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Investigations were conducted to study in detail some biochem-. 

ical and physiological aspects of ripening in pears.    Anjou pears 

picked at different degrees of maturity were treated with Ethrel 

(2-chloroethane phosphonic acid),   4000 ppm,   and ethylene,   500 ppm, 

for different lengths of time.    Respiration rate was measured twice 

daily and changes in protein nitrogen,   soluble pectin,   flesh firmness 

and permeability were determined at frequent periodic intervals. 

Treatment with Ethrel or for short periods of time with ethylene 

resulted in Anjou pears attaining full ripeness without a concomitant 

change in respiratory activity.    Decrease in flesh firmness,   increase 

in protein nitrogen and soluble pectin occurred,   even though the fruit 

remained in the preclimacteric condition,   as shown by a positive re- 

sponse in respiration to ethylene treatment when fully ripe.    Fruits 

treated continuously with ethylene developed the climacteric rise. 

These fruits,   however,   did not ripen faster than fruits given short 

treatments which caused ripening but failed to induce a climacteric. 



These data suggest that the mechanisms concerned with respiration 

and the initiation of ripening respond differently to ethylene and prob- 

ably occupy different sites in the cell.    Initiation of ripening appar- 

ently requires only a low initial concentration,   while development of 

the climacteric rise in respiration requires the presence of a higher 

and possibly continuous amount.    "With increase in fruit maturity, 

ripening -was initiated by shorter treatments.     Samples picked at 61 

and 73 percent of full maturity ripened after 24 hours' treatment while 

only 12 hours were required at 82 percent of maturity.    When treated 

with Ethrel,   which liberates ethylene when absorbed by the tissues, 

a climacteric rise in respiration developed only in fruits with more 

than 82 percent of full maturity.     This would indicate that the ethylene 

producing capacity of Anjou pears increases with advance in maturity. 

Initiation of ripening was accompanied by an increase in protein 

nitrogen and soluble pectin content.     The maximum content of soluble 

pectin was reached at the fully-ripe stage,   followed by a decline there- 

after.    Chlorophyllase activity in Bartlett pears was associated with 

the green to yellow color change and increased during ripening. 

Permeability changes in cellular membranes during ripening 

were studied by leakage of electrolytes and water flux from fruit 

tissues.    In both Anjou and Bartlett pears,   ethylene treatment did 

cause changes in permeability but were detectable only after the 

changes in firmness and increase in protein nitrogen had occurred. 
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PHYSIOLOGY OF RIPENING IN PEARS 

INTRODUCTION 

The climacteric rise in respiration has long been considered 

as an indispensable phenomenon during the ripening process in cer- 

tain fruits.    Many investigations have been conducted in an attempt 

to correlate the climacteric with various physiological and biochem- 

ical changes during ripening (11, 12, 60, 119).    The onset of this rapid 

respiratory rise also is often used as an indicator of initiation of the 

ripening process (9, 67).    Kidd and West (67, 68),   Hansen (47, 49), 

Hulme (57, 60),   Biale'(9, 13),   Pearson and Roberton (94),   Millard 

et al.   (86),   Baker and Solomos (6),   Bain and Mercer (4),   and Burg 

and Burg (15, 18, 22) have all presented data attempting to interpret 

this phenomenon.    However,   the exact cause of this rapid increase 

in respiration still remains unexplained.     Recently,   the necessity of 

the climacteric in the ripening process of Anjou pears has been ques- 

tioned by Hansen and Blanpied (50).     They found that when treated with 

ethylene for short periods of time,   ripening occurred without the de- 

velopment of the climacteric rise in respiration. 

Most studies on fruit ripening have been concerned mainly with 

individual physiological changes, including enzymatic activity (32, 61, 

100), permeability (7, 107, 111), protein nitrogen metabolism (46,57), 

pectic substances (26,31,56),   softening (45),   and respiration (9).     Few 
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comprehensive studies, however, have been made in which these fac- 

tors have been considered together for the purpose of providing infor- 

mation on the overall organization and nature of the ripening process. 

This investigation was undertaken in an attempt to determine possible 

relationships between the various reactions involved, especially the 

significance of the climacteric rise in respiration in relation to the 

ensuing ripening reactions. 



REVIEW OF LITERATURE 

Considerable'literature has been puMished concerning the condi- 

tions and reactions observed in fruits   during ripening.     The biochem- 

ical and physiological changes associated with climacteric   rise in 

respiration and the role as well as the: origin of ethylene in fruit rip- 

ening have attracted the attention of most postharvest physiologists 

during the past 40 years.    Both the historical background and the pres- 

ent status of the research will be mentioned in this review,   but emph- 

asis will be on the physiological aspects of ripening,   including the 

climacteric rise in respiration,   ethylene action,   permeability,   and 

changes in proteins,   enzymes,   and pectin content. 

Climacteric Rise in Respiration 

Kidd and West (1922) observed a characteristic rise in the rate 

of respiration of Bramley's seedling apples after detachment from the 

tree,   either just before or at the normal commercial harvesting time. 

In 1925,   they stated (67): 

The onset of the senescence phase of the life cycle 
is marked by a relatively sudden alteration in the level 
of respiratory activity-- and respiration increases of 50% 
to 150%.     This striking phenomenon,   which appears to 
mark the transition from growth to senescence,   is here 
termed the  'Climacteric1. 

Since that time this term has been widely accepted by fruit physiolo- 

gists and horticulturists. 



In I960,   Biale (9) classified the edible fruits as climacteric and 

non-climacteric on the basis of type of response obtained with ethylene 

treatment,   and also described the physiological distinctions between 

the two groups.    He stated that with a variety of fruits of the climac- 

teric class,   application of ethylene produced an early onset of the 

respiratory rise but significantly did not alter the peak values for 

oxygen uptake or CO    evolution.    With non-climacteric fruits,   the 

maximum values of O    uptake increased with increasing ethylene 

concentration in the range of 0. 1 to lOO.ppm.     Biale (12) also demon- 

strated that non-climacteric fruits were able to respond to ethylene 

at all stages of maturity while in climacteric fruits no stimulation 

occurred after the onset of the rise in respiration. 

Theories That Account for the Respiration Climacteric 

Kidd and West (68) did not find any evidence that the rise in 

respiratory activity was accompanied by a corresponding change in 

the concentration of any of the estimated constituents,   including 

starch,   cane sugar,   reducing sugar and total acids of the apple.     They 

postulated as a tentative hypothesis that this rise was due to a change 

in state of the protoplasm. 

Pearson and Robertson (94) from results obtained with whole 

fruits,   tissue slices and particulates of Granny Smith apples,   devel- 

oped a hypothesis that the ATP/ADP ratio was the controlling factor 
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in respiration rate.    They suggested that various synthetic processes 

were taking place at the time of the climacteric rise.    When the de- 

mand was great on ATP for protein formation and for other reactions, 

the ratio would be low making adequate ADP available as phosphate 

acceptor for the increased oxidative activity of the Krebs cycle. 

Millerd,   Bonner and Biale (86) studied the climacteric in de- 

tached fruits of avocado and suggested that the link between oxida- 

tion and phosphorylation was broken at the time of the onset of the 

respiration climacteric by the appearance in the fruit of a soluble 

uncoupling agent which acted in a manner analogous to DNP.     They 

considered ripening as a degenerative process involving a decrease 

in energy-yielding reactions. 

With the mitochondrial system of the avocado,   Romani and 

Biale (104) obtained results which were inconsistent with the uncoup- 

ling hypothesis.     They found that the oxidative activity of mitochondria 

from preclimacteric fruit was higher than from fruit at the peak,   and 

that estexification of inorganic phosphate proceeded actively in fruit 

at the climacteric peak. 

Marks,   Bernlohr and Varner (83) showed oxidative phosphoryla- 

tion occurred also during ripening in tomatoes.     The ripening was 

retarded when oxidative phosphorylation was inhibited by dinitro- 

phenol at the climacteric peak,   indicating that energy was required 

throughout the ripening process.     Rowan,   Pratt and Robertson (105) 



also found that the climacteric rise in avocados   was   accompanied by 

an increase in total high energy phosphate when ripened after picking. 

Tager and Biale (110) proposed the "shift in metabolic pathways' 

as an explanation for the differences observed between pre- and post- 

climacteric fruit.     Two key enzymes,   aldolase and pyruvic carboxyl- 

ase,   were absent in unripe but present in the ripe banana.    However, 

Young (118) later extracted aldolase from the banana pulp tissue and 

found that the aldolase activity was the same in lyophilized preclimac- 

teric and postclimacteric tissue. 

Neal and Hulme (89) studied in detail the biochemical changes 

occurring during the climacteric in Bramley' s Seedling and Cox's 

Orange Pippin apples and suggested that at least a part of the climac- 

teric rise in respiration in detached apple fruit was due to the appear- 

ance of,   or an increase in the activity of a system which decarboxyl- 

ated malate to pyruvate and acetaldehyde without the direct participa- 

tion of atmospheric oxygen. 

Baker and Solomos (6) found that the content of fructose diphos- 

phate increased by some twenty-fold,   while that of phosphoenolpyruv- 

ate decreased initially 80% during the climacteric rise of CO    output 
2 

in bananas.     They thought the most probable cause of the rise in CO 

output in bananas was a faster rate in metabolism of phosphoenol- 

pyruvate,   which produced extra ATP in the vicinity of the sugar 

phosphorylating and glycolytic enzymes.     The extra ATP would thus 



increase the content of fructose diphosphate and accelerate the rate of 

CO    output.    However,   Baker (5)    recently working with apples,   found 

no indication of any substantial increase in fructose diphosphate or 

decrease in phosphoenolpyruvate during the climacteric rise in CO 

output and considered that the mechanism of the climacteric in apples 

could be different from that in bananas. 

The other theories advanced to explain the series of biochem- 

ical changes which are known to be associated with the climacteric 

in fruits are changes in membrane permeability and increase in pro- 

tein and enzymes.     The literature pertaining to these aspects will be 

considered later. 

Role of Ethylene in Ripening 

At one time,   there was considerable controversy concerning 

the role of ethylene in fruit ripening.    Hansen (47,   49) and Kidd and 

West (69) found that young fruits produced small non-physiological 

quantities of ethylene ■while much greater amounts were produced at 

the onset of ripening.     They proposed that ethylene might be an endoge- 

nous ripening hormone.     In a comprehensive review,   Porritt (95) cited 

numerous examples in support of this concept.    On the contrary,   Biale 

^t_al.   (10, 13) reported that the ethylene production of certain climac- 

teric type fruits did not reach a detectable level until after the 
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climacteric had started and concluded that ethylene was merely a 

by-product of the ripening process rather than a causal agent.    Fidler 

(38) also suggested that,   although the peak of ethylene production 

might occur during the climacteric period in apples,   production of 

ethylene was not necessarily associated with ripening.    At that time, 

the methods for measuring ethylene at physiologically active' levels 

were not available. 

The argument remained unsettled until 1962,   when Burg and 

Burg (22) used the highly sensitive gas chromatographic instrument 

to determine the rate of ethylene production and the content of ethylene 

within a fruit.     They demonstrated that stimulatory quantities of ethyl- 

ene accumulated prior to the onset of the climacteric in several fruits 

and later published several papers (14, 17, 18) that strongly supported 

the original view of Hansen and Kidd and West. 

Using the gas chromatographic method also,   Lyons,   McGlasson 

and Pratt (78) detected 0. 04 ppm of ethylene in the cavity of cantaloupe 

ten days after pollination,   and the ethylene concentration increased to 

40 ppm at 40 days when the climacteric rise in respiration developed. 

Burg and Burg (22) found detectable amounts of ethylene in mango 

fruit a few hours after harvest,   and the concentration increased to 

0. 05 ppm a^t the onset of the climacteric.     Lyons and Pratt (80) de- 

termined that 0. 08 ppm ethylene was present in tomato fruits ten days after 

pollination.   The concentration increased ten fold to 0.8 ppm at 42 days 
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and it further increased to 400 times during ripening.     Thus,   it has 

been established for a number of fruits that ethylene is present in the 

tissue prior to the onset of the climacteric rise and acts as an endoge- 

nous triggering agent in the ripening process. 

Mechanism of Ethylene Action 

In addition to its role in fruit ripening (18, 22, 48i 69) ethylene 

has been shown to be an endogenous regulator of certain specific 

vegetative (20, 28, 42, 43, 65) and reproductive activities (16, 24). 

Abscission,   bulb dormancy,   epinasty,   flowering,   growth inhibition, 

and seed germination (15) are influenced by ethylene and almost 

without exception,   there is a definite amount of the gas present in 

the tissues to cause a threshold response.     Burg (15) listed the 

threshold value of ethylene for various processes (Table 1). 

Table 1.    Relative sensitivities of various processes to ethylene. 

