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The major phenolics of 'd' Anjou' pear (Pyrus communis L.) 

tissues were chlorogenic acid and arbutin. Chlorogenic acid 

inhibited mycelial growth and spore germination of Penici"! lium 

expansum and mycelial growth of Mucor piriformis. Slight increases 

in radial growth and spore germination of Botrytis cinerea occurred 

on chlorogenic acid media. Chlorogenic acid had no effect on M. 

piriformis spore germination. Arbutin inhibited spore germination 

of P. expansum, and inhibited both mycelial growth and spore 

germination of M^ piriformis and B^ cinerea. The effect of arbutin 

on radial growth of P. expansum was not significant. 

Decay susceptibility of 'd' Anjou pear fruit increased as fruit 

approached maturity. Ethanol extracts from the fruit increased 

radial growth of the fungi, but had no effect on spore germination. 

Fruit firmness and polygalacturonase inhibitor activity correlated 

significantly with percent decay.   The relationship between 
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phenolics and fruit decay was not significant. The location of 

fruits on the trees had no effect on decay, firmness, fungal radial 

growth, fungal spore germination, polygalacturonase inhibitor 

activity and amount of phenolics. 

Late maturing 'd' Anjou' pear fruits were more susceptible to 

storage decay than the pre- and optimum mature fruits. Immature 

fruit was firmer than optimum and late mature fruit at harvest and 

throughout the storage period. Extractable juice (EJ) of unripened 

fruit was maintained at a constant level throughout the storage 

period. EJ of ripened fruit declined substantially, but gradually 

increased after late sampling period. Soluble solids (SS) varied 

among different harvest groups and during the storage period. 

Fruits increased SS upon ripening. Immature fruits had higher 

titrable acids (TA) than optimum and late mature fruit. TA 

decreased during the storage period and also upon fruit ripening. 

Superficial scald developed on the ripened fruit in December, 1982 

and increased thereafter. Immature fruits showed higher incidence 

of scald development than the optimum and late mature fruit in 

December, but all fruits developed scald symptoms after February, 

1983. Optimum mature and late mature fruit developed acceptable 

flesh texture, juiciness, and flavor upon ripening until February, 

1983. Immature fruit was incapable of developing an acceptable 

flavor upon ripening throughout the sampling period. 
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Endogenous Factors  Influencing Decay  Susceptibility 
and Quality  of   'd'  Anjou'   Pear  (Pyrus  communis L.) 

Fruits During Maturation and Storage 

Chapter  1 * 

Introduction 

Postharvest diseases cause substantial loss in fruits and vege- 

tables during storage and transportation (137, 170). Losses of 

certain shipment lots were common a few years ago and we will 

continue to see deterioration of perishable commodities (170). The 

fact is that many postharvest decay problems are initiated as field 

problems, such as mechanical injury. These problems are currently 

worldwide concerns because they contribute heavily to the shortage 

of food. 

Plant chemical compounds such as phenolics, carbohydrates, 

enzymes and enzyme inhibitors play varying roles in the resistance 

to postharvest diseases (34, 133, 170). The effect of maturity or 

ripeness stage on the resistance of fruits to postharvest pathogens 

and postharvest life of fruits has long been recognized by growers 

and scientists   (40). 

Crude extracts of phenolic mixtures from apples inhibited the 

sporulation and, to a lesser extent, the growth of Venturia 

inaqualis and Vj_ pirina which cause scab of apple and pear, 

respectively (68). Phenolic extracts from maturing Red Delicious 

apple tissues containing p - coumaryl - quinic acids and chlorogenic 

acid were shown to be inhibitory to the germination of Botrytis 

cinerea spores and the mycelial growth of B. cinerea, Penici1lium 



expansum and Alternaria sp. (133). Polyphenols, as oxidized forms, 

are most effective in inactivating the pectolytic enzymes of 

Sclerotinia fructigena. The oxidation products presumably act to 

precipitate proteins (34). Proteinaceous pectolytic enzyme 

inhibitors have been purified and show activity against polygalac- 

turonase and pectin methyl esterase from cultures of B^ cinerea and 

Dothiorella   gregaria   (2). 

The purposes of the present studies are to determine which 

major phenolics were present in 'd' Anjou' pear peel tissues and to 

quantify their changes during storage by high pressure liquid 

chromatography; to determine the relationship of phenolics, poly- 

galacturonase inhibitor and firmness to 'd' Anjou' pear fruit decay 

resistance; effect of ethanol extract of 'd' Anjou' pear tissues on 

growth and germination of fungi Botrytis cinerea, Penicillium 

expansum, and Mucor piriformis; the effect of location of fruit on 

the tree on decay resistance and amount of phenolics and PG 

inhibitor during the 6 weeks before harvest. I also intend to 

determine the effect of fruit maturity on storage decay, and post- 

harvest life of 'd' Anjou' pear fruits during several months 

storage. 



Chapter 2 

Literature Review 

Postharvest diseases of plant products are those that develop 

during harvesting, grading, packing and transportation of the crop 

to market, during its storage at shipping points, or at the market 

(4, 84). The diseases are often an extension of disease occurring 

in the field or orchard (4, 137, 170). All types of plant produce 

are susceptible to postharvest diseases (4). Postharvest losses are 

much higher (typically 12% to 23%) for highly perishable fresh 

fruits and vegetables than for cereals and other field crops 

(typically 5%) (84). Losses of fresh fruits, vegetables and flowers 

to postharvest diseases are usually direct, resulting in reduced 

quality, quantity or both of the affected product (4). Some 

organisms can produce toxic substances known as mycotoxins in stored 

products (4, 169). Some mycotoxins caused by common and widespread 

fungi such as Aspergillus, Penicillium, Fusarium and Stachyobotrys 

result in severe illness and death (44). 

The world food shortage accentuates the need for reducing 

postharvest losses and developing improved systems for transporting 

and distributing food to areas where such shortages exist (72). 

Postharvest diseases often are greater in exports than domestic 

shipments because of the long transit periods and increased 

handling, as well as warmer transit temperatures (84, 170). 

Economic losses caused by postharvest diseases are heavier than is 

generally realized because fresh fruits and vegetables increase 



several fold in unit value while passing from the field to the 

consumer (60). 

A substantial reduction in the postharvest wastage of food 

would greatly alleviate concerns over food availability and as a 

result, reduce the demand for new sources of energy (64). Reducing 

postharvest losses would thereby supply the public with an increased 

quantity of the highest quality fruits and vegetables on the fresh 

market as well as for processing. Horticultural crops are an 

important, as well as relatively inexpensive, source of vitamins, 

fiber, and appetite stimulation. In the United States, the consumer 

is not worried at this time about a food shortage. However, in 

developing countries, there is great concern about this problem. 

Disease Resistance 

Disease resistance is the ability of a plant to prevent, 

restrict or retard disease development and occurs at high, moderate 

or low levels (20). In general, plants defend themselves against 

pathogens, either by means of structural characteristics that act as 

physical barriers and inhibit the pathogen from gaining entrance and 

spreading throughout the plant, or by means of biochemical reactions 

that take place in the cells and tissues of the plant and produce 

substances that are toxic to the pathogen or create conditions that 

inhibit the growth of the pathogen in the plant (4). In contrast, 

virulence is the ability of an infectious agent to overcome 

resistance (20). 



Structural Defense 

The first line of defense of plants against pathogens is their 

surface which the pathogen must penetrate if it is to cause 

infection (4). Almost all plants contain an epidermis covered with 

a waxy cuticle. Cuticle thickness may increase resistance to infec- 

tion. The cuticle may act as a chemical and physical barrier to the 

penetration of fungi into the plant parts. Certain components of 

wax and cutin also inhibit germination of certain pathogens (197). 

Most plants have lignin in secondary walls which is a major 

constituent of vascular tissues (63, 102). It is resistant to 

degradation and thus represents an extremely important protective 

component of cell walls. Recent evidence clearly shows that ligni- 

fication protects cell walls and papillae from digestion by fungal 

enzymes. Lignified papillae and cell wall "halves" from wheat are 

highly resistant to degradation by mixed enzymes from fungal species 

(150). 

The death of the invaded cell may protect the plant from 

further invasion, and this is called necrotic or hypersensitive 

defense reaction (51, 74). Infection of plant tissues by pathogens 

frequently induces formation of several layers of cork cells beyond 

the point of infection. The cork layers not only inhibit the 

further invasion by the pathogen beyond the initial lesion, but also 

block the spread of toxic substances (4). 

As fungi begin to penetrate the cell wall, either with 

infectious hyphae or haustoria, the resistant host responds by 

synthesizing new carbohydrates, particularly callose and cellulose, 



which are added to the inside of the cell wall just outside the 

plasmalemma (20). These appositions may continue even after the 

fungus penetrates the original wall, until they become dome shaped 

or  elongated.     The  formations are  called papillae  (6). 

Vascular gels that coat the wall and fill the lumina of 

infected vessels have been found in numerous plant species infected 

with fungi (19, 187). Tyloses form in xylem vessels of most plants 

under various conditions of stress and during invasion by most of 

the vascular pathogens. Tyloses are formed by the protrusion of the 

cell wall by paravascular cells through pits into the xylem vessels 

(4,   20).     Tyloses  block  the  further  advance  of   the  pathogen  (4). 

Biochemical Defense 

The biochemical resistance mechanism involves the production of 

fungitoxic chemicals by the host. The toxicants may be constitutive 

in  the  plant  or  induced  by  the  pathogen  (19,   20). 

Phenolic  compounds 

Phenolic compounds are second only to carbohydrates in 

abundance in higher plants. They display a great variety of 

structures such as simple phenolics (C/-) : catechol, and 

phloroglucinol, phenolic acids (Cg - C^) : benzoic acid, and proto- 

catechuic acid, phenyl acetic acid (C^ - Co), cinnamic acid and 

related compounds (Cu - Co) : ferulic acid and caffeic acid, and 

flavonoids, and flavones (C,r) : anthocyanin and naringinin (79). 

The complex polymeric materials, such as lignin and tannin are the 

most  abundant  and widely distributed  phenolic  polymers  found in 



higher plants (192). They possess in common an aromatic ring 

bearing one or more hydroxyl groups on the aromatic ring (144). 

Phenolic substances tend to be water soluble, since they most 

frequently occur combined with sugar as glycosides, and they are 

usually located in the cell vacuoles (79, 143). 

The shikimic acid pathway involves the initial condensation of 

phospho-enolpyruvic acid from the glycolytic pathway with erythrose- 

4-phosphate, an intermediate from the pentose phosphate pathway. A 

series of reactions leads to skikimic acid, which is then phosphory- 

lated and combines with a second molecule of phospho-enolpyruvate to 

yield prephenic acid via the recently discovered chorismic acid. 

Prephenic acid then loses C0? to form phenyl pyruvic acid or p- 

hydroxyphenol pyruvic acid which substantially undergoes transamina- 

tion to yield phenylalanine or tyrosine, respectively (38, 192). 

The deamination of L-pheny1-alamine is catalyzed by PAL (Phenyl- 

alanine amonia lyase) to yield trans-cinnamic acid and ammonia. 

There apparently are no cofactor requirements. Preparations from 

many plant sources also catalyze the deamination of L-tyrosine to 

trans-p-coumaric acid and ammonia, although always to a lesser 

extent. Tyrosine ammonia lyase (TAL) is sometimes considered to be 

a separate enzyme (38). 
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Functional Aspects of Phenolic Compounds in Plants 

1. The role of phenolics in host response to infection 

(34, 65, 106, 188). 

2. The role of phenolics in plant pigments (46, 190). 

3. The role of phenolics as plant growth inhibitors (112). 

4. The     role    of    phenolics    in    respiration    and 

photosynthesis   (111,   157) 

The role of phenolics in host response to infection 

It has been suggested by a number of workers that phenolic 

compounds in plant tissues are important in warding off or 

restricting the attack of pathogens (20, 65, 138, 176). Resistance 

of colored varieties of onion to Colletotrichum circinans is 

associated with the presence of water soluble toxic substances in 

the dry outer scales of the bulbs (190). The toxic substances are 

protocatechuic acid and catechol, present in dry outer scales of 

colored onions, but not present in the scales of the white varieties 

(45). Byrde (35) indicated that there is strong evidence to suggest 

that the resistance to brown rot of certain high tannin varieties of 

apples increases as a result of reduced activity of fungal 

macerating enzymes by oxidized polyphenols produced by the fruit. 

The polyphenols are effective in inactivating the pectolytic enzymes 

of Sclerotinia fructigena. The oxidation products may be expected 

to have the ability to precipitate pectolytic enzymes of the fungus 

which are necessary for its pathogenicity (14). 

Chlorogenic acid has been shown to inhibit spore germination of 

Glomerel la perennans which causes bitter rot of stored apples. 



Apples containing higher chlorogenic acid levels in the peel were 

more resistant to G^ perennans. The total phenolic content of the 

healthy fruit was higher in the less susceptible cultivar of apple 

infected by Aspergillus niger (3). Anthocyanins, a group of 

compounds normally present in the peel of the apple variety Cox's 

Orange Pippin, also inhibit the germination of spores of G. 

perennans   (90). 

The young roots of potatoes resistant to Verticillium albo- 

atrum contain higher levels of chlorogenic acid than the susceptible 

varieties  (138). 

Several post-infectional chemical changes have been reported. 

The amount of a fluorescent phenol in the leaves and peels of apple 

infected by Venturia inaequalis and Podosphaera leucotricha was 

increased   following  infection   (14). 

Phytoalexins have been defined as antibiotics which are 

produced as a result of the interaction of two metabolic systems, 

host and parasite, and which inhibit the growth of microorganisms 

pathogenic  to  plants  (54,   165). 

