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SOME FACTORS APPECTUG  THE SOPTMIH& 
OP BRINED CHERRIES 

UTRQDUmOl 

The cherry brining industry in the United States, and 

particularly the Pacific Coast states of Oregon, Washington, 

and California, has become an important industry since the 

passage of the fariff Act of 1930. Until the passage of 

this act about 80 per cent of the brined cherries used for 

the manufacture of glace and maraschino cherries in the 

United States were imported from European sources. Since 

that time the percentage has been reversed until today 

more than 80 per cent of the brined cherries used in the 

United States are supplied domestically. More than 27,000 

tons of cherries were brined in the Pacific Coast states 

of Oregon, Washington and California in 1946 (13). 

The brining method which has proved most adaptable 

for the preservation of cherries ©as developed by Bullis 

and Wiegand in 1931 (2). It consists of the use of a 

sulfur dioxide-calcium hydroxide--or other calcium salt- 

brine, which contains approximately 1.25 per cent sulfur 

dioxide to bleach the cherries and to prevent microbial 

growth, and 0.7 per cent of calcium hydroxide, or its 

equivalent in other calcium salts* to form a firm gel with 

the pec tic materials of the cherries. 



This method has proved to be generally satisfactory, 

but there have been occasional occurrences in the past of 

softening of cherries in brine. The first such occurrence 

was noted in the Yakima, Washington area about 1947 (37). 

The first published report oa this type of spoilage 

of brined cherries was made by McOReady and McComb (27), 

in 1954. These authors observed that,"soft brined cherries 

seemed to be attacked from the outside by a pectin degrad- 

ing enzyme, since the steais fall off and parts of the 

outer skin begin to slough. The pectic substances are 

slowly attacked during the brining storage period and then 

are so badly degraded that they are no longer capable of 

forming firm calcium pectat© gels within the cherries." 

Since the damage in these early reports was scattered 

and slight, there was no extensive investigation made into 

the causes o^ sources of the responsible agents. During 

1957, however, very extensive damage of brined cherries 

occurred in the Yakima Valley area of Washington, and a 

lesser amount of damage occurred at The Dalles, Oregon. 

This softening, as in the previously reported cases, 

was not noticed until the crop was being prepared for 

shipment to eastern manufacturer^ which was several weeks 

after the crop had been brined.  Consequently, the briners 

affected suffered a heavy crop loss. This loss has been 

estimated at more than 11,800 barrels valued at more than 



516,000 dollars  (37). 

Since the 1957 damage was not noticed early,   there 

was no opportunity to observe the conditions which might 

have been the cause of  this  softening.     It was necessary 

to rely on the  observations  of groivers and briners of 

these areas.     Their observations were often vague and the 

opinions expressed were quite varied*    Many briners 

thought  that  the softening might have been caused by the 

spraying, or lack of  it, employed by some growers.    Others 

thought  that the  softening was  the  result of a heavy in- 

festation of cherry powdery mlldetv (Podosphaera oxayacahthae 

D.  C.   de By).     Plant pathologists were generally skeptical 

of this  as a source,  since they did not believ© that cherry 

powdery mildew was capable of producing a pectin degrading 

enzyme, 

There were other possibilities which xiyarranted inves- 

tigation.    Among  these were  the possibility that the fruit 

itself was  the  source of the enzyme,   or that  the eEayme 

was produced by the growth of microorganisms during the 

ripening of the fruit. 

Since none of these possibilities had been studied 

extensively in th© past because of the relatively small 

amount of damage on an industry-wide basis, plans had  to 

be set up  to explore all of the above possibilities as 

causative agents in  the softening of brined cherries. 
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Plans for studies of fresh and brined cherries i^ere 

formulated jointly by the departments of Pood and Dairy 

Technology, Plant Pathology and Agricultural Chemistry at 

Oregon State College, by the Department of Horticulture at 

the State College of Washington, and by the Western 

Regional Laboratories, United States Department of Agri- 

culture, Albany, California. 

The studies of possible factors related to the soft- 

ening of brined cherries which are reported here are: 

(1) the testing of fresh cherries for the presence of 

polygalacturonas© activity in cherries at different stages 

of maturity and/or cherries infected with different 

diseases,  (2) studies on the effect of three different 

calcium salt brine treatments on the quality and firmness 

of brined and cured cherries, and  (5) studies on the 

activity and inhibition of cosmnercial pectic engymes in 

model systems and in brined cherries under controlled 

conditions. 



THE PECTIC  SUBSfMCES IK  PLAITS 

The pectic  substances are almost universally distribu- 

ted in plant tissues, where they act as  cementing materials, 

particularly in fruit tissues.     They are  important in food 

technology because of  the role they play in the main- 

tenance of texture in fresh fruits and vegetables,  and 

because of their role in the firming of preserved products 

such as brined cherries and pickles. 

The nomenclature of  the pectic  substances has  been 

very diverse,   the literature contains over fifty different 

terms  for the various pectic   substances,  and 'the meaning 

of these often overlap.    This problem has been overcome  to 

a great  extent since the adoption of  the Revised lomencla- 

ture of the Pectic  Substances by the American Chemical 

Society in April 1944  (2).     This terminology has been 

adopted  to define  the pectic  substances, protopectin, 

peetinlc acids, pectic   acids and pectin. 

