperature than at cold storage temperature* Fruits at 

the poat climacteric stage may not show a -?lse in the 

respiratory rate at 32°?, storage. The occurrance of 

the respiratory rise has a practical significance from 

the point of storage of apples and pears. Kidd and West 

(52) thus, reported that certain varieties should be 

picked and stored before the climacteric rise begins. 

Smock (70) recommended that for maximum storage life of 

Mclntosh apples, the fruit should be picked just as the 

respiratory rise begins. It was found that most of the 

apples had abacisaed from the tree by the time the 

Climacteric was passed. 

A pre- or post climacteric condition has much in 

common with other physiological processes in fruit, 

Hansen (29), indicated that emanations from ripe pears 

increased the rate of respiration and ripening of newly 
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picked pears* The greatest effect was obtained with 

fruit picked early in the season and the least effect with 

fruit picked at post mature stages. Smock (69) has also 

shown that apples in the post climacteric stage do not 

respond to ethylene treatment. 

Kidd and West (45, 52) pioneered the work on the use 

of modified atmospheres for fruit storage. They have 

shown that carbon dioxide in moderate concentrations 

lowers the rate of carbon dioxide production. This de- 

pressing effect is especially noticeable in post 

climacteric fruit. The amount of carbon dioxide that 

can be used safely over a long storage period depends on 

species, variety, and temperature. Use of carbon dioxide 

has been especially helpful in the case of fruit wbich 

shows Injury at low temperature. Pears seem to be more 

tolerant to carbon dioxide at low temperatures than 

apples (50). 

A reduced oxygen concentration also has a depressing 

effect on the respiration (48, 50). An atmosphere con- 

taining two percent oxygen Is often recommended for 

apples and pears (50, 75). 

Kidd and West (47) were probably the first to show 

that one lot of apples stimulated the respiration of a 

second lot of fruit when stored together in the same room. 
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Tha cllmactaric riaa ia sharp whan pra-eliaaetarlc fruit 

Is axposad to athylana gas. fianaan (29) has shown, that 

athylana ia more affective in the period of ascending 

respiratory activity. Xt appears from tha literature 

that tha stiBulatory effects of athylana on respiration 

depend on, (1) age, (2) Tarlety, (S) temperature of 

storage, (4) nxraber of ripe fruits present, (5) ripeness 

Qt  the fruit supplying ethylane (69), 

gthylene and Other Volatlles 

Elmer (14) was probably the first to report that as 

apples ripen they emanate a gas which Inhibits the growth 

of potato sprouts. Gane has shown this gaa to be 

ethylane (20, 21). Various workers have shown since than 

that athylana ia formed by fruits during ripening 

(88, 30, 67). 

In apples the quantity of ethylane produced follows 

* progressive riaa and then a decline, in pears the 

ethylane production curve seems to follow the respiration 

curve very closely. The peak point of respiration and 

ethylane production occur at about the same time. 

Tarietiee of peara having a long storage life seemed to 

produce less ethylane than those having a short storage 

life. Low oxygen atmoapherea aeemed to affect markedly 
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the production of ethylene gas by pears (32) and apples 

(52)« It has been shown that ethylene is produced by 

fruit during the development on the tree. The cli- 

macteric occurs as a result of the production of ethylene 

by the fruit and of an autostimulation produced by this 

gas when present in the tissues in amounts above the 

critical threshold values (52), 

Complete absence of such fruit emanations from 

storage rooms seems to be almost impossible, when, as is 

usually the case, the fruit of various physiological ages 

is stored at the same time. It was shown (52) that the 

climacteric rise in apples gathered and stored in a 

closed container was much accelerated as compared to that 

of the fruit left on tree. This was due to the fact that 

in the case of fruit on tree ethylene produced by the fruit 

was removed away by air. Ventilation would then be an 

answer to this problem of ethylene removal from the stor- 

age rooms. But cooling of large quantities of fresh air 

for flushing the Inside of the cold storage room is 

impractical, Pontanel (18) was the first to suggest that 

activated carbon can condition the air Inside cold stor- 

age rooms and thus reduce the gas responsible for stimu- 

lating the ripening of fruit. The work of Smock and 

Southwick (72) suggests the use of activated coconut 
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shsll carbon partially saturated with broaina for ra- 

moring e thy Ian a. In the absanoa of any such daTica, 

athylano and other volatile gases produced by the fruit 

aecuorcilftte and concentrations as high as 600 p. p. m, 

may be reached in a one comnercial storages (19)> Such 

high concentrations of volatile gases are possibly the 

cause for the important functional condition known as 

seaId (19). 

The efficiency of air purification systems by the 

use of activated carbon has yet to be proved to be of 

economic value. Gerhardt (25) has shown in his recent 

publication that air purification unite fail to remove 

ethylene though they remove volatiles other than ethylene 

to some extent* Be showed the carbon treatment to be 

useful only in the ease of early picked Bartlett pears. 

There are other ccnstituenta of the total volatiles 

produced by fruit, The odorous constituents of apples 

have been identified as amyl esters of formic, acetic, 

caproic, caprylic acids and as geraniol (65, 66). As the 

fruits ripen these odors are farmed in increasing amounts, 

at least until the fruit reaches the fully-ripe stage. 

Acetaldehyde has been identified In pear and apple 

flesh (17, 23, £4, 54, 40, 61, 65). Acetaldehyde has 

been suggested as a normal intermediate product of respi- 

ration. In apples and pears affected with scald, there 
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may be an accumulation of acetaldehyde (24, 34). Trout 

(74) is ©f the epinlon that acetaldehyde say be a by- 

product but not necessarily a causal agent of pear scald. 

Ethyl alcohol has been found in normal pear and apple 

flesh (17, 61). Kidd and West have shown that vapors of 

ethyl alcohol retard the respiration of fruit tissue (49). 

Off flavors in fruits way thus be associated with ia- 

proper aeration of the finiit or with a flesh breakdown 

caused by an accumulation of ethyl alcohol or acetalde- 

hyde or both (24). 

Changes in Chemical Composition in Relation to Ontogeny x 

Various workers have studied the changes in the 

chemical compounds of deciduous fruits during ,  aaturity, 

storage and other handling operations. Very few workers, 

however* have followed the stetebolism during the ontogeny 

of the fruit. Archbold (6, 7), KLdd and West (44, S&), 

and Krothov (55, 64) have shown that during growth, 

saturation, and senescence, fruits pass through a series 

of stages. These are characterised by cell division and 

enlargement, respiratory intensity, and by differences in 

the concentrations of various carbohydrate fractions. 

With respect to apples, Archbold (6) has summarised the 

situation by saying that although the changes In absolute 
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amount of intake rate are very narked in the final stages 

of ripening before gathering, chan£es in concentration are 

obviously much less. Very small differences in concentra- 

tions tnay, therefore, correspond to rather big differences 

in the physiological are. Krotkov (53, 54) has divided 

the ontogeny of the fruit into six stages, three of which 

occur on the tree and the remainder during storage. In 

the first stage relative growth of the fruit is highest, 

though as a result of its small weight the absolute 

amounts of various substances added are very snail* In 

the second stage the increase in the weight of the apple 

is close to one half of the final weight. The bulk of 

hemlcelluloses, glucose, alcohol insoluble residue less 

starch and hemicelluloses, and practically all of the 

starch accumulate during this stage. In the third stage 

the most striking feature is the hydrolysis of starch. 

The absolute increase in the weight of the apple is less 

than in the preceding stage. The alcohol insoluble re- 

sidue, less starch and hemicelluloses, continues to ac- 

cumulate. 

By the beginning of the fourth stage, the climacteric 

rise in respiration sets in and the metabolic changes take 

place at a faster rate» There is an increase in both 

invert sugars and fructose. The rise in sugctr content is 
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more than can be accounted for by starch hydrolysis. 

There is very little increase in the alcohol insoluble 

residue exclusive of starch and hemlcelluloses. In the 

fifth stage respiration reachas a peak and the stage of 

senescence set? in. Total sugars begin to decrease. 

However, more sugars disappear from an apple than could 

be accounted for by respiration. In the sixth stage th« 

percentage of sugars does not change appreciably and 

respiration is considerably in excess of the amounts of 

sugars aiiRUltaneously lost* K 
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Chapter III 

METHODS AHD MATERIALS 

Source»  Handling, Storage and Ripening of Samples 

The Bartlett, Bosc and Anjou pears used in the 

present investigation were obtained from the Hood River, 

Oregon, District. The fruits were packed with oil paper 

wraps and transported to Corvallis within twelve hours 

after picking. Each variety was then divided into compa- 

rable replicate lots, each consisting of 60 pears. A 

sufficient number of lots were prepared to provide monthly 

samples during the normal storage period of the variety. 