Response Threshold (ppm) 

Inhibition of hook opening 
Stem swelling and inhibition of 

stem growth 
Root swelling and inhibition of 

root growth 
Epinasty 
Inhibition of lateral IAA transport 
Leaf fading 
Abscission of explants 
Fruit ripening 

0. 01 

0. 01 

0. 01 
0. 025- -0. 05 
0. 03 
0. 02 
0. 01 
0. 1-0. 2 
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Abeles and Gahagan III (1) recently described some initial reac- 

tions regulated by ethylene,   including alteration of membrane perme- 

ability (79),   regulation of auxin activity (19, 87),   and nucleic acid 

metabolism (53),   induction of RNA and protein synthesis (2),   and 

effects on the plant cell wall (2^). 

Burg and Burg (21) presented evidence that biological activity 

of ethylene required binding to a metal-containing receptor site.     They 

further suggested that Znmight be the metal involved in the ethylene 

binding site,   because Zn deficient tomato plants failed to respond to 

the gas.     They also reported that CO    was a competitive inhibitor of 

ethylene and suggested that CO_ delayed fruit ripening by displacing 

ethylene from its receptor site.    Ethylene has been shown to cause 

changes in the permeability of lipoprotein membranes,   as measured 

by increases in rates of mitochondrial swelling (79).     The membrane 

was thought to regulate the respiration by controlling movement of 

the reactive components of oxidative systems,   notably phosphate ac- 

ceptors and donors. 
si 

Olson and Spencer (92),     recently studied the effects of ethylene 

on mitochondria prepared from bean cotyledons.     They concluded that 

ethylene affected an enzyme reacting with nucleotides and which was 

associated with mitochondrial volume changes.    More recently they 

(93) suggested that the enzyme must be in its natural locale in the 

mitochondrial membrane -where the gas  could accumulate in relatively 
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high concentration. 

The data of Holm and Abeles (54) on the mechanism of ethylene- 

induced abscission of bean  explants   and ripening of bananas suggest 

that ethylene acts by regulation and stimulation of the synthesis of 

ribosomal and messenger RNA. 

Origin and Biosynthesis of Ethylene 

Studies relating to the metabolic pathway and the site of ethylene 

formation  in  the fruit tissue have led to conflicting opinions.    Spencer 

(109) originally reported the production of ethylene by mitochondria 

prepared from tomato fruits.    Later,   Spencer and his associate pub- 

lished a series of papers (84, 9 6, 97) and stated that a number of fac- 

tors and conditions had to be carefully considered before ethylene 

could be produced from mitochondria.    Meigh et_al.   (85),   however, 

failed to detect ethylene evolution by mitochondria prepared from 

apple and tomato fruits.     Recently Ku and Pratt (70) observed no 

ethylene production from a very active mitochondria preparation. 

Whether or not mitochondria directly produce ethylene remains 

unclear. 

Shimokawa and Kasai (108) reported that subcellular particles 

of apple fruit catalyzed the formation of ethylene from pyruvate. 

Wang,   Persyn and Krackov (112) speculated that the conversion of 

glucose to ethylene followed the pathway of glycolysis.     Burg and 
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Burg (17),   however,   concluded that the biosynthetic source of ethylene 

was not to be found in intermediates of glycolysis,   acid metabolism 

or the direct oxidation pathways of sugars.     Lieberman et al.   (74) 

postulated two pathways for the biosynthesis of ethylene in plant tis- 

sue.    One involves the breakdown of peroxidized linolenic acid or its 

methyl ester,   the other is associated with the degradation of methio- 

nine.    Later,   Lieberman and Kunish (73) suggested that propanal,   a 

product of the decomposition of peroxidized linolenate,   was a very 

effective precursor of ethylene in the copper-catalyzed ethylene- 

forming model system. 

Recently,   Yang (117) demonstrated that ethylene could be rapidly 

formed aerobically from methional by an enzyme system consisting 

of horseradish peroxidase,   Mn,   and sulfite ions,   and a monohydric 

phenol.    Mapson and Wardale (82) found that two enzymes were neces- 

sary for the production of ethylene from methional.     The first enzyme, 

generating hydrogen peroxide,   appears to be similar to the fungal 

glucose oxidase.     The second enzyme,   in the presence of cofactors 

and peroxide generated by the first enzyme,   cleaves methional to 

ethylene. 

Association of the Climacteric with Ripening 

The climacteric rise in respiration has been considered as 

inseparable from the ripening process.     However,   recent evidence 
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has shown that sometimes the ripening process could still take place 

without the climacteric or vice versa. 

In their studies of tomatoes,   Dostal and Leopold (33) found that 

ethylene stimulation of color development was prevented by treatment 

with GA,   but ethylene stimulation of respiration was not. 

Frenkel, Klg'an and Dilley (-39) found that fruit ripening and 

ethylene synthesis were inhibited when protein synthesis was blocked 

by treatment with cycloheximi.de,   but the respiratory climacteric was 

not inhibited. 

Hansen and Blanpied (50) reported that Anjou pear fruits treated 

with ethylene for 48 hours ripened as rapidly as those treated continu- 

ously,   while the climacteric failed to develop. 

Permeability Changes in Ripening Fruits 

Sacher (106, 107) studied the changes in free space of banana 

tissue during ripening and concluded that the initiation of membrane 

permeability changes were associated with the climacteric in banana. 

It was also demonstrated for cantaloupe (111) and avocado (8) that an 

increase in leakage of solutes preceded the onset of the climacteric. 

Baur and Workman (7) observed that the increase in membrane perme- 

ability occurred simultaneously with the increase in respiration and 

concluded that increased permeability could be one of many changes 

initiated in fruit during the climacteric rise.     Young and Biale (119) 



14 

concluded from studies of      P-uptake by disks of the avocado that 

neither uncoupling nor acceptor control could account for the onset of 

the respiratory rise.    Changes in permeability appeared to play an 

important role in fruit metabolisri} durijig the climacteric. 

From observations with the electron microscope.   Bain and 

Mercer (4) observed that changes in the inner structure of the chloro- 

plasts had already occurred by the time the climacteric rise had be- 

gun in Bartlett pears.    They suggested that this change in cytoplas- 

mic organization,  by altering permeability of cells and location of 

enzymes,   could lead to changes in the availability of either cofactors 

or substrates for respiration.    However,   Burg e_t al.   (23) demonstrat- 

ed that membrane permeability remains constant during banana ripen- 

ing and the increased leakage was simply a manifestation of the in- 

crease in endogenous levels of sugars. 

Rhodes et aL   (40,41, 60,99, 101) recently presented a series of 

papers describing how the aging of disks of peel from pre-climacteric 

apples resulted in the development of several systems,   each reaching 

a maximum level after different periods of aging.     The first to rise 

to a maximum was lipid synthesis (2-4 hours) followed by protein syn^ 

thesis (8 hours) and ethylene evolution (6-8 hours) and lastly,   malate 

decarboxylate (16-24 hours).     They proposed the following sequence 

of events to explain these phenomena;   removal of peel and preparation 

of disks initiates a de-repressor; m-RNA is formed and causes the 
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synthesis of enzymes possibly including lipoxidase and fatty acid pro- 

ducing systems concerned with ethylene biosynthesis; ethylene was 

then produced and acts on a further portion of DNA leading to the 

formation of m-RNA associated with other enzyme systems such as 

malic enzyme.    Uptake studies showed that none of the changes in 

these systems could be due solely to changes in the permeability of 

the tissue over the climacteric period. 

Changes in Protein and Enzymes during Ripening 

Hulme (57) showed that,   coinciding with the climacteric rise in 

respiration in detached apples,   there was a rise in the net protein 

content of the fruit.    Hansen (46) found also that pears behave similar- 

ly.    Hulme (55) examined nine varieties of apples,  including early, 

medium and late season types,   and found that there was always a 

shift in the equilibrium between nonprotein and protein nitrogen in 

favor of protein over the period of the climacteric.    A net increase 

in protein nitrogen during ripening has also been shown in the fruits 

of avocado and tomato by Rowan,   Pratt,   and Robertson (105). 

However, Pearson: and Robertson (94) found no rise in protein 

in apples until late in the climacteric phase. Sacher (106) concluded 

that a net increase in protein nitrogen did not develop in the banana 

fruit during ripening.    Richmond and Biale (103) have shown that in 

avocados,   there was a period of increased protein synthesis during 
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the early stages of the climacteric,   but there v/as no direct relation- 

ship between protein synthesis and increased O2 uptake throughout 

the climacteric period.     The failure to observe a net increase in pro- 

tein nitrogen does not necessarily mean that no new enzymes were 

formed,   since there could be a turnover in protein,   involving enzyme 

synthesis without an actual increase in protein nitrogen. 

Hulme (58) demonstrated an increase in the ratio of rate of 

respiration to protein content (R/P) and suggested that a change in 

the pattern of protein to a more enzymatically active type might occur 

during the climacteric rise.     Li and Hansen (72) demonstrated that the 

failure of Bartlett pear fruits to ripen normally after prolonged low 

temperature storage -was related to decreased capacity for protein 

synthesis.    Frenkel,   Klein and Dilley (39) recently concluded that 

protein synthesis was required for normal ripening,   and the proteins 

synthesized early in the ripening process were,   in fact,   enzymes 

required for ripening. 

Indeed,   during the past few years increases in the activity of 

several mitochondrial (51, 62, 71) and soluble enzyme systems (32, 6l, 

100) have been reported.     Hulme and Wooltorton (61) and Dilly (32) 

found that malic enzyme activity increased during the respiratory 

climacteric of apple fruits and suggested that it was the result of 

an increased quantity of the enzyme.     Richmond and Biale (102) 

shewed that in the early stages of the climacteric in avocados,   there 



17 

was a stimulation in the rate of synthesis of ribosomal and messenger 

RNA.    A marked increase in total RNA also was observed during the 

climacteric rise in apples by Looney and Patterson (76).     Rhodes and 

Wooltorton (100) demonstrated that the activities of four hydrolytic 

enzymes,   chlorophyllase,   lipase,   ribonuclease,   and acid phosphatase 

increased over the climacteric period in apple fruits. 

There have been reports of increases of activity of other en- 

zymes during ripening,   including lipoxidase (116) and pyruvic carbox- 

ylase (59) in apple,   catalase (37) in pear,   aldolase and carboxylase 

(110) in banana. 

Chlorophyllase Activity in Ripening Fruits 

Chlorophyllase was discovered by Willstatter and Stoll in 1910 

(115).     They stated that the enzyme functioned in chlorophyll synthe- 

sis as well as degradation.     Chiba et al.   (29)  studied the relation 

between chlorophyll content and the hydrolytic activity of chlorophyl- 

lase activity in Chlorella profcxthecbides and' found that an increase in 

chlorophyllase activity was parallel to that in chlorophyll content 

during the development of green coloration in the bleached cells. 

The activity sharply declined and a parallel disappearance of chloro- 

phyll also occurred during bleaching of the green cells.     This sug- 

gested that chlorophyllase has a biosynthetic role.    Noack (90) on 

the other hand,   suggested that chlorophyllase has a function in the 
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removal of the phytol chain and from the chlorophyll molecule to yield 

chlorophyllide.    Holden (52) showed that in a fat solvent such as petro- 

leum ether,   the chlorophyllide molecule was much less soluble than 

chlorophyll.     They also showed that by shaking in petroleum ether 

and acetone-water solution,   chlorophyll could be separated from 

chlorophyllide quantitatively.    Ogura and Takamiya (91) studied the 

chlorophyllase in tea leaves and found that the partially purified 

enzyme was stable in heat treatment and the optimum conditions 

for enzyme activity were pH 6. 5 and an acetone concentration of 5 0%. 

Rhode and Wooltorton (100) recently found that in the ripening fruit 

the increase in chlorophyllase activity begins before the climacteric 

rise and continues beyond the climacteric peak. 

Changes in Pectic Substances during Ripening 

An increase in water soluble pectin substances and a decrease 

in protopectin content in the deciduous fruit tissue during ripening 

was first reported in 1848 by Fremy as cited by Esau et al.   (36). 

Since that time,   the content and role of pectin in many fruits have 

been investigated extensively by Carre1  (26),   Kertesz (66),   Hulme 

(56) and Joslyn (63).     The following percentage increases were  re- 

ported for soluble pectins between the green and ripe stages:    200 

for Elberta peach (3),   250 for banana (30),   1250 for Jonathan apple 

(44),   and 1900 for "Worcester Pearmain pear (35). 
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The most comprehensive study of pectin changes in pears during 

growth on the tree and during storage and ripening is that of Weurman 

(113).    He showed that there was a rapid decrease in protopectin when 

pears were ripened at room temperature and the decrease in hardness 

of the fruit tended to accompany fall in protopectin.    Hansen (45) 

found that the increase in soluble pectin after picking and during 

ripening closely paralleled the increase in softening of the pear fruit. 