"Pectic  substances" is a group designation for those 

complex colloidal carbohydrate derivatives tshic'h occur in, 

or ar© prepared from plants  and contain a large proportion 

of anhydrogalacturonic  acid units which are  thought to 

exist in a chain-like combination.    The carboxyl groups of 

polygalacturonlc  acids may be partly esterifled by methyl 

groups  and partly or completely neutralized by one or more 

bases. 
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These substances belong to the polysaccharides where 

they are chiefly found in the cell walls of higher plants 

(4, p. 62).  They owe their name and technical importance 

to their ability to form gels under suitable conditions. 

In general, pectic substances ar© distinguished from poly- 

saccharides by the possession of carboxyl groups.  These 

carboxyl groups are parts of the anhydrogalaeturonic acid 

units characteristic of all pectic substances.  It is be- 

cause of the belief that the galacturonic acid in plants 

is derived from the oxidation of the terminal (6) carbon 

atom of galactose that galacturonic acid as well as pectic 

substances are regarded as derivatives of carbohydrates 

(17, P. 6). 

The tem protopectin is applied to the water- 

insoluble parent pectic substances which occur in plants 

and which upon restricted hydrolysis yield pectin or 

pectin!c acids. 

The tem peetinic acids is used for the colloidal 

polygalaeturonic acids containing more than a negligible 

proportion of methyl ester groups. Peetinic acids under 

suitable conditions are capable of forming gels with sugar 

and acid or, if suitably low in methoxyl content, with 

certain metallic ions. 

The term pectic acids is applied to pectic substances 

mostly composed of colloidal polygalaeturonic acids and 



essentially free from methyl ester groups. 

The general term pectin (or pectins)  designates those 

water-soluble^- pectinic acids of varying methyl ester con- 

tent and degree of neutralization xihich are capable of 

forming gels with sugar and acid under suitable conditions. 

According to present knowledge the basic  skeleton of 

pectic   substances is believed to be composed of galactur- 

onic acid residues  (17, p.  43;   4;  5).     According to the 

definition for the pectic  substances,   they contain a large 

proportion of polygalacturonic acids which are built from 

anhydrogalacturonic acid units.     The simplest pectic 

structure has  just enough component units  to attain 

colloidal properties  and thus become  a pectic  acid  , 

The linkage  joining galacturonic acid units is re- 

ported to consist essentially of  alpha-1,4 glycosidic 

linkages of D-galacturonic acid in the pyranose configura- 

tion  (5).     In general,  polygalacturonic acid occurs in 

nature  as  •fixe partial methyl ester which is  called pectin. 

The possibility of cross linkages of esters  formed 

from methosyl and carboxyl groups,  or from the reaction 

of carboxyl groups and divalent cations is believed to 

lead to the formation of pectin  gels,  and in the case of 

large molecules,  protopectin,   the tmter-insoluble pectic 

1 Strictly speaking,  all of the pectic  substances form 
colloidal  suspensions rather than true solutions. 
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substance, may b© formed. 

The pectic substances occur in most plant  tissues. 

Generally they are found in relatively large amounts in 

succulent,   soft  tissues composed chiefly of primary walls, 

and under conditions of rapid growth  and high imter con- 

tent.     During the process of lignification the  content of 

pectic materials  in plants usually decreases and in hard 

tissues,   such as wood,   they constitute  only a negligible 

fraction of the  total plant substances. 

The young  tissues of the cell consist of a single 

layer,  while in older  tissues it is  composed of  two or 

more  layers.    A well developed cell mil is composed of 

the following three main layers: 

1. The middle lamella,  or intercellular  substance. 

Is formed from the cell plate during cell division and is 

shared by adjacent cells.    It is  completely isotropic and 

is composed largely or,  entirely of pectlc  substances. 

2. The  primary wall is developed from the cambial 

wall;   it is  composed of cellulose, hemicelluloses, pectic 

substances,  and ligrdn.     In woody tissues the primary wall 

is heavily lignifled. 

S.     The secondary \7all may be  composed of several 

gones;  it is incapable of extensive growth and during groeTti 

it is  added to by formation of successive layers.     It is 

composed of a mixture  of cellulose, hemicelluloses. 
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lignins,   and peetosans.     Some of  these structures may be 

visibly developed in certain tissues and are often diffi- 

cult to  distinguish. 

The pectie  substances of the middle  lamella are 

deposited in a single  or double  layer by the plasma mem- 

branes  and undergo changes in form,   quantity,   and  charac- 

teristics during the development of  the plant.     Their mass 

is often increased by the   secretion of further pectie 

materials from adjoining cells into the  spaces  formed when 

they ar© rounding off.    During the ripening of fruits  the 

cell walls become appreciably thinner,  and  this has been 

attributed to  the decomposition of insoluble protopectin 

and the  formation of soluble pectinic acids   (17, p.  267), 

and it has been shown that the middle lamella is rich in 

calcium and calcium pectate. 

The primary cell wall is rich in more  typical proto- 

pectin.     Pectin commercially produced from apple pomace 

comes mostly from the primary cell walls of the fleshy 

parenchyma.     The white albedo pf  citrus fruits also  con- 

sists of pfitrenchymous  cells whose primary walls   contain 

a large proportion of protopectin. 