One sample from each lot was placed in a storage room 

equipped with a Dorex cannister unit having a capacity of 

55 c. f. m., providing 6 complete recirculations of air 

in the room per hour. The fruit samples stored under 

these conditions are hereafter referred to as the carbon- 

treated samples (C. T.). A similar set of samples was 

stored in a room not provided with air purification 

equipment and are referred to as control samples (€.). 

The temperature in each room was maintained at 

SO-Sl^p.  throughout the storage period. 

At monthly intervals, a 60-frult sample from each 

storage treatment was placed in a ripening room maintained 
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at 68*TO0]?. At Intervals of O^ 3^ 6, 9, and 12  days, 

IE pears were tested for firaaaess by the Oregon Pressure 

Tester (68) and saapled for chemical analyses. 

x Tissue Analysis 

A sample, consisting of longitudinal wedges out 

ffrora each fruit, was ground through a food chopper and 

thoroughly adLxed. Allquots of the prepared material 

were used for tlie determinatioii of moisture content, 

pectin, protopectin and alcohol Insoluble residue. 

Moisture Content 

Duplicate ten gm. allquots were transferred to 

small aluminum dishes and placed In an oven adjusted to 

7OO0, The dry weights were determined after 48 hours of 

continuous drying* 

Alcohol Insoluble Material 

A 260 gm, aliquot of the ground material was trans-' 

ferred to sufficient hot 9b per cent Isopropyl alcohol to 

give a final concentration of 80 per cent alcohol, and 

boiled for 15 minutes. After cooling, the alcohol in^ 

soluble material was separated by filtering, washed 5-4 

times with 80 per cent alcohol, and then was transferred 
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to a tared beaker and dried at 45^C. to constant weight. 

After grinding through a Wiley mill using a 40-mesh sieve, 

it was stored in glass bottles with air-tight lids until 

used for pectin and protopeetin analyses* 

Pectin Estimation 

Duplicate 1,0 gm. samples of the alcohol Insoluble 

residue were transferred to 50 ml, centrifuge tubes, 

moistened with 10-15 ml, of water and left overnight in 

the refrigerator. Kext morning the sample was stirred 

with approximately 40 ml. of water for ten minutes and 

soluble pectin was separated by centrifuging and de- 

canting off the clear supernatant liquid. Pour ex- 

tractions were found sufficient to remove all the soluble 

pectin. The total extracted liquid was made up to 250 

ml, in a volumetric flask. After filtering, 100 ml. 

f aliquots were taken for pectin estimation. The solutions 

were neutralized to phenolphthelein with a ten percent 

sodium hydroxide solution and then 50 ml, of 0.5 sodium 

hydroxide were added for de-esterification. After 4 

hours 50 ml, of IN acetic acid were added and five 

minutes later, 50 ml. of M/l calcium chloride solution 

were added while stirring. The sample thus treated was 

left overnight. Next morning the solution was boiled for 
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a few minutes and filtered through a tared 12.5 cm. What- 

man #30 filter paper. The precipitate was washed with 

hot distilled water until the filtrate was free from 

chloride. It was then dried at 70oG. to constant weight. 

Protopectin 

The residue remaining after extraction of soluble 

pectin was transferred to a 500 ml. boiling flask, 100 

ml. of H/30 hydrochloric acid solution added and boiled 

under a reflux condenser for one hour. It was then cooled 

under running cold water, transferred to a 250 ml. 
* 

volumetric flask, made to volume with distilled water, 

and filtered. A 100 ml. aliquot was taken for pectin 

estimation according to the procedure outlined* 

Juice Analysia-Sxtractable Juice 

The remainder of the fruit sample was cut into 

transverse sections approximately 2mm. thick by means of 

a slicer prepared from a 10-inch microtome blade fitted 

to an adjustable holder. A sample consisting of 1000 gm. 

was wrapped in #14 canvas duck and placed in a stainless 

steel pan fitted with a juice delivery tube. The juice 

was then extracted on a Carver hydrolic press at a 

pressure of 5000 lbs. After all of the extractable juice 
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had drained from the pan, the residue was removed from 

the filter cloth and weighed. The amount of extractable 

juice was determined as the difference in weight of the 

tissue before and after extraction. 

Apparent Viscosity 

The extracted juice contained a small amount of 

suspended solid material which was removed by centrlfuglng 

at 2000 r. p. m. for 15 minutes. The apparent viscosity 

was determined with an Ostwald pipette immersed in a water 

bath maintained at 250C.  (t .03). The running time in 

seconds for 1.0 ml. of the juice was compared with the 

running time required for the same quantity of distilled 

water. 

Alcohol Precipltable Material 

To 25 ml. of the centrifuged juice, 100 ml.  of 

acidulated (HCL) alcohol was slowly added while stirring. 

The sample was set aside for one day and then filtered 

through a tared shark skin filter paper and washed with 

neutral alcohol until acid free. The precipitate was 

dried at 70oC. to constant weight. 
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Total Soluble Solids 

The total dissolved solids in the juice were de- 

termined directly with a Bausch and Lomh hand refracto- 

meter. 

pH and Total Acidity 

The initial pH was determined using a Beckman pH 

meter. For the acid determination, 50.0 ml. of juice 

was titrated against B/20 EOH to pE 7.2 and the total 

acidity calculated as gm. of citric acid in 100 ml. of 

the juice. 
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Chapter IV 

SXPSRIMENTAL RESULTS 

Changes in the Tissue Characteristics During Storage and 

Ripening 

Firmness 

As shown in Table I, the firmness of the flesh as in- 

dicated by the pressure test decreased in all varieties 

during low temperature storage. The magnitude of this 

decrease was considerably greater in Bartlett and Anjou 

than in Bosc. Thus at the termination of the storage 

periods, Bartlett, Anjou and Bosc pears decreased 10.1, 

12.9, and 2.2 lbs., respectively, in pressure test. Ho 

significant differences were observed in firmness of the 

control and carbon-treated Bartlett and Bosc pears, but 

Anjous from the carbon-treated storage were 8.7 lbs. 

firmer than the control fruit after 7 months of low 

temperature storage. 

The rate and degree of softening at warm temperatures 

varied considerably between the three varieties. Bartletts 

ripened in October, November, and to a lesser extent in 

December, showed a rapid decrease in firmness of tissuey 

especially during the first three days. Optimum dessert 

quality had developed when the pressure test was 
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approximately 4*5 - 5 lbs«, which represented a decrease 

in pressure test of 23 * 26 lbs., during the ripening 

period. Bosc pears softened more slowly than Bartletts, 

the most rapid decrease occurring between the third and 

sixth days* Best dessert quality was correlated with a 

pressure test of approximately 9 lbs. Anjou pears trans- 

ferred to the ripening room in October softened very 

slowly, and after 12 days still had a pressure of 12 lbs. 

Samples stored for longer periods ripened to an edible 

condition within 6-9 days. Fruit from the carbon- 

treated room tended to soften more slowly during the early 

stages of ripening than the untreated fruit, but on the 

twelfth day the pressure tests of both lots were approxi- 

mately the same. 

According to the data (Pigs. 1, 2, 3 and Tables I, 

II, III), Bartlett and Bosc pears removed from storage 

late in the season softened at a slower rate and to a 

lesser extent than similar samples ripened earlier in the 

season. Thus Bartletts ripened in October had a pressure 

test of 4.5 - 4.6 lbs. on the ninth day, while the 

samples ripened for a similar length of time in January 

had a pressure test of 14.8 - 16.5 lbs. Bosc pears be- 

haved similarly, although the differences in degree of 

softening were not so great. None of the Anjou samples 
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failed to soften to an edible condition, although the 

fruit ripened in March had a higher pressure test at the 

end of 12 days than noted previously and tended to be 

nore mealy in texture than the samples ripened after 

shorter periods of storage. 

The alcohol insoluble residue remained approximately 

the sarae in Bartlett pears but tended to decrease in 

Bosc and Anjou pears during the storage period. 

Pectic Substances-Changes During Storage 

As shown in Tables IV, V, and VI, the amount of both, 

protopectin and total pectin increased during the storage 

period. This behaviour was consistent in all varieties. 