The data of Date and Hansen (31) illustrated the different be- 

havior of different varieties of pears.     They found that the capacity 

of Bartlett pear and Bosc to hydrolyze protopectin during ripening 

at warm temperatures progressively declines with length of storage. 

At the end of the storage period,   the Bartlett pears failed to soften 

to "melting ripe" when removed to ripening temperatures,   suggest- 

ing that this might be associated with inactivation of protopectinase. 

The Anjou pears retained their ability to convert protopectin to sol- 

uble pectin and to soften on ripening to the end of the storage period. 

Emmert (35) studied pectic changes occurring in pears at certain 

lew temperatures and concluded that the lack of keeping quality was 

due mainly to a rapid rate of degradation of the pectic compounds. 

Reeves (98) believed that pectic changes duringmaturation 

and ripening involved more than a simple change from water insol- 

uble to water soluble fractions.    Degree of esterification,  molecular 

chain length,   spatial configuration and complexity of side chain 
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structure influenced the solubility and gelatinous properties.   Kertesz 

(66) was the first to provide evidence that softening was accompanied 

by a decrease in degree of esterification and degree of polymeriza- 

tion of extracted pectins.    McCready and McComb (81) found that the 

degree of esterification with methyl groups was shown 86% in unripe 

pears and below 40% in ripe fruits. 

A number of enzymes have been investigated in an attempt to 

determine the mechanisms of conversion of pectin in fruits in rela- 

tion to ripening.     The hydrolysis of methyl groups is brought about 

by pectin methyl esterase (or pectase) and the chain splitting by 

pectinase (or polygalacturonase) (11).    Joslyn and Sedky (64) attribut- 

ed the decrease of pectin in pulp of apple and citrus fruit to the ac- 

tion of pectinase.     The pectase activity in pears was investigated by 

Weurman (114) by measuring the increase in viscosity of a solution 

of pear pectin added to enzymic extracts.    He detected the presence 

of pectinase in pears in the ripe stage but not in unripe or overripe 

fruits.    McCready and McComb (81) observed no polygalacturonase 

action in unripe pears,   but found considerable activity in ripe pear 

fruits.     They thought that pectic enzymes came in closer contact 

with the pectic substances during ripening. 
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MATERIALS AND METHODS 

Variety,   Source and Maturity of Fruits 

The Anjou and Bartlett pear varieties used in these experiments 

were obtained from single source blocks at Mid-Columbia Experiment 

Station,   Hood River,   Oregon.     Fruits were picked at several maturi- 

ties to satisfy the requirements of individual experiments.     The 

Anjou and Bartlett samples were taken during the 19 67 and 19 68 

seasons.    Samplings taken of the Anjou variety ranged from 61% to 

100% of maturity.     For the Bartlett variety,   the maturity range was 

from 82% to 100%. 

Pre-treatment Handling 

After removal from the tree,   fruits were placed in brown paper 

bags and transported to the University laboratori^ at Corvallis. 

This required a time lapse of approximately five hours at tempera- 

tures of 20° C i1 1 " C.    Immediately upon arrival at the University, 

the samples were transferred to a cold storage room and held at 

10C for approximately 12 hours.    Prior to conducting the several 

experiments,   fruits were allowed to equilibrate with the temperature 

at which the experiments were carried out. 
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Identification Pertinent to Experiments 

The several experiments involved ripening and respiration, 

chlorophyll and chlorophyllase,   and permeability studies.    A table 

(Table 2) is presented to aid in identifying and providing information 

pertinent to each experiment. 

Table 2.    Identification of experiments. 

Study Experimental designation Maturity of samples 
Year Variety Experiment 

number 
Percent Days from 

full bloom 

Ripening   and 1968 A 1 61 91 

Respiration 1968 A 2 73 109 

1968 A 3 82 123 

1968 A 4 100 150 

Chlorophyll and 1968 B 5 100 125 

Chlorophyllase 

Permeability 1967 B 6 82 103 

1967 B 7 89 111 

1967 A 8 94 141 

1968 A 9 61 91 

A = Anjou 
B = Bartlett 

Treatments 

Ethylene 

A sufficient number of fruits were collected on each harvest 

date to provide samples for determining respiratory rate and daily 

chemical analyses.     For  respiration studies duplicate ten to  15 fruit 
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samples,   depending on size,   were put in three.-gallon jars and sealed 

with screw-type lids containing inlet and outlet tubes.     For chemical 

analyses,   duplicate lots were placed in five-gallon glass jars.     From 

each of these,   five fruits were taken for chemical analyses.     These 

jars, were also fitted with lids containing inlet and outlet tubes.     The 

jars containing the respiration and chemical analyses  samples were 

connected in tandem so each would receive the same rate of ethylene 

treatment.    All experiments were conducted in a room maintained at 

20 0C. 

Aeration was maintained at 200 ml per minute with fresh air 

drawn from outdoors.    Ethylene was meter ed into the air stream from 

a Sigma flexible tubing pump to provide a concentration of 200 ppm 

for Bartletts and 500 ppm for Anjous.     The apparatus is pictured in 

Figure 1. 

Bartlett fruits were primarily used for the studies of changes 

in    chlorophyllase activity,   because of their conspicuous color change 

during the ripening process.    Five fruits from each treatment were 

analyzed daily to compare the chlorophyll content and chlorophyllase 

activity of ethylene treated and untreated fruits. 

Ethrel (2-chloroethane phosphonic acid) 

Preliminary experiments with Ethrel indicated that a concentra- 

tion of 4000 ppm -was most effective in stimulating ripening of pears; 
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Figure 1.    Apparatus used to measure fruit respiration. 
(A) flow board,  (B) Beckman CO- infrared analyzer, 
(C) flow meter,   (D) respiration chamber, (E) Jars 
containing fruits for chemical analyses,  (F) Ethylene 
cylinder,   (G) Sigma flexible tubing pump. 
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therefore, this concentration was used and treatment applied by dip- - 

ping the frmt into the solution for 30 seconds, unless otherwise stated. 

The mode of action of 3-chloroethane phosphonic acid is related 

to its ability to release ethylene in plant tissues. The acid undergoes 

a chemical decomposition which can best be described as a base cata- 

lyzed elimination reaction,   as illustrated: 

O O 

Cl-CH7-CH_-p-OH + OH" > CH   = CH    +P-(OH), +C1" 
c £■   | ^ 2       f *• 

o- 0" 

The design of the individual experiments is outlined as follows: 

Experiment 1968 Al: 

a. Control,   aerated with ethylene free air. 

b. Initial 48-hour treatment,   followed by aeration with 

ethylene free air for 12 days. 

c. Initial 48-hour treatment + retreatment for 12 hours on 

11th day. 

d. Continuous ethylene treatment for 14 days. 

e. Ethrel treatment. 

Experiment 1968 A2: 

a. Control. 

b. Initial 24-hour treatment + first retreatment on 8th day 

for  12 hours;  + second retreatment on 13th day for   12 
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hour s. 

c. Initial 36-hour treatment + first retreatment on 8th day 

for 12 hours; + second retreatment on 13th day for 12 

hours. 

d. Initial 48-hour- treatment + first retreatment on 8th day 

for 12 hoursj + second retreatment on 13th day for 12hours. 

e. Continuous ethylene treatment for 16 days. 

f. Ethrel treatment. 

Experiment 1968 A3: 

a. Control. 

b. Initial 6-hour treatment + retreatment for 12 hours on 

9th days. 

c. Initial 12-hour treatment + retreatment for 12 hours on 

9th days. 

d. Initial 18-hour treatment + retreatment for 12 hours on 

9th days. 

e. Initial 24-hour treatment. + retreatment for 12 hours on 

9th days. 

f. Continuous ethylene treatment for 11 days. 

g. Ethrel treatment. 

Experiment 1968A4: 

a. Control. 
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b. Initial 6-hour treatment + retreatment for 12 hours on 

8th day. 

c. Initial 12-hour treatment + retreatment for 12 hours on 

8th day. 

d. Initial 18-hour treatment + retreatment for 12 hours on 

8th day. 

e.. Initial 24-hour treatment + retreatment for 12 hours on 

8th day. 

f. Continuous ethylene treatment for 10 days. 

g. Ethrel treatment. 

Experiment 1968 B5: 

a. Control. 

b. Continuous ethylene treatment for 8 days. 

Experiment 1967 B6: 

a. Control. 

b. Continuous ethylene treatment for 7 days. 

Experiment 1967 B7: 

a. Control. 

b. Continuous ethylene treatment for 8 days. 

. Experiment 1967 A8s 

a. Control. 
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b. Continuous ethylene treatment for 11 days. 

Experiment 1968 A9: 

a. Control. 

b. Continuous ethylene treatment for 14 days. 

c. Ethrel treatment. 

Determination of Chemical and Physiological 
Changes during Ripening 

Pressure Test 

Flesh firmness was measured by a Balauf 10 or 30 lb tester 

with a 5/16" point. . Measurements were made daily on five fruits 

from each treatment,   using two punches on each pared fruit. 

Respiration 

Two methods were used for determining the rate of respiration. 

Absorption and Titration Method. 

(a)       Preparation of absorber 

Fifty ml 0. 3 N KOH was pipetted into a dry absorber mounted 

on a burette stand.    A sintered glass gas disperser tube was inserted 

into each absorber and connected to a manometer.     The manometer 

was then connected to the jar containing the pears.    Two drops of 

n-butyl   alcohol were added to each tube to decrease surface tension 
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and increase foaming.     The rate of air flow was adjusted to 200 ml 

per minute.    Determinations extended from one to three hours,   de- 

pending upon the rate of respiration. 

(b) Titration 

After one to three hours,   the manometer and the absorber were 

disconnected from the jar containing the fruit.     The gas disperser was 

removed from the absorber and the tube sealed with a rubber stopper. 

Fifty ml HO,   ten ml 20% BaCl^  solution and five drops thymolphthal- 

ein indicator (0. 5% in 50% ethanol) were added to a 250 ml Erlenmeyer 

flask,   followed by ten ml of KOH from the absorber.     The solution 

was then titrated with a 0. 1  N HC1,   while being agitated with a mag- 

netic stirrer. 

(c) Calculation 

 ml HC1 used X 10 X 50 X A*  
mg C02/hr/kg = weight of fruits (Kg) Xtime (hr) X 10 Xblank (mlHCl) 

* A mg CO2 = one ml KOH 

CO    Infrared Analyzer.     Respiration rate was determined twice 

daily with a Beckman Model 215 A Infrared analyzer.    Rate of res- 

piration in mg C02/kg-hr was calculated from the galvanometer de- 

flection according to the data in Figure 2 and Table 3. 
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Table 3.    Beckman infrared spectrophotometer scale deflections in MgCO /12 1. 

Def. MgC02/12 1 Def. MgCO /12 1 Def. MgCO /121 

1 .28 35 16.51 69 38.55 
2 .70 36 17.10 70 39.38 
3 1.18 37 17.57 71 40.20 
4 1.77 38 18.04 72 41.03 
5 2.12 39 18.75 73 41.85 
6 2.64 40 19.45 74 42.68 
7 2.95 41 20.04 75 43.62 
8 3.54 42 20.63 76 44.45 
9 4.01 43 21.22 77 45.39 

10 4.36 44.. 21.81 78 46.22 
11 4.83 45 22.40 79 47.16 
12 5.31 46 22.99 80 48.06 
13 5.78 47 23.58 81 49.00 
14 6.20 48 24.17 82 49.99 
15 6.72 49 24.76 83 50.98 
16 7.19 50 25.35 84 51.99 
17 7.55 51 25.94 85 53.06 
18 8.02 52 26.65 86 53.93 
19 8.49 S3 27.35 87 54.23 
20 8.96 54 27.99 88 56.00 
21 9.43 55 28.58 89 57.06 
22 9.90 56 29.24 90 58.24 
23 10.38 57 29.95 91 59.30 
24 10.85 58 30.65 92 60.25 
25 11.32 59 31.24 93 61.43 
26 11.79 60 31.83 94 62.72 
27 12.26 61 32.54 95 63.95 
28 12.73 62 33.13 96 65.13 
29 13.20 63 33.88 97 66.31 
30 13.68 64 34.66 98 67.79 
31 14.15 65 35.37 99 69.25 
32 14.74 66 36.08 100 70.74 
33 15.33 67 36.90 
34 15.92 68 37.73 
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Preparation of Samples for Chemical Analyses 

Wedge shaped sectors were cut from each of five fruits 

per    sample: after paring to provide a total weight in excess of 100 

grams.     The sectors were then ground through a food chopper and thor- 

oughly mixed with a spoon to prevent separation of juice and pulp. 