The advantage of pectie substances  as structural com- 

ponents over cellulose aid  lignin is  that the  latter 

materials,  once formed in  the  plant,  cannot be removed. 

On the  other hand,   the pectie  substances give   the   tissues 
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the required firmness while it is needed but may be subse- 

quently changed in such a manner that their contribution 

to rigidity is greatly reduced; or as is the case in the 

brining process, the rigidity may be increased by the in- 

corporation of calcium salts for the formation of calcium 

pectate gels. 



11 

REVIEW OP LITBRATUHE 

Very little work  has been reported on factors affect- 

ing the softening of brined cherries.  Primarily, this is 

due to the very recent occurrence of this problem in the 

brining industry. The work reported by MeReady end McComb 

(27) is the first which deals specifically with the soft- 

ening of cherries by the action of some factor present in 

the natural product.  Supporting work on the softening of 

brined cherries has been reported by a group at The 

f©stern Regional Laboratories, Albany, by Ross, Yang and 

Brekke, and by Wiegand (59; 35; 37). These reports add 

support to the original views of McCready and McComb, that 

the softening results from the action of pectic enzyme(s), 

although the origin and other factors have not been 

elucidated. 

The softening of cucumbers in commercial and model 

fermentations has been studied recently by Etchells, Bell 

and Jones (8), and by Etchells, Bell and Williams (9), who 

have reported the occurrence of pectlc enzymes in cucumber 

flowers, which contained a number of fungi (Fusarium, 

jPenlcillium, Alternarla, BSLucor, and Aspergillus). 

Etchells, Bell and Williams also report that this enzymatic 

action can be inhibited by scuppernong grape leaves. 

Lampi, Esselen, Thomson and Anderson (19) have char- 

acterized the chsnges in pectic fractions of soft and firm 
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cucumbers.  They have found a varietal difference in the 

degree of softening, and report a fair correlation between 

pressure tests for firmness and organoleptic evaluation 

and character!zation of firm and soft cucumbers and salt 

stock. 

Softening of strawberries, raspberries and other 

small fruit preserved in sulfurous acid solutions without 

heat treatment has been reported in England (13, p. 145) 

according to Joslyn and Braverman. This softening has 

been attributed to the presence of enzymes secreted by the 

microorganisms (chiefly molds) contaminating the fruit, 

aad not to the activity of naturally occurring enzymes 

presBnt in the frui t. 

The occurrence of polygalacturonase ( PG) activity 

in ripe pears and avocado has been reported by McCready 

and McComb (28). These authors did not detect any poly- 

galacturonase activity in unripe pears, peaches, or 

avocado. 

The  possibility that all pectin~©omtaining plants 

have enzymes present which hydrolyz© polygalacturonides, 

under certain circumstances, has been suggested by 

McCready, McComb and Jansen based en their studies of 

avocado and tomato polygalacturonase (30). They further 

suggest that one reason for the lack of demonstration of 

polygalacturonase activity in most fruits might be the 
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presence of a natural inhibitor. 

The action of pectie enzymes has been reviewed by 

Kertesz (17, p. 535-575). Based on information available 

at that time, Kertesz concluded that there was sufficient 

evidence to justify the naming of a pectin-methylesterase 

fyhich hydrolyzes the methyl ester group in pectinic acids, 

and a polygalacturonase nihich is capable of hydrolyzing the 

1,4-glycosidle linkage of pectinic and peetic acids. The 

presence of a protopectinase enzyme had been reported, but 

this enzyme was not proven to be different from the 

polygalacturonase. McCready, McComb and Jensen (50) found 

no difference in the reaction of polygalacturonase from 

different sources, and concluded that only one enzyme exists 

which Is capable of hydrolyzing the glycosidic linkages 

of pectins. 

McColloch and Kertesz (26) have reported the possible 

occurrence of a peetic acid depolymerase which was 

believed capable <£   degrading peetic polyuronides of 

different molecular sizes in tomatoes. Ihe action of 

this enzyme has not been confirmed, and present indica* 

tions are that this postulated enzyme is a polygalac- 

turrmase. 

Peotin^methylesterase occurs in the roots, stems and 

leaves of many higher plants (15). Phaff and Joslyn (53, 



14 

p.  135)  report that it is produced by many fungi  and bac- 

teria.     Demain and Phaff  (4), Kertesz  (17,  p.  560-361), 

Lineweaver and Ballou  (21)  and MaeDonnell,   Jansen and 

Llneweaver (23) have  reported that this  enzyme is  capable 

of attacking methyl esters of pectinic acid with the 

formation of pec tic acid and methanol. 

Pectln-methylesterase activity in the presence of 

polyvalent ions,  especially calcium salts, results in the 

foxmation of a firm gel  (17,  p.  361), but no gel is formed 

in the  absence of metallic ions.     Phaff and Joslyn  (33) 

report  that pectin-methylesterase is  often found associated 

with pectic enzyme complexes. 

The action of pectin polygalacturonase  (PG) has been 

studied extensively.    The hypothesized degradation by 

hydrolysis of the 1,4-glycosidic linkages of pectinic and 

pectic acids has been supported by work reported by Phaff 

and Demain   (32) who have isolated a single polygalacturon- 

ase enzyme from yeast as  shown by ©lectrophoresis and 

ultracentrifugation.     These authors found a rapid initial 

hydrolysis of pectic acid at random with the production 

of tetra-,   tri-,  di-,  and galacturonic  acids.     The rate of 

hydrolysis was observed to decrease as   the reaction pro- 

ceeded*     Jansen and MacDonnell (12) have  obtained similar 

results. 