In Anjous and Bartletts, the initial increase was followed 

by a decline towards the latter part of the storage period 

but Bosc showed no similar decrease. According to these 

data it might be assumed that an actual synthesis of proto- 

pectin continues to occur after the fruits are harvested 

and placed in storage. Anjou pears contained more total 

and protopectin than either Bartlett or Bosc at all stages 

of storage* 

The initial soluble pectin content of all varieties 

was considerably higher than tbose reported by Gerhardt 

and Ezell (23), for similar varieties grown in other 
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regions, Th«y found values of approaclmately 0»04-0.06 

per cent soluble pectin In B0sc and Anjou pears throughout 

the storage period, whereas the percentages ranged from 

approximately 0«15-0»50 In the Hood Hlver pears used In 

these studies. 

The use of activated carbon appears to have had no 

consistent effect on retarding the rate of the pectlc 

changes In any of the varieties during storage, Paars 

from the earbon*treated room contained in October more 

protopectin and less pectin than the fruit from the 

control room* Fruit stored for longer periods, howaver, 

did not show appreciable differences. In Bosc no differ- 

ences between samples from treated and untreated rooms 

were observed* In Anjou pears there was no significant 

effect early in the storage season, but In February and 

March the fruit from the carbon-treated room contained 

more protopectin and less soluble pectin, indicating 

that the rate of hydrolysis had been retarded by the use 

of activated charcoal as a means of storage air purifi- 

cation, 

Pectlc Changes During Ripening 

Although considerable variations were found relative 

to the changes in the total pectin content during 
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ripening, certain trends are apparent. In all varieties 

there was a tendency for the total pectin content to in- 

crease, generally during the early stages of ripening. 

This behaviour was especially apparent in Anjou pears, 

but was also observed in certain samples of Bartletts 

and Boscs. In most cases the initial increase in total 

pectin was followed by a decline, so that at the end of 

twelve days there was an actual decrease below the amount 

originally present. In Bosc and Bartlett pears this trend 

was especially apparent early in the storage season. 

With increase in length of the storage period, however, 

the decrease in total pectin during the ripening period 

became progressively less. Thus Bartlett pears ripened 

in October decreased 54 percent in total pectin, but only 

17 percent when ripened in January. Bosc pears showed a 

similar trend, but the total pectin content tended to re- 

main higher throughout the ripening period. 

The amount of change which occurred in the proto- 

pectln fraction' during ripening was different in the 

samples analyzed after progressive periods of storage. 

Anjou pears transferred to the ripening room in October 

showed no reduction in protopectln content at the end of 

12 days. Neither did these fruits soften appreciably as 

s'^own by pressure tests, and it is apparent that the 
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fruit was still in the preclimacteric stage at this time. 

Samples ripened at later dates, however, showed rapid, 

consistent decreases, resulting in most of the protopectin 

being hydrolyzed by the end of twelve days. Protopectin 

in Bartlett and Bosc pears decreased in all samples 

during ripening. The ability of the tissues to hydrolyze 

this material, however, became progressively less the 

longer the fruit remained in the storage; This trend is 

apparent whether the protopectin values are expressed 

either as absolute amounts, (Tables IV, V, VI}, or as 

percentages of total pectin, (Pigs. 8, 9, 11, 12, 14, 15). 

In Bartletts ripened in October, for example, 60 percent 

of the protopectin was hydrolyzed in twelve days, while 

in January there was only a ten percent decrease during 

a similar period of time. Owing to the increase in 

protopectin content which occurred during the storage 

period, Bartlett pears, in January, even after being kept 

for twelve days in the ripening room still contained more 

protopectin than was originally present in the unripened 

fruit in October. Bosc pears behaved similarly. Thus in 

October the unripened fruit contained 0.38 percent proto- 

pectin which decreased to 0.17 percent during the twelve- 

day ripening period. In January, however, the fruit con- 

tained 0.54 and 0.36 percent, respectively on the zero 
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and twelfth day of ripening. 

The changes which occurred in the soluble pectin 

fraction during ripening in the three varieties were dif- 

ferent in seweral respects. In Bartlett pears, with the 

exception of the January sample, pectin accumulated for 

three to six days, then declined rapidly. In Bosc, the 

increase in pectin content occurred over a longer period 

of time and declined to a less extent in the post ripening 

period. At the peak of ripening in both varieties, the 

pectin content did not generally exceed 0.35 per cent. 

Anjou pears reaoved from storage in October showed no in- 

crease in soluble pectin, even after being kept for 

twelve days at a temperature conducive to ripening. As 

already indicated, the fruit was still in the pre-climac- 

teric period at this time. Samples ripened in December 

and at monthly intervals thereafter until March showed 

consistent increases in pectin content, the maximum 

amounts accumulated ranging from 0.57 to 0.68 per cent. 

In contrast to the other varieties the pectin content did 

not decrease appreciably during the latter stages of 

ripening. The sample removed from storage in March did 

not show any appreciable change in the pectin content 

after removal from storage. 

the accumulation of soluble pectin which occurred 
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at ripening temperatures could not in all cases be 

accounted for by the concomitant decrease in protopectin. 

In November, for example, Anjou pears showed an increase 

of 0,32 per cent in pectin content but a decrease of only 

0,12 per cent in the amount of protopectin. It would 

appear from these data that the soluble pectin which 

accumulated during ripening was not always derived ex- 

clusively from hydrolysis of protopectin. 

The use of activated carbon during the storage 

period appears to have resulted in no appreciable effects 

on the pectic changes during ripening. While differences 

in the rate and magnitude were found in some cases, no 

consistent trends are apparent. 

The data on per cent of protopectin and pressure 

test were analysed statistically. Figs. 21 to 26 repre- 

sent scatter diagrams and the lines of regression. The 

statistical data are given in Table Ho, VII. It was 

found that all the correlations were significant except 

in case of Bartlett (C), X 

Changes in Color \j 

The appearance of the fruit, especially with respect 

to color, was definitely affected by the use of activated 

carbon. The untreated Bartlett pears were yellow in color 
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when reiaoved from storage in November while the treated 

samples were definitely green (Pig. 16), Anjou pears 

from the carbon*treated room were also greener in color 

when removed from storage in 23arch (Fig# 17), The 

effect on color tended to persist even after the fruit was 

ripened, !Phus the treated sample of Anjous was still 

green in color after twelve days of ripening, while la 

untreated fruit the chlorophyll had mostly disappeared 

(Fig, 18), llhe green color of both treated and untreated 

samples of Bartlett pears disappeared during ripening, 

hut less scald developed in the treated fruit (Fig* 19). 

No similar effect on Bosc pears was ohserved. This 

variety, however, was mostly yellow in color when 

harvested and placed in storage (Fig. 20). 

Changes In Juice Characteristics During Ripening 

Per Cent Extractable Juice 

The data showing the changes In the percentage of ex- 

tractable Juice in the three varieties of pears when 

ripened after progressive periods of low temperature 

storage are shown in Tables 1, II, and III. In Bartletts, 

the amount of Juice which could be extracted from the 

tissues increased rapidly during the ripening period and 

was inversely correlated with fruit firmness. The 
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samples ripened in October had the highest percentage of 

extractable juice, while fruit ripened after longer 

periods of storage had progressively smaller amounts. A 

similar trend was apparent in Anjou pears. The sample re- 

moved from storage in October, decreased rather than 

increased in percentage extractable juice. 

The amount of juice In both Bartletts and Anjous was 

approximately 20-30 per cent higher than in Boscs when the 

fruit was fully ripe. 

It is apparent from the data that the amount of juice 

which can be extracted from the fruits is a characteristic 

which is closely correlated with the firmness and texture 

of the tissues. Both Bartlett and Anjou pears decrease 

considerably in firmness during ripening and when fully 

ripe, the tissues tend to be more or less soft and juicy. 

At this stage approximately 80 per cent of the juice can 

be extracted. Bosc pears, however, soften to a less ex- 

tent and tend to have a buttery, juicy texture. This con- 

dition is associated with a lower percentage of expressable 

juice. Less juice also could be extracted from Bartlett 

and Bosc pears late in the storage season when they failed 

to soften normally after transferring to temperatures 

favorable for ripening. Less juice also could be ex- 

tracted from Anjou pears which developed a mealy texture 
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when ripened after prolonged periods of storage. 

It might be expected that the decrease in extractable 

juice is due partly at least to a decrease in moisture 

content of the fruit. The data show, however, that the 

percentage moisture did not change appreciably during 

either storage or ripening. The changes in the hydro- 

phylic properties of the pectic substances during storage 

and ripening probably have considerable influence on the 

pater retaining capacity of the fruit tissues. 

The data on pressure test and extractable juice 

were analyzed statistically to determine whether there 

was any correlation. It was found that, except for 

Bosc (C. T.) all the correlations were significant. The 

statistical data are presented in Table Ho. VIII. 