The synthesis of phytoalexins in plant tissues can be 

stimulated by elicitors that are produced by plant pathogens (4, 20, 

29, 100). Many organic molecules are capable of inducing 

phytoxlexin formation. Eicosapentaenoic and arachidonic acids in 

extracts of Phytophthora infestans mycelium were identified as the 

most active elicitors of sesquiterpenoid phytoalexin accumulation in 

potato tuber slices (29, 87). These elicitors are associated with 

the   cell   wall   of   P.    infestans   (20,    29).      Kato   showed   that   it 



10 

appeared likely that lipid peroxidation played an important role in 

the hypersensitive reaction evoked by Cucumber Mosaic Virus 

infection (99). 

Phytoalexins produced after infection include a variety of 

natural compounds: isoflavonoids, flavonoids, dihydrophenanthrenes, 

stilbenes, coumarins, isocoumarins, terpenoids, furanoacetylenes, 

polyacetylenes and polyenes  (20,   93). 

The synthesis or accumulation of phytoalexins and other 

phenolics is not specifically induced by pathogens. Nonbiological 

stimulation of these compounds has also been reported (51, 53, 74). 

For example, chemical and mechanical injuries and other stresses are 

also able to induce accumulation of aromatic and phytoalexin-like 

compounds   in   plants   (74,   82). 

Phytoalexins are apparently synthesized in live cells, but cell 

necrosis follows very quickly, possibly within minutes (122). This 

reaction is called hypersensitivity in which a rapid necrosis of 

host cells in the vicinity of a pathogen limits its growth (74). 

The necrotic or hypersensitive type of defense is very common, 

particularly in diseases caused by obligate fungal parasites and by 

viruses and nematodes. The necrotic tissue isolates the obligate 

parasite from the living substances, on which it depends absolutely 

for its nutrition for growth and multiplication, and therefore, 

results  in its   starvation  and  death  (20). 

The accumulation of melanin and tannin-like substances 

resulting from enzymatic (polyphenoloxidase) oxidation of poly- 

phenols  has  been  considered   to  be  of  significance  in  the   limitation 
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in the spread of leaf lesions in some instances (51, 52). The 

intensity of melanin formation often is greatest in highly resistant 

plants, suggesting that melanins or their precursors contribute to 

resistance. Melanins in plants are formed principally from various 

ortho-dihydroxyphenolic compound (20). The enzymes polyphenol- 

oxidase (PPO) and peroxidase (P0) oxidize the colorless dihydroxy- 

phenols to give the colored ortho-quinones (124). Certain 

dihydroxyphenols are conjugated with each other or with glucose 

hydroxyl groups to form polydihydroxyphenolic oligomers and polymers 

called tannins. Phenolic residues in the originally colorless 

tannin molecule also may oxidize to quinone residues. The colored 

condensation products of quinones and tannins constitute the plant 

melanins. 

Phenolics, particularly their oxidation products, can be potent 

nonspecific enzymes inactivators or inhibitors (34, 158, 210). 

Hydroxyl groups of tannin molecules can form hydrogen bonds with 

carbonyl groups of protein amide linkages while quinone residues can 

form covalent bonds with any free amino group in lysine or other 

amino acid residues (95, 200). Quinones may also inhibit enzymes by 

complexing with metal ions which participate in catalysis, reaction 

with SH groups and production of H2O2 during oxidation of polyphen- 

olics (200). Many investigators suspect that phenolics have some 

toxicity to most microorganisms, presumably because they inactivate 

extracellular enzymes produced by these microorganisms (18, 83, 91). 

Phenolics are well known inhibitors of oxidative phosphorylation in 

the   respiratory   system  (113). 
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The flavonoid pigments appear to represent a dead-end of 

phenyIpropanoid metabolism and many possible roles have been 

suggested for them including the excretion of waste products and 

defense against invading pathogens, but the only function which 

seems at all certain is that of attracting agents of pollinating 

insects. Anthocyanins responsible for fruit color are of 

considerable economic importance in influencing consumer appeal and 

the preservation of fruit color creates considerable problems for 

food processors (47, 192). 

The phenolic acids form the best-known group of growth 

inhibitors among the secondary plant chemicals (108, 112). The 

three endogenous phenolics; p-coumaric acid, o-coumaric acid and 

ferulic acid, possess marked inhibitory properties that diminish 

with the progress of seed stratification (108). On the other hand, 

trans-cinnamic acid, gallic acid, ferulic acid, tannin, coumarin, 

chalcone, rutin, morin, quercetin and naringinin antagonize the 

action of ABA and remove the growth inhibition of Amaranthus 

caudatus hypocotyl (146). The inhibitory effects of phenolics on 

growth are commonly attributed to the enhancement of indoleacetic 

acid oxidase, but it is very probable that other actions such as an 

interference with oxidative phosphorylation are involved (144, 112). 

A group of quinones exists in chloroplasts, including a few of 

the vitamin K type and some plastoquinones which involves the 

electron transport system in light reaction. Cytochrome Q or 

Ubiquinone is involved in oxidative phosphorylation in the 

respiratory system (111, 157). 
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Lytic Enzymes 

Various plants produceQ-(l,3)-glucanase and chitinase (133). 

These enzymes digest fungal cell walls (1, 20). Exposure of plant 

tissues to ethylene stimulates de^ novo synthesis of these enzymes 

(1), indicating that the enzymes may play a role in postinfectional 

disease resistance. The activity offt-(l,3)-glucanase increases 

more rapidly and to higher levels in resistant muskmelons than it 

does in susceptible ones in response to Fusarium oxysporum (134). 

Plants also produce proteolytic enzymes that may inactivate viruses. 

Proteases that can degrade the potato virus x protein coat from 

either the N-terminus or the C-terminus have been shown in crude 

plant sap (181). However, the special relationship of the proteases 

and the virus in intact cells and the importance of proteases to 

resistance are unknown. Lysosomal enzymes such as acid phospho- 

monoesterase and RNase activities of infected plant cells was 

greater than of the healthy. The exact significance of such changes 

is not yet clear (35, 36). Increases in peroxidase and polyphenol 

oxidase was considered by Kosuge (106) to be responsible for disease 

resistance in sweet potatoes. The investigators suggest that when- 

ever these enzymatic changes occur sufficiently far in advance of 

penetration, the pathogen is unable to invade the tissue and 

conclude that these enzymatic changes represent a defense reaction 

of the plant (52). 

Fungal Enzymes 

Pectolytic enzymes are the group of enzymes that fungi produce 

to macerate plant tissues.  This group of enzymes include polygalac- 
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turonase (PG), pectin methyl esterase (PME), pectin methyl 

transeliminase (PMTE) and pectin lyase (7, 15, 16, 173). On the 

arrival of infecting hyphae of Sclerotinia fructigena, marked 

physiological and structural changes occur in the tissue. These 

include cell death, associated with loss of membrane semiperme- 

ability, and subsequent polyphenol oxidation leads to browning of 

the tissues (35,  48). 

Infection of plants by microbial pathogens usually involved 

degradation of the cell wall and middle lamella of plants (15). 

The enzymatic basis for these phenomenon as well as the ability of 

certain pathogens to produce enzymes that cause tissue maceration 

has been established (31). It is accepted that pectolytic enzymes 

are responsible for tissue maceration that is referred to as "decay" 

(15, 16, 17). The extent to which cell wall hydrolysis occurs is 

often distinguished as "soft" rot or "firm" rot in characterizing a 

fungal  pathogen. 

Fungal Enzyme  Inhibitors 

Numerous protein inhibitors of trypsin and chymotrypsin occur 

in legume seeds and potato tubers (20, 61, 73). Proteolytic enzyme 

inhibitors have been reported in beans, peas, sweet potatoes, 

tomatoes, eggplants, cereals, pineapples and groundnuts (206). It 

has been suggested that these inhibitors have developed as a defense 

mechanism against invasion by insects and microorgansims (149). 

Various proteinaceous inhibitors of virus infection have been 

reported (20, 168). These inhibitors prevent transfer of viruses 

from   plants    in   Chenapodiaceae    to   plants   of    the   Solanaceae   or 
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Leguminosae, but not to plants of the original species. The 

proteins apparently are basic glycoproteins. The observation 

suggests that these infection inhibitors may elicit a defense 

response, since foreign glycoproteins often act as defense elicitors 

(168). 

Pectinase inhibitors have been found in the sap of pear (204), 

avocado (147), beans, tomatoes and sycamore cells (67). A protein 

purified from Red Kidney bean can inhibit the endopolygalacturonases 

secreted by Colletotrichum lindemuthianum and Aspergillus niger 

(67). Proteins extracted from the cell walls of Red Kidney bean 

hypocotyls, tomato stem and suspension cultured sycamore cells can 

completely inhibit the activity of the polygalacturonase secreted by 

the fungal plant pathogens C^ 1indemuthianum, Fusarium oxysporum and 

Sclerotium rolfsii (9). Other polysaccharide degrading enzymes 

secreted by these pathogens are unaffected by extracts containing 

the inhibitors. 

The polygalacturonase inhibitor from leaves of several Vitis 

spp. has been identified as a catecho1-tannin, composed of the 

anthocyanin subunits cyanidin and delphinidin. The inhibitor in the 

skin of grape berries appears to be the same as in leaves (12). 

Besides phenolic compounds, proteins have been reported to act 

as inhibitors of hydrolases, particularly polygalacturonase which 

apparently is a key enzyme in cell wall degradation (2, 204). 

The properties of characterized inhibitor of a fungal PG is a 

single plant protein which inhibits PG secreted by more than one 

pathogen (9, 66).  The PG inhibitors are present in the cell wall of 
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dicotyledons even when the tissues have not been challenged by a 

pathogen. This supports the concept that these inhibitors are 

playing general,   rather  than specialized,   roles  (2,   7). 

The PG inhibitor from Bartlett pear has been resolved into two 

isomers by isoelectric focusing. Each isomer is a protein with a 

molecular weight of approximately 91,000 daltons, which loses 

activity when heated to above 60oC and apparently inhibits no other 

enzymes besides PG (2). Inhibitors of fungal PG in Monilinia spp. 

infected plum and peach tissues is macromolecular and heat labile, 

and  its activity  was  destroyed  by  trypsin  (66). 

Pectic enzymes play an important role in changes in the texture 

of plant tissues during ripening and maturation (85). Conversion of 

insoluble pectin to soluble forms is considered an important factor 

in this fruit softening (141). As ripening begins, activity of PG 

tends  to rise in tissue (5,  85). 

Detoxification in Symptom Reduction 

Some fungi produce toxins which could be involved in two 

fronts: establishment of the pathogen in the host and expression of 

symptoms (1A0). Plant tissues may degrade toxins elaborated by 

pathogens to varying degrees (139). Young tomato plants can degrade 

fusaric acid into the amide of N-methyIfusaric acid and into 5- 

methylpicolinic acid and finally, to CO2 and water. The formation 

of methylated fusaric acid amide occurs to a greater extent in 

tomato cultivars resistant to F. oxysporum f. sp. lycopersici. All 

modifications of fusaric acid by tomato tissues lead to detoxifica- 

tion   (97,    140).       Piricularin,    a   toxin   produced   by   Piricularia 
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oryzae, has been reported to be detoxified by chlorogenic acid and 

ferulic acid in vitro which form inactive complexes with 

piricularin. Application of ferulic acid to rice plants increases 

their resistance to infection by the rice blast fungus, P. oryzae 

(17). Helminthosporium victoriae produces the toxin victoria blight 

of oats. The superior ability of resistant tissues to inactivate 

victorin could play a role in the resistance of oats to the toxin 

and   to   the   pathogen   (205). 

Ontogenic Changes  in Resistance 

Resistance levels vary among plant parts and tissues (94), and 

among genetically identical plants of different ages (20, 96). 

Resistance levels in stem and roots generally increase rapidly 

during the first two weeks of seedlings or next shoot growth, and 

slowly thereafter (91, 92). Whereas resistance levels in leaves and 

fruits  frequently  decline  with  age  (136). 

The concentration of p-coumaroyl-quinic acids and chlorogenic 

acid during the growing season show that the content of phenolics is 

highest early in the season and decrease as the apple fruit matures. 

The decrease coincides with the rise in susceptibility of the fruit 

to rot caused by Botrytis cinerea (133). Chlorogenic acid concen- 

tration in potato roots of various ages is directly correlated to 

resistance to Verticillium wilt (138). In apple fruits the rate of 

benzoic acid production, as well as the ability to accumulate this 

compound after the initiation of infection decreases as defense 

declines  with  age   (30). 
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The water-insoluble materials in young Golden Delicious apples 

are greater than in mature tissue, suggesting that pectin from young 

tissue is more "Sterically hindered" than from mature apples and 

therefore, less readily utilized by fungi as a source of carbon 

(193). 

Young grape berries contain high polygalacturonase inhibitor 

and show resistance to B^ cinerea. As fruits grew and began to 

mature the inhibitor content steadily decreased with a concomitant 

increase in susceptibility to the fungus (12). Immature Bartlett 

pears have a high concentration of polygalacturonase inhibitor, 

which decreased as the fruit matured, and this was correlated to 

increased disease susceptibility (2). 

Increased defense in seedlings has been associated with 

differentiation of extraxylary fibers, lignified xylem elements and 

cortical sclerenchyma in beans, and with wall lignification in 

cucumber (76, 125). 

Postharvest Decay Control 

Prevention of postharvest decay often requires an integrated 

approach that includes protective treatments in the field or 

orchards and postharvest treatments in the packing house (84). 