McGready and Seegmiller  (29)  found that purified 
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polygalacturonase attacks polygalacturonid© substrates 

which possess a glyoosidic uronlde bond betxveen ti?o adja- 

cent free carboxyl groups, but fails to attack those where 

one or both of the adjacent car&oxyl groups is esterifled. 

This falling off of the rate of hydrolysis of pectins as 

the degree of esterification increases possibly explains 

the slowing of the rate of hydrolysis observed by Phaff 

and Domain• 

Deuel and Solms (5) report similar results for the 

rate of polygalacturonase hydrolysis and further report 

that the hydrolysis proceeds at random in non-esterlfled 

pectic acid, but that the degradation of highly esterified 

pectin starts preferentially from one end of the molecule. 

Linexveaver and Ballou (21) found that the activity of 

pectin-methylesterase at pH 5.7 was about 30 times as 

great in the presence of 0.2 molar monovalent cations or 0.2 

molar divalent cations as in the absence of cations, but at 

pH 8.5 these cations had little effect. The presence of 

pectin methylesterase has been found to increase the acti- 

vity of polygalacturonase when present in moderate concen- 

trations (33). Foodmansee and Baker report that d©-esteri- 

fication and hydrolysis of pectin will occur in an alkaline 

medium or by high acid treatment of the pectin (38.).  This 

reaction does not require the presence of an enzyme, but 

the acid hydrolysis leads to random hydrolysis of the 
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pectin, while polygalacturonase leads to the formation of 

low molecular weight polygalacturonic acids. 

Pish and Dustman (11) foraid that the commercial 

pectic enzpae preparation Pectinol A2 contained 91.5$ 

sugar, levulose and dextrose being the principle sugars 

present. Kertesz (14) reports that the Fectinols are ob- 

tained from cultures of fungal apganisms (Manila, sp., 

Asperffillua, sp.). ^he Pectinols are standardized to pro- 

vide uniform activity of pectic enzymes by the addition of 

soluble materials, or diatomaceous earth (22). 'Phus both 

Pectinol M and 10-M contain added sugars, while Pectinol 0 

contains diatomaceous earth as the standardizing agent. 

Pectinol 10-M is standardized to contain 10 times the 

enzyme strength of Pectinol M. McColloch (24, p. 9) 

reports that pectin polygalacturonase of mold origin is 

capable of hydrolyzing pectic acid to galacturonic acid. 

The  inactivation of pectin methylesterase by the 

alkyl aryl sulfonate detergent Waeconol5 has been reported 

by McColloch and Kertesz (25). The detergent was reported 

to be an effective inhibitor of the pectin methylesterase 

of tomatoes, but was found to be less effective in 

Pectinol la the trade name for the pectic enzyme prepara^ 
tions manufactured by Rohm and Haas Company, 
Philadelphia, Pennsylvania. 

5 Manufactured by lational Analine Division, Allied 
Chemical and %e Corp., Heu York, 1. Y.. 
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inhibiting pectin methylesterase of fUngal origin. These 

authors experimented with other detergents and soaps and 

obtained varying results; Hone of the common engyme in- 

hibitors, such as heavy metals, had any inhibiting effect 

on this enzyme. They concluded that since there was com- 

plete inhibition by the detergent lacconol above a certain 

minimal concentration value, that the inhibition was due 

to surface denaturation of the enzyme rather than a com- 

bination of the detergent with reactive groups of the 

enzjms, 

Anson (1) has shonm that such detergents will cause 

the denaturation of the proteins hemoglobin and egg 

albumin at the isoelectric point. 

Kertesz, in unpublished work (17, p. 356), has re- 

ported that Wacconol is much less effective as an inhibitor 

of polygalacturonase. Rahman and Joslyn experimented with 

the inhibition of this enzyme by use of mercurous chloride, 

sodium fluoride, iodoacetic acid and sulfur dioxide with 

no apparent inhibition occurring (34, p. 303). In experi- 

ments on the pH optimum of purified Pectinol fungal poly- 

galacturonase, they found a pH optimum of 4-5, a very low 

activity at pH 3.0, and decreasing activity from pH 5 to 

zero activity at pH 8.0. 

The role of inorganic ions in the formation of firm 

pectin gels has been studied by Bullis and Wlegand (3, 
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p.  13).    They found that calcium carbonate was superior to 

slaked lime for firming of Royal Anne cherries when the 

criteria of percentage of perfect fruit was used,    larula 

(31, p.  49)  reported that calcium chloride brined cherries 

were softer than either calcium carbonate or calcium 

hydroxide brined cherries. 

The calcium treatment of  apples and tomatoes has been 

studied   by Laconti and Kertesz  (18)  and reviewed by 

Kertesz  (17, p.  544-556).    Further work on the calcium 

treateent of whole.tomatoes has been reported by Kertesg 

(16).     These studies have shown that fim calcium gels are 

formed by reaction of calcium with low ester pectic  sub- 

stances  to form the insoluble calcium pectates  and  calcium 

pectinates. 