Duplicate 50 gram samples were weighed into tared 400 ml 

Pyrex beakers,   covered with 220 ml 95% ethanol and then heated to 

boiling on an electric hot plate.    After cooling,   the samples were 

transferred to a Waring blendor and ground for three minutes at high 

speed.    The sample was then filtered through Whatman #1 filter paper 

into 500 ml volumetric flasks.     The residues were washed four to 

five times with 80% ethanol and finally transferred to weighing dishes 

and dried at 70 0 C to a constant weight.    These dried residues were 

used for determination of pectin and protein nitrogen after grinding in 

a. Wiley mill through a 40-mesh screen. 

Protein Nitrogen 

One gm aliquots of the alcohol insoluble residues were weighed 

on an analytical balance.    Protein nitrogen was then determined by the 

Kjeldahl Gunning Arnold method (88). 
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Soluble Pectin 

The calcium pectate method of Carre and Haynes (27) was modi- 

fied for use with pear residues to determine the content of soluble 

pectin. 

A one gram aliquot of the alcohol insoluble residue was trans- 

ferred to a 600 ml beaker,   100ml distilled water added and stirred 

until the mixture was evenly dispersed.    After ten minutes,   with 

occasional stirring the residue was filtered.     The filtrate was saved 

and the residue was washed back into the beaker.    The water extrac- 

tion was repeated,   using another 100 ml distilled water.    Both fil- 

trates were combined and 100 ml 0. 1 N NaOH added.    After one hour 

50 ml of 1 N acetic acid were added,   followed by 50 ml of 1 M CaCl-. 

The contents were allowed to stand for an additional hour then heated 

to boiling for a few minutes and filtered through a large fluted filter. 

The precipitated soluble pectin was washed with boiling water and 

washing continued until the filtrate gave no .test for chloride with 

silver nitrate.    The residue was washed back-into the beaker, boiled 

filtered,   and re-tested with silver nitrate to make sure there was 

not any trace of chloride.    The gelatinous residue was then trans- 

ferred to a crucible,   and finally dried at 100 ° C to constant weight. 
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Chlorophyllase and Chlorophyll 

The method described by Looney and Patterson (77) was used 

to measure the chlorophyllase activity.     The activity of chlorophyl- 

lase was expressed as absorbance which was the difference between 

incubated samples and the non-incubated control.    This is based on 

the degradation of chlorophyll molecule by the action of chlorophyl- 

lase and yields chlorophyllide.     The chlorophyllide is much less sol- 

uble than the chlorophyll in petroleum ether,   so that a difference in 

absorbance at O. D.   665 mp. between before incubation and after incu- 

bation will give the activity of chlorophyllase. 

The chlorophyll content was expressed as absorbance at O. D. 

665 m|a. of the petroleum ether extract of the non-incubated fraction 

in the enzyme assay. 

Permeability 

Two cylinders of tissue were removed from each of five fruits 

with a 13 mm cork borer,   a disk two mm in thickness was then re- 

moved about four mm below the epidermis from each cylinder by 

use of a slicing tool made from two razor blades.    Changes in per- 

meability in fruit from the different treatments -was measured by two 

methods.    In the first method,   change in permeability was related to 

the change in water content of the disks; in the second method as the 
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change in conductivity in the solution covering the tissue. 

(1) Method of Von Abrams and Pratt (111). 

The ten disks obtained for each treatment were placed in a 250 

ml beaker and carefully rinsed three times with deionized water to 

free from cell debris.     Then the disks were blotted and weighed.    Af- 

ter weighing,   they were placed in 150 ml of deionized water.    Weigh- 

ing continued at one hour intervals,   covering with fresh deionized 

water after each weighing.     The experiment was conducted in a 20 " C 

constant temperature room.     The changes in weight each hour were 

expressed as percentage of the initial weight. 

(2) Method of Baur and Workman (7). 

The tissue disks were excised and handled the same way as in 

method one.    After being rinsed with deionized water,   ten disks from 

each treatment were  placed in 300 ml freshly deionized water.     The 

water was gently agitated by a stream of air bubbles in place of mag- 

netic stirring to avoid temperature increase from the heat generated 

by the motors.     The changes in membrane permeability in pear tis- 

sue were determined by measuring the rate of ion leakage from tissue 

disks into deionized water.     The changes of the rate of ion leakage 

with time was measured at 20 ° C in terms of resistance with a Leeds 

and Northrup electrolytic conductivity bridge at one hour intervals. 

The disks remained in the water after each measurement.     The meas- 

ured resistance was  converted to  specific resistance by multiplying by 
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the cell constant 0.099.     The specific conductance is the reciprocal 

of specific resistance.    Specific conductance is therefore expressed 

as |amhos. 
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RESULTS 

Effects of Ethrel,   Different Lengths of Ethylene Treatment 
and Maturity on Respiration,   Firmness, 

Protein Nitrogen and Soluble Pectin 

Experiment 19 68 Al:   Anjou pears used for this experiment were 

picked 91 days from full bloom which was 61% of full maturity.    Aver- 

age weight per fruit was 54. 8 gram. 

As shown in Figure 3,   the initial rates of respiration of the five 

lots of fruits ranged from 30 to 40 mg/kg-hr.     The ethylene treated 

samples showed a sharp increase in respiration to approximately 80 

mg.    This initial rapid increase following ethylene treatment is not 

the true climacteric and appears to be a characteristic reaction in 

fruits treated with ethylene at immature stages of development (46, 

69).    The cause is not known.    Following the initial stimulation,  the 

rates of respiration declined to minimum values on the fourth day, 

then gradually increased to the climacteric peak seven days later. 

The same trend was shown by the samples receiving the 48-hour 

initial treatment and those treated continuously. 

Fruit maintained in an ethylene free atmosphere showed a 

steady gradual decline in rate of respiration throughout the 14 days 

of the experiment.     The Ethrel-treated sample also decreased in 

respiratory activity for four days then maintained a steady rate above 

the level of the control.     Respiratory activity doubled in this lot of 
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(6lfo  of  full maturity) 
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fruit when treated with ethylene for 12 hours on the twelfth day,   indi- 

cating that it was still in a pre-climacteric condition.    The sample 

receiving the initial 48-hour ethylene treatment,   however,   showed 

only a slight and probably insignificant increase in respiration when 

retreated on the same day. 

All fruits softened at about the same rate except the untreated 

ones (Figure 4).    Untreated fruits remained firm after 14 days at 

20° C but fruits treated with ethylene continuously or treated for 48 

hours decreased in firmness from 28.5 lbs to about six lbs in nine 

days (Table 4).     Those fruits which were treated with Ethrel de- 

creased from 28. 5 lbs to seven lbs in ten days even though the res- 

piration rate remained low and was apparently pre-climacteric in 

stage of development. 

Protein nitrogen in the fruit maintained in an ethylene-free 

atmosphere showed no increase in concentration during the course 

of the experiment (Figure 5).    The sample in which ethylene treat- 

ment was terminated after 48 hours increased in protein nitrogen 

content similarly to the fruit receiving continuous ethylene treatment 

(Table 5).    The Ethrel-treated pears also increased in protein,   even 

though respiration remained at a low level. 

Soluble pectin (Figure 6) increased after three days ethylene 

treatment and reached its maximtim at the ninth day when treated with 

ethylene continuously.     After an initial treatment for 48 hours. 
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Table 4.    Effect of ethylene and Ethrel treatment on firmness of Anjou pears harvested at 61% of full maturity. 

Date Days         _ Pressure test (lbs) 

ripened Untreated Ethylene 
48 hours 

Ethylene 
continuous 

Ethrel 

7-11-68 1 28.3 28.7 28.8 28.5 

12 2 28.9 28.3 28.5 28.6 

13 3 28.7 27.3 27.6 27.8 

14 4 28.1 26.1 25.8 27.4 

15 5 28.3 25.0 24.2 27.4 

16 6 27.8 21.4 20.2 26.1 

17 7 27.0 16.8 15.6 25.0 

18 8 27.1 8.6 8.1 20.3 

19 9 26.5 6.0 5.6 13.5 

20 10 27.2 4.8 4.2 7.3 

21 11 26.7 4.2 3.7 5.3 

22 12 26.2 4.4 3.1 4.5 

23 13 25.4 3.6 2.5 4.4 

24 14 24.2 3.3 2.5 4.1 
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Table 5.    Effect of ethylene and Ethrel treatment on protein nitrogen content of Anjou pears harvested at 61% of full maturity. 

Date Days 
ripened 

mg protein nitrogen per 100 gm fresh weight 
Untreated Ethylene 

continuous 
Ethylene 
48-hour 

Ethrel 

7-10-68 

12 

13 

15 

16 

17 

18 

19 

20 

22 

23 

25 

0 

2 

3 

5 

6 

7 

8 

9 

10 

12 

13 

15 

49.8 

46.3 

50.1 

47.2 

47.6 

50.4 

44.5 

47.1 

46.9 

43.3 

40.8 

47.4 

49.8 

52.1 

58.1 

55.1 

60.2 

61.6 

70.6 

75.9 

72.1 

70.4 

80.2 

80.7 

49.8 

63.7 

64.8 

61.0 

61.9 

64.0 

62.5 

69.3 

75.6 

80.0 

79.7 

81.5 

49.8 

49.8 

55.1 

57.6 

55.7 

60.4 

54.0 

58.3 

67.8 

70.5 

76.4 

73.6 
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soluble pectin showed a rapid increase from 0. 101 to 0.548 gm/100 g 

fresh weight from fifth day to tenth day (Table 6).    In both of the 

above treatments,   the content of soluble pectin declined when the 

fruits became over ripe.     This may be explained by the conversion 

of soluble pectin to galacturonic acid as further ripening occurs. 

The soluble pectin content of Ethrel treated fruits increased to 0.513 

gm/100 g fresh weight showing that ripening was proceeding without 

an increase in respiration rate.    The soluble pectin in untreated 

fruits remained more or less constant at a low level throughout the 

experiment. 

Experiment 1968 A2:   Anjou pears used for this experiment were 

picked 109 days from full bloom which was 73% of full maturity.    Av- 

erage weight per fruit was 83. 6 gm.    Since an initial 48-hour ethylene 

treatment in the former experiment was sufficient to stimulate not 

only a rise in respiration but also increases in protein nitrogen,   sol- 

uble pectin as well as a decrease in firmness,   ethylene treatments 

of 3 6 and 24 hours were added in this experiment to determine if 

shorter treatments would produce similar stimulation. 

The respiration rates are shown in Figure 7.    As in the previ- 

ous experiment,   respiration of the ethylene treated fruits approxi- 

mately doubled on the second day following treatment and then de- 

creased.    The 48-hour and continously treated samples thereafter 

increased to the climacteric maximum on the tenth day.     After the 



Table 6.    Effect of ethylene and Ethrel treatment on soluble pectin content of Anjou pears harvested at 61% of full maturity. 

Date Days 
ripened 

mg soluble pectin per 100 gm fresh weight 
Untreated Ethylene 

continuous 
Ethylene 
48-hour 

Ethrel 

7-10-68 

12 

13 

15 

16 

17 

18 

19 

20 

22 

23 

25 

0 

2 

3 

5 

6 

7 

8 

9 

10 

12 

13 

15 

81 

63 

75 

73 

109 

87 

113 

104 

129 

126 

135 

181 

81 

77 

65 

98 

151 

268 

412 

571 

559 

323 

167 

124 

81 

70 

97 

101 

173 

279 

439 

509 

548 

282 

252 

136 

81 

66 

97 

102 

122 

225 

270 

460 

513 

486 

458 

196 

4^ 
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initial stimulation,   the  respiration rates of those fruits treated for 

3 6 hours and 24 hours decreased after transfer to ethylene-free air. 

In order to determine whether they were still in the pre-climacteric 

stage,   the two lots were retreated with ethylene for 12 hours on the 

eighth day.    In both cases,   the respiration rates were markedly in- 

creased,   indicating a pre-climacteric stage.    Similarly,   fruits 

treated with Ethrel showed a low respiration rate until retreated 

with ethylene on the eighth day.    A second retreatment was made at 

the twelfth day and there was still a slight stimulation of the 24- and 

36-hour treated fruits.    The respiration of untreated fruits remained 

low throughout the experiment. 

Anjou pears softened only slightly after 12 days at 20° C in an 

ethylene-free atmosphere (Figure 8),  while those treated for 24 and 

48 hours and continuously decreased from 25. 7 to 5.9 lbs,   4. 8 lbs, 

and 4.2 lbs,   respectively,   in seven days (Table 7),    Fruits treated 

with Ethrel also decreased in firmness from 25. 5 lbs to 5. 7 lbs in 

seven days.    The data show that the fruits were fully ripe,   even 

though the climacteric failed to develop. 