Modified environment techniques have improved the control of decay 

in fresh products (174). Physical treatments have been used for 

postharvest control of fruits and vegetables (59). The initial 

quality of fruit is also very important for control of the decay 

(170). 
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Environmental 

Temperature 

Temperature management is critical for controlling postharvest 

disease (170). Refrigeration at optimum temperature for maintenance 

of quality in fresh fruits and vegetables is the most important 

loss-reducing factor in the postharvest environment (84). Low 

temperature storage is recommended for many commodities because it 

retards: respiration and other metabolic activity; aging due to 

ripening, softening and textural and color changes; moisture loss 

and the wilting that results; spoilage due to invasion by organisms; 

and undesirable growth such as sprouting of potatoes (118). Optimal 

storage temperatures for fruits and vegetables are slightly above 

their low temperature injury threshold (154). Certain fruits and 

vegetables, mainly those of tropical origin, are injured by low 

temperature from 0oC to 10oC. At these temperatures they become 

weakened because they are unable to carry on normal metabolic 

processes (118, 119). Susceptible fruits and vegetables that have 

been chilled may be particularly susceptible to decay. Alternaria 

rot is often severe on tomatoes, squashes, peppers and cantaloupes 

that have been chilled (118, 155, 174). Sweet potatoes stored below 

10oC are susceptible to Alternaria, Botrytis, Mucor and Pencillium 

decay (109). 

Some postharvest pathogens, having minimum temperature for 

growth of about 50C or higher, have developmental stages very sensi- 

tive to low temperatures. Rhizopus stolonifer and Aspergillus niger 

are examples (170).    Coprinus sp.,   a   low-temperature  basldiomycete 
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which   causes   decay   of   'd'   Anjou'   pears,   has   an  optimum   temperature 

of  10oC and  is  difficult   to  isolate  at   room  temperature  (174). 

Cooling refers to the rapid removal of field heat before 

shipment or storage and is essential for the more perishable crops 

(118). 

High temperatures have been used to control decay for mangoes, 

papayas and tomatoes that are injured by low temperature (118). 

Manipulation of temperature to promote healing or curing of tissues 

is effective in preventing losses in many crops. Sweet potatoes are 

commonly cured at about 30CC for 4 to 7 days before long-term 

storage at 13° to 160C. Curing reduces losses from organisms, 

especially  Rhizopus  nigricans  (84,   109,   118). 

Relative Humidity 

The control of relative humidity in the postharvest environment 

is often as important as the control of temperature. In some situa- 

tions, the effect of the two factors are difficult to separate 

because the capacity of air to hold moisture varies with temperature 

(84, 202). High relative humidities of 85 to 95% are recommended 

for most perishable horticultural products to retard softening and 

wilting from moisture loss (118), but recent work shows that 98 to 

100% relative humidity stores leafy vegetables better and reduces 

decay (174, 186). Very high relative humidity generally favors the 

growth of decay organisms (84). The condensation called "Sweating" 

at the fruit surface is suitable for Monilinia fructicola to 

germinate and directly penetrate stone fruits (170). Fungal spore 

germination   is   often   inhibited   at   low   relative   humidities,    for 
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example at -1.10C, Mucor piriformis, Botrytis cinerea, Pezicola 

malicorticis, Penicillium expansum and Phialophora malorum germinate 

at 100% relative humidity in absence of free water, but none of them 

germinate at less than 97% relative humidity (175). 

Modified or Controlled Atmospheres 

Controlled atmosphere (CA) storage is refrigerated storage in 

which levels of oxygen and carbon dioxide are both carefully regu- 

lated (110, 118, 167, 184). Recently carbon monoxide has been used 

in CA storage for improved commodity quality (98, 203). Modified 

atmospheres (MA) are advantageous for decay control of some fruits 

and vegetables (115, 174, 209). 

Growth of Botrytis cinerea at 0° C in a 2% oxygen atmosphere is 

only about 15% less than growth in air. Stem-end decay caused by B. 

cinerea was 23% less in 'd' Anjou' pears stored in low Oo (1% Oo + 

0.05% CO2) at -1.10C than in ones stored in air (42). Apple decay 

caused by Gleosporium sp. increases in atmospheres in which the Oo 

level is reduced to 15 or 7.5%, but when 5% COo is present, only 

about one half as much decay develops as in an uncontrolled 

atmosphere (116). 

On the other hand,  some pathogens such as the sour rot 

organism, Geotrichum candidum, grow better at 2 to 4% ©2 than in air 

(62).  Some isolates of Monilinia fructicola appear to grow best at 

O2 between 4 and 10% (62). 

The lesion sizes of cherries inoculated by Botrytis cinerea are 

suppressed by adding 10% CO (170). The fungi most sensitive to CO 

are Monilinia fructicola, Penicillium expansum, P. italicum and 
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Whetzelinia sclerotiorum, and the diseases they cause are similarly 

suppressed (62). In general, the suppressive effect of CO increased 

as levels of oxygen decreased. Further suppression is greater at 

5.50C than at 12.50C (170). 

Hypobaric storage refers to storage under low pressure, about 

100 mm to 50 mm Hg, in which the amount of available oxygen has been 

lowered from 21% at atmospheric pressure to about 2.8 and 1.4%, 

respectively. Very little critical data are available, but a 

comparison of results with B. cinerea at 100 and 50 mm Hg suggests 

that the suppressive effect is similar to CA at equivalent oxygen 

activity (10, 50). 

Physical Control 

Heat treatments to prevent postharvest decay of fruits has been 

tried as a means of control with a number of rot-causing fungi. 

Promising results were obtained in reducing Monilinia and Rhizopus 

sp. in peaches, Gleosporium sp. in apples, Colletotrichum sp. in 

mango and papaya and Phytophthora sp. in citrus fruits (33, 104, 

166). Postharvest hot water treatments at 470C for 7 minutes 

effectively controlled Alternaria tenuis rot in inoculated 'Spadona' 

pears, and treatment at 50oC had some effect against I\_ expansum and 

B. cinerea, but caused skin injuries to the fruit (22). 

Using gamma-rays to control postharvest infections of peaches, 

strawberries and tomatoes by some of their fungal pathogens has had 

some satisfactory results (4). Gamma radiation at doses of 50 to 

300 k rad, inhibit spore germination of P. expansum and B. cinerea 



23 

isolated  from pears,   however,   above   100  k  rad     fruit   softening 

occurred  (13). 

Chemical  Control 

A number of fungitoxic chemicals, most of them used 

specifically for control of postharvest diseases, have been 

developed. Most of these are used as dilute solutions into which 

the fruits or vegetables are dipped before storage, or as solutions 

used for washing or hydrocooling of fruits and vegetables 

immediately after harvest (4). 

Sodium orthophenylphenate is frequently used as an antiseptic 

wash or in wax on several crops, including citrus fruits, apples, 

pears, sweet cherries and sweet potatoes (81, 118). Chlorine washes 

containing 50 to 125 ppm are often used commercially with fruits and 

vegetables. Chlorine is used in the form of hypochlorous acid 

derived from calcium or sodium hypochlorite or chlorine gas. In 

either case, the pH of the final solution should be slightly acid or 

slightly alkaline (pH 6.0 - 8.0). This is most critical for optimum 

stability of hypochlorous acid (118, 137, 151). Chlorine at 59 

ug/ml significantly reduces conidial germination of all decay fungi 

after 0.5 minutes treatment and, at 2.5 and 5.0 ug/ml, reduces Mucor 

piriformis and P^ expansum germination after 5 minutes (174). 

Sulfur dioxide is also used for killing Botrytis on grape 

berries and for sterilization of fruits for drying (160). 

Captan has been evaluated both as a preharvest spray and as a 

postharvest dip to control decays of several fruits such as peaches, 

cherries, pears and fig during storage and marketing (59). Botran 
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is used for control of Rhizopus stolonifer and Monilinia fructicola 

on stone fruits (121). 

Benzimidazoles include the most important, up to now, systemic 

fungicides such as benomyl, thiabendazole and thiophanate. They are 

effective against numerous types of diseases caused by a wide 

variety of fungi (4). Benomyl penetrates banana peel and suppresses 

Gleosporium development (137). The use of benzimidazole for control 

of Penicil lium on pears indicates that treatments of apparently 

healthy but infected unripe fruit results in suppression of decay 

during ripening (137). Fruit waxes containing thiabendazole are 

effective also in reducing Penicillium decay of citrus fruits (81). 

Benomyl seems to be mutagenic to certain fungi and to hasten 

the appearance of pathogen races resistant to it (4). Benomyl- 

tolerant isolates of P. expansum have been detected in apples and 

pears (24, 105, 153). Benomyl-tolerant strains of B. cinerea were 

also found in several Mid-Columbia packing houses (24). Botran- 

tolerant Rhizopus stolonifer, B. cinerea and Gilbertella persicaria 

have been induced in culture, but postharvest problems from those 

tolerant strains have not been reported (137, 201). 

O-phenylphenol is used extensively to control postharvest 

diseases of fresh fruits and vegetables and inhibit growth of 

Diplodia natalensis, P. digitatum and B^ cinerea (60). The biphenyl 

treatment is unique in that the crystalline compound sublimes in the 

packed container fumigating the fruits during the entire period of 

shipment and storage. Biphenyl vapors are strongly inhibitory to 

the growth of P. digitatum, P. italicum, D. natalensis, Phomopsis 



25 

citri, B. cinerea and other plant pathogenic fungi.    The action of 

biphenyl   is  purely  fungistatic  (59). 

Aqueous solutions of pyrolidine and 2-aminopyridine have been 

reported to control decays of citrus fruits (58). 2-aminobutane is 

a structurally specific fungistat and control P. digitatum, P. 

italicum on citrus fruits, P^ expansum on apples and pears, 

Monilinia fructicola on peaches and Gleosporium musarum on bananas 

(58,   59,   60). 
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CHAPTER 3 

Characterization and Quantitation of 'd' Anjou' Pear 

Phenolics During 'Storage 

D. Boonyakiat 

Additional index words.  Pyrus communis L., chlorogenic acid, 
arbutin, catechin, epicatechin 

Abstract 

The major phenolic compounds of 'd' Anjou' pear (Pyrus communis 

L.) peel tissues were chlorogenic acid and arbutin. Catechin, 

epicatechin were found in a very small amount. The major phenolics 

tended to decrease during 6 months storage at -1.10C. The minor 

phenolics were highly variable. Chlorogenic acid from north side 

fruits decreased from 0.67 mg/gm to O.Al mg/gm, but for the south 

side fruit, chlorogenic acid increased from 0.40 mg/gm to 0.58 mg/gm 

during 6 months of storage at -1.10C. The amount of arbutin from 

north side fruits decreased farom 0.86 mg/gm to 0.41 mg/gm, for 

south side fruits, arbutin decreased slightly during storage. 

Graduate Student, Department of Horticulture, Oregon State 
University, Corvallis, OR 97331 
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Introduction 

The term phenolic compounds embraces a wide range of plant 

substances possessing an aromatic ring with one or more hydroxyl 

groups together with a number of other substituents (79, 192). The 

role of phenolics in plants is not well understood, but their 

involvement in defense mechanisms and other reactions essential to 

the normal functioning of the plant is well documented (34, 65, 188, 

198). Phenolic compounds also have been shown to have roles in 

abscission (112), tissue browning (86, 196), enzyme regulation (89), 

and auxin metabolism (171) in plants. Phenolic acids may be 

involved   in  ethylene   production  in fruits  (198),   and   in  fungi  (49). 

Tissue  browning 

Many fruits undergo discoloration or browning following 

mechanical or physiological injury (195). Cause of the color change 

has been attributed to the action of an enzyme called 

polyphenoloxidase (PPO) on phenolic substrates such as chlorogenic 

acid and arbutin  (79,   144). 

Enzyme regulation 

Phenolics may regulate enzymes that control general plant 

metabolism. Chlorogenic acid can inhibit glucose-6-phosphate 

dehydrogenase isozymes, thus potentially influencing the activity of 

the hexose monophosphate pathway (89). Chlorogenic acid can also 

inhibit methionine decarboxylase, thus altering the pathway to 

polyamine biosynthesis. Methionine is one of the major precursors 

of   ethylene.     Through   regulation   of   peroxides   and   peroxidases   it   is 



28 

possible that phenolic acids could also regulate ethylene synthesis 

at the conversion of ACC to ethylene (172). 

Auxin metabolism 

It appears that under some conditions certain phenolics 

regulate auxins via indoleacetic acid (IAA) oxidase (112). In pea 

stems, p-coumaric acid activates IAA oxidase in addition to 

decreasing the inhibitory effect of chlorogenic acid on IAA oxidase 

(171). 

Phenolic acids in pome fruits 

Phenolic acid composition in the genus Pyrus has been studied 

(39, 156). Arbutin has been found in chloroplasts of pear leaves 

(39). Arbutin is a combination of hydroquinone and glucose, and is 

not found in most plants. P-coumaroyl-arbutin and caffeoylarbutin 

were also found in Pyrus leaves (39, 79). Epicatechin, catechin, 

chlorogenic acid, possibly arbutin, quercetin and two unidentified 

compounds were reported earlier in pear fruits (145). 

Changes in phenolic acid composition and quantity have been 

studied in a variety of horticultural products during maturation and 

subsequent storage. Total phenolics decreased in mango during 

storage (11). The concentration of phenolics may associate with 

fruit metabolism such as ethylene synthesis (198). 

In 'd' Anjou' pears, chlorogenic acid and total phenols 

decreased during development to maturity but increased during 

storage (194). 'D' Anjou' pears growing in the sun had more 

phenolics than shaded fruit (195).  Also 'd' Anjou' pears which had 
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the physiological disorder, cork spot, had more chlorogenic acid and 

higher ethylene levels (195). Total phenolics and chlorogenic acids 

in normal 'd' Anjou' increased up to 7 to 9 weeks in cold storage, 

then remained the same for the duration of the storage period (196). 