Demain and Phaff  (4) in their review of  the softening 

of cucumbers  conclude that "apparently spoilage  can occur 

via the conversion of insoluble pectic material  (proto- 

pectin)  to more soluble forms  and smaller molecules 

without the loss of  calcium pectate  forming ability." 
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EXPERIMENTAL PROCEDURE 

1,,    Study of Fresh Cherries 

A.    Measurement of  Polygalacturonase Activity 

A method for the measurement of polygalacturonas© 

activity,  based on  the diffusion "cup plate" technique 

employed with antibiotics, has been reported by Dingle, 

Held and Solomons  (7)  in ishich polygalacturoimic acid is 

employed as a substrate in pH 5.3 phosphate buffer.    This 

principle with a polygalacturonic acid substrate in pH 4.0 

potassium acid phthalate buffer was adopted for the esti- 

mation of polygalacturonase activity because this pH more 

nearly approximates the pH of cherries. 

The medium xvas prepared by slowly suspending 0.25% 

(vt/v) of polygalacturonic acid   (Exchange Lemon Products 

Co., lo.  491)  in distilled water  (with constant stirring 

by an  electric stirring apparatus)   to prevent clumping. 

Then,   0,25% ammonium oxalat©  (CP,  w/v),  \% potassium acid 

phthalate  (CP, w/v)  and 0.1$ thymol were  added and dis- 

solved.    The pH was adjusted to 4.0 by addition of 0.1 I 

sodium hydroxide and checked against a standard buffer 

with Beckman model 6 pH meter.    Usually 1500 ml was  so 

prepared in a 2 1 Griffin beaker,  then  transferred to a 

2 1 Erlenmeyer flask and 2% bacto agar  (Difco Laboratories) 

added.    The medium was autoclaved for 15 minutes  at 15 
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psig, and 25 ml aliquots transferred to 15 x  150 am Petri 

dishes while still liquid and allowed to solidify.  The 

Petri dishes (or plates) were stored in a refrigerator 

until needed. 

Standard curves of the polygalacturonase activity of 

Pectinol 0, Pectinol M and Pectinol 10-M were prepared 

from the serial dilution of 1.00$ (w/v) stock solutions 

with distilled nrater to obtain concentrations of 0.5, 0.1, 

0.05, 0.01, 0.005 and 0.001$ of each of the three 

Pectinols. The enzymatic activity at each concentration 

was estimated by placing one drop per test (approximately 

0.05 ml) of each dilution on the flat surface of the poly- 

galacturonlc acid substrate contained in the Petri dishes. 

A 1 ml pipette was used for this.  The Petri dishes were 

marked off in areas for identification and separation of 

dilutions, and each dilution i-ms tested in triplicate. 

Two-triplicate determinations could thus be made on one 

plate. 

The plates were incubated 20 hours at 370C. with 

covers in place to prevent evaporation, but without in- 

version, then developed by flooding the surface of the 

plate i7ith 21 hydrochloric acid. After 5 minutes the acid 

was poured off and the plates washed with distilled water. 

The extent of polygalacturonase activity was determined by 

measuring the diameter of the diffuse clear zone formed. 
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Estimations were made to the nearest 0.5 mm  and the re- 

sults of triplicate determinations were averagsd. 

The standard curves irere obtained by plotting diameter 

of clear zone formed (ma) versus log per cent concentra- 

tion of the enzyme (w/v) for each of the three Peetinol 

solutions. 

The method of Dingle, Reid and Solomons employed a 

"cup" formed by cutting out an 8 mm diameter hole with a 

number 4 cork borers  then adding one drop of the test 

solution to each cup. The measurement was then made on 

the total diameter of clear zone formed by action of poly- 

galacturonase.  Their method was compared with a "drop" 

method in which one drop (approximately 0.05 ml) of the 

test solution was added to the flat surface of the sub- 

strate and the plate Incubated using care not to spread 

the liquid. Comparable results were obtained by either 

method. The "drop" method was employed as a standard 

procedure because of the greater ease of use. 

The results of these tests are given in Table 1, while 

Figure 1 is a plot of the®data for Peetinol 10-W  by the 

"cup plate" method and for Peetinol 0 by the "drop" and 

"cup plate" method.  These results demonstrated that this 

method for estimation of polygalacturonase activity is 

quite sensitive and that a straight line relationship is 

obtained between the diameter of clear zone formed and the 
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fable 1 
Diameter of  Clear Zone  as a Function of Concentration of 

Pectinol    Solutions 
Diamete: r of Clear 

Pectinol 
0#** 

Zone Formed 
Pectinol 

X 

(mm)* 
Concentration 

% (w/v) 
Pectinol 
0#» 

Pectinol 
10-M*** 

0.001 X X 12.5 

0.005 X X X 18.2 

0.01 9.0 X 8.0 19.5 

0.05 15.5 16.0 15.5 22.5 

0.1 18.0 17.5 18.0 23.8 

0.5 20.5 20.5 20.5 •* 

1.0 22.0 22.5 22.0 27.8 

■"■ All plates  contained approximately 0.05 ml per  test. 
Besults  are averages of triplicate determinations. 
Incubation was 20 hours at 370C. 