Fruits treated with Ethrel or with ethylene for 24 hours,   48 

hours,   or continuously,   increased in protein nitrogen content from 

35. 7 mg/100 gm fresh weight to 55.9,   54.6,   53.4,   58. 7mg/100gm 

fresh weight,   respectively (Table 8),  while fruits kept in an ethylene- 

free atmosphere showed little increase in protein nitrogen. 
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Table 7.    Effect of Ethrel and different lengths of ethylene treatment on firmness of Anjou pears picked at 73% of full maturity. 

Date 

7-28-68 

29 

30 

31 

8-  1-68 

2 

3 

4 

5 

6 

7 

8 

9 

Days Pressure test (lbs) 
ripened Untreated Ethylene Ethylene Ethylene Ethrel 

0 25.4 25.7 25.7 25.5 25.5 

1 25.6 25.2 25.1 25.3 25.6 

2 25.3 24.3 24.0 23.5 24.9 

3 24.9 22.5 21.5 21.2 23.0 

4 24.5 18.7 16.1 15.4 17.7 

5 24.7 12.3 9.9 9.0 11.2 

6 24.2 7.5 6.7 5.5 7.0 

7 24.6 5.9 4.8 4.2 5.7 

8 24.2 5.4 4.8 3.7 5.1 

9 23.6 5.5 4.2 3.8 4.9 

10 23.1 4.9 3.6 3.3 4.3 

11 21.7 4.2 3.7 3.3 4.2 

12 20.4 3.8 3.2 3.2 3.6 

o 



Table 8.    Effect of Ethrel and different lengths of ethylene treatment on protein nitrogen content of Anjou pears picked at 73% of full maturity. 

Date Days ;mg'protein ni trogen per. 100 gm fresh weight 

ripened Untreated Ethylene Ethylene Ethylene Ethrel 
continuous 48-hour 24-hour 

0 35.7 35.7 35.7 35.7 35.7 

2 36.5 41.8 39.4 40.6 41.4 

4 39.4 41.0 38.7 41.2 39.2 

7 37.7 43.0 41.8 45.6 38.7 

9 36.6 48.5 42.0 43.9 36.2 

11 34.5 52.6 44.6 52.4 44.9 

13 38.2 59.5 52.9 57.2 52.1 

15 41.4 58.7 53.4 54.6 55.9 

7-28-68 

30 

8-1-68 

4 

6 

8 

10 

12 
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Soluble pectins in fruits treated with Ethrel or with ethylene 

for 24 hours,   or 48 hours,   or continuously,   increased rapidly after 

two days at 20 0 C (Table 9),   while untreated fruits showed only a 

slight increase after 16 days.    The overall changes in protein nitro- 

gen and soluble pectin are shown in Figures 9 and 10.    These data 

provide additional evidence that the ripening processes proceed,   in 

the absence of development of the climacteric. 

Experinaent 1968 A3:   Anjou pears used for this experiment 

were picked 123 days from full bloom,  which was 82% of full matur- 

ity.    Average weight per fruit was 115. 4 g.    In order to find the criti- 

cal length of time of ethylene treatment required for induction of the 

softening process,   the treatments with ethylene were reduced to 24, 

18,   12,   and 6 hours. 

The respiration rates are shown in Figure 11.    As in the two 

previous experiments,   the ethylene treatment produced a rapid ini- 

tial rise in respiration followed by a decline.    In this experiment, 

only the fruit continuously treated with ethylene developed the typical 

climacteric pattern,  while respiratory activity of the 6,   12,   18,   24 

hours and Ethrel treated samples declined to a low level and main- 

tained a more or less steady state,   until stimulated by retreatment 

on the ninth day.     The respiration rate remained low and steady in 

fruits kept in an ethylene-free atmosphere. 

The expdrlm.ent -was terminated on the eleventh day and the, . 



Table 9.    Effect of Ethrel and different lengths of ethylene treatment on soluble pectin of Anjou pears picked at 73% of full maturity. 

Date Days i-l: mji soluble pectin per 100 gm fresh weight 
ripened Untreated Ethylene Ethylene Ethylene Ethrel 

continuous 48-hour 24-hour 

0 98 98 98 98 98 

2 107 84 112 60 74 

4 118 186 223 181 157 

7 168 585 554 457 401 

9 147 575 558 486 562 

11 244 437 448 595 477 

13 215 262 296 473 388 

15 320 154 171 278 270 

7-28-68 

30 

8-   1-68 

4 

6 

8 

10 

12 

00 
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fruits were tested for firmness.    The fruits had a pressure test of 

22. 6 lbs at the beginning of the experiment.    At the termination the 

pressure tests for the untreated,   Ethrel treated,   and samples treated 

with ethylene for 6 hours,   12 hours,   18 hours,   24 hours and continu- 

ously were 20. 3,   4.4,   18.9,   18.2,   15.5,   3. 6 and 2. 8 lbs,   respec- 

tively. 

Experiment 1968 A4:   Anjou pears used for this experiment 

were picked at the commercially mature stage which was 150 days 

after full bloom.    Average weight per fruit was 167.9 g.    The experi- 

mental design was the same as in 1968. A3.    The purpose was to de- 

termine how fully mature pears responded to treatment as compared 

to immature fruit used in the previous experiments. 

As shown in Figure 12a,   several distinct differences in respira- 

tion are evident.    The initial stimulation following treatment was low 

compared to that obtained in previous experiments.    The initial 

stimulation was followed by a decline.    The continuously treated 

sample developed the typical climacteric rise to a maximvun on the 

ninth day.    Contrary to the previous experiments,   respiration of the 

Ethrel-treated pears showed a similar pattern instead of maintaining 

a low level rate.    The samples treated from six to 24 hours with 

ethylene also showed a steady rise after the initial stimulation but 

at a slower rate than in the continuously and Ethrel treated fruits. 

Pressure tests (Table 10) made on the eighth and tenth days 
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Table 10.    Pressure test of the Anjou pears harvested at the commercial maturity and treated with ethylene 
and Ethrel. 

8th day 10th day 

Control 13. 2 lbs 7. 7 lbs 

6 hours treated 12. 7 lbs. 5.4 lbs 

12 hours treated 6. 5 lbs: 3.3 lbs 

18 hours treated 4. 8 lbs 3. 1 lbs 

24 hours treated 3.5 lbs 2. 8 lbs 

continue treated 3.0 lbs 2. 2 lbs 

Ethrel 3.2 lbs 2.2 lbs 

Initial 16.5 lbs 
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showed that the untreated fruits and those treated for six hours did not 

soften appreciably until after the eighth day,  when the pressure test 

had decreased from 16.5 to 13.2 and 12.7 pounds,   respectively.     The 

12,   18 and 24 hours treated as well as the Ethrel and continuously 

treated samples had softened appreciably by the eighth day and were 

fully ripe on the tenth day. 

The concentrations of protein nitrogen which were determined 

at the beginning and the end of the experiment are presented in Table 

11.     The initial protein nitrogen content not only was lower than in 

previous samples but showed less increase during ripening. 

In normal conditions,   pears ripen only after harvesting.    Pear 

fruits remain firm as long as they are attached to the tree,   and the 

ripening process will not proceed until after harvest.     The rate of 

respiration declines to a minimum shortly after harvesting and then 

rises rapidly to a maximum value of the climacteric peak.     The dura- 

tion of the pre-climacteric minimum is dependent upon external condi- 

tions and the maturity of the fruit itself. 

The respiration of the Anjou pears picked at the immature stage 

(61% maturity) showed a continuous decline (Figure 12b) which flat- 

tened and turned to a steady state when the fruits were picked at 73% 

maturity.    A slow increase in respiration was observed as fruits were 

harvested at the mature stage and kept in air at 20 0 C. 

When treated continuously with ethylene,   the respiration rate of 



Table 11.   Protein ni|trogen content of the Anjou pears harvested at commercilally mature stage. 

Sample Date Day ripened mg protein nitrogen 
per 100 g fresh weight 

1 23.08 

10 26.83 

10 26.00 

10 27.03 

10 29.23 

10 29.21 

10 32.54 

10 26.03 

Initial 

Ethylene 6-hour 

Ethylene 12-hour 

Ethylene 18-hour 

Ethylene 24 hour 

Ethylene continuous 

Ethrel 

Untreated 

9-24-68 

10- 3-68 

10- 3-68 

10- 3-68 

10- 3-68 

10- 3-68 

10- 3-68 

10- 3-68 

o^ 
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Figure 12b.   Respiration rates of Anjou pears harvested at different degrees of maturity. 
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immature Anjou pears showed an immediate sharp ihcrease.    As the 

fruits approached maturity,   this initial stimulation was reduced 

(Figure 12c).     The    time required to reach the climacteric maxi- 

mum decreased with the increase in maturation.    In immature fruits, 

it required 11 days to reach the peak,   while in 82% and 100% mature 

fruits,   only 10 and eight days,   respectively,   were required.    A de- 

crease in peak value was also observed as fruits approached matur- 

ity.     The peak value was as high as 66. 8 mg of CO    per kg hour in 
2 

immature Anjou,   while it decreased to 51. 1 mg when fruits were 

picked at 73% maturity.     The peak value further decreased to 3 1. 1 

mg as the fruits were harvested at full maturity. 

From the experiments with Ethrel it is interesting to note that 

fruits -with different degrees of maturity showed different responses 

to treatment.     This   is   evident in Figure I2d.    In earlier pickings, 

the respiration rates of the Ethrel treated Anjou pears did not in- 

crease until retreated by ethylene on the eighth and twelfth days. 

However,   a climacteric rise developed in the mature fruits follow- 

ing treatment. 
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Changes in Chlorophyll Content and Chlorophyllase 
Activity During Ripening of Ethylene Treated 

and Untreated Fruits 

Experiment 19 68 B5;    Bartlett pears were used in this experi- 

ment because a distinct color change from green to yellow develops 

during ripening.     The method of Looney and Patterson (90) was used 

for determining chlorophyllase activity.     The activity of chlorophyllase 

was expressed as absorbance which was the difference between incu- 

bated samples and the non-incubated control.     Because the endogenous 

chlorophyll was catabolized during ripening,   it was necessary to add 

exogenous chlorophyll prior to the end of the experiment to prevent 

lack of substrate from limiting the reaction.     Enough chlorophyll 

extracted from spinach was added to bring the absorbance above 0.4 

O. D.  units at 665 m|ju     This addition was made before the division 

of the filtrate into a control fraction and a fraction to be incubated. 

The fruits were kept at 20 " C and the respiration rate,   firmness, 

chlorophyll content and chlorophyllase activity were analyzed daily. 

The data show that the chlorophyllase activity increased rapidly 

after two days of ethylene treatment (Figure 13).    At the same time, 

the content of chlorophyll declined (Figure 13).     The respiration rate 

showed a slow climacteric rise (Figure 14) as the fruits began to 

soften (Figure 15).     The activity of chlorophyllase decreased when 

the fruits were fully ripe and yellow in color.     The colors of 
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ethylene-treated and untreated fruits at the end of the experiment 

are shown in Figure 1 6. 

Changes in Permeability During Ripening 

Experiment 1967 B6:    Bartlett pears used in this experiment 

were harvested 22 days prior to the commercial harvest date in the 

19 67 season.    The firmness,   respiration rate and permeability were 

measured daily at 20° C.    Permeability change was expressed as the 

hourly change in weight of excised tissue disks as a percentage of the 

initial weight.     The 'weight change of the tissue disks in deionized 

water was predominantly a change in water content of the tissue. 

This change in water content would indicate change in permeability. 

In ethylene treated fruits there was an increase in water efflux 

orl the third day of the treatment (Table 12,   Figure 17) which was about 

one day after the fruits started to soften (Figure 18) and the respira- 

tion rate started to increase (Figure 19). 

Experiment 19 67 B7:    The Bartlett pears used in this experiment 

were picked 14 days before the commercial harvest date in the 19 67 

season.    On the third day of the experiment,   the ethylene treated 

fruit showed an increase in water influx.in the first two hours,   fol- 

lowed by a strongly accelerated efflux (Figure 20).    On the fourth and 

fifth days,   the increase in water efflux from ethylene treated tissue 

disks -was  even more prominent (Table  13).     However,   no changes in 
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Figure 16.    Color differences in untreated (1) and 
ethylene-treated (2) Bartlett pears after 
seven days at 20° C. 



a 
Table 12.    Permeability    of ethylene treated and untreated Bartlett pears picked on August 1,   1967. 