While total polyphenols were found to decrease during development of 

Pyrus serotina (156), studies have not been done on the changes in 

individual phenolics during cold storage. This study aimed to 

determine which major phenolics were present in pear peel tissues 

and to quantify by high pressure liquid chromatography their changes 

during storage. 
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Materials  and Methods 

'D' Anjou' pear fruits were harvested at 66.7 newtons (6.8 kg) 

firmness on September 8, 1981 at the Mid-Columbia Experiment 

Station, Hood River, Oregon and held in -1.10C cold storage and 

analyzed every two weeks beginning on September 15, 1981 and ending 

on March 1, 1982. Flesh firmness of fruits was measured with a UC 

Pressure tester with an 8 mm plunger. The readings in kg were 

converted to newtons (= kg x 9.8). Ten grams (fresh weight) of pear 

peel tissues from 3 pears from each side (north and south) of the 

trees was added to 15 ml of 2% acetic acid and ground at high speed 

in a Sorval Omni-mixer for 2 minutes and then placed in a boiling 

water bath for 10 minutes. The suspension was filtered through 

Whatman No. 1 filter paper and again through 0.45 um millipore (20 

ul loop). Samples were analyzed on a Beckman Altex model 334 High 

Pressure Liquid Chromatograph (HPLC). Solvent A was methanol : 

acetic acid (98 : 2) and solvent B was water : acetic acid (98 : 2). 

The HPLC equipped with an Alltech 10 micron C-,o (25 cm x 4.6 mm 

I.D.) reverse-phase column over 45 minutes in a gradient of 10% 

Solvent A to 25% Solvent A, then isocratically at 25% Solvent A for 

5 minutes, with the remainder of the mobile phase being Solvent B. 

The column temperature was maintained at 50oC, and detection was at 

280 nm. The system was modeled after peaks were verified by 

comparison retention time of sample peaks with known standard. 

Further confirmation was obtained by paper chromatography in 

secondary butanol : water : acetic acid ( 70 : 28 : 2) and water : 

acetic  acid  (98   :   2)  and  characterized with UV   light,   ammonia  vapor. 
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and diazotized p- nitroaniline before and after a spray of N^COo. 

Alkaline hydrolysis was carried out at room temperature in 2 N NaOH 

for 4 hours under nitrogen and the products were re-acidified before 

analysis. The absorption spectrum in 95% ethanol was compared to 

known standards. 

A 12 x 2 factorial experiment including 12 sampling date and 2 

sides of the tree was used for statistical analysis of phenolics 

data. The least significant difference was used for separation of 

means. Each treatment consisted of 3 replications. Three pears 

were  used  for  each replication. 
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Results and Discussion 

The average flesh firmness decreased from 73.65 newtons (7.5 

kg) on September 15, 1981 to 41.25 newtons (4.21 kg) on March 1, 

1982. There was no significant difference in flesh firmness between 

the fruits from the north side of the trees and those from the south 

side (Figure 3.1). 

Chlorogenic acid and arbutin were the major phenolic compounds 

in the 'd'Anjou' pear peel tissues. See Table 3.1 for retention 

times of the major and minor phenolics. The minor phenolics were 

catechin and epicatechin. All concentrations of phenolics are 

reported as mg/gm fresh weight of pear peel tissue. 

Chlorogenic acid content was slightly variable. The amount of 

chlorogenic acid from the north side fruits tended to decrease from 

0.67 mg/gm on September 15, 1981 to 0-41 on March 1, 1982, but for 

the south side fruit, the chlorogenic acid level increased from 0.40 

mg/gm on the first sampling date to 0.58 mg/gm on the last sampling 

date (Figure 3.3). The arbutin content of the south side fruits was 

highly variable, but it declined slightly during storage period. 

For the north side fruits, the amounts of arbutin decreased from 

0.86 mg/gm on September 15, 1981 to 0.41 mg/gm on March 1, 1982 

(Figure 3.2). The effect of north side vs. south side location of 

fruits on the trees on the amounts of both arbutin and chlorogenic 

acid was not significant. The amounts of minor phenolics were 

highly variable during storage. 

Flesh phenolic fractions of assorted pear varieties have been 

characterized, and compounds identified include catechins. 
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Figure   3.1     Changes   in   flesh   firmness   of   'd'   Anjou1   pear   fruit 
during  storage at -1.10C 
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Table 3.1  Retention time of standard phenolic acids and compounds 
from pear flesh extract. 

Compound 
Retention time (min) 

Standard Pear extract 

Arbutin 

Catechin 

Chlorogenic acid 

Epicatechin 

p-coumaryl quinate 

2.6 

12.7 

19.9 

24.0 

25.1 

2.6 

13.1 

20.1 

23.6 

25.5 
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Figure 3.2  Changes in peel arbutin concentration of 'd' Anjou' pear 
fruit during storage at -1.10C 
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Figure  3.3     Changes   in  peel   chlorogenic  acid  of   'd'   Anjou'   pear 
fruit during  storage at -1.1"C 
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chlorogenic acids, p-coumaryl-quinic acids, quercetin, arbutin and 

numerous flavonol glycosides (56, 57, 145). Challice and Westwood 

(39) studied phenolic content in Pyrus spp., and found that P. 

communis contained quercetin, epicatechin, catechin, isochlorogenic 

acid and caffeoylarbutin in leaves. We had some unknown peaks 

(retention times 4.2 to 4.8, 14.2 to 14.6, 24.8 to 25.3, 34.8 to 

35.4)  which  were   not  yet   identified  and  quantified. 

Total phenolics of P^ serotina decreased when the fruits 

approached maturation (156). In tomatoes there was very little 

change in phenolic composition of the flesh of the fruit during 

ripening (198). Total phenolics of bananas and mangoes harvested at 

the mature-green stage decreased during storage (11). Aziz et al. 

indicated that the higher the storage temperature, the more rapid 

was the loss in total phenols (11). In our study, phenolics also 

decreased during storage even though the south side fruit 

chlorogenic acid increased during the storage period but the average 

amounts of chlorogenic acid between north and south side fruits 

decreased slightly from 0.53 mg/gm to 0.49 mg/gm. We expected that 

fruit from the south side of the tree may have higher phenolic 

concentrations because the south side of the trees is exposed to 

sunlight longer than the north side, and light stimulates parts of 

the phenolic pathways. However, the amounts of phenolics from the 

north side and south side fruits were not significantly different. 

It has been found that while light increases the activity of 

phenolic biosynthesis in potato slices, it does not in the excised 

axes of Phaseolus  vulgaris, and grape fruit peel  (152,  199).     Our 
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results suggest that light had little, if any, effect on phenolic 

biosynthesis of 'd' Anjou' pear fruits. This is in contrast to a 

previous report by Wang indicating an increase in chlorogenic acid 

in sun-exposed 'd* Anjou' fruit and fruits afflicted with cork spot 

disorder (195), although a different method was used to estimate 

chlorogenic   acid. 
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CHAPTER 4 

Effect of Chlorogenic Acid and Arbutin on Mycelial Growth 

and Spore Germination of Penicill'ium expansum, Botrytis 

cinerea and Mucor piriformis 

D. Boonyakiat 

Abstract 

Chlorogenic acid at 300 mg/1 inhibited mycelial growth and 

spore germination of Penicillium expansum and mycelial growth of 

Mucor piriformis. Slight increases in radial growth and spore 

germination of Botrytis cinerea occurred on chlorogenic acid media. 

Chlorogenic acid had no effect on M^ piriformis spore germination. 

Arbutin at 400 mg/1 inhibited spore germination of I\_ expansum, and 

inhibited both mycelial growth and spore germination of M. 

piriformis and B. cinerea. The effect of arbutin on radial growth 

of  P.   expansum was  not  significant. 

Graduate  student,  Department  of Horticulture,  Oregon State Univer- 
sity, Corvallis, OR    97331 
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Introduction 

Arbutin and chlorogenic acid are the major phenolics found in 

both the peel and flesh of 'd' Anjou' pear fruit (28, 145). Many 

phenolic compounds in plant tissues are toxic to certain fungi and 

bacteria (34, 65, 106). Walker has shown that resistance of colored 

onions to smudge and neck rot is due primarily to toxic water 

soluble phenolics in the dry outer scales of onions and that these 

compounds are absent or in low concentration in susceptible white 

skinned varieties (190). Byrde indicated that there is strong 

evidence to suggest that the resistance to brown rot of certain high 

tannin varieties of apples increases as a result of reduced activity 

of fungal macerating enzymes by oxidized polyphenols produced by 

fruits (34). Chlorogenic acid concentration in the roots of 

potatoes resistant to Verticillium albo-atrum is approximately five 

times higher than susceptible varieties (138). Kirkham indicated 

that chlorogenic acid may play an important part in the physiology 

of the scab diseases (Venturia spp.) of apple and pear trees (104). 

Tannic acid in raspberry inactivates most viruses by clumping the 

virus  particles  into  complexes which are  rendered noninfective  (37). 

This study was undertaken to investigate the possible effects 

of a range of concentrations of arbutin and chlorogenic acid on 

radial growth and conidial germination of storage decay fungi of 'd' 

Anjou'   pear   fruit. 
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Materials and Methods 

Cultures of Penicillium expansum, Lk ex Thorn, isolate 57, 

Botrytis cinerea. Per ex Fr. isolate 62, and Mucor piriformis, 

Fischer isolate 46 were obtained from Dr. R.A. Spotts (Mid-Columbia 

Experiment Station, Hood River, Oregon). The cultures were main- 

tained on Potato Dextrose agar (Difco PDA). Spores and mycelia were 

obtained  by  incubating  the  cultures  at  20oC. 

Stock solutions of arbutin and chlorogenic acid (Sigma Chem. 

Co., St. Louis, Mo.) were added to Czapek Dox's Agar (Difco) at 50oC 

to achieve final concentrations in the medium of 0, 100, 200, 300, 

400  and  500 mg/liter. 

Radial growth and spore germination of the three fungi 

described above were evaluated relative to phenolic concentrations. 

From the margins of seven-day old cultures of P. expansum and B. 

cinerea, and five-day old cultures of M^ piriformis, 4 mm diameter 

plugs were cut with a cork borer. Plugs were placed upside down 

onto the phenolic test media. The 9 cm-diameter petri dishes were 

incubated in darkness at 20oC. Two measurements of radial growth 

per plate were made daily thereafter until control plates were 

entirely covered by the fungal colony. Each phenolic concentration 

treatment  consisted of  4  plates  as  replicates. 

Spores from 20-day old P. expansum and B. cinerea, and 7-day 

old M. piri formis were harvested in water and final spore 

concentration was adjusted to 1 x 10J conidia per ml. This 

suspension was sprayed onto agar media which contained the different 

concentrations    of    phenolics.       Plates    were    incubated    at    20oC. 
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Microscopic examination at 100 x was used to assess germination of 

spores. A spore was considered germinated if the germ tube was 

longer than the width of the spore. Counts were made at 2 hour 

intervals up to 18 hours after placing the spores on the media. A 

minimum of 100 spores were counted on each plate. Each treatment 

consisted of 4 replications. 

Radial growth and spore germination data were analyzed by using 

a one-way analysis of variance. Duncans multiple range test was 

used to determine significant differences between treatments. 



46 

Results  and Discussion 

Mycelial growth of P^ expansum on media containing chlorogenic 

acid decreased slightly as the concentration of chlorogenic acid 

increased (Table 4.1). The effect of arbutin on radial growth of P. 

expansum was insignificant (Table 4.2). B. cinerea mycelial growth 

on 300, 400 and 500 mg/liter of chlorogenic acid increased 

significantly from the control. But 400 and 500 mg/liter of arbutin 

significantly inhibited growth of B^ cinerea (Tables 4.3,4.4). 

However, both arbutin and chlorogenic acid, beginning at 300 

mg/liter, significantly decreased growth of M. piriformis (Tables 

4.5,     4.6). 

Mycelial growth of P. expansum, B. cinerea and M. piriformis 

reached the edge of the 9 cm control plates in 12, 10 and 5 days, 

respectively. Some observations of B^ cinerea mycelial growth on 

chlorogenic acid media showed a brown color that may have been due 

to the reaction of fungal oxidative enzymes on phenolics present in 

the media. Whether or not oxidations can be conclusively ascribed 

to the action of fungal enzymes on the phenolics is yet to be 

determined. Arbutin may be more toxic to B. cinerea than 

chlorogenic acid. 

Conidia of B^ cinerea and M. piriformis began to germinate 

during the first 2 to 4 hours of incubation on control plates and 

after 12 hours of incubation , 90% of the spores had germinated. 