** "Drop" method. 
*** "Cup plate" method 

x Mot measurable. 
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log per cent (v/v)  concentration of the enzyme over a wide 

range* 

B. Petemination of Poly^alacturonase Activity in Fresh 

Cherries 

Fresh cherries of several varieties were obtained 

during the 1958 growing season and tested for polygalac- 

turonase activity by the "drop" method. For these tests 

the fruit was macerated in a mortar and pestle and one 

drop of the pulp and juice was then placed on the surface 

of polygalacturonic acid substrate with the aid of a 1 ml 

pipette. The plates were incubated and developed as 

previously described. Polygalacturonase activity was 

indicated by the formation of a clear zon© after the plate 

had been developed. Hhile many of these samples were ripe 

and highly colored, it was found that this coloration did 

not interfere with the determination. 

Polygalacturonase activity was demonstrated only in 

"cats claw" infected ripe Bing and Lambert variety of 

cherries obtained from The Palles, Oregon during late 

June, 1958. Ihis spoilage was characterized by claw-like 

markings on an area of approximately one-fourth of the 

total surface area of the cherry, and this portion of the 

cherry had a soft and mushy appearance, although the re* 

maining portion of the cherry was sound. 
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Microorganisms WQP&  cultured from "cats claw" infected 

Bing cherries by preparing a homogenate of  100 g of the 

cherries v&th 100 ml sterile water in a sterile Waring 

blend or.    Transfers were made from this homogenate  to 

nutrient agar slant cultures*    Several tubes were prepared. 

These  tubes were incubated at 27oc,  until growth occurred. 

Pure   cultures were prepared by transfer of isolated 

colonies  to fresh sterile  slant  culture tubes. 

A medium was prepared which contained the polygalac- 

turonic acid substrate, but with the thymol preservative 

omitted,   plus 2.0$ dextrose and  1,0% bacto peptone   (Difco 

Laboratories).     This   substrate-culture medium was  then 

heated to melt  the agar, poured into 25 x 150 mm screw cap 

culture  tubes and sterilized by autoelaving for 15 minutes 

at 15 psig.    When needed*  the medium was melted in boiling 

water,  then transferred aseptically to 15 x 150 mm Fetri 

dishes i^hich had been previously sterilized for  4 hours 

in dry heat  at 215.60G. 

These plates were inoculated by streak transfer of 

selected pure  cultures from the nutrient agar culture 

tubes.     The plates were  incubated at 270C.  until growth 

had occurred,   then developed with 2 M hydrochloric acid. 

Polygalacturonase activity was shown by the appearance of 

a clear zone.    lo quantitative estimation of this activity 

was  attempted because of  the variation in  size due to  the 
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different growth patterns  of the microorganisms  selected. 

Samples of microorganisms which \,jere found to  produce 

the polygalacturonase enzyme were submitted to tine 

Bacteriology Department at Oregon State  College for iden- 

tification and classification.     Microorganisms so iden- 

tified were:    Bhlzopus nlgricans,  Aspergillus nlger. 

Saccharomyces niger,  Penieilllum, Rhodotorula and Apiculate. 

Samples  of "cats  claw" infected Bing cherries were 

brined with firm cherries in a standard 1.25 per cent 

sulfur dioxide-calcium hydroxide   (0.7^)   cherry brine. 

These brined cherries were observed for softening and 

tested for enzyme activity periodically. 

II*    Preparation and Treatment of Brined Cherry Samples 

A.    Preparation of  Cherry Brines 

A saturated sulfur dioxide solution was prepared in 

tap water by bubbling gaseous sulfur dioxide slowly 

through the water for one hour.     The concentration of 

sulfur dioxide was determined by titration with  standard- 

ized 0.2 H iodine  solution using a starch solution indi- 

cator.     This  solution was then diluted with tap water in 

five gallon jars  to obtain a 1.25 per cent sulfur dioxide 

solution.    This solution was used to prepare all cherry 

brines by the addition of the proper calcium salt. 

Cherry brines were prepared using purified calcium 
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hydroxide (7*19 g/l), calcium carbonate (9.71 g/l) send 

calcium chloride (10.77 g/l) dissolved in the sulfur 

dioxide solution. 

B. Preparation and Brining: of Cherry Samples 

Royal Anne, Lambert, Bing, aid Black Republican 

variety ripe, firm cherries were obtained from the Eugene 

Fruit Growers Association, Eugene, Oregon on June 20, 1958. 

These were used to prepare samples for each of the calcium 

treatmsnts by weighing 950 g of unstemmed and unpitted 

cherries into tared 2 quart Mason jars, and then adding 

1000 ml of the desired brine. Triplicate samples of each 

variety were prepared for calcium chloride and calcium 

carbonate brine treatments, and eight samples were pre- 

pared for each variety \"jith the calcium hydroxide brine 

treatment. 

The commercial pectic enzyme preparation Pectinol 0 

was added to samples of ©ach of the four varieties pre- 

served in calcium hydroj&de brine 7 days after the initial 

brining. Concentrations of 0o005, 0.01, 0.05, 0.1 and 

0.5$ (w/w) of the Pectinol 0 were used.  The inert and 

Insoluble diatomaceous earth present as a standardizing 

agent was removed by preparing a solution with the brine 

from each of the samples then filtering through a no. 5 

R & B filter paper. Polygalacturonase tests showed that 



28 

there was no loss of enzyme activity by this procedure. 