Hours Days stored at 20° C 
after 1 L t > 3 4 5 

excision Initial Untreated Treated Untreated Treated Untreated Treated Untreated Treated 

0 100. 00 100. .00 100. 00 100. 00 100. 00 100. 00 100. 00 100. ,00 100. 00 

1 108. 87 107. 71 107. 91 107. 59 105. 47 111. 48 111. 23 109. ,07 108. 78 

2 108. 30 107. 60 108. 53 _106. 78 103. 13 112. ,84 111. 54 109. ,49 106. 34 

3 109. 36 107. ,39 106. 76 105. ,65 101. 42 112. ,63 109. 55 109. ,07 102. 76 

4 108. 17 105. ,14 104. 99 105. ,02 100. 57 110. ,54 107. 76 

5 107.45 103. 53 102. 81 104. ,11 98. 43 108. ,56 105. 67 

6 107. 71 100. 01 100. 32 103. ,94 97. 36 107. ,41 101. 99 

Change in weight each hour expressed as percentage of initial weight. 
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Table 13.    Permeability   of ethylene treated and untreated Bartlett pears picked on August 7,   1967. 

Hours Days stored at 2C )0C 
after L 2 3 4 5 

excision Initial Untreated Treated Untreated Treated Untreated Treated Untreated Treated 

0 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 

1 102. 63 107. 09 107. 41 107. 05 108. 06 107. 92 107. 73 108. 71 107. 41 

2 101. 82 106. 99 107. 83 107. 16 107. 85 108. 13 107. 94 108. ,08 106. 37 

3 100. 10 106. 05 107. 20 106. 22 105. 62 107. ,61 106. 12 106. 27 104. 17 

4 97. 57 103. 13 104. 07 102.90 101. 76 105. 73 102. 79 104. ,14 100. 73 

5 95. 55 100. 42 101. 57 101. 03 99. 89 105. ,10 101. 07 103. ,08 99. 37 

6 95. 14 96. ,87 97. 70 97. 92 96. 18 104. ,17 97. 96 101. ,34 97. 28 

Change in weight each hour expressed as percentage of initial weight. 
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permeability were detected until about one day after the fruits began 

to soften (Figure 21) and two days after the onset of the climacteric 

rise (Figure 22). 

Experirqent 19 67 A8;   Anjou pears used in this experiment were 

picked nine days prior to the commercial harvest date in the 19 67 

season.     The increase in water efflux caused by ethylene treatment 

was not apparent until the fourth day (Table 14,   Figure 23).     The time 

of increase in permeability in ethylene treated fruit was one day after 

the onset of the climacteric (Figure 24) and two days after the de- 

crease in firmness (Figure 25). 

Experiment 19 68 A9:   Anjou pears used in this experiment were 

harvested at the same time as those in experiment 19 68 Al.     The 

method of Baur and Workman (7) was used to determine the rate of 

ion leakage. 

In the first three days,   the specific conductance for untreated, 

continuous ethylene and Ethrel treated fruits showed more or less 

similar trends (Table 15).    On the  fourth day,   the specific conduct- 

ance of the continuous ethylene and Ethrel treated fruits after six 

hours was greatly increased from 54.05 (jum hos on the third day 

to 92. 36 and 91. 45 |4.mhos,   respectively,   on the fourth day (Figure 

2 6).     The changes in respiration rate,   firmness,   protein nitrogen 

and soluble pectin were the same as those in experiment 2 Al. 
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FIGURE 21. EFFECT OF ETHYLENE TREATMENT ON SOFTENING 
OF BARTLETT PEARS AT 20*C PICKED AUG.7, 1967. 
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FIGURE 22.  EFFECT OF ETHYLENE ON RESPIRATION RATE 
OF BARTLETT PEARS AT 20*0. PICI£D AUG.7.1967. 



Table 14.    Permeability   of ethylene treated and untreated Anjou pears picked on September 5,   1967. 

'Hours Days stored at 2Q0C 
after 1 L 2 3 4 5 6 

excision Initial Control Treated Control Treated Control Treated Control Treated Control Treated 

0 100. 00 100. ,00 100. 00 100. 00 100. 00 100. 00 100.00 100.00 100. 00 100. 00 100.00 

1 101. 31 102. ,27 103. 30 103. 56 102. 93 102. ,90 101. 00 105.49 105. 13 107. 39 106. 70 

2 97. .82 98. ,64 100. 00 98. 00 98. 65 100. ,22 97. 37 102. 20 101. ,78 106. 28 104. 24 

3 93. ,68 95. ,46 96. 70 94. 65 95. 72 98. ,88 95. 19 100.00 98. 82 100. 67 98. 98 

4 90. 63 93. ,58 93. 86 91. 31 93. ,47 94. ,21 90. 68 96.04 93. 30 96. 54 94. 75 

5 87. ,41 90.49 91. 53 85. 97 87. 84 90. ,85 83. 24 90.99 89. ,06 93. 05 91. 52 

6 83. ,35 87. ,53 89. 21 82.07 83. ,65 87. ,53 80. 69 87.47 85. ,27 89. 62 87. 36 

Change in weight each hour expressed as percentage of initial weight. 

00 
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6 . T 3 4 
HOURS   AFTER   EXCISION 

FIGURE 23. EFFECT OF ETHYLENE ON PERMEABILITY OF ANTOU 
PEAR TISSUE DURING RIPENING AT 20*C. 
PICKED   SEPT. 5, 1967. 
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FIGURE 24. EFFECT OF ETHYLENE TREATMENT ON RESPIRATION 
RATE OF ANJOU PEARS AT 20'C. 
PICKED SEPT. 5,1 967 
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FIGURE 25.  EFFECT OF ETHYLENE   TREATMENT ON SOFTfNING 
OF ANJOU PEARS AT 20*0. 
PICKED SEPT. 5, 1967. 



Table 15.    Rate of leakage of electrolytes from untreated,   ethylene-treated,  Ethrel-treated pear tissues,  measured in conductivity (umhos) of 
bathing solution. 

Hours       Days at 20° C  
after 12 3 4 5 
excision Control Ethylene Ethrel       Control Ethylene Ethrel       Control Ethylene Ethrel       Control Ethylene Ethrel       Control Ethylene Ethrel 

1 27.02 21.73 22.72 21.27 18.51 17.85 25.00 23.80 23.80 29.41 43.47 41.66 35.71 47.61 45.45 

2 33.33 27.77 31.25 30.30 27.77 27.02 33.33 33.33 32.25 35.71 62.50 52.63 50.00 76.92 66.66 

3 35.71 34.48 34.48 35.71 32.25 30.30 43.47 40.00 38.46 45.45 76.92 66.66 62.50 90.90 86.95 

4 38.46 37.03 38.46 41.66 40.00 38.46 47.61 43.47 45.45 52.63 86.95 80.00 68.96 95.23 94.78 

5 41.66 38.46 41.66 47.61 45.45 43.47 50.00 46.95 47.61 58.82 90.90 88.47 76.92 105.26 104.71 

6 45.45 43.47 45.45 48.78 47.61 47.61 50.26 50.26 50.26 62.50 92.36 91.45 83.33 117.64 117.64 

00 
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FIGURE 26. RATE OF ION LEAKAGE FROM ETHYLENE-TREATED, 
ETHREL-TREATED AND UNTREATED ANJOU PEARS 
DURING RIPENING AT 20* C. 
PICKED JULY 10, 1968. 
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DISCUSSION 

On the basis of the results obtained in these experiments,   ripen- 

ing of pears requires initiation or induction by ethylene but can occur 

independently of the climacteric rise in respiration.    Following induc- 

tion,   active ripening occurs as indicated by softening,   changes in pro- 

tein nitrogen,   and by increases in soluble pectin,   even though the 

climacteric fails to develop.     This has been demonstrated by the 

following experiments. 

Anjou pears initially treated with ethylene for 24 hours (experi- 

ment 19 68 A2) developed a sharp increase in respiratory activity 

which decreased upon discontinuation of treatment and remained at 

a low steady state thereafter until retreated.    The fruit,   however, 

softened to the fully-ripe condition and showed an increase in protein 

nitrogen and soluble pectin.    When again exposed to ethylene for 12 

hours,   the rate of respiration was stimulated but declined after re- 

moval from treatment.    Since it has been well documented that no 

effect on respiration from ethylene can be obtained in the post- 

climacteric stage,   the positive response obtained in this experi- 

ment clearly indicated that the fruit was still pre-climacteric,   even 

though full ripe.    Similar results were obtained when Anjou pears 

picked at a later stage of maturity were initially treated for 12 and 

18 hours (experiment 19 68 A3).     Both of these shorter treatments 
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initiated ripening but rate of respiration declined to a low steady level 

following the initial stimulation.     The fruits also responded similarly 

to treatment with Ethrel,   which   releases ethylene when absorbed by 

the tissues.     The Ethrel treated fruits behaved somewhat like 24-hour 

ethylene treated fruits in all experiments,   except a typical climacteric 

rise in respiration was developed along with the softening and increase 

in protein nitrogen and soluble pectin in experiment 19 68 A4.     This 

was probably due to the effect of the degree of maturity,  because the 

fruits used in experiment 19 68 A4 were-harvested at the fully mature 

stage.     The mature fruit is physiologically ready to initiate the ripen- 

ing process and the concentration of ethylene required to stimulate 

the climacteric rise is not as high as immature fruits. 

The length of initial ethylene treatment required for induction 

of the ripening mechanism decreased with increase in degree of fruit 

maturity.     Thus,   24 hours was required for fruit picked at 61 and 73 

percent of full maturity while fruit which had attained 82 percent of 

maturity ripened after a 12-hour treatment.     The typical climacteric 

rise in respiration failed to develop in all of these experiments but 

proceeded to the maximum in fruit receiving 48-hour or continuous 

treatments.    These results indicate that the mechanisms involved 

in ripening and respiration respond differentially to ethylene treat- 

ment.    The enzyme system,   the ability of ethylene production and 

other factors necessary for the ripening of the fruits apparently are 
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gradually built up during the maturation process.    Hansen (46) found 

that ethylene does not initiate the ripening process unless the fruit is 

physiologically mature.     The length of treatment required to induce 

ripening of Bosc pears decreased with increase in fruit maturity. 

Separation of the climacteric from ripening,   however,   cannot 

always be readily demonstrated.    In fully mature Anjou pears treated 

with Ethrel,   the climacteric developed together with ripening.    Matur- 

ation probably involves an increase in ethylene producing capacity as 

well as in the development of the ripening mechanism.    Also,   in 

cultivars such as Bartlett,   with inherently higher rates of respira- 

tion and ethylene production than Anjou,  development of the climac- 

teric would be difficult to control during ripening.     Frenkel,   Klein 

and Dilley (39) however    have shown that when ripening was inhibited 

by cycloheximide,   respiration was unaffected.     The association of 

the climacteric with ripening in the past by other investigators prob- 

ably was due to the fact that mature fruit was used.    Also,   Biale's 

Reparation of various kinds of fruits into climacteric and non- 

climacteric types,   on the basis of these experiments,   no longer 

appears to be valid.    Anjou pears,  for example,   can be classified 

in either category,   depending upon maturity and length of exposure 

to ethylene. 

Ripening of a fruit is always accompanied by softening.     This 

decrease in tissue firmness is  considered to be related to the 
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conversion of protopectin to soluble pectin (34).    The chemistry of 

this substance is not fully elucidated,  but it is known that the basic 

structure is a chain of galacturonic acid units combined through 

glycosidic linkages. 

The results of the pectin studies during ripening in Anjou pears 

agree with those of Carre (26, 34) who observed that in the early 

stages there was no soluble pectin in apple fruits but during ripen- 

ing the content increased,   the maximum amount being reached when 

the fruit was fully ripe.    Later there was a steady decline.    Biale 

(11) suggested that the hydrolysis of methyl groups may be brought 

about by pectase or pectin methyl esterase,   and soluble pectin may 

be broken down to galacturonic acid by pectinase or polygalacturon- 

ase.     This might account for the decrease in soluble pectin when the 

fruit is overripe. 

Anjou pears treated with ethylene for 24 hours,   48 hours and 

continuously or with Ethrel showed an increase in protein nitrogen 

during ripening at 20 " C (Figures 5 and 9).     This increase in protein 

actually includes the enzyme required for ripening,   according to the 

evidences provided by Frenkel,   Klein,   and Dilley (39) and Rhodes and 

Wooltorton (100).    Some of the enzymes which must be present during 

the ripening of fruit have a hydrolytic function (100).    Among these 

are the enzymes involved in the degradation of chlorophyll,   starch 

and pectic  substances. 
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The changes observed in the chlorophyllase activity in Bartlett 

pears appear to support the suggestion that chlorophyllase has an 

essential role in the decomposition of chlorophyll (90).    Some workers 

(29) reported that chlorophyllase has a biosynthetic role for chloro- 

phyll.    It is possible,   as suggested-by Looney (75),   that there are 

actually two enzymes,   with similar physical properties present in 

the chloroplast,   one involved with the decomposition of chlorophyll 

and the other with the synthesis.    However,   this possibility has not 

been investigated. 