Spores of P^ expansum began to germinate after 12 hours of 

incubation and 70% of the conidia germinated after 18 hours of 

incubation. 
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Table 4.1 The effect of chlorogenic acid concentration on percent 
of spore germination and radial growth of Penicillium expansum after 
18 hours and 7 days, respectively, incubation at 20oC 

Chlorogenic Acid Spore Germination        Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 46.5  a* 63.2  a 

100 47.0 a 61.5  ab 

200 44.0 ab 62.5 ab 

300 45.0 ab 62.7  b 

400 37.5  b 60.9  b 

500 28.5  c 60.9  b 

*Mean   separation  by   Duncan's   new  multiple   range   test   (P=0.05). 
Values  sharing  the  same  letter(s)  are not  significantly different. 
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Table 4.2 The effect of arbutin concentration on percent of spore 
germination and radial growth of Penicillium expansum after 16 hours 
and 6 days, respectively, incubation at 20 C 

Arbutin Spore Germination        Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 29.0 a* 50.6 a 

100 22.5  ab 50.3 a 

200 24.25  ab 50.8  a 

300 22.5  ab 51.0 a 

400 20.0 b 50.7  a 

500 21.0 b 51.0  a 

*Mean   separation  by  Duncan's   new   multiple   range   test   (P=0.05). 
Values  sharing  the same  letter(s)  are not  significantly different. 
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Table 4.3 The effect of chlorogenic acid concentration on percent 
of spore germination and radial growth of Botrytis cinerea after 6 
hours and 7 days, respectively, incubation at 20"C 

Chlorogenic Acid Spore Germination Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 37.52 a* 54.3 a 

100 37.02 a 57.4  abc 

200 44.03 ab 56.4 ab 

300 47.92 b 59.5  be 

400 50.94 b 60.2  c 

500 64.81 c 63.7  d 

*Mean  separation  by  Duncan's   new multiple   test   (P=0.05)   values 
sharing  the  same  letter(s)  are not  significantly different. 
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Table 4.4 The effect of arbutin concentration on percent of spore 
germination and radial growth of Botrytis cinerea after 6 hours and 
6 days, respectively, incubation at 20 C 

Arbutin Spore Germination        Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 31.0 a* 46.5 a 

100 27.0 ab 45.4  a 

200 32.0 ab 45.8  a 

300 26.5 ab 43.2  ab 

400 28.0  b 41.7  b 

500 28.5 b 41.3 b 

*Mean   separation  by   Duncan's   new  multiple   range   test   (P=0.05). 
Values  sharing  the  same  letter(s)  are not  significantly different. 
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Table 4.5 The effect of chlorogenic acid concentration on percent 
of spore germination and radial growth of Mucor piriformis after 8 
hours and 2 days, respectively, incubation at 20oC 

Chlorogenic Acid Spore Germination        Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 47.68  a* 41.0 a 

100 50.40 a 40.25  ab 

200 44.47  a 39.25  ab 

300 50.89  a 38.75  be 

400 50.15  a 37.12  c 

500 52.18  a 37.50  c 

*Mean  separation  by   Duncan's   new  multiple   range   test   (P=0.05). 
Values   sharing  the  same  le'tter(s)   are  not   significantly different. 
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Table A.6 The effect of arbutin concentration on percent of spore 
germination and radial growth of Mucor piriformis after 8 hours and 
2 days, respectively, incubation at 20oC 

Arbutin Spore Germination        Radial Growth 
Concentration 

(mg/liter) (%) (mm) 

0 47.68 a* 41.0    a 

100 30.63  b 40.25  a 

200 30.26  b 37.75  ab 

300 32.47  b 38.12  be 

400 32.37  b 37.37  cd 

500 33.24  b 35.50 d 

*Mean   separation  by   Duncan's   new  multiple   range   test   (P=0.05). 
Values  sharing  the  same  letter(s)  are  not  significantly different. 
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The concentration of both chlorogenic acid and arbutin at 400 

mg/liter began to reduce spore germination of P. expansum (Tables 

4.1, 4.2). Chlorogenic acid at 300 mg/liter and arbutin at 400 

mg/liter inhibited conidial germination of B^ cinerea (Tables 4.3, 

4.4). The effect of chlorogenic acid (0 to 500 mg/1) on M. 

piriformis spore germination was insignificant (Table 4.5). Arbutin 

inhibited spore germination of M^ piriformis at all concentrations 

tested (Table 4.6). 

Phenolics, particularly their oxidation products, can be potent 

nonspecific enzyme inactivators or inhibitors (34, 158). Phenolics 

are also well known inhibitors of oxidative phosphorylation (113). 

Therefore, uncoupling of oxidative phosphorylation would be expected 

to occur to the fungal respiratory system (113). Hydroxyl groups of 

tannin molecules can form hydrogen bonds with carboxyl groups of 

protein amide likage while quinone residues can form covalent bonds 

with any free amino group in lysine or other amino acid residues 

(200). Chlorogenic acid and arbutin inhibition of the growth of 

fungi may be explained by the reasons described above. 

Cruickshank and Perrin (52) indicated that toxicity of 

phenolics that are present in very low concentrations may be negli- 

gible; they may, in fact, have a stimulatory effect if the concen- 

tration is low enough. Taliyeva found that anthocyanin from onion 

bulbs stimulated germination of conidia of j^_ cinerea while a break- 

down product, anthocyanidin, was slightly toxic (178). Some fungi 

such as Penici1lium spp. were capable of utilizing phenolics, 

vanillic acid and protocatechuic acid as a carbon source (49). 
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From our previous study, the amounts of chlorogenic acid and 

arbutin were very low, about 0.01 to 0.05 mg/gm in flesh tissues and 

0.2 to 0.4 mg/gm in peel tissues (28). Although the flesh phenolic 

amounts may be too low to have inhibitory effects on decay 

pathogens, the peel phenolics are in the approximate concentration 

range found to be inhibitory to certain fungi in this study. Thus, 

they might well play an important role in pathogen resistance, 

particularly where mechanical injuries do not penetrate very deeply 

beneath the skin surface. 
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Chapter 5 

The Relationship Between Phenolic Compounds and Endogenous 

Pear Polygalacturonase Inhibito'r on Decay Resistance 

of 'd' Anjou' Pear (Pyrus communis L.) Fruit 

D. Boonyakiat1 

Abstract 

'D' Anjou1 pears (Pyrus communis L.) were inoculated by 

Penicil Hum expansum Lk. ex. Thom., Botrytis cinerea Per ex. Fr., 

and Mucor pirifonnis Fischer at weekly intervals for 6 weeks before 

harvest at the Mid-Columbia Experiment Station, Hood River, Oregon. 

Decay susceptibility increased as fruit approached maturity. 

Ethanol extracts from the fruit increased radial growth of the fungi 

but had no effect on spore germination. Fruit firmness and poly- 

galacturonase (PG) inhibitor activity correlated significantly with 

percent fruit decay. The relationship between phenolics and fruit 

decay was not significant. The location of fruits on the trees had 

no effect on decay, firmness, fungal radial growth, fungal spore 

germination,   PG inhibitor activity or on the  amount  of  phenolics. 

Graduate    Student,     Department    of   Horticulture,     Oregon   State 
University,   Corvallis,  OR    97331 
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Introduction 

During growth and development, plant parts often change in 

their ability to resist invasion by pathogens (2, 19, 20). Resist- 

ance in stems and roots generally increases rapidly during the first 

two weeks of seedling or new shoot growth, whereas resistance levels 

in leaves and fruits frequently decline with age (91, 92, 136). 

Decay susceptibility of 'd' Anjou' pear fruits has been observed to 

increase as fruit approached maturation (R.A. Spotts, personal 

communication). Abu-Goukh showed that Bartlett pear fruits resisted 

inoculated fungal growth until nine weeks after full bloom and then 

became more susceptible. He indicated that an endogenous fruit 

polygalacturonase (PG) inhibitor plays a role in the pathogen 

defense system of the fruits (2). 

Several investigators showed that phenolic compounds such as 

chlorogenic acid may be involved in plant disease resistance (3A, 

52, 65, 106, 138). Phenolics, particularly their oxidation products 

can be potent non-specific enzyme inactivators or inhibitors (106, 

158, 210). Ndubizu reported that the content of p-coumaryl-quinic 

acid during the growing season was highest early in the season and 

decreased as apple fruit matured. The decrease coincides with the 

rise in susceptibility of the fruit to decay caused by Botrytis 

cinerea (133). The rate of benzoic acid production as well as the 

ability to accumulate this compound after initiation of infection 

decreased as defense declined with age (30). 

Resistance levels were strongly influenced by environment 

(4,20).  Increases in temperature may either increase or decrease 
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plant resistance to fungal pathogens (20). Temperature probably 

played the most critical role in early events leading to the estab- 

lishment of infection such as spore germination, zoospore motility, 

and penetration (4, 20, 53). Other factors that influence resist- 

ance include: the intensity, duration, and quality of light; mois- 

ture level; and nutrient levels (4, 20, 186). Most fungi required 

relatively high levels of moisture for germination and development 

(20,   175). 

The purposes of the present studies were to determine the rela- 

tionship of phenolics, PG inhibitor and flesh firmness on 'd' Anjou' 

pear fruit decay resistance; effect of ethanol extract of 'd' Anjou' 

pear tissues on growth and germination of the major storage fungi, 

Botrytis cinerea, Penicillium expansum and Mucor piriformis; and the 

effect of location of fruit on the tree relative to decay resist- 

ance, amount of phenolics, and PG inhibitor during the 6 weeks 

before   harvest. 
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Materials and Methods 

Twelve mature 'd' Anjou' pear trees at the Mid-Columbia Experi- 

ment Station, Hood River, Oregon were used in this experiment. 

Cultures of three fungi, Botrytis cinerea Per ex. Fr., PeniciIlium 

expansum Lk. ex. Thorn, and Mucor piriformis Fischer, isolates 62, 57 

and 46, respectively, were obtained from Dr. R.A. Spotts (Mid- 

Columbia Experiment Station, Hood River, Oregon). These fungi were 

tested for pathogenicity on pear fruits and maintained on potato 

dextrose agar (Difco PDA). 

From July 29, 1982 to August 20, 1982, six weeks before optimum 

maturity, fruits were inoculated by atomizing to run off with a 

water suspension of 2 x 10^ conidia per ml for B^ cinerea and P. 

expansum, and 1 x 10^ conidia per ml for M^ piriformis. Each fruit 

was wounded twice to the depth of 3 to 4 mm after spraying and 

covered with a plastic bag and aluminum foil for 24 hours. 

Eight fruit were inoculated weekly on both the north and south 

side of 4 trees with each of the three pathogens and the distilled 

water control. Pathogenicity was determined by counting the number 

of lesions after 1 week. 

About 60 fruits were harvested randomly at each inoculation. 

Forty fruits were used for pathogenicity tests and six were used for 

flesh firmness tests and for studying the effects of ethanol 

extracts on fungal growth and spore germination. The remainder were 

frozen for phenolics and PG inhibitor analyses. Detached fruit to 

be inoculated were surface sterilized with 95% ethanol, then five 

fruits from each side of the trees were inoculated with three fungi 



59 

and incubated at room temperature with moist paper towels in 

covered, clear plastic boxes, which was the suitable environment for 

fungi to infect fruits. Percent decay of detached fruit compared 

with that of attached fruit may demonstrate the possible effects of 

orchard environments. Lesions on each fruit were determined after 

five   days. 

Firmness of 'd' Anjou' pear fruits was measured (in kg) with a 

UC Firmness tester with an 8 mm plunger, and values were converted 

to newtons  (N = 9.8 x kg). 

Ethanol extraction of fruit tissues: Thirty grams of tissue 

from each side were added to 100 ml of ethanol and ground at high 

speed in a blender for 2 minutes. The ethanol solution was 

separated from the tissue residues by filtration through Whatman No. 

1 filter paper. The filtrates were dried in a hot air oven at 60oC 

overnight. The residue which contained sugars and phenolics was 

dissolved in 30 ml of distilled water. One ml of extract was 

flooded onto PDA and air dried. Radial growth and spore germination 

of the three fungi described above were determined. The control was 

flooded by distilled water  instead of  extract. 

Radial growth and spore germination: From the margins of 5 day 

old cultures of B. cinerea and P. expansum and 3 day old cultures of 

M. piriformis, 8 mm diameter plugs were cut with a cork borer. 

Plugs were placed upside down onto the test agar containing the 

ethanol extract and incubated at 20oC. Two measurements of radial 

growth per plate were made 2A and 48 hours after incubation. For 

the  spore germination test,   conidia from 3 week old B.  cinerea,   1 
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week old P. expansum and M. piriformis were suspended in distilled 

water. This spore suspension was spread onto test media containing 

the ethanol extract. Plates were incubated at 150C. Microscopic 

examination at 100X was used to assess germination of spores. 

Counts were made 15 hours after incubation. 

Extract of PG inhibitor; The PG inhibitor extraction method 

was based on that of Abu-Goukh (2). Ten grams of peel tissues and 

20 grams of flesh tissues from 'd' Anjou' pear fruits from north and 

south sides of the trees were cut into small pieces and homogenized 

in an equal volume of 100 mM sodium acetate buffer, pH 6.0, 

containing 0.2% sodium dithionite and 1% polyvinyl pyrolidone (PVP) 

for 1 minute by polytron (Brinkman Instrument). The homogenate was 

centrifuged at 10,000 x g for 15 minutes in a Sorvall Superspeed RC 

2-B Automatic refrigerated centrifuge. The supernatent (fraction I) 

was stored at 0oC. The residue was suspended in an equal volume of 

1 M sodium acetate containing 6% sodium chloride, pH 8.2. The 

suspension was stirred and left at room temperature for 3 hours and 

then centrifuged at 10,000 x g for 15 minutes. The supernatant was 

labelled fraction II. The residue was discarded. Aliquots of 20 ml 

of the first extract (soluble fraction) and the second extract (salt 

fraction) were transferred to Spectrapor (type 2) membrane dialysis 

tubing, diameter 20.4 mm, M.W. cut off 6000 to 8000, and dialysed 

against distilled water at 50C for 48 hours with 2 or 4 water 

changes for fraction one and two, respectively. The dialysed 

aliquots were then ready to be assayed. 

/ 
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PG inhibitor assays: The PG inhibitor assay was a modification 

of that used by Dingle et al. (55). 2.5 gm of sodium polypectate, 

3.75 gm of agar and 1.25 gm of ammonium oxalate were mixed with 250 

ml of 100 mM sodium acetate buffer (pH 5.0) by blending for 1 

minute. The mixture was poured into a 500 ml Erlenmeyer flask and 

autoclaved for 10 minutes (120oC) at 1.0A kg/cm , and then poured 

through a double layer of cheese cloth into a level plexiglas mold. 

It was cooled at 50C overnight, then wells were punched into the 

agar sheet with an 8 mm cork borer. The aliquots of fraction I and 

fraction II inhibitor preparations and distilled water were added to 

each well. Aspergillus niger PG solution (Sigma Chemical Company, 

St. Louis, Mo.) of known activity was then added to the wells. The 

plate was covered by a plexiglas sheet, enclosed in a plastic bag 

containing a moist paper towel, and incubated at 40oC for 16 hours. 