Relative Viscosity 

The viscosity of the juice was low in the unripened 

fruit and increased only slightly while stored at low 

temperature. In all varieties the greatest changes in 

viscosity occurred in the samples ripened after short 

periods of storage. Thus in Bartletts ripened in 

October, relative viscosity increased from 2 to 20 during 

the first three days, then declined sharply to approxi- 

mately the initial value. A similar trend was observed 
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in Bosc. Samples ripened after longer storage periods, 

showed progressively less increase during ripening. Late 

in the season the viscosity changed but little when the 

fruits were kept at warm temperature for twelve days. In 

Anjou pears the viscosity was highest in the sample 

ripened in Hovamber; thereafter, as in Bartlett and Bosc 

the changes during ripening became progressively less 

with the increase in length of the storage period. 

In Bartlett and Bosc pears viscosity is correlated 

fairly closely with the soluble pectin content and the 

alcohol precipitable material in the juice (Figs. 4, 5, 

9, 12). In Anjou pears, however, the rapid decrease in 

viscosity is not accompanied by a concomitant decrease in 

either of these constituents (Pigs. 6, 15). It cannot be 

concluded, however, that the observed changes in viscosity 

are not related to the pectin content of the juice. The 

relative viscosity of pectic solutions, in fact, is known 

to increase with the concentration of pectin. This 

relationship, however, is not a simple one, since the 

degree of polymerization of the pectin molecule, the 

number of additional combined radicles, hydrophilic ef- 

fect conditioned by the presence of cations and organic 

materials may cause variations in viscosity independent 

of the concentrations. Both Bartlett and Bosc pears are 
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more active physiolosically and became overripe more 

rapidly than Anjou pears. If cat&bolisia of the pectin 

also proceeds at a faster rate, a decrease in viscosity 

would result from both a greater degree of demethoxyla- 

tion and a decrease in size of the molecule. 

Effect of Carbon Treatment of the Storage Atmosphere 

It is apparent from Figs. 4, 5, and 6 that the use 

of activated carbon had very little effect on viscosity 

of Bartlett juice in October. During the rest of the 

period there was practically no difference between con- 

trol and treated fruit. Boscs showed a greater difference 

only in October. In case of Anjous the difference was 

apparent in Kovember only. Whatever difference existed, 

was shown on the third day of ripening in Bartletta and 

the sixth day of ripening in Bosc and Anjous. 

Gelation Characteristics 

Early in the course of the investigation, it was 

found that the juice after titration for acid content 

jelled after standing for some time* In the case of 

Bartlett and Boac this gelation occurred during October, 

November and December, wheras Anjou juice continued to 

gel until March* Gelation must be closely associated 
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with the nature of the soluble pectin in the juice. In 

spite of the decrease in viscosity of Anjou pear juice 

from January on, the gelation characteristic did not 

change appreciably. There was little or no difference 

shown by pears under treatment and control with respect 

to this gelation property* 

pH and Total Acidity 

Anjou pear Juice tended to be lower in pH than 

either Bartlett or Bosc pears and the total acid content 

was approximately twice as great. In Bartletts there was 

* consistent decrease in pH of the juice during ripening, 

but in the other two varieties this trend was not apparent, 

The total acid content of all varieties varied to some ex- 

tent during ripening but no consistent trends were 

observed. 

Total Solids 

The total solids content in Bartlett and Bosc pears 

tended to be lower than, in Anjou pears. In all varieties 

ripening of the fruit was accospanied by an Increase in 

percentage total solids, especially in samples ripened 

after short periods of storage. Less change in the total 

solid content occurred in fruit ripened late In the 

storage season. 
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Hof. of 
Days 

Pyessur© 
Test- 
Lbs, 

Moiafcure 
Pep e@nt 

ExtS'actabl© 
Jute© 

Far cent 

Total Sol* 
Solid© 
Pap -cent 

gitrie AcK 
Alcohol ppt. 

Far "Cent 
Ealativa 
Vlscositf 

Alcohol 
Inaol* Rasidua 

fag oant. 

Oct. 0 
s 
6 

12 

lov. 0 
S 
3 
9 

12 

Dec. 0 
3 
6 
9 

12 

Jan* 0 
5 
6 
9 

12 

Fab. 0 
6 

C. C.f. G. G.T*. G. G.1?. 

30.7 
11.3 
4.4 
4.3 

27.8 
9.8 
4.4 
5.8 

25.7 
11*6 
8.9 
7.1 

23.4 
20.1 
14.3 
14.8 
15.3 

20.6 
15.9 

28*8 
11.6 
4.8 
4.6 

27,8 
9.8 
4.4 
5.8 

21.7 
10.8 
9.3 
7.2 
6*8 

18.8 
13.0 
15*5 
10.5 
16.2 

19.5 
12.9 

85*40 84* 
85*70 85* 
82*65 82. 
84.45 85. 
84.35 84. 

84*15 85. 
84.70 85. 
85.20 85. 
84.80 86. 
85.65 85. 

84.00 84. 
84.50 85. 
85.00 85* 
86.00 88. 
85.40 85, 

85.20 84* 
85.20 85. 
85.00 85* 
85.10 85* 
85.10 84. 

85.70 85. 
86.40 85. 

65 
00 
20 
00 
75 

45 
70 
60 
00 
80 

70 
00 
20 
00 
50 

20 
00 
30 
00 
30 

80 
60 

37.1 
36.2 
59*5 
86,0 
74.2 

32*8 
42*5 
64*0 
71*2 
70.2 

32.0 
37.S 
47.0 
$6.0 
58*6 

25.0 
41.7 
42.2 
46* 1 
61.1 

33.9 
50.1 

38 
34 
69 
71 
74 

20 
38 
69 
64 
70 

34 
59 
48 
54 
60 

34 
38 
40 
47 
59 

36 
42 

G. CT. 
11.2 3.2.0 
11.5 12.1 
13,5 12.9 
12.4 12.6 
12*9 12.3 

12.2 12,1 
13.4 13.2 
13.1 15.1 
13.0 11.6 
12*1 11.7 

12.4 12.2 
13.9 13.7 
18.7 12.5 
11.4 11.5 
12.7 11.7 

11*7 12.4 
12.0 12.4 
12.8 12.7 
12.0 12.8 
12,0 12,5 

11.6 12.7 
10.1 11.7 

e*_ 
o.oi 
0*13 
0.15 
0.18 
0.15 

0.13 
0*12 
0.15 
0f16 
0*11 

0*12 
0*13 
0.13 
0.12 
0.14 

0*0© 
0*0© 
0.13 
0.13 
0,09 

0*12 
0*10 

..c *%*... G* G.f* G. G*f* G* 
0.14 5.00 4*57 0.44 0.63 1*54 
0*13 . 4*58 4.61 1*90 2*08 17.00 i 
0.15 4*24 4.35 1,04 1.01 2.60 
0.17 3*97 4.02 1»IB 1.17 1.69 
0.13 4.05 4*12 0*98 0.99 1.75 

0.11 4,65 4...71- 0*33 0.29 2,3-5 
0.13 4k . o& 4.50' 0..9S 0.96 7.79 
0*16 4.30 4.30 0*83 0.©S 2.76 
0*16 4.03 4*16. 0.68 0.59 1.90 
0*11 4.30 4.30 0.75 0.57 1.54 

0*09 4,70 4.68 0.41 0.51 3,3S 
0*14 4,60 4*46 0*48 1*12 4,20 
0,13 4,30 4.33 2*02 0.65 2*40 
0.11 4,30 4.40 1.S4 0*92 1.54 
0.12 4,12 4.* 23 1,50 0.92 1,50 

0*07 4,92 4*95 0.70 0*84 2.12 
0*09 4,90 4.80 0.61 0*80 1,92 
0*10 4.,40 4*70, 0.55 0.58 1,39 
0*11 4,43 4.33- 0.53 0.48 1.35 
0.12 4,60 4.48 0*33 0.35 1.65 

0.13 4*95 4.88 0.58 0,68 1,88 
0,14 4.76 4*58 0*38 0,72 1*56 

C'*f». 0. G.T* 
1*68 5,02 5,10 
t3.30 5*03 4.68 
3.13 4..$3 4.35 
1.75 5.08 4 .S3 
1*61 4.54 4.52 

2.28 4.66 4.50 
7*94 4.83 4.43 
3*25 4.44 4.15 
1.75 4,98 ■ 4.38 
1*40 4,34 4,34 

4.12 5,04 6.00 
4.81 4.69 4.39 
8.02 4.25 4.23 
1*54 4.15 3.95 
1,50 4,86 4,60 

6*68 5,23 5.18 
1*83 4,47 4*54 
1*65 4.43 4.57 
1,40 4,94 4.88 
1,48 4.61 4.71 

2.12 4.81 4.26 
1.77 4.67 S..95 
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Ho* of 
Days Tdst 

:. , ,^?,1ft. ,,- 

lOiSfcUT© 
Per1 cent 

E3Jtpac^ehl© 
juice 

F©r e©at 

0et. 0 
a 
6. 
9 

18 

Botr* 0 
3 

■6 
9 

12 

Dec*. 0 

6 
9 

12 

Jan. 0 
S 
6 
9 

12 

fob* 0 
S 
6 
9 

12 

0* 

25.2 
13*8 
9*3 
7.1 

23.4 
21*8 
12*3 
9.3 
S«2 

24*1 
22.5 
12.9 
11*8 

9*1 

23*8 
20.2 
15*8 
13*4 
13*9 

21.3 
16.4 
13*8 
12.6 
11*7 

JhSU. 