Permeability is one of the currently active theories advanced 

to explain the climacteric.     The concept is based on the consideration 

that the changes in permeability alter the protoplasmic compartmen- 

talization,   resulting in contact between enzymes and substrates (106, 

10 7).     This has been demonstrated in banana (7) and avocado (8). 

However,   Hulme et al.   (60) measured the uptake of metabolites and 

found that changes in permeability in apple tissues appeared to be a 

selective process characteristic of substrates or groups of substrates. 

Burg (14) also considered that the data on fruit leakage often did not 

reflect changes in membrane permeability but rather the total solutes 

available for leakage,   especially sugar and malate,   which increased 

during the climacteric.     The results of the present studies with pears 

likewise do not support the permeability theory.    While ethylene 

treatment of both Anjou and Bartlett pears did result in permeability 
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changes,   these were detectable only after ripening had been initiated. 

Changes in leakage in pears,   therefore,   appear more likely to be a 

result rather than the cause of the ripening process. 



93 

BIBLIOGRAPHY 

1. Abeles,   F.   B.  and H.   E.   Gahagan III.    Abscission:    The role 
of ethylene,   ethylene analogues carbon dioxide and oxygen. 
Plant Physiology 43:1255-1258.     1968. 

2. Abeles,   F.   B.   and R.   E.   Holm.    Enhancement of RNA synthe- 
sis,   protein synthesis,   and abscission by ethylene.    Plant 
Physiology 41:1337-1342.    1966. 

3. Appleman,   C.   O.  and C.  M.   Conrad.    Pectic constituents of 
peaches and their relation to softening of the fruit.     College 
Park,   1926.    8 p.    (Maryland.    Agricultural Experiment Sta- 
tion.     Bulletin no.   283) 

4. Bain, J. M. and F. V. Mercer. Organization resistance and 
the respiration climacteric. Australian Journal of Biological 
Sciences 17:78-85.    1964. 

5. Barker,   J.    Studies in the respiratory and carbohydrate meta- 
bolism of plant tissues.    XXIII.    The mechanism of the "climac- 
teric" rise in respiration in apples.    New Phytologist 67:213- 
217.    1968. 

6. Barker, J. and T. Solomes. Mechanism of the "climacteric" 
rise in respiration in banana fruits.    Nature 196:189.     19 62. 

7. Baur,   J.   R.  and M.   Workman.    Relationship between cell per- 
meability and respiration in ripening banana fruit tissue.    Plant 
Physiology 395540-543.    1964. 

8. Ben-Yehoshua,   S.    Respiration and ripening of fruit disks of 
the avocado fruit.    Physiologia Plantarum 17:71-80.     1964. 

9. Biale,   J.   B.    Respiration of fruits.    In:   Encyclopedia of plant 
physiology,   ed.   by W.   Ruhland.    Vol.   12.    part II.     Berlin, 
Springer,    p.  536-592.    I960. 

10. Biale, J. B. The postharvest biocheraistry of tropical and 
subtropical fruits. Advances in Food Research 10:293-354. 
I960. 



94 

11. Biale,   J.   B.    Growth,   maturation,   and senescence in fruits. 
Science 146:880-888.    1964. 

12. Biale,   J.   B.   and R.. E.   Young.     The biochemistry of fruit 
maturation.    Endeavour 21:1 64.-1 74.     19 62. 

13. Biale,   J.   B. ,   R.   E.   Young and A.   Olmstead.    Fruit respira- 
tion and ethylene production.    Plant Physiology 29:168-174. 
1954. 

14. Burg,   S.  P.    Ethylene,   plant senescence and abscission.     Plant 
Physiology 43:1.503-1511.     1968. ... 

15. Burg,   S,   P.     The physiology of ethylene formation.    Annual Re- 
view of Plant Physiology 13:265-302.     1962. 

16. Burg, S. P. and E. A. Burg. Auxin-induced ethylene forma- 
tion: Its relation to flowering in pineapple. Science 152:1269. 
1966. 

17. Burg,   S.   P.  and E.  A.   Burg.    Biosynthesis of ethylene.    Nature 
203:869-870.    1964. 

18. Burg,   S.   P.   and E.  A.   Burg.    Ethylene action and the ripening 
of fruits.    Science 148:1190-1196.     1965. 

19. Burg,   S.   P.  and E.  A.   Burg,    Inhibition of polar auxin trans- 
port.    Plant Physiology 42:1224-1228.     1967. 

20. Burg, S. P. and E. A. Burg. The interaction between auxin 
and ethylene and its role in plant growth. Proceedings of the 
National Academy of Sciences 55:262-266.     19 66. 

21. Burg,   S.   P.  and E.  A.   Burg.    Molecular requirements for the 
biological activity of ethylene.    Plant Physiology 42:144-152. 
1967. 

22. Burg,   S.   P.   and E.  A.   Burg.    Role of ethylene in fruit ripen- 
ing.    Plant Physiology 3 7:179-189.    1962. 

23. Burg,   S.   P.,   E.   A.   Burg and R.   Marks.     Relationship of solute 
leakage to solution tonicity in fruits and other plant tissues. 
Plant Physiology 39:185-195.    1964. 



95 

24. Burg,   S.   P.   and M.   J.   Dijkman.    Ethylene and auxin participa- 
tion in pollen induced fading of Vanda orchid blossoms.    Plant 
Physiology 42s 1648-1650.    1967. 

25. Carre',   M.   N.     Chemical studies in the physiology of apples. 
IV.    Investigation on the pectic constituents of apples.    Annals 
of Botany 39:811-839.     1925. 

26. Carre1,   M.  N.    An investigation of the changes which occur in 
the pectic constituents of stored fruit.    Biochemical Journal 
16:704-712.     1922. 

2 7.       Carre',  M.   N.   and D.   Haynes.     The estimation of pectin as 
calcium pectate and the application of this method to the deter- 
mination of soluble pectin in apples.     Biochemical Journal 16: 
60-69.     1922. 

28. Chadwick,   A.   V.   and S.   P.   Burg.    An explanation of the inhibi- 
tion of root growth caused by auxin.    Plant Physiology 42:415- 
420.     1967. 

29. Chiba,   Y.,   I.  Aiga,   M.   Idemori,   Y.   Satoh,   K.  Matsushita and 
T.   Sasa.    Studies on chlorophyllase of Chlorella protothecoides: 
Enzymatic phytylation of methyl chlorophyllide.    Plant Cell 
Physiology 8:623-635.    1967. 

30. Conrad,   C.  M.    A furfural yielding substance as a splitting 
product of protopectin during the ripening of fruits.    Plant 
Physiology 5:93-103.     1930. 

31. Date,   W.   B.   and E.   Hansen.    Pectin changes in pears during 
storage and ripening.     Proceedings of the Indian Academy of 
Sciences,   sec.   B,   39:171-178.    1954. 

32. Dilley,   D.   R. . Malic enzyme activity in apple fruit.    Nature 
196:387-388.    1962. 

33. Dostal,   H.   C.   and A.   C.   Leopold.    GA delays ripening of 
tomatoes.    Science 158:15 79..     19 67. 

34. Elwell,   W.   E.   (comp. ).     1939.    Pectin:   Its manufacture, 
properties and uses.    [Olympia,   Wash.] Belle Reeves,   1939. 
66 p. 



96 

35*       Emmert,   A.   M.    An investigation of the changes which take 
place in the chemical composition of pears stored at different 
temperatures,  with special reference to the pectic changes. 
Annals of Botany 43i269-305.     1929. 

36.       Esau,   P.,   M.   A.   Joslyn and L.   L.   Claypool.    Changes in water- 
soluble calcium and magnesium content of pear fruit tissue dur- 
ing maturation and ripening in relation to changes in pectic sub- 
stances.    Journal of Food Science 27;509-526.     1962. 

3 7.       Ezell,   B.   D.   and G.   Fisk.    Respiration and oxidase and catalase 
activity of apples in relation to maturity and storage.     Journal 
of Agricultural Research 65:453-471.     1942. 

38. Fidler, J. C. Naturally occurring volatile organic compounds. 
Ins Encyclopedia of plant physiology, ed. by W. Ruhland. Vol. 
12,   part II.     Berlin,   Springer,    p.   347-359.     I960. 

39. Frenkel,   C.,   I.   Klein and D.   R.   Dilley.    Protein synthesis in 
relation to ripening pome fruits.    Plant Physiology 43:1146- 
1153.    1968. 

40. Galliard,   T. ,   M.   J.   C.   Rhodes,   L.   S.   C.   Wooltorton and 
A.   C.   Hulme.    Metabolic changes in excised fruit tissue.    II. 
The development of a lipid synthesis system during the aging 
of peel disks from pre-climacteric apple.    Phytochemistry 7: 
1453-1464.     1968. 

41. Galliard,   T. ,   M.   J.   C.   Rhodes,   L,.   S.   C.   Wooltorton and 
A.   C.   Hulme.    Metabolic changes in excised fruit tissue.    III. 
The development ethylene biosynthesis during the ageing of disks 
of apple peel.    Phyto chemistry 7:1465-1470.     1968. 

42. Goeschl,   J.   D. ,   H.  K.   Pratt and B.   A.   Bonner.    An effect of 
light on the production of ethylene and the growth of the plumu- 
lar   portion of etiolated pea seedlings.    Plant Physiology 42: 
1077-1080.     1967. 

43. Goeschl,   J.  D. ,   L.   Rappaport and H.   K.   Pratt.    Ethylene as a 
factor regulating the growth of pea epicotyls subjected to physi- 
cal stress.    Plant Physiology 41:877-884.     1966. 

44. Haller,   M.   H.    Changes in the pectic constituents of apples in 
relation to softening.     Journal of Agricultural Research 39: 
739-746.     1929. 



97 

45. Hansen, E. Effect of ethylene on certain chemical changes 
associated with the ripening of pears. Plant Physiology 14: 
145-161.     1939. 

46. Hansen,   E.    Ethylene-stimulated metabolism of immature 
"Bartlett" pears.    Proceedings of the American Society for 
Horticultural Science 91:863-867.    19 67. 

47. Hansen,   E.    Quantitative study of ethylene production in rela- 
tion to respiration of pears.    Botanical Gazette 103:543-558. 
1942. 

48. Hansen,   E.    Postharvest physiology of fruits.    Annual Review 
of Plant Physiology 17:459-480.     1966. 

49. Hansen,   E.    Relation of ethylene production to respiration and 
ripening of premature pears.    Proceedings of the American 
Society for Horticultural Science 43:69-72.     1943. 

50. Hansen,   E.   and G.   D.   Blanpied.    Ethylene induced ripening of 
pears in relation to maturity and length of treatment.    Proceed- 
ings of the American Society for Horticultural Science 93:807- 
812.     1968. 

51. Hatch,   M.   D. ,   J.  A.   Pearson,   A.  Millerd and R.   N.   Robertson. 
Oxidation of Krebs cycle acids by tissue slices and cytoplasmic 
particles from apple fruit.    Australian Journal of Biological 
Sciences 12:167-174..    1959. 

52. Holden,   M.     The breakdown of chlorophyll by chlorophyllase. 
Biochemical Journal 78:359-364.    19 61. 

53. Holm,   R.   E.. and F.   B.   Abeles.    Abscission:    The role of RNA 
synthesis.    Plant Physiology 42:1 094-1102.     1967. 

54. Holm,   R.   E.   and F.   B.   Abeles.     The role of ethylene in 2-4-D- 
induced growth inhibition.    Planta 78:293-304.     1968. 

55. Hulme,   A.   C.    The relation between the rate of respiration of 
an apple fruit and its content of protein.    II.    The value of the 
relation immediately after picking and at the respiration climac- 
teric for several varieties of apples.    Journal of Horticultural 
Science 29:98-103.    1954. 



98 

5 6.       Hulme,   A.   C.    Some aspects of the biochemistry of apple and 
pear fruits.    Advances in Food Research 8:297-413.     1958. 

5 7.      Hulme,   A.   C.    Studies in the nitrogen metabolism of the apple 
fruit during the normal and ethylene induced climacteric rise 
in respiration.    Biochemical Journal 43:343-349.     1948. 

58. Hulme,   A.   C.    Studies in the nitrogen metabolism of apple 
fruits.     The climacteric rise in respiration in relation to the 
equilibrium between protein synthesis and breakdown.     Jour- 
nal of Experimental Botany 5:159-172,     19 54. 

59. Hulme, A. C, J. D. Jones and L. S. C. Wooltorton. The 
respiration climacteric in apple fruits. Proceedings of the 
Royal Society of London,   ser.   B,   158:514-535.     1963. 