At the end of the incubation period, the plate was developed by 

rinsing the surface of the agar sheet with 6 N HCL for 10 minutes 

and then rinsed again with tap water. The cloudy ring of precipi- 

tate surrounding the wells indicated PG activity. The outside 

diameters of the precipitated rings were measured using a divider. 

The activity of the enzyme was calculated from a standard curve 

plotting log amount of enzyme and ring diameter. Percent inhibition 

was calculated as: 

Units  of  standard - Units  of  sample 
%  inhibition =        x 100 

Unit  of  standard 

Extraction and quantification of phenolics:     The extraction 

method   was   modified   from   Murphy's   method   (132).      Five   and   ten   grams 
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of 'd' Anjou1 pear peel and flesh, respectively, were ground in 2% 

acetic acid by Brinkmann Instrument Polytron for 2 minutes. The 

solutions were heated in a boiling water bath for 10 minutes and 

centrifuged at 10,000 x g for 10 minutes in a Sorvall Superspeed 

R.C. 2-B automatic refrigerated centrifuge. The volume of superna- 

tant was measured. Two ml of extract were filtered through 0.1 to 

0.4 um millipore filter. A twenty microliter sample was injected 

and analyzed in a High Pressure Liquid Chromatograph (HPLC Beckman 

model 110 A). Solvent A was methanol : acetic acid (98 : 2) and 

Solvent B was water  : acetic acid (98 :  2).     Samples were analyzed 

on a HPLC equipped with an Alltech C^g ^25 cm x 4*6 nim I*D^ zeverse- 

phase column at 50oC over 45 minutes in a gradient of 10% Solvent A 

to 25% Solvent A, then isocratically at 25% Solvent A for 5 minutes, 

with the remainder of the mobile phase being Solvent B. Detection 

was at 280 nm. Peaks were verified by retention time of sample peaks 

with known external standards. Further confirmation was obtained by 

two-dimensional paper chromatography in secondary butanol : water : 

acetic acid (70 : 28 : 2) and water : acetic acid (98 : 2) and 

characterized with UV light, ammonia vapor, and diazotized p- 

nitroaniline, before and after a spray of ^2003. Alkaline 

hydrolysis was carried out at room temperature in 2 N NaOH for 4 

hours under nitrogen and the products were reacidified before 

analysis. Absorption spectrum in 95% ethanol were compared to known 

standards. 

A   split-split   plot   treatment   design  was   used   for   statistical 

analysis of  inoculation of attached fruits.     Fungi were  the main 
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plot, inoculation times were the subplot and locations of fruit on 

the tree were the sub-subplot. Radial growth and spore germination 

test data were analyzed by using a one-way analysis of variance. 

Each treatment had 4 replications. For PG inhibitor, phenolics and 

fruit firmness, a factorial treatment design was used. Three pears 

were used for each replication. 
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Results 

The percentage of fruit decay during fruit maturation deter- 

mined weekly (Table 5.1) shows the development of decay on 'd' 

Anjou' pear fruits inoculated with the three fungi. The percent of 

fruit decay caused by B^ cinerea and P^ expansum during three weeks 

before harvest (71.89% and 63.31%, repectively) and M. piriformis 

(89.06%) during one week before harvest were significantly greater 

than in the previous weeks. The percent of detached fruit decay 

increased as maturation progressed. During the week just before 

harvest, the percent of detached fruit decay was significantly 

greater than in the five previous weeks for all three fungi. The 

location of fruits on the trees had no effect on fruit decay (Table 

5.2). 

Fruit firmness decreased from 112.63 newton on July 29, to 

81.66 newtons (11.49 kg) on August 30 (Table 5.4). The differences 

between north and south location on the tree were not significant. 

Radial growth of the three decay fungi on test media was 

significantly greater than on non-amended PDA. The radial growth of 

B. cinerea and M. piriformis on test media was 10% higher than the 

control. The fungal growth on media flooded by the extract from 

fruit on the north side of the tree was not significantly different 

from that on the south. The media containing ethanol extracts had 

no effect on fungal spore germination (Table 5.3). 

The percent inhibition of the first fraction of PG inhibitor 

increased after August 17, 1982 for both peel and flesh tissues, 

the percent inhibition of the second fraction from flesh tissues 



Table 5.1. Percent infection of attached and detached 'd' Anjou1 pear fruits inoculated by three decay fungi 
during the 6 weeks before harvest. 

Inoculation 
Date Penicillium expansum Botrytis cinerea Mucor pirifonnis Control 

Attached Detached Attached Detached Attached Detached Attached Detached 

7-29-82 0.00 a 0.00 a 0.78 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 

8-3-82 13.28 a 30.63 ab 11.72 b 0.00 a 30.44 b 9.38 a 0.00 a 0.00 a 

8-10-82 6.25 a 35.63 ab 3.91 ab 31.25 b 0.00 a 0.00 a 0.00 a 0.00 a 

8-17-82 63.31 c 59.38 be 71.89 c 39.38 be 7.81 a 0.00 a 0.00 a 0.00 a 

8-24-82 44.72 b 71.88 be 83.59 d 36.25 be 9.70 ab 5.63 a 0.00 a 0.00 a 

8-30-82 84.96 d 96.88 c 96.09 e 66.88 e 89.06 c 49.38 b 0.00 a 0.00 a 

Valuas followed by the same letter(s) are not significantly different according to IXmcans multiple range test. 
(P = 0.05). 

Attached fruit were harvested on September 8, 1982. 

Each value represents the mean of 4 replications, 8 fruits with 2 wounds/replication and 1 fruit with 4 
wounds/replication for attached and detached fruit, respectively. 



Table 5.2. Percent infection of attached and detached 'd' Anjou1 pear fruits inoculated by three decay fungi on 
the north and south sides of the tree. 

Penicillium expansum 

Attached  Detached 

Botrytis cinerea 

Attached  Detached 

Mucor piriformis 

Attached  Detaclied 

Control 

Attached  Detached 

North 

South 

38.35 a  48.33 a 

32.49 a  49.79 a 

47.14 a   23.12 a 

42.19 a   25.42 a 

22.38 a  8.75 a 

23.29 a  12.71 a 

0.00 a       0.00 a 

0.00 a       0.00 a 

Values follcwed by the same letter are not significantly different according to IXmcans multiple range test (P = 
0.05). 

Each value represents the mean of 4 replications.   Fruit were puncture-inoculated then covered with plastic bags 
and aluminun foil for 24 hours. 

ON 
ON 



Table 5.3. The effect of 'd' Anjou' pear fruit ethanol extract on in vitro spore 
germination after 15 hrs at 150C and radial growth after 48 hrs at 200(n.ncubation of 
Penicillium expansum, Botrytis cinerea, and Mucor piriformis. 

Date Treat- 
ment 

7-29-82 

8-3-82 

8-10-82 

N 
S 
C 

N 
S 
C 

N 
S 
C 

-17-82 N 
S 
C 

-24-82 N 
S 
C 

Spore Germination (%) 

Penicillium Botrytis   Mucor 

8-30-82 N 
S 
C 

79.50  a" 
78.41 a 
78.94 a 

75.40 a 
80.86  a 
75.42 a 

83.24 a 
83.06 a 
79.58  a 

81.72 a 
86.83  a 
86.94 a 

86.96 a 
85.13 a 
86.01  a 

82.80  a 
83.95 a 
84.26  a 

84.40 a 
88.13 a 
87.01 a 

88.23  a 
90.40 a 
89.41 a 

94.40  a 
91.14 a 
97.01  a 

93.62 a 
87.86 a 
92.51  a 

94.86 a 
95.08 a 
95.01  a 

94.48  a 
97.32 a 
96.33 a 

80.67  a 
83.13 a 
82.78 a 

82.23 a 
82.15 a 
79.03  a 

85.55  a 
67.14 a 
74.49  b 

87.68 a 
87.54 a 
77.78  b 

86.14 a 
87.15 a 
81.07  a 

93.05 a 
94.72 a 
93.37 a 

Colony Size (mm) 

Penicillium Botrytis  Mucor 

15.37 a 
15.42 a 
14.23 a 

18.75 a 
18.76 a 
16.75 b 

18.75 a 
16.88 a 
15.38 a 

16.38 a 
16.50 a 
15.98  a 

18.38 a 
17.50 a 
14.88  b 

16.75 a 
16.80 a 
15.62  b 

44.00 a 
43.88 a 
37.13 b 

59.87 a 
60.10 a 
51.75  b 

59.87 a 
50.25 a 
39.50 b 

51.25 a 
49.63 a 
41.10  b 

56.38 a 
56.63 a 
48.50 b 

59.62 a 
58.50 a 
46.25  b 

63.50 a 
62.88 a 
54.50 b 

72.63 a 
72.13 a 
73.88  a 

72.63 a 
70.50 a 
60.63  b 

72.88 a 
72.13 a 
58.13  b 

76.09 a 
79.10 a 
65.63  b 

87.25 a 
87.37 a 
72.13  b 

z N = north side of tree, S = south side of tree, C = control 

y Values followed by the same letter are not significantly different according to 
Duncans multiple range test (P = 0.05). 
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Table 5.4.     Changes  in fruit  firmness  during 6 weeks  before harvest. 

Date Firmness   (Newton) 

7-29-82 112.63  a* 

8-3-82 93.31  ab 

8-10-82 98.75  a 

8-17-82 88.82  ab 

8-24-82 84.64  ab 

8-30-82 81.66 b 

*Values   followed   by   the   same   letter(s)   are   not   significantly 
different  according  to Duncans multiple  range  test   (P  =  0.05). 
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then decreased toward maturity. The decrease coincided with the 

rise in susceptibility of the fruit to decay caused by the three 

fungi. The correlation coefficient between percent fruit decay and 

flesh PG inhibitor fraction II was about -.51, which was signifi- 

cant. Side of the tree had no effect on the quantity of PG inhibi- 

tor fraction 2 (Table 5.5). 

Chlorogenic acid and arbutin were the major phenolic compounds 

in both peel and flesh tissues of the 'd' Anjou' pear. The concen- 

tration of chlorogenic acid in peel and flesh tissues were about 

0.35 and 0.06 mg/gm, respectively. For arbutin, peel and flesh 

tissues contained about 0.36 and 0.03 mg/gm, respectively. They 

were highly variable, and have no apparent relationship with fruit 

decay (Table 5.6). The correlation coefficients between percent 

fruit decay and arbutin (r = -.10) and chlorogenic acid (r «= -.15) 

were not significant. The amount of flesh chlorogenic acid, flesh 

arbutin and peel arbutin of fruit from the north side and the south 

side of the tree were not significantly different. The minor 

phenolics found in small amounts were catechin, epicatechin and p- 

coumaryl quinic acid. The possible role of these compounds in decay 

resistance is not known and was not specifically evaluated in this 

study. 



Table 5.5.  The PG inhibitor activities during 6 weeks before harvest. 

Date 

7-29-82 

8-3-82 

8-10-82 

8-17-82 

8-24-82 

8-30-82 

PG Inhibitor Activity 

Peel fraction I 
(% inhibition) 

Peel fraction II 
(% inhibition) 

22.72 ab* 

15.33 a 

27.37 be 

19.51 ab 

33.65 cd 

40.70 d 

54.23 b 

44.13 ab 

53.78 b 

35.98 a 

43.53 ab 

41.88 ab 

Flesh fraction I 
(% inhibition) 

24.92 a 

17.90 a 

16.80 a 

32.17 ab 

35.58 be 

33.55 ab 

Flesh fraction II 
(% inhibition) 

48.30 ab 

63.02 b 

55.20 ab 

49.90 ab 

38.48 a 

37.63 a 

*Values followed by the same letter(s) are not significantly different according to Duncans 
multiple range test (P = 0.05).  Values are means of n = 3 replications. 

o 



Table 5.6.  The amount of major phenolic compounds during the 6 weeks before harvest. 

Date 

7-29-82 

8-3-82 

8-10-82 

8-17-82 

8-24-82 

8-30-82 

Peel Chlorogenic Acid 
(mg/gm) 

0.227  a* 

0.312  ab 

0.323 ab 

0.277  ab 

0.380  b 

0.302  ab 

Flesh Chlorogenic Acid 
(mg/gm) 

0.070 a 

0.072 a 

0.072 a 

0.068 a 

0.085 a 

0.052 a 

Peel Arbutin 
(mg/gm) 

0.293 a 

0.467 a 

0.368 a 

0.223 a 

0.393 a 

0.270 a 

Flesh Arbutin 
(mg/gm) 

0.010 a 

0.020 a 

0.038 a 

0.013 a 

0.042 a 

0.012 a 

*Values followed by the same letter(s) are not significantly different according to Duncans 
multiple range test (P § 0.05). 



72 

Discussion 

Ndubizu showed that B. cinerea decay resistance of apple fruits 

decreased as maturation approached (133). Abu-Goukh found that 

Bartlett pear fruits became less resistant to B^ cinerea, P. 

expansum and Dothiorella gregaria (2). 'd' Anjou' pear became 

susceptible to decay during the month before harvest (R.A. Spotts, 

personal communication). Our results agree with these previous 

reports and showed that fruit decay caused by B^ cinerea and P. 

expansum during the 3 weeks before harvest and M^ piriformis during 

one week before harvest were significantly greater than in previous 

weeks. On August 3, 1982, the percentage of attached fruit decay 

caused by M. piriformis was 30.44% and was statistically greater 

than Mucor decay (0%) on August 10, 1982. This increase in decay 

may be related to orchard environment during and immediately 

following inoculation. However, the percentage of detached fruit 

decay on August 3, 1982 showed that the fruits were not really more 

susceptible than on August 10, 1982 when both were incubated under 

similar environmental laboratory conditions. Several environmental 

factors such as temperature, relative humidity and sunlight have 

been shown to alter disease resistance (4, 20, 186). 

The ethanol extracts of fruit tissues from both the north and 

south side of the tree increased the radial growth of fungi compared 

to controls and may be due to the additional sugar in the extract. 