24*8 
14*4 
10*0 
8*3 

24.3 
23.® 
13.4 
10.3 

©♦3 

23*0 
12.9 
9.6 
9.0 

23.9 
19*8 
16.2 
13.8 
12.6 

82.9 
21.2 
17.0 
14.7 
13.5 

0. G .T . c* 
is*os 84. 
83*70 84.- 
84*00 84* 
83.50 35. 
34.50 84. 

85.30 85. 
84.30 85, 
84.80 84* 
84.70 84. 
84.10 84* 

04.70 84* 
84.30 84. 
$4.00 84; 
84.20 34. 
84.60 85* 

84.50 85. 
85.00 84* 
84.40 84. 
84.50 84* 
84.20 83. 

84*10 84, 
83.80 83. 
84.20 83* 
83,60 83. 
83.90 82. 

10 
90 
40 
00 
15 

20 
10 
40 
80 
00 

50 
SO 
30 
50 
00 

00 
60 
20 
70 
70 

00 
40 
70 
40 
70 

37.0 40. 
32.5 '%?h • 

42.5 46* 
48*0 48. 
49.7 50. 

41*8 43. 
40.0 37. 
51,0 48. 
50.2 56. 
57.3 57. 

43.5 45. 
42.0 45* 
45*3 45* 
51.5 49. 
47.5 55. 

47.2 50. 
39.5 40. 
42.6 42. 
41.2 37* 
49,5 42. 

45.1 53* 
41*8 43. 
42*1 37. 
45.7 59* 
46.8 42. 

fota-l Sol. 
soiias 

..Peg; .eeiftt 
C.f.        0'*     .    C*$. 

0 12*2, 11.3 
2 11*1 10.7 
0 11.9 11.7 
0 12.0 11.8 
2 13.7 12.8 

Acid as 
difcfic Aeld 

f&p cent 

Alcohol ppfc*       lolativ^ 
pM p©3? cont Viscosity 

Alcohol 
lasol, Rdsldu© 

. f ei» cont 

3 
0 
3 
3 
0 

2 
3 
7 
.6 

12.0 
12.7 
13.2 
12 .8 
13.4 

12,3 
15*5 
13*2 
13.5 

12.7 
12.5 
13.2 
12*6 
13.5 

13.1 
13.5 
14.1 
14*2 
13.4 

11*7 
12.2 
13.4 
12.3 
13.7 

12.1 
13.1 
13.2 
13.3 
12.7 

12.6 
12.5 
13.3 
15.2 
13*6 

12.6 
15.8 
13.9 
14*5 
14.2 

....0*.. .a*f . 0. G.f. 
0*12 0,11 4*S8 .4.6© 
0.10 0^09 4*68 4.68 
0.07 0,07 4.95 4.93 
0*11 0*10 4*68 4.77 
0*12 0*12 4*65 4.62 

0.13 0.13 4*54 4*55 
0.11 0.12 • 4*65 4*62 
0*09 0.10 4.75 4.78 
o.n 0*12 4.55 -4; 62 
0*10 0,14 4. SI 4.44 

0.14 0.13 4.50 4*60 
0*13 0.11 4.75 4*82 
0.10 0.09 4.76 4*86 
0*11 0.11 4.75 4*69 
0*13 0,12 4*50 4*50 

0.13 0.12 4*80 4*73 
0*11 0.10 4,75 4*80 
0*17 0.11 4..7S 4.80 
0*11 0*10 4,72 4*72 
0*11 0*11 4,* 63 4*74 

0*21 0*19 4.65 4*63 
0.16 0.17 4.88 4.90 
0*17 0*17 4*82 4.92 

[0,10 0.16 4.78 4.88 
0*16 0,16 4,72 4.65 

0, ,46 
0, ►77 
0, »86 
1, ,4© 
0, .77 

0, ..13 
0, ,28 
0, .58 
0, ,58 
0. ,50 

0. .20 
0, ,42 
0. 74 
0, 81 
1. 27 

0« ,34 
0. 44 
0, ,75 
0. 7© 
0. ,69 

0. 40 
0, 60 
0. 75 
0. 71 
0* S3 

C.®.. 0* G.f. c. C«T* 
0.41 1.48 1*48 5.22 5*32 
0.68 3*46 3,74 4.93 5.17 
0*91 11*20 20,40 4*90 4.96 
1.23 4*80 3.64 4.63 4.74 
0.62 2„60 2.30 4.12 4.50 

0.14 1.54 'i*S4 5,02 5.15 
0.23 5.04 3.89 4.83 4.97 
0.73 5*10 7.21 4.70 4*80 
0.60 3.09 3*35 4.53 4.55 
0,50 2.35 2.40 3.98 4*36 

0.19 1*62 1.65 4*86 5.13 
0.36 4.23 2.88 4.88 4.61 
0.77 4.23 4.23 4.35 4.37 
0.83 2.12 2.31 4.50 4.18 
1.09 1.92 1.92 3.84 4.01 

0*32 1.54 1.63 5*02 5.08 
0.52 2*98 2*98 4,73 4.40 
0.74 2.88 2.60 4.76 6.31 
0*80 2,60 2.08 4.70 4.4§ 
0*72 2,15 2*54 4,. 66 4*99 

0*23 2,17 1.54 4.71 4.51 
0.55 2*58 2*79 5.03 4.70 
0.63 3*17 2.88 4.63 4,71 
0.64 2.48 2.98 4.96 5*12 
0.73 2,44 2.46 4.52 4,58 
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S©» of 
Days 

Get* 0 
3 
6 
9 

1.2 

Hov. 0 
3 
6 
9 

12 

p@e* 0 
3 
6 
9 

12 

Jan. 0 
3 
6 
© 

12 

F©^. 0 
3 
6 
9 

12 

♦ 0 
3 
6 
9 

12 

2c'> 
■29 
27 
.22 
17 

89 
24 
10 

a 

27 
15 
8 
6 

25 
19 
10 
8 
7 

20 
IS 

9 
7 
8 

13 
11 

9 
8 
8 

fost 
.,Lbs.», 

0..f,,,. 

loistup® Bxtpaotabl© 
irtjie© 

FQF cent 
C 

27 
30 
SO 
25 
21 

30 
16 
9 
7 

31 
21 
8 
5 
© 

87 
16 
9 
8 
7 

29 
19 
10 

8, 22 
0 15 
4 ■ 10 
5 3 
2  8 

ti? 

5 

6 

82 
82 
81 
82 
81 

83 
83 
82 
83 
84 

82 
83 
82 
82 
83 

©3 
83 
83 
83 
83 

©3. 
83 
83 
82 
82 

5 83 
0 82 
1 32 
8 82 
5 82 

75 
30 
90 
50 
50 

10 
10 
50 
40 

60 
30 
40 
20 
50 

60 
60 
20 
80 

40 
00 
30 
60 
60 

C.T, 
82*50 
82 
81 
82 
82 

40 85 
60 83 
20 83 
00 83 
30 84 

83' 
82. 
83 
83 

83 
83 
83 
83 
82 

83 
33 
82 
83 
82 

83 
82 
82 
32 
82 

50 
75 
40 
00 

90 
80 
70 
40 

30 
10 
50 
10 
30 

10 
00 
00 
00 
60 

40 
20 
80 
00 
50 

00 
60 
80 
60 
10 

41 
36 
33 
27 
39 

29 
33 
56 
75 
82 

31 
31 
46 
70 
59 

37 
43 
52 
55 

34 
39 
45 
58 
61 

41 
40 
§4 
53 
62 

38 

Total Sol. 
sdiias 

 Pef.. c©nt_ . 
C. 

A<5i# as 
€1trie 4eid 

,f©3? c©nt 
fM. 