60. Hulme,   A.   C. ,   M.   J.   C.   Rhodes,   T.   Galliard and L.   S.   C. 
Wooltorton.    Metabolic changes in excised fruit tissue.    IV. 
Changes occurring in disks of apple peel during the develop- 
ment of the respiration climacteric.    Plant Physiology 43:1154- 
1161.    1968. 

61. Hulme,   A.   C.   and L.   S.   C.  Wooltorton.    Separation of the 
enzymes present in the mitochondrial fraction from apple peel. 
Nature 196:388-389.    1962. 

62. Jones,   J.   D. ,   A.   C.   Hulme and L.   S.   C.   Wooltorton.     The 
respiration climacteric in apple fruits.     Biochemical changes 
during the development of the climacteric in fruit detached 
from the tree.    New Phytologist 64:158-167.     19 65. 

63. Joslyn,   M.   A.     The chemistry of protopectin:   A critical review 
of historical data and recent development.    Advances in Food 
Research 11:1-107.    1962. 

64. Joslyn,   M.   A.   and A.   Sedky.     The relative rates of destruction 
of pectin in macerates of various citrus fruits.    Plant Physi- 
ology 15:675-687.     1940. 

65. Kang,   B.   G. ,   C.   S.   Yocum,   S.   P.   Burg and P.  M.   Ray. 
Ethylene and carbon dioxide:   Mediation of hypocotyl hook- 
opening response.    Science 156:958-959.    1967. 

66. Kertesz,   Z.   I.     The pectin substances.     New York.    Inter- 
science.     628 p.     1951. 



99 

67. Kidd,   F.  and C.   West.    The course of respiratory activity 
throughout the life of an apple.    In:    Report of the Food Inves- 
tigation Board for the Year 1924.    Great Britain.    Dept.  of 
Scientific and Industrial Research,   1925.    p.   2 7-34. 

68. Kidd,   F.   and C.  West.    Physiology of fruit.    Proceedings of 
the Royal Society of London,   ser.   B,   106:93-109.     1930. 

69. Kidd,   F.   and C.   West.     Respiratory activity and duration of 
life of apples gathered at different stages of development and 
subsequently maintained at a constant temperature.    Plant 
Physiology 20:467-504.     1945. 

70. Ku,   H.   S.   and H.   K.  Pratt.    Active mitochondria do not pro- 
duce ethylene.    Plant Physiology 43:999-1001.     1968. 

71. Lance,   C. ,   G.   E.   Hobson,   R.   E.   Young and J.   B.   Biale. 
Metabolic processes in cytoplasmic particles of the avocado 
fruit.    IX.     The oxidation of pyruvate and malate during the 
climacteric cycle.     Plant Physiology 42:471 -478.     1967. 

72. Li,   P.   H.  and E. -Hansen.    Effects of modified atmosphere 
storage on organic acid and protein metabolism of pears. 

^Proceedings; of the American Society for Horticultural Sci- 
ence 85:100-111.    1964. 

73. Lieberman,   M.   and A.   T.   Kunishi.    Propanal may be a pre- 
cursor of ethylene in metabolism.    Science 158:938.     1967. 

74. Lieberman,   M. ,   A.   T.   Kunishi,   L.   W.  Mapson and D.  A. 
Wardale.    Stimulation of ethylene production in apple tissue 
slices by methionine.     Plant Physiology 41:376-382.     1966. 

75. Looney,   N.   E.    Some biochemical and physiological aspects 
of maturation and ripening in climacteric fruits.    Ph.D.   thesis. 
Pullman,   Washington State University,   1966.     106 numb,   leaves. 

76. Looney,   N.  E.  and M.   E.   Patterson.    Changes in total ribo- 
nucleic acid during the climacteric phase in yellow transparent 
apples.    Phytochemistry 6:1517-1520.     19 67. 

77. Looney,   N.  E.  and M.  E.  Patterson.    Chlorophyllase activity 
in apples and bananas during the climacteric phase.    Nature 
214:1245-1246.     1967. 



100 

78. Lyons,   J.  M. ,   W.   B.  McGlasson and H.   K.  Pratt.    Ethylene 
production,   respiration and internal gas concentrations in 
cantaloupe fruits at various stages of maturity.    Plant Physi- 
ology 37:31-36.     1962. 

79. Lyons,   J.  M.  and H.  K.   Pratt.    An effect of ethylene on swel- 
ling of isolated mitochondria.    Archives of Biochemistry and 
Biophysics 104:318-324.     19 64. 

80. Lyons,   H.   M.   and H.   K.   Pratt.    Effect of stage of maturity 
and ethylene treatment on respiration and ripening of tomato 
fruits.    Proceedings of the American Society for Horticultural 
Science 84:491-500.    19 64. 

81. McCready, R., M. and E. A. McComb. Pectic constituents in 
ripe and unripe fruit.     Food Research 19:530-535.     1954. 

82. Mapson, L. W. and D. A. Wardale. Biosynthesis of ethylene: 
Enzymes involved in its formation from methional. Biochem- 
ical Journal 107:433-442.    1968. 

83. Marks,   J.   P.,   R.   Bernlohr and J.   E.  Varner.    Esterification 
of phosphate in ripening fruit.    Plant Physiology 32:259-262. 
1957. 

84. Meheriuk,   M.   and M.   Spencer.    Effects of nitrogen and of 
respiratory inhibitors on ethylene production by a sub-cellular 
fraction from tomatoes.    Nature 204:43-45.    1964. 

85. Meigh,   D.   F.,   K.   H.   Norris,   C.   C.   Crait and M.   Lieberman. 
Ethylene production by tomato and apple fruits.    Nature 186: 
902-903.     I960. 

86. Millerd,   A.,   J.   Bonner and J.   B.   Biale.    The climacteric rise 
in fruit respiration as controlled by phosphorylative coupling. 
Plant Physiology 28:521-531.     1953. 

87. Morgan,   P.  W.   and H.   W.   Gausman.    Effects of ethylene on 
auxin transport.    Plant Physiology 41:45-52.     1966. 

88. Murneek,   A.   E.   and P.   H.   Heinze.    Speed and accuracy in 
determination of total nitrogen.    Columbia,   193 7.    8 p. 
(Missouri.    Agricultural Experiment Station.    Missouri 
Research Bulletin 261) 



101 

89. Neal,   G.  E.  and A.   C.   Hulme.    The organic acid metabolism 
of Bramley's seedling apple peel.    Journal of Experimental 
Botany 9:142-157.    L958. 

90. Noack,   K.    Uber den biologischen abbau des chlorophylls. 
Biochemische Zeitschrift 31 6:1 66- 187.    1943. 

91. Ogura,   N.   and A.   Takamiya.    Studies on chlorophyllase of 
tea leaves.    The Botanical Magazine (Tokyo) 79:588-594. 
1966. 

92. Olson,   A.   O.  and M.   Spencer.    Studies on the mechanism of 
action of ethylene.    I.    The effects of ethylene on mitochondria 
prepared from bean cotyledons.    Canadian Journal of Biochem- 
istry 46:277-282.    1968.     _ 

93. Olson,   A.   O.   and M.   Spencer.    Studies on the mechanism of 
action of ethylene.    II.    Effects of ethylene on mitochondria 
from rat liver and yeast and on mitochondrial adenosine tri- 
phosphatase.    Canadian Journal of Biochemistry 46:283-288. 
1968. 

94. Pearson, J. A. and R. N. Robertson. The physiology of growth 
in apple frmts. VI. The control of respiration rate and synthe- 
sis.    Australian Journal of Biological Sciences 7:1-17.     1954. 

95. Porritt,   S.   W.     The role of ethylene in fruit storage.    Scien- 
tific Agriculture 31:99-112.    1951. 

9 6. Ram Chandra, G. and M. Spencer. Ethylene production by 
sub-cellular particles from tomatoes. Nature 194:361-364. 
1962. 

97. Ram Chandra,   G. ,   M.   Spencer and M.  Meheriuk.    Evolution 
of ethylene by sub-cellular particles from tomatoes as influ- 
enced by components of the system.    Nature 199:767-769. 
1963. 

98. Reeves,   R.  M.    Histological and histochemical changes in 
developing and ripening peaches.    II.     The cell walls and pec- 
tins.    American Journal of Botany 46:241-248.     1959. 

99. Rhodes,   M.   J.   C.,   T.   Galliard,   L.  S.   C.   Wooltorton and A.   C. 
Hulme.     The development of a malate decarboxylation system 
during the aging of apple peel disks.     Phytochemistry 7:405-408. 
1968. 



102 

100. Rhodes, .M.   J.   C.   and L.   S.   C.   Wooltorton.     The respiration 
climacteric in apple fruits.    Phytochemistry 6:1-12.     1967. 

101. Rhodes,   M.   J.   C.,   L.   S.   C.   Wooltorton,   T.   Galliard and A.   C. 
Hulme.    Metabolic changes in excised fruit tissue.    I.    Factors 
affecting the development of a malate decarboxylation system 
during the aging of disks of pre-climacteric apples.    Phyto- 
chemistry 1% 1439 -1451.    1968. 

102. Richmond,   A.   and J.   B.   Biale.    Protein and nucleic acid meta- 
bolism in fruits.    II.    RNA synthesis during the respiratory rise 
in avocado.    Biochimica et Biophysica Acta 138;625-627.     19 67. 

103. Richmond,   A.   and J.   B.   Biale.    Protein synthesis in avocado 
fruit tissue.    Archives of Biochemistry and Biophysics 115: 
211-214.    1966. 

104. Romani,   R.   J.  and J.   B.   Biale.    Metabolic processes in cyto- 
plasmic particles of the avocado fruit.    VI.    Ripening and the 
supernatant factor.   Plant Physiology 32:662-668.    1957. 

105. Rowan,   K.  S.,   H.  K.   Pratt and R.   N.   Robertson.     The relation- 
ship of high-energy phosphate content,  protein synthesis and the 
climacteric rise in the respiration of ripening avocado and to- 
mato fruits.    Australian Journal of Biological Sciences 11:329- 
335.     1959. 

10 6. Sacher, J. A. Permeability characteristics and amino acid 
incorporation during senescence (ripening) of banana tissue. 
Plant Physiology 41:701-708.     19 66. 

107. Sacher,   J,  A.     Relations between changes in membrane perme- 
ability and the climacteric in banana and avocado.    Nature 195: 
577-578.    1962. 

108. Shimokawa,   K.   and Z.   Kasai.    Ethylene formation from pyruv- 
ate by sub-cellular particles of apple tissue.    Plant and Cell 
Physiology (Tokyo) 8:227-230.     1967. 

109. Spencer,   M.     Production of ethylene by mitochondria from 
tomatoes.    Nature 184:1231-1232.     1959. 

110. Tager,   J.  M.  and J.   B.   Biale.    Carboxylase and aldolase activ- 
ity in the ripening banana.     Physiologia Plantarum 10:79-85. 
1957. 



103 

111. Von Abrams,   G.   J.  and H.  K.   Pratt.    Effect of ethylene on the 
permeability of excised cantaloupe fruit tissue.    Plant Physi- 
ology 42:299-301.     1967. 

112. Wang,   C.   H.,   A.  Persyn and J.   Krackov.    Role of the Krebs 
cycle in ethylene biosynthesis.    Nature 195:1306-1308.     1962. 

113. Weurman,   C.  Pectin conversions and pectic enzymes in pears 
of the Doyenne Boussoch variety.    Utrecht,   1952.    p.   1-74. 
(Centraal Instituut voor Voedingsonderzoek T.  N.   O.  Publi- 
catie no.   147) 

114. Weurman,   C.    Pectase in Doyenne Roussoch pears and changes 
in the quantity of the enzyme during development.    Acta Botan- 
ica Neerlandica 3:100-107.    1954. 

115. Willstatter,   R.  and A.   Stoll.    Untersuchungen uber Chloro- 
phyll.    XI.    Uber Chlorophyllase.    Justus Liebig's Annalen 
der Chemie 378:18-72.    1910.    Cited in:   Investigation on chlor- 
ophyll,   tr.  by F.. M.   Schertz and A.   R.. Merz.    Lancaster,   Pa., 
Science Press,   1928. 

116. Wooltorton,   L.  S.   C ,   J.  D.   Jones and A.   C.   Hulme.    Genesis 
of ethylene in apples.    Nature 207:999-1000.     19 65. 

117. Yang,   S.   F.    Ethylene formation from methional by horseradish 
peroxidase.    Archives of Biochemistry and Biophysics 122:481- 
487.     1967. 

118. Young,   R.   E.    Extraction of enzymes from tannin-bearing tis- 
sue.    Archives of Biochemistry and Biophysics 111:174-180. 
1965. 

119. Young,   R.   E.  and J.   B.   Biale.    Phosphorylation in avocado 
fruit slices in relation to the respiratory climacteric.    Plant 
Physiology 42:1357-1362.     1967. 