C. Analytical Procedures 

The moisture content of each variety of fresh cherries 

v&s  determined by preparing a homogenate of stemmed and 

pitted cherries in a Waring blendor, then approximately 

15 g of this homogenate was accurately weighed into tared 

aluminum drying pans and vacuum dried at 650C. and 28 mm 

Hg for 24 hours. Duplicate determinations were made for 

each variety and found to agree closely. These data are 

tabulated in Table 2. 

Table 2 
Moisture Contents oT  Fresh Cherries 

Variety 
Per Cent 
Mois ture 

84.42 

Per Cent 
Dry Matter 

Royal Anne 15.58 

Lambert 88. SI 11.69 

Bing 78.64 21.36 

Black Republican 77.00 23.00 

The pH of the freshly prepared sulfur dioxide solu- 

tion (1.25$), and of each of the calcium salt brines, was 

determined immediately after preparation. Additional pH 

measurements were made on the brined cherries during the 

curing period. 

The residual percentage of polygalacturonase activity 

in the Pectinol 0 treated samples was determined 
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periodically by the  "drop" method during the curing period. 

The firaaness of the different treatments of brined 

cherries was measured during the curing and storage period 

using a Universal Penetrometer which was graduated to read 

in l/lOth mm penetration.     A blunt 4 x 92 mm stainless 

steel rod and 50 g weight were used in the instrument  and 

the average depth of penetration in mm during a 5 second 

Interval recorded.    All measurements are the averages of 

samples of 10 cherries taken from the brine  at random. 

The samples were  discarded after measurement since most 

were damaged by the method used. 

The pectic  substances were  characterized by the 

method of Dietz and Rouse  (6).    This method was modified 

by the substitution of absolute alcohol for the purified 

alcohol used in their procedure,  and by inclusion <£ the 

carbazole reagent in blank determinations. 

A standard curve was prepared covering the rang© of 

10 to 100 racg/ml polygalacturonic acid (Exchange Lemon 

Products,   Fo.  491,   vacuum dried at 350C.   for 24 hours) 

using a Lumetron model 400A colorimeter and  a 530 mu 

filter*    Triplicate determinations were made at each con- 

centration*     Thissedata are given in Table 3.     A graph of 

the®data plotting optical density x 10 against concentra- 

tion of polygalacturonic acid (mcg/ml)  gave a straight 

line passing through the origin  and having a slope of 
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90 25 meg polygalacturonic acid per optical density unit 

per ml. 

Table 3 
Optical Density Versus Polygalacturonic 

Acid Concentration 
Polygalacturonic Acid        Optical Density 
Concentration meg/ml x 10 (550 mu) 

10 1.09 

20 2.16 

20 3.0© 

40 4.17 

50 5.22 

60 6.53 

70 7.48 

80 8.65 

100 10.80 

Th© per cent of polygalacturonic acid present in ©ach 

of the fractions was calculated from the formula: 

a pGA - slope X (P.P. 3cl0) X dil. vol. X dil. factor X 100 
1,000,000 X sample weight X '.  dry matter 

where  slope - 9.2S'5 mCg^O.D. unit/ml 

dilution volum© s 100 ml 

dilution factor * S 

She results for all analyses are expressed as percent 

of polygalacturonic acid on a dry treight basis of the 

stemmed and pitted cherries. 
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With the method of extraction used the pectic frac- 

tions may be characterized as water soluble, sodium hexa- 

metaphosphat© soluble, and sodium hydroxide soluble.  The 

sodium hexametaphosphate soluble fraction represents the 

pectic materials combined with divalent ions, while the 

sodium hydroxide soluble fraction is composed primarily of 

the protopectin material, fhe water soluble fraction 

represents the low molecular weight fraction which is 

mostly lost to the brine during the curing process. 

Samples were prepared from  the brined cherries after 

70 days in the brine. Frozen cherries of each variety 

(stored in sealed 2 quart jars held at •18.80C) were also 

analyzed. The pectic substances were characterized for 

all treatments except the samples which contained 0.005$ 

added Pectlnol 0* 

Th© samples were stemmed and pitted, then 100 g of 

fruit was diluted with 200 ml of distilled water and 

blended for 5 minutes in a Waring blender. Duplicate ali- 

quots of approximately 10 g each were weighed to th© 

nearest 0.006 g into tared 50 ml centrifuge tubes aad 

analyzed by the Cietz and House procedure* 

Those samples which contained added Pectlnol 0 were 

prepared as rapidly as possible and then heated for 15 

minutes at 850C, to inactivate the enzymes. 

After the three pectic fractions had been extracted. 
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1 ml  aliquots were withdravm for the colorimetric deter- 

mination and the concentration  of each determined from the 

slope of the polygalacturonic acid optical  density graph. 

Ill*    Studies on  the Activity and Inhibition of 

Polygalacturonas® in Model Sysl 

A•    Studies an  the Length of  Polygalacturonase Activity 

of PeotinolO Solutions 

The polygalacturonase activity of 0.1$ (w/v)  Pectinol 

0 solutions was determined to Claris; and Lubs buffers   (20, 

p» 938-939)  over the pH range 1.0 to 8.0.     The per cent 

of saximum activity of each solution was determined im- 

mediately after preparation,   and periodically thereafter 

for 41  dsgrs by the "drop" method. 