Aleobdl ppt/r 
PSJ? e©nfe 

R9'l$ititr« 
Viscosity 

Aleohol 
Insol.. Hasldu© 

Pey cgtnti 
C.T. .0, 

29 
SO 
53 
30 

34 
33 
45 
43 
66 

26 
50 
42 
71 
68 

25 
31 
40 
51 
56 

31 
31 
35 
S3 
60 

SO 
36 
46 
55 
61 

11 
12 
12 
12 
13 

14 

is' 
14 
14 

14 
14 
14 
15 
14 

13 
13 
14 
14 
14 

14 
14 
14 
15 
15 

14 
16 
15 
15 

.4 11. 

.0 12. 

.8 12. 
*9 12. 
♦© 13. 

♦ 1 14. 

.3 15. 

.9 14. 

.4 14. 

.5 14. 
*7 14. 
.8 15. 
.3 IS. 
.3 14. 

.7 14. 

.6 14. 

.1 15. 

.5 14. 

.3 14. 

.0 13. 

.8 14. 

.7 15. 

.1 14. 

.0 15* 

.0 13. 

.6 15. 

.3 16. 

.0 IS. 
*9 15. 

0.22 
0.11 
0*1© 
0^20 
0*16 

0*31 
0,21 
0.24 
0.27 
0.28 

0.25 
0*82 
0,22 
0.26 
0.27 

0*81 
0.19 
0*19 

0.23 

0.30 
0.87 
0,27 
0*32 
0*55 

0.30 
0.29 
0.29 
0.29 
0.52 

^SAS^. e* O.f. C. C.f. C. 0.f. .0.* 0..f... 
0*23 4.13 4,13 0.14 0.15 1*70 1*62 5.22 5*78 
0.10 4.73 4.89 0.93 0.95 4.26 4.65 4.95 •5.45 
0.21 4.32 ■4.23 0.95 0.84 15.80 15*60 5*46 5*10 
0.23 4.29 4.17 0.8S 1.04 25.40 20.70 5.43 5.22 
0.14 4.40 4*45 0.98 0*91 17*00 11.90 5*13 5,05 

0.28 4.05 4.14 0.14 0.11 8.98 8.15 5*10 5*55 
0.22 4,25 4.85 0.48 0,3© 18.01 5.90 4*73 5.20 
0.81 4.,25 4.36 1.22 0.8® 19.08 31.15 5.05 4*75 
0.23 4.25 4.28 1.11 1.05 7,60 13 ■..86 5*00 4.73 
0,23 - <* 0.94 1.07 3,48 5*17 4.73 4*65 

0.24 4.18 4.20' 0.36 0.37 5.00 3.37 5.00 6*19 
0.21 4.32 4.43 0.72 0.62 13.46 12.31 4.43 4.69 
0.23 4*86 4.25 1.21 i;23 7.21 9.42 4..34 4.45 
0*25 4.08 4.20 1,55 1.58 4.25 4.42 4*39 4.24 
0,25 ■ 3,97 4.10 1.59 1*78 2*67 8,69 4,15 4*40 

0*22 4.35 4.33' 0.59 0.71 4*81 5,19 4*91 4*91 
0.81 4*38 4*30 0.82 0.78 8,34 9.51 4.75 4.73 
0.23 4.30 4.28 1.07 1.68 8.38 7.41 4.61 4,61 
0*23 4,85 4.86 1*19 1.20 4,94 5.23 4.80 4*80 
0.22 4,18 4.18 0.98 0*99 3,17 3.48 4.88 4.88 

0.31 4.35 4»42 0.61 0.40 5.33 3*89 4.60 5*12 
0.86 4.48 4.50 0.91 0,64 5,90 7,08 4.84 5,06 
0.31 4,58 4.48 1*35 1,45 4*85 6,40 4*58 4.86 
0.31 4.28 4.88 1.25 1.29 3.64 4,83 4*75 4,9® 
0,$4 4,80 4,25 1.13 1.32 8.67 3,48 4*72 4*98 

0*28 4,45 4.35 0.92 0.57 5,44 7.85 4,33 4.82 
0*88 4,35 4.42 1.13 0.86 5.87 8.90 4.63 4.75 
0*88 4*30 4.56 1.13 1.09 4.85 5.72 4,88 4;34 
0.8$ 4.20 4.22 0.96 1.09 3.14 .2*98 4.07 4.26 
0.33 4.08 4.10 1.04 1.15 2.25 2.44 4,10 4.16 



fable IV 44 

Pectlc Changes in Bartlett Pears 
During Storage and Ripening 

(Pectlc material weighed as calcium-pectate and expressed 
as percent of fresh weight.) 

o
f 

d
ay

s 
en

ed
 

Control Carbon Treated 

1 Pectin Proto- Total Pectin Proto- Total 

$ O «H pee tin Pectin pectin Pectin 
£ 55 rc 

Oct. , 0 0.3070 0.5765 0.6855 0.2158 0.5294 0.7452 
3 •3028 .3554 .6582 •3200 .3914 .7114 
6 .3683 .3759 .7422 •3325 .2751 .7074 
9 .2813 .3683 .6496 .2458 .2741 .5199 

12 .1498 .1585 ,5081 .1571 .1124 .2695 

Nov. ,  0 0.2018 0.5091 0.7109 0.2098 0*4897 0.6990 
S .3819 .4485 .8501 .4260 ,4400 .8660 
6 .2997 .4666 .7664 •5475 .4051 .7527 
9 .2132 .3586 .5719 ,2287 •3588 .5876 

12 .1198 •2650 .5848 • 1568 .2695 .4063 

Dec. . 0 0JB374 0.6513 0.8887 0,2816 0.6204 0.9019 
3 .5522 .5020 .8545 .5545 .4377 .7922 
6 .2349 .5149 • 7498 .2401 .4686 .7088 
9 .1185 .3654 .4813 .1274 .4141 • 5510 

12 .1527 .3044 .4572 .1554 .3240 .4574 

Jan, > 0 0.2574 0.4945 0.7518 0.3102 0.4844 0.7946 
3 .1691 .6579 .8270 .2965 .6214 .9177 
6 .1624 .6307 .6932 .1964 .5182 .7146 
9 .1632 .4289 • 5921 .1698 .4105 • 5803 

12 .1630 .4587 .6217 .1905 .4456 .6361 

Feb. 0 0.2157 0.4808 0.6965 0.1588 0.4442 0,6030 
6 .1487 .4223 •5710 .1698 .3678 .5576 



Table V 45 

Pectic Changes In Bosc Pears 
During Storage and Ripening 

(Peetlc material weighed as calclum-pectate and expressed 
as percent of fresh weight.) 

o
f 

d
ay

s 
m

ed
 

Control 

4"* Pectin Proto- Total 

1 o^ pectln Pectin 
5B ifl nj, 

Oeti , 0 0.2072 0.3805 0.5877 
3 .1875 .4870 •6745 
6 .3124 •2879 •6003 
9 .3553 •2500 •6053 

12 .2477 .1689 .4166 

Nov, , 0 0.8912 0.3990 0.6902 
3 .1899 .3387 ♦5287 
6 •2715 .3359 •6074 
9 .2485 .2397 •4882 

12 .2715 .3463 .6178 

Dec, . 0 0.2208 0.4796 0.7005 
5 .1911 •4982 .6894 
6 .3614 •4197 .7811 
9 •3341 .3870 .7211 

12 .1880 .2539 ,4419 

Jan, ,  0 0.1567 0.5593 0.7160 
3 .8562 .5178 •7739 
6 .2322 .3997 .6519 
9 .2944 .3156 .6099 

12 •2324 •2506 .4630 

Feb. , 0 0.2224 0.5434 0.7658 
3 .1961 .4154 .6115 
6 .3450 .4113 .7562 
9 .2765 • 3795 •6559 

12 .2709 .3576 ,6285 

Carbon Treated 

Pectin Proto- Total 
pectin Pectin 

0.2093 0.3729 0.5822 
•1577 .4371 .5948 
.3523 .2560 ,5883 
•5644 •2738 .6382 
•2456 .1873 .4329 

0.2483 0.4047 0.6530 
•2192 .3539 .5732 
.2811 .3135 .5947 
.2565 .2488 .5055 
.5281 .3155 .6435 

0.2254 0.4320 0.6574 
.2124 .4952 .7076 
.3759 .3836 .7595 
.5409 .3762 .7160 
.2205 .3112 .5315 

0.1931 0.5545 0.7476 
.2217 4 5059 *7276 
.2927 .4583 .7510 
.3201 .3197 .6398 
.2601 .3224 .5825 