The main pear fruit sugars are glucose and fructose, which are good 

carbon sources for fungal growth (75).  The presence of sugars might 
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have over-ridden any possible growth inhibition from phenolics in 

the ethanol extracts. 

The salt fraction of PG inhibitor extract from 'd' Anjou' pear 

may be involved in fruit decay resistance. Fungal plant pathogens 

such as Col letotrichum 1 indemuthianum, Fusarium oxysporum, 

Sclerotium rolfsii (7, 8), P. expansum, P. digitatum (70, 71) and 

Aspergillus niger (67) secrete polygalacturonase (PG) which causes 

cell wall break down and decay. Albersheim and Anderson showed that 

proteins extracted from the cell walls of Red Kidney bean hypocotyls 

and from tomato stems can inhibit the activity of the PG secreted by 

plant pathogens (9). Fruit firmness also decreased during the 

growth and development of fruit and was associated with a decrease 

in PG inhibitor. These can be correlated with the decrease in pear 

fruit resistance to infection by the three decay fungi. The role of 

endogeneous PG in tissue softening has been discussed by many 

investigators (85, 141). Non-ripening mutant tomato fruit rin and 

nor contain no PG and do not soften (32, 135). PG inhibitor may 

play a role in tissue softening by inhibiting endogenous PG, 

although there is some doubt that endogenous PG is inhibited. During 

the early weeks after inoculation, the fruits contain very high 

amounts of insoluble pectin, and require high amounts of fungal PG 

to digest the fruit cell wall. This insoluble pectin becomes 

soluble pectin during maturation, and fungi require less PG to 

digest the cell wall (193). 

The amount of pear fruit phenolics was very low when compared 

with that of onion peels (27).  This may explain why these two main 
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phenolics in pear tissues were not significantly correlated with 

fruit decay. We expected that fruit from the south side of the tree 

would have higher phenolic concentrations and show more resistance 

to decay than those from the north side since the south side of the 

tree is exposed to sunlight longer and more intensely than the north 

side. However, the amounts of flesh chlorogenic acid, flesh arbutin 

and peel arbutin of fruit from north and south sides of the tree 

were not significantly different. This result may suggest that 

phenylalanine ammonia lyase (PAL) which is the important enzyme for 

phenolics biosynthesis in 'd' Anjou' pear fruit may be insensitive 

to sunlight. Zucker discovered that potato slices incubated in 

white light increased the activity of PAL (211). But PAL light 

insensitive systems were found in grapefruit peel, excised axes of 

Phaseolus vulgaris, and roots of many plants (152, 199). PAL caused 

the deamination of L- phenylalanine to yield trans-cinnamic acid 

which were  both  precursors  of   phenolic  compounds  and  ammonia  (38). 
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CHAPTER 6 

Effect of Harvest Maturity on Postharvest Life 

and Decay of 'd' Anjou' Pear (Pyfus communis L.) Fruits 

D. Boonyakiat 

Abstract 

'D' Anjou' pears (Pyrus communis L.) were harvested 3 times at 

2 week intervals starting 14 days before commercial harvest at the 

Mid-Columbia Experiment Station, Hood River, Oregon. Late mature 

fruits were more susceptible to storage decay than the pre, and 

optimum mature fruits. Mucor piriformis caused the highest storage 

decay (27%), Botrytis cinerea, the second (15%), and Penicillium 

expansum caused the least storage decay (7%). Immature fruit was 

firmer (82 N) than optimum (74 N) and late mature (63 N) fruit at 

harvest and remained so throughout the storage period. Extractable 

juice (EJ) of unripened fruit maintained a constant level (72%) 

throughout the storage period. EJ of ripened fruit declined substan- 

tially (to 61%), but gradually increased after late sampling period. 

Soluble solids (SS) varied among different harvest groups and during 

the storage period and tended to decrease in cold storage. Fruits 

increased SS upon ripening.  Immature fruits had higher titrable 

Graduate Student,  Department of Horticulture,  Oregon State 
University, Corvallis, OR 97331 
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acids (TA) (about 4.29 meq/100 ml juice) than optimum (3.6 meq/100 

ml juice) and late mature fruit (3.24 meq/100 ml juice). TA 

decreased during the storage period and also during fruit ripening. 

Superficial scald began to develop on the ripened fruit when taken 

from storage in December, 1982 and increased thereafter. Immature 

fruits showed higher incidence (98%) of scald development than the 

optimum (37%) and late (0%) mature fruit in December, but all fruits 

developed scald symptoms after February, 1983. Optimum mature and 

late mature fruit developed acceptable flesh texture, juiciness and 

flavor upon ripening until February, 1983. Immature fruits were 

incapable of developing acceptable flavor upon ripening throughout 

the storage sampling period. 
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Introduction 

The effect of fruit maturity on both decay resistance and 

postharvest life has long been recognized (40, 43, 170). Sitterly 

and Shay showed that immature apple fruits were not colonized by 

Botryosphaeria ribis, Glomerella cingulata, Pezicula malicorticis or 

Physalospora obtusa. However, they became very susceptible to these 

pathogens as they approached maturity (164). Immature bananas 

infected by Colletotrichum musae did not develop symptoms until the 

fruit   became   ripe   (170). 

'D' Anjou' pears that were harvested before optimum maturity 

ripened more slowly than fully mature fruits when they were treated 

with exogenous ethylene (194). Late-harvested 'd' Anjou' pears 

tended to develop coarser texture and have shorter storage life (40, 

43). Dessert quality of late-harvested 'd' Anjou' fruit declined 

earlier than that of optimum harvested fruits (40). Malic acid was 

the major fraction of the organic acids in 'd' Anjou' pear and it 

decreased from 400 mg/gm to 250 mg/gm during storage at -1.10C. The 

amounts of citric, oxaloacetic, and fumaric acids were maintained at 

constant levels throughout the storage period. Internal ethylene of 

'd' Anjou' pear fruit early in fruit development was about 0.3 ppm 

and decreased rapidly to below 0.07 ppm during late fruit develop- 

ment and harvest periods (41). However, internal ethylene in 

'Delicious' rapidly increased to almost 100 ppm when the fruit 

approached full maturity (162). This study examined the effect of 

fruit  maturity on  storage  decay,   and   postharvest   life   of   'd'   Anjou 
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pear fruits after several  factors were evaluated monthly during long 

term storage. 
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Materials  and Methods 

Nine uniform, mature 'd' Anjou' pear trees were selected from 

the same orchard of the Mid-Columbia Experiment Station, Hood River, 

Oregon. They were randomly assigned to be harvested at 3 dates with 

3 trees each. Harvest groups were subsequently referred to as 

Harvest I (August 24), II (September 8), and III (September 30), 

respectively. The initial date for commercial harvest at the 

station was on September 8, as determined by the fruit firmness of 

62.3 newtons (6.36 kg). Therefore, Harvest I was referred to as 

pre-mature fruit, Harvest II as optimum mature fruit and Harvest III 

as   late  mature fruit. 

All fruits were weighed individually at each harvest for the 

determination of fruit sizes. Fruit sizes were manifested into size 

50 or larger, 60, 70, 80, 90, 100, 110, 120, 135, 150, 165 and 180 

or smaller based on counts to fill a standard 20 kg box. The number 

of fruits in each size category were counted for each tree at each 

harvest, and percent of fruit in each size category was calculated. 

The mean percentage of each size category from 3 trees at each 

harvest was used to compare the changes in fruit size among 3 

different  harvest  dates. 

Fruits were then stored in 20 kg wooden boxes with perforated 

polyliners  at  -1.10C  in  air  until   use. 

On September 30, 8 boxes of fruits from each tree at each 

harvest date were divided into 4 groups with 2 boxes per group. 

Fruit from each group were separately immersed into each of the 

following   decay   fungal   inoculum:      PenxciIlium  expansum   Lk   ex   Thorn., 
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Botrytis cinerea Per ex Fr. and Mucor piriformis Fischer, and 

distilled water as a control. Each inoculum had a concentration of 

1 x 10^ conidia/ml. After a one minute immersion, fruits were air- 

dried at room temperature and put back into the wooden boxes with 

polyliners and stored at -1.10C in air. The numbers of decayed 

fruits from each tree at each harvest date were evaluated out of 

storage on December 1, 1982; February 1 and April 1, 1983. The 

decayed fruits were discarded at every evaluation date. The number 

of decayed fruits were pooled together from 3 evaluation dates for 

each treatment of each harvest date. The incidence of fruit decay 

from each inoculated decay organism was expressed as percent of 

decayed  fruit  for each  harvest  group. 

A split-split plot design was used for analysis of the decay 

incidences. Fungi treatments were the main plot, harvest dates were 

subplots and sides of the trees were sub-subplots. Each effect and 

interaction was tested by analysis of variance. Treatment means 

were  separated by Duncan's multiple  range  test. 

Beginning October 1, 1982 and following the first of each 

calendar month, 20 fruits per tree at each harvest date were removed 

from the cold storage to evaluate fruit conditions and ripening 

quality. Five fruits from each tree at each harvest date were used 

to determine the flesh firmness (FF), extractable juice (EJ), 

soluble solids (SS) and titrable acids (TA) immediately after 

removal from cold storage. The remaining 15 fruits were ripened at 

20oC and 94% relative humidity for 10 days. After 10 days of 

ripening,   the development of  superficial   scald  symptoms  of  each 
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fruit was evaluated and categorized into 5 ranks of severity: 

clear, very slight, slight, moderate and severe. Any fruit ranked 

from slight to severe was considered as commercially unacceptable 

and percent incidence of scald fruit in each harvest group for each 

evaluation period was  therefore determined. 

After the evaluation of scald symptoms, 5 ripened fruits per 

tree were used  to determine  the FF,   EJ,   SS and  TA. 

FF of fruit was measured by a UC firmness tester with an 8 mm 

plunger with 3 punches per fruit. Changes in EJ, SS and TA were 

determined by using 100 gm composed of 10 sectors from 5 fruits of 

each tree per harvest date. The tissues were juiced in a juicerator 

(Acme Model 6001) for 1 minute. The volume of juice was measured. 

SS were determined by a hand refractometer and expressed as gram 

soluble solids per 100 ml juice. TA was measured by titrating 25 ml 

of juice to pH 7.2 using 0.1 N NaOH and calculated as milliequiva- 

lents  (meq)  acid  per   100 ml   juice. 

Another 5 fruits per tree were randomly selected from the 

remaining 10 fruits for the evaluation of dessert quality. The 

dessert quality of ripened fruit was evaluated organoleptically by 

the authors and rated for flesh texture, juiciness and flavor. Each 

quality category was divided into a 5 point scale according to 

Cloninger and Baldwin (46). The mean score of 15 fruits from 3 

trees was used to compare the dessert quality among the harvest 

groups  at  each  sampling  period. 

Statistical analysis for FF, EJ, SS, TA and scald was using a 3 

x 7  x 2  factorial  experiment  including:   3 harvest  dates,   7  sampling 
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periods and 2 states of ripening. Each tree was considered as a 

replicate and therefore, each treatment had 3 replicates. Each 

effect and interaction was tested by analysis of variance. Treatment 

means were separated by Least Significant Difference (LSD) at the 5% 

level. 
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Results and Discussion 

Fruit size: Table 6.1 shows the percentages on a number basis, 

of fruit weight in each size category for each harvest. Assuming 

the premium sizes from commercial pack out were ranging from size 80 

to 120, then Harvest II fruits had 87.45%, while Harvest I and III 

fruits had 69.61% and 56.82%, respectively, with more fruit in the 

sizes larger than SO's for Harvest III. Therefore, most of the 

fruits contained in the Harvest II group were of suitable size for 

marketing. 

Storage decay: There were two significant effects which were 

fruit maturity and the type of decay organisms on storage decay of 

'd' Anjou' pear fruits in this study (Figure 6.1). M. piriformis 

caused the highest percentage (about 27%) of decay and produced a 

watery soft rot symptom. Primary infection usually occurred at the 

stem end of the pear. Secondary infection occurred at the point of 

contact between sound and decayed pears. B^_ cinerea had 15% 

incidence of decay and caused a moderately severe soft rot symptom 

which was not as watery as that caused by M. piriformis. P. 

expansum caused a soft rot with a distinct margin, but consumed less 

area of the fruit than M. piriformis and B. cinerea. P. expansum 

caused the lowest (7%) incidence of decay. The secondary spread of 

Mucor rot may have occurred more rapidly than that of B^_ cinerea and 

P. expansum because Mucor-infected pear tissue broke down and 

released liquid which was full of Mucor conidia. Bertrand suggested 

that secondary infection can occur when sound fruit contacts the 

liquid produced from the disintegration of decay tissues (25). 
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Table 6.1 Distribution of fruit sizes in 3 harvest groups expressed 
as percent by number of fruits. 

Sizez Harvest Iy Harvest IIy Harvest my 
(%) (%) (%) 

50 0 0.72 1.12 

60 0 0.81 11.49 

70 0.26 6.96 30.24 

80 0.77 18.26 27.92 

90 5.75 25.12 18.90 

100 13.91 21.77 6.54 

110 22.61 13.66 2.23 

120 24.92 8.67 1.23 

135 18.70 2.48 0.22 

150 8.32 1.03 0.11 

165 4.02 0.38 0 

180 1.09 0.17 0 

y Harvest I, Harvest II and Harvest III fruits were harvested on 
August 24, 1982, September 8, 1982 and September 30, 1982, 
respectively. 

z Fruit sizes are based on numbers of fruit to fill a 20 kg standard 
fruit box for pears. 
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Figure 6.1  Percent fruit decay among three harvest groups after 
storage for 6 months at -1.10C 

Values followed by the same letter(s) are not significantly 
different according to Duncan's multiple range test (P = 0.05). 