0.2187 0.5189 0.7376 
.1992 .5864 .5855 
.5439 .4767 .8206 
•2365 .4254 .6619 
.2197 .3054 .5251 



Table VI 46 

Pectic Changes in Anjou Pears 
During Storage and Ripening 

(Pectic material weighed as calcium-pectate and expressed 
as percent of fresh weight,) 

,o
f 

da
y*

 
)e

ne
d 

Control Carbon Treated 

4* 

1 
Pectin Proto* Total Pectin Proto- Total 

w   Ml o ** 
{25 <« 

pectin Pectin pectin Pectin 

Oct* , 0 0.2955 0,4732 0.7687 0.1687 0.5280 0.6967 
5 .1782 .4733 .6515 .1764 • 5266 .7030 
6 .1590 .6286 .7876 .1479 .5017 .6496 
9 .1887 .4513 .6400 .1520 .4880 .6400 

12 .2610 .5245 .7855 .3118 .3895 .7013 

Kov. 0 0.2016 0.4307 0,6323 0.2540 0.4688 0.7228 
3 .2148 .5697 .7844 .1736 .5417 ,7153 
6 ,3488 .4241 .7729 .1792 .5094 .6886 
9 .5739 .3799 .9538 ,4232 .4637 .8867 

12 .5219 .3106 .8325 .4992 .3674 • 8666 

Dec. 0 0.1715 0.6897 0.8613 0.1835 0.6460 0.8295 
3 .2715 .6250 .8967 .2265 .6739 .9004 
6 .4615 .4448 .9063 .4348 .4612 .8960 
9 .5863 .3896 .9759 .5820 .3334 .9154 

12 .4208 .3034 ,7242 .4252 .2975 .7225 

Jan, 0 0,1905 0.7423 0,9328 0.1807 0.6774 0.8581 
3 .2278 .6292 ,8570 .2289 ,5775 .8073 
e ,4688 .4660 ,9348 .4907 .4637 •9544 
9 .5868 .3314 ,9182 .5631 .3211 .8842 
12 ,6836 .3823 1,0659 .6825 .3932 1.0757 

Pefc. , 0 0,2320 0.4730 0.7050 0.1177 0.6298 0.7475 
3 .4268 .5169 .9437 ,2996 .6992 .9888 
6 .5600 .4057 .9657 .5822 .4069 .9891 
9 .5694 .5517 .9211 .5539 .3519 .9058 

12 •3694 ,3289 • 6983 ,5005 ,3040 ,8043 

Mar. 0 0.3607 0.4484 0.8091 0,2076 0.5687 0.7763 
3 .3894 .4280 .8174 .4030 .6349 1.0379 
6 .4034 .5795 .7829 • 5560 .3834 .9394 
9 .3181 .3018 .6198 •4180 .3455 .7635 

12 .3386 .4182 .7568 .3625 .3246 .6870 
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fable VII 

Statistical Data on Correlation Between 
Pressure Test and Percent Protopectin in Pears 

Variety and 
Treatment 

Coefficient of 
Correlation 

np« 
Value 

d.f*    Remarks 
(at 5%  level) 

Bartlett C. 0.457 2.12 17 Sot Significant 

Bartlett C,T. 0.686 4.88 18 Significant 

Bosc C. 0.760 5.61 23 a 

Bosc C.T. 0.706 5.18 25 * 

Anjou C. 0.714 5.56 28 « 

Anjou C*T. 0.708 5.30 28 H 
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Table VIII 

Statistical Data on Correlation Between 
Pressure Test and Percent Expressable Juice in Pears 

Variety and 
Treatment 

Coefficient of 
Correlation 

"r* 
Value 

d.f•    Remarks 
(at 5# level) 

Bartiett C. 0.740 4.62 17 Significant 

Bartlett C.T. 0.777 5.23 18 n 

Bosc C, 0.699 4.70 23 n 

Bosc CT. 0.406 2.13 23 Hot Significant 

Anjou C. 0.801 7.09 28 Significant 

Anjou CT, 0.823 7.66 28 ii 
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Figure 16, Effect of Storage Treatment 
on the Yellowing of Bartlett 
Pears. 
(November 1948). 
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Figure 17, Effect of Storage Treatment on the 
Yellowing of Anjou Pears 
During Ripening. 
(March 1949). 

Figure 18. Effect of Storage Treatment on 
Yellowing of Anjou Peara 
During Storage. 
(Novemher 1948). 

the 
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Figure 19. Effect of Storage Treatment on the 
Development of Scald in Bartlett 
Fears During Ripening. 
(October 1948). 

Figure 20. Effect of Storage Treatment on the 
Color Change In Bosc Pears. 
(January 1949)• 
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15 20 
PRESSURE TEST IN POUNDS 

FIGURE 21. REUTIONSHIP BETtEEN PRESSURE TEST AND PERCENT OF PROTOPECTIN IN 
BARTLETT PEARS ( CONTROL ). 

The coefficient of correlation is O.U57.   The line of regression 
can be expressed as Y? » O.00li96 X * 0.39 where Y ■ percent of 

protopectin and X = pressure in pounds. 
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10 1$ 20 
PRESSURE TEST IN POUNDS 

25 30 

FIGURE 22, RELATIONSHIP BETWEEN PRESSURE TEST AND PERCENT PROTOPBCTIN IN 
BARTLETT PEARS ( CARBON TREATED ) 

The coefficient of correlation is 0,686, The line of regression 
can be expressed as f = 0.0088U* I + 0,321 where Y » percent of 

protopectin and X - pressure in pounds. 
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25 

FIGURE 23, RELATIONSHIP BETWEEN PRESSURE TEST AND PERCENT PROTOPECTIN 
IN BOSC PEARS ( CONTROL ) 

The coefficient of correlation is 0,7602, The line of regression can be 
expressed as 1% > 0.C1329 X + 0,1657 where I -. percent of protopectin 

and X » pressure in pounds. 
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FIGURE 21i. REUTIONSHIP BETITEEN PRESSURE TEST AND PERCENT PROTOPECTIN IN 
BOSC PEAiS ( CARBON TREATED ) 

The coefficient of correlation is 0.7059. The line of regression can be 
expressed as Y * 0.01108 X 4* 0.1932 where I m. percent of protopectin 

and X m pressure in pounds. 
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FIGURE 25. RELATIONSHIP BETWEEN PRESSURE TEST AND PERCENT PROTOPECTIN IN 
ANJOU PEARS  (  CONTROL  ) 

The coefficient of correlation is o.7lUi.    The line of regression can be 
expressed as ?x - 0.01011 X + 0.3083 where Y - percent of protopectin 

and X m pressure in pounds. 
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25 30 

FIGURE 26. RELATIONSHIP BETWEEN PRESSURE TEST AND PERCENT PROTOPECTIN IN 
ANJOU PEARS ( CARBON TREATS) ) 

The coefficient of correlation is 0.7078. The line of regression can be 
expressed as Yx * 0.0O9U56 X +• 0.3153 where Y a percent of protopectin 

and X = pressure in pounds. 
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Chapter V 

DISCUSSIOli 

The data obtained in this investigation show clearly 

that the biochemical changes which occur in pear tissue 

during cold storage have a definite influence upon the 

nature of the ripening processes when the fruit is trans- 

ferred to a temperature 68-70*^* 

In each of the three varieties studied, the most 

apparent and significant change which occurred during 

ripening was a rapid and consistent decrease in firmness 

from a hard and crisp to a soft or butterlike condition. 

The data show that as the fruit softens, there is also a 

corresponding decline in the protopectin content of the 

tissues. This behaviour was characteristic of all 

samples which ripened normally and developed a texture 

consistent with a desirable dessert quality. Fruit which 

failed to soften when removed to temperatures favorable 

for ripening showed anamolous behaviour with respect to 

the pectic substances. Thus the Anjou pears removed from 

storage in October while still in the pre-dimacterie 

stage, did not soften and showed no appreciable change 

in the protopectin content during the twelve day ripening 

period. Bartlett and Boac pears which failed to soften 
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after long periods of storage retained large amounts of 

protopectln in the tissues* According to these data. It 

Is the changes which occur at low temperature storage In 

the pectlc substances which largely determine the ability 

of the fruit to soften during the ripening processes. 