Harvest I = August 24, 1982 
Harvest II = September 8, 1982 
Harvest III = September 30, 1982 
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Decay of inoculated fruit was highest in Harvest III groups for all 

three fungi, whereas Harvest I fruits showed the lowest percentage 

of fruit decay (Figure 6.1). 

Wallace suggested that the water insoluble material in young 

fruits was greater than in mature fruit, indicating that pectin from 

young fruits is more "sterically hindered", or less accessible, than 

from mature fruits (193). Therefore, it is less readily utilized by 

fungi as a carbon source (193). Immature fruits contained higher 

amounts of some antifungal substances such as phenolics and poly- 

galacturonase inhibitors than did mature fruits (2, 90, 133). The 

location of fruit on the tree had no effect on decay incidence, and 

this was true for all three fungi. Spotts (personal communication) 

indicated that natural decay by these three fungi was very low and 

not usually very significant. Percent decay in noninoculated fruits 

in this study was also very low (Figure 6.1). 

Flesh firmness: Flesh firmness decreased sequentially with 

harvests, from 70 newtons for Harvest I to 53 newtons for Harvest 

III. During cold storage, the firmness of Harvest I fruits declined 

gradually every month. The flesh firmness of Harvests II and III 

slightly decreased during September, 1982 through February, 1983, 

but then more rapidly declined in March. Harvest III group firmness 

at harvest was below the optimum recommended range. The fruits from 

Harvest III had softer flesh than those from Harvest I and II and 

were easily wounded. These wounds may have provided entrance for 

pathogens.  For fruit ripened 10 days at 20°C, flesh firmness 
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decreased  about  7   to   11  newtons,   and remained at  this  level  for 

ripened   fruit   throughout   storage   (Figure   6.2). 

Extractable Juice: EJ of unripened fruit was between 68 and 74 

ml/100 gm, fresh weight and remained at this level with little 

change throughout the storage period. Harvest II and III had a 

little higher EJ than Harvest I(Figure 6.3). For ripened fruits, 

EJ increased gradually at each sequential sampling period from 53.8 

to 57.5 ml/100 gm fresh weight on October 10, 1982 to 66 to 68 

ml/100 gm fresh weight on April 10, 1983 and ripened fruits of 

Harvest III had higher EJ than that of Harvest I and II. The ripe 

fruit contained lower amounts of EJ than did unripe fruit. This 

difference was less in the late storage period. Chen et al. (43) 

indicated that juiciness of fruit was associated with a low amount 

of EJ. He also suggested that active cell wall metabolism in fruit 

occurs during the storage period and cell wall pectins change to a 

certain degree. Initially the fruit juice binding capacity is high, 

but the longer it is held in storage, it loses its binding capacity 

and thus also, loses its desirable buttery and juicy texture. On 

the EJ basis, Harvest II fruits should have the best buttery texture 

and juiciness among the three harvest groups. This was confirmed 

later by the organoleptic evaluation of dessert quality of ripened 

fruit  (Figures  6.7,   6.8,   6.9). 

Soluble Solids: SS of unripe fruits varied among the harvest 

groups and changed very little during cold storage. Overall, the 

ripened fruit increased in SS as compared with unripened ones. 

Furthermore,    SS   of    ripened   fruits   declined   gradually   at   each 
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Figure 6.2 Changes in flesh firmness during storage at -1.10C of 
'd' Anjou' pears harvested at three dates, and after 10 days 
ripening at 20oC. 
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Figure 6.3 Changes in extractable juice during storage at -1.10C of 
'd' Anjou' pears harvested at three dates, and after 10 days 
ripening at 20oC. 
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Figure 6.4 Changes in soluble solids during storage at -1.10C of 
'd' Anjou1 pears harvested at three dates, and after 10 days 
ripening at 20oC. 
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Figure 6.5 Changes in titrable acids during storage at -1.10C of 
'd' Anjou' pears harvested at three dates, and after 10 days 
ripening at 20oC. 
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Figure 6.6 Development of scald symptoms after storage at -1.10C 
and ripening at 20oC for 10 days of 'd' Anjou' pears harvested at 
three dates. 
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Figure 6.7 Changes in flesh texture during storage at -1.10C and 
ripening at 20oC for 10 days of 'd1 Anjou' pears harvested at three 
dates. 

5 = Buttery, A = Moderately Buttery, 3 = Slightly Buttery, 2 = 
Moderately Coarse or Dry, 1 = Coarse; I = Harvest I, II = Harvest 
II,    III  = Harvest   III. 
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Figure 6.8 Changes in flesh juiciness during storage at -1.10C and 
ripening at 20oC for 10 days of 'd' Anjou1 pears harvested at three 
dates. 

5 = Juicy, 4 = Moderately Juicy, 3 = Slightly Juicy, 2 = Moderately 
Dry, 1 = Dry; I = Harvest I, II = Harvest II, III = Harvest III. 
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Figure 6.9 Changes in flesh flavor during storage at -1.10C and 
ripening at 20oC for 10 days of 'd' Anjou pears harvested at three 
dates. 

5 = Excellent, 4 = Good, 3 = Fair, 2 = Poor, 1 = Unacceptable; I = 
Harvest  I,   II  = Harvest  II,   III  = Harvest  III. 



L
U

H
 

w
 m

 
CO 

CO 
to 

LU 
LU 

LU 
>

 
>

 
>

 
CE 

a
 

c
 

<
 

<
 

<
 

*±m
 

X
 

-  o to 

o
 

o
 

2
 LU 

CVJ ^
 

Q
 

O
 

^
 CO 

o
 

o
 

2
 

F
ig

u
re 

6
.9

 



105 

sampling period (Figure 6.4). SS of fruits often increased through- 

out growth and maturation (40, 207). But our results showed that 

Harvest I always had higher SS than Harvests II and III. SS in 

fruit varies with season, location, preharvest temperature, and crop 

loads (127). 

Titratable Acidity: TA of both ripe and unripe fruits 

decreased gradually from 3.9 to 3.5 meq/100 ml during the storage 

period (Figure 6.5). The late-harvested fruits had about 25% less 

TA than the early ones. After long term storage in April, all 

harvest groups had nearly the same TA; about 2.5 meq/100 ml. TA in 

unripe fruits was higher than in ripe fruits. Malic acid is the 

major organic acid found in 'd1 Anjou' pear (41). Malate is one of 

the acids that is an intermediate in the tri-carboxylic acid cycle 

(157). The reason that TA decreased during ripening period and 

storage may be because organic acids were used up for respiration. 

Scald development: Fruit developed scald symptoms after it had 

been stored for about 3 months, and these symptoms appeared on fruit 

that was exposed to 20oC for several days. Scald incidence of 

fruits from Harvests I and II first appeared on December 10, at 93% 

and 33%, respectively. For Harvest III group, scald symptoms first 

developed on January 10 at 75 percent. Beginning February 10, 1983, 

all harvest groups showed 100 percent scald symptoms throughout the 

remaining storage period (Figure 6.6). Our results clearly showed 

that storage time is involved in scald symptom development. Meigh 

suggested that the oxidation of <x -farnesene, which he showed had 

accumulated in the epidermal layers of fruits during long-term cold 
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storage, might cause scald (126). During the 3 months after 

harvest, the oxidation of <X-farnesene may approach the level that 

can cause scald. 

Dessert quality: The flavor of ripe fruits from Harvest I 

ranged from poor to unacceptable for all ripening periods (Figure 

6.9). The dessert quality of ripened fruit from Harvest II improved 

to the highest scores for texture, juiciness and flavor in January, 

and thereafter rapidly declined (Figures 6.7, 6.8). Harvest III 

ripened fruits had the highest score for flavor in November and 

declined dramatically in February. Flavor began to range from poor 

to unacceptable for all harvest groups during March and April. The 

quantitative differences of TA, SS and possibly phenolic compounds 

may contribute to altered flavors of ripened fruits between the 

three harvests. Chen suggested that the development of buttery 

texture was associated with EJ (43). Therefore, ripened fruits with 

higher EJ during the later sampling periods (i.e. after February) 

were characterized as having coarse and dry flesh texture. 

Even though Harvest I fruit had very low decay incidences, it 

developed poor dessert quality and contained many undersized fruits. 

Harvest III group would require early marketing because this harvest 

group had the highest incidence of decay and also contained too many 

large size fruit categories. From our results. Harvest II fruit 

appeared to be near optimum maturity for commercial harvest. If the 

commercial harvest period was scheduled for 14 days, then the best 

harvest period for 'd' Anjou' pear fruits in 1982 would have been 

from September 2 to September 14, 1982. 
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Chapter  7 

Conclusion and  Implications 

The influence of harvest maturity of pears on storage quality 

and storage pathogen disease resistance is demonstrated in these 

studies. Taking all factors into consideration, the optimum 

maturity for pear storage represents a compromise among several 

factors: optimum fruit size ranges; optimum firmness that allows 

harvest and handling with minimal damage; optimum physiologic stage 

of development to allow for good ripening characteristics after 

storage but without sacrificing storage lifetime, such as avoidance 

of physiologic disorders (e.g. scald); and just as important, 

optimum physiologic maturity to retain resistance to storage and 

handling pathogens. Individually, the time at which these maturity 

optima occur is different for each aspect. Thus, compromises have 

to be made which balance the individual optima into a composite 

optimum maturity. Traditionally, 'd' Anjou' pears are harvested in 

the firmness range of 15 to 13 lbs (66 N to 57 N) and the Harvest II 

maturity is in the middle of that range (63 N). Thus, the data from 

these studies confirms the traditional firmness data as being near 

the optimum maturity. Relating the other maturational parameters to 

firmness is important because the measurment of fimness is easily 

done by orchard personnel with sufficient accuracy to permit 

reasonable decisions as to when harvest can begin and the relative 

rate  of  change  of   fimness  is  fairly predictable. 
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The role of peel phenolic concentrations, particularly arbutin, 

needs to be examined in greater detail as suggested by the limited 

results of these studies. Also the possible role of minor phenolic 

constituents needs to be examined because some may have fairly 

potent antifungal properties despite their lower concentrations 

compared to the major phenolics. Clearly, the major phenolic, 

chlorogenic acid, does not appear to possess fungal inhibitory 

properties at the concentrations found In. situ in the peel and 

certainly is not in high enough concentration in the flesh tissues 

to be inhibitory. 

Slight decreases in chlorogenic acid and arbutin occurred 

during cold storage of 'd' Anjou' pear. The concentration of 

chlorogenic acid and arbutin during the six weeks before harvest was 

highly variable, which may indicate that further study should have 

more than 3 pears per replication. B. cinerea mycelial growth and 

spore germination increased in media containing chlorogenic acid. 

This may suggest that B^ cinerea can detoxify this phenolic and that 

this phenolic simply is not toxic to Botrytis. Arbutin apparently 

has a greater ability to inhibit fungal growth and spore germination 

than does chlorogenic acid, particularly for the species of fungi 

challenged in this study. 

Ethanol extracts had no effect on spore germination and 

actually increased radial growth of fungi. This is likely due to 

the fact that ethanol does not efficiently extract some phenolics 

(particularly arbutin) into solution and yet does extract sugars, 

amino acids, and possibly other nutrients to support fungal growth. 
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It would  likely be better to use acidic methanol  instead of ethanol 

in any further  studies. 

One of the more exciting findings was the likely role of the 

endogenous polygalacturonase inhibitors as being fairly closely 

related the the changes in susceptibility of 'd' Anjou' pear fruit 

tissues to pathogen attack. Of the two types of extracts evaluated, 

the more tightly cell-wall bound fraction (fraction II) was the most 

related to fungal resistance, whereas the loosely bound fraction 

(fraction  I)  was  not  as closely  related. 

The polygalacturonase (PG) inhibitor, reported to be a protein 

with a molecular weight of about 91,000 daltons, loses activity when 

heated above 60oC. The inhibitor present in pear tissue can be 

extracted into the more easily soluble form (fraction I) and wall 

bound form (fraction II). The inhibitor has been reported to show 

no activity against endogenous PG isolated from 'Bartlett' pear 

fruits, but inhibited PG activity isolated from fungi (2). The PG 

inhibitor binds to carbohydrate-containing materials through a 

simple reversible interaction similar to that of lectins (2). 

Immature fruits with a high level of inhibitor fraction II against 

PGs produced by pathogens were resistant to infection. As fruits 

matured, the inhibitor fraction II content steadily decreased. This 

decline in inhibitor II activity appeared to be an important aspect 

of the shift in the balance of forces in favor of the pathogen, 

which then became able to readily colonize host tissues. P. 

expansum  and  B.   cinerea  were   the   first   pathogens   able   to  infect 
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immature pears, with M. piriformis only able to infect at later 

stages. 

Certainly more research will be needed to isolate and purify 

the PG inhibition in order to study its interactions with the host 

tissue and with the polygalacturonases and other exo-enzymes 

secreted by pathogenic fungi. Of additional interest would be to 

establish what role, if any, the PG inhibitors may play in natural 

fruit  softening. 

The location of fruits on the tree had no effect on fruit 

decay, fruit firmness, fungal radial growth, fungal spore 

germination, PG inhibitor activity, or relative amounts of 

phenolics. 

Harvest II fruit appeared to be near the optimum maturity for 

commercial harvest. Harvest I fruit, although resistant to decay, 

failed to ripen to acceptable quality and contained too many small 

fruits. Harvest III fruit had greater decay susceptibility and lost 

firmness and ripening quality during storage more rapidly than 

Harvest II fruit. Therefore, Harvest III fruit would only be 

suitable for short storage and early marketing. Extractable juice 

was related to the good quality of fruit along with titrable acids, 

soluble solids and phenolic compounds. Further study would require 

closer intervals of sampling (probably at 3 day intervals) during 

the period of harvest maturation in order to pinpoint optimum 

maturity rather  than the  two week  intervals  used  in this  study. 
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