The Quantity of Juice which could be extracted from 

the tissues also appears to be correlated with the 

metabolism of the pectlc substances. In unrlpened 

Bartlett and Anjou pears, the amount of Juice which could 

be extracted from the tissues was approximately 20 per 

cent but increased rapidly as the tissues softened. The 

highest amounts of extractable Juice were obserred in 

samples ripened early in the storage season* Thus 

Bartlett and Anjou pears ripened in October, and Horember, 

respectively, contained approximately 85 per cent Juice 

when fully ripe* Samples ripened at monthly intervals 

thereafter contained progressively smaller amounts, and 

late in the season only 50-60 per cent of the Juice 

could be extracted from the tissues. Bosc pears de- 

veloped less extractable Juice than either Anjou or 

Bartlett varieties, and this condition is probably associ- 

ated with the characteristic buttery texture of this 

variety* The relation of length of the storage period 

and the degree of ripeness to the extractable Juice 
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content should be of value to commercial processors 

interested in obtaining the maxiraum yields of Juice from 

pear tissues. 

The question arises as to what changes occur in the 

metabolism of the pectic substances during proloaged low 

temperature storage which result in a decline or loss in 

the ability of the fruit to soften during the ripening 

process, Gerhardt and Ssell (25) found no evidence to 

indicate that the apparent inactivation resulted directly 

from low*temperature Injury, as suggested by Kidd and 

West (46)i In fact they found that Its inception was 

earlier qnd more severe at S60F. than at 50°?4    Heither 

could they find any apparent correlation between the 

loss In ripening capacity end the accumulation of possible 

toxic metabolic products, including acetaldehyde, alcohol 

and astringent substances. The rate of respiration in 

cold storage, eatalase and oxidase activity, or changes In 

carbohydrates also did not appear to be associated with 

the development of this condition. They concluded that 

the loss of ripening capacity in pears can be explained 

by the inactivation of the protopectinase system during 

the cold storage period. This conclusion presupposes 

that the1 dissimilation of protopectin is due to enzymatic 

action. Kertea(45), Griffin and Kertesz (26), however. 
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were unable to demonstrate the presence in fruits of an 

enzyme which hydrolyaed protopectin* They suggested 

that in some fruits, at least, the breakdown of proto- 

pectin is non-enzymatic but is catalysed by organic acids. 

Because of the comparatively low acid content, together 

with the minor changes which occur in total acidity and 

pH during storage and ripening, it does not seem plausible 

that this explanation can account for the pectic changes 

in pears. 

The theories which have been advanced for the trans- 

formation of the protopectin to pectin, while differing 

as Indicated as to the nature of the catalytic agent, are 

in agreement that the process is a hydrolytic reaction in- 

volving the addition of water, a process similar to the 

hydrolysis of starch and sucrose. This viewpoint is con- 

sistent with the concept that with the maturation of fruits 

there is a cessation of synthetic reactions, and the 

metabolism becomes predominantly catabolic in nature. The 

data obtained in this investigation show, however, that 

during the storage period the protopectin content actu- 

ally increased, and it would appear, therefore, that the 

synthesis of this substance continues after the fruit has 

become mature and removed from the tree. Beinze and 

Appleman (59) have indicated that there Is a similar 
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increase in the protopectin content of sweet potatoes 

during storage* Data from other aources also show that 

the concentration of sucrose and of protein increases 

during storage and the initial stages of fruit ripening 

(41, 51). On the baala of these observations the 

capacity of the fruit to synthesise appears to bo 

retained after maturation, at least until the beginning 

of the climacteric. 

Since there can be no further increase in the total 

amount of food materials in the fruit after abscission, 

any increase in sucrose or of the more eoisplez substances 

such as protopectin and pectin would involve their 

formation from the simple sugars and other compounds 

already present, the required energy for the processes 

presumably being furnished by respiration. The only 

known mechaniam for the utilisation of energy liberated 

by respiration is through the formation of labile high- 

energy phosphate bonds, a process involving the formation 

of phosphorylated Intermediates and a transfer of energy 

from compound to compound by the transfer of phosphate. 

Since the majority of these reactions are reversible, 

the possibility is suggested that the breakdown of the 

complex substances in fruits may be brought about by 

the uptake of phosphorus rather than by that of water. 
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Raactiona of thia nature are known to occur with starch 

and auarose, and the specific phoephorylaaes have been 

identified. The recent identification (10) of uridine- 

diphoaphate glucoaa aa the coensyma associated with the 

anKyajatic conTersion of glucoae-l-phoaphate to galactose- 

1-phosphate suggests the pesaibillty that phoaphorylation 

raactiona aay be aaaoeiated with at least certain of the 

a taps In the metabolism of the pectic aubatancea. 

If the diaaimilation of protopeetin inrolves 

phoaphorTrlation, than it would not be naeaaaary to asaume 

that the protopectinaae system haa an actiye role in thia 

reaction as suggested by Gerhardt and Esell (23). The 

loas in ripening capacity, inatead of being due to the 

inaetiYation of thia enayme or enayme ayatem, could ba 

explained on the baaia of a dlaruptlon in the aequence 

of raactiona inrolTing the uptake of inorganic phoaphate 

and its utilisation in phoaphorylation raactiona* If the 

uptake of inorganic phoapherua la coupled with respi- 

ration, it la conceivable that the supply of inorganic 

phoaphate could become a limiting factor after long 

perloda of storage, Thia auppoaition la conaiatent with 

the obaorvation that it la the ahort-keeping yarietiea of 

pears such aa the Bartlett and Boac, which have compara- 

tively high rate of raapiratlon, that develop thia con- 

dition, and that ita inception la augmented by an 
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increase in the storage temperature. It is consistent 

also with the observations that the loss in ripening 

capacity does not occur when pears are stored in low con- 

centrations of oxygen, such as are used in modified 

atmosphere storage (45). 

According to the data obtained, certain of the re- 

actions associated with the ripening processes were in- 

fluenced by the use of activated charcoal as a means of 

storage air purification. The most pronounced influence 

was on the retention of the green color of the fruit. No 

effect on the metabolism of the pectic substances was 

apparent in Bartlett and Bosc pears, and the data for 

Anjous are not consistent, although there is an indica- 

tion that the rate of protopectin breakdown was retarded 

during the storage period. These results indicate that 

the various biochemical reactions associated with ripen- 

ing respond differently to the presence of ethylene in the 

atmosphere, the decomposition of chlorophyll apparently 

being the most sensitive. With lemons it has been found 

that yellowing of the peel is stimulated by treatment 

with 4 p. p. m. of ethylene, at which concentration 

respiration does not appear to be affected, Apparently 

the differences in ethylene content between the untreated 

and treated rooms were not sufficiently great to be 



72 

reflected in the major physiological processes associated 

with ripening. 



7.3 

Chapter VI 

SUMMARY 

1. A study has baen mads of tha intarralatlons 

between certain of the physical and biochemical changes 

in three Tariaties of pears during storage and ripening. 

Tha aetabolic changes which occurred in the fruit during 

cold temperature storage were found to Influence tha 

derelopment of certain characteristics associated with 

dessert quality of the ripened fruit. The nature of 

these changes varied according to Tariaty. 

2. The rate and degree of softening at a tempera- 

ture favorable for ripening (68-70°?.) varied consider- 

ably according to variety and according to length of tha 

storage period. Bartiett pears decreased rapidly in 

pressure test when ripened in October and Hovember. 

Bosc pears softened slower and to a lesser degree. Both 

varieties failed to soften and ripen nonsally after pro- 

longed periods of storage. This condition was not ob- 

served In Anjou pears, but this variety ripened in April 

tended to have a mealy texture. 

3. The amounts of both protopectin and total pectin 

increased during storage in all the three varieties. 

Anjou pears contained more total and protopectin than the 
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other two varieties. The data on pectin changes 

indicate a posslhility of synthesis of protopectin during 

storage* A possible explanation for such phenomenon is 

discussed* There is a fairly significant correlation 

between per cent protopectin and pressure teat, 

4. The percentage of extraetable Juice was Inversely 

correlated with fruit firnsaess* and Increased rapidly 

during ripening* Highest yields of extractable Juice 

were obtained from Anjou and Bartlett pears, and the 

percentages decreased in all varieties with increase in 

length of the storage period. t»©w extractable Juice 

content was correlated with the loss of ripening capacity 

in Bartlett and Bosc pears and the occurrence of mealy 

texture in Anjou pears* The relatire viscosity of the 

Juice increased during the ripening process and was 

highest in all ▼arletles ripened after short periods of 

storage. 

5. Total acid content of all varieties varied to 

some extent but no consistent trends were observed. 

6. In all varieties total solids Increased with 

ripening, and were lower in Bartlett and Bosc than in 

Anjou pears. 

7. The use of activated carbon treatment of the 

storage atmosphere retarded the rate of loss of green 
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color. Ho effect on the metabolism of pectlc substances 

was apparent in Bartlett and Bosc pears, while the data 

for Anjou pears were not consistent* 
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