B*-    Studies of   the Inhibition of Polygalacturonase 

The inhibiting action of  the commercial alky aryl 

sulfonate detergent Macconol iims determined quantitatively 

after preliminary studies had shown it to be an effective 

inhibitor for the polygalacturonase of  Pectlnols. 

For quantitative studies a 5.00^ solution of air dried 

powdered lacconol xuas prepared in distilled water*.    This 

stock  solution was used to  add measured quantities of  the 

detergent to clean dry 200 ml capacity screw cap bottles. 

A 10 ml capacity mlcroburrett© was used for all  additions. 

Then 50 ml of freshly prepared 0..1 and 0..2^ Pectinol 1 in 
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pH 4.0 Clark and Lubs buffers was added at each concentra- 

tion of the detergent. The flasks were shaken for 30 

seconds to insure mixing, then aliquots were withdrara. and 

tested for polygalacturonase activity on the polygalactur- 

onic acid substrate medium. Approximately 0.05 ml was 

added for each test, but the quantity had to be estimated 

because of the large surface tension lowering caused by 

the addi tion of the lacconol.  The procedure was followed 

for all samples immediately after preparation and at in- 

tervals of 1/4, 1/2, 1, 2,  3, 24, and 48 hours. The rate 

of inhibition was measured in per cent of the maximum 

activity observed in control samples which had no added 

Hacconol. 

The effect of lacconol concentrations of 0.1, 0.3 and 

0.5$ (w/v) on the quality of maraschino cherries prepared 

from Royal Anne and Bing. variety cherries two weeks after 

addition of the Hacconol vi&s  determined using firm cher- 

ries, which had been brined in calcium hydroxide brine for 

100 days. These samples were manufactured into maraschino 

cherries by the method suggested by Filz and Henney (10). 

A control was also prepared for comparison with each of 

the two varieties, lo difference was observable in the 

quality of the maraschino cherries subjected to the 

lacconol treatment as compared to the control samples. 
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RESULTS 

I.  The Determination of Polygalacturonaae Activity 

In Fresh Cherries 

The results of the testing of fresh cherries for the 

presence of polygalacturonase activity in Bing and Lambert 

varieties infected with several diseases and contaminations 

are given in Table 4. Additional tests were conducted 

during the season on firm ripe cherries said on cherries of 

varying maturity, lo polygalacturon&se activity was found 

in any of the fresh firm cherries tested. However, it was 

noted that a slight ring was obtained with all ripe cherry 

samples tested, but this was too diffuse to measure, and 

was considered to be normal. 

Prom the results given in Table 4, it can be seen 

that no polygalacturonase activity could be demonstrated 

in cherry samples infected vdth brown rot, heavy mold con- 

tamination or cherry powdery mildew (Fodosphaera 

oxayacanthae B.C. de By). The results of tests on the 

cherry powdery mildew sample, which was Inoculated with 

a pure mildew culture, demonstrate that this is not the 

cause nor the source respomible for the softening of 

brined cherries. 

All "cats claw" infected cherries tested contained a 

large amount of polygalacturonase activity. This type of 



6-28-58 

6-28-58 

7-1-58 

Table 4 
Polygalacturonas© Activity of Diseased Cbsrries 

Test 
Date 

Growth 
Area 

Corvallis 

Type of Infection 
and Variety 

Polygalaeturonase Test of 
Macerated Fruit 

6-18-58 Lambert, Severe Brown Rot negative 

6-25-58 The Dalles Bing, "cats claw" 
(fAiole fruit) 

positive, 23mm diam. clear 
zone 

m is  II Bing, "cats claw" 
(infected portion) 

positive, 23mm  diam. clear 
zone 

ii n  n Bing, uninfected portion of negative 

It  11 

Corvallis 

Salem 

"cats clatr" damaged fruit 

Lambert, "cats claw" 

Cherry Powdery Mildew 
(Podosphaera osp,yacanthae 
D. C. de By) 

Bing, heavy mold growth 

positive,   21nim diam.   clear 
zone 

negative 

negative 
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spoilage uas characterized by claxi-like markings  on an 

area of approximately one-fourth of  the cherry.    This por- 

tion of the cherry had a soft and mushy appearance and 

considerable  juice was present On the surface,  but the un- 

affected portion of the cherry sample vas firm.    FJhen the 

firm portion of these infected cherry samples was tested 

for enzym© activity by carefully cutting th© sample in two 

so that the  "cats c^v*' portion was removed,  a negative 

test was obtained.     Polygalacturonase  tests  on the removed 

"cats claw" portion gave a very positive polygalacturonase 

test. 

II.    Results of Tests on "Cats  Claw"  Infected 

Bing Cherries 

A.    Observations on Brined Cherries 

Brined cherry samples were prepared v/hieh contained 

10$, by count,  of  "cats  claw" infected Bing cherries,and 

90^ firm Bing cherries.     These samples were brined with 

calcium hydroxide brine and observed for softening of the 

cherries.    They were  tested periodically for polygalactur- 

onase activity.     Two different samples, representing cher- 

ries from two  growers  at The Dalles,  Oregon, were prepared. 

The results of  th© polygalacturonase tests ©re shoisn 

in Table  5.    The enzyme activity decreased rapidly in 

these samples and had stopped completely in sample A aflber 
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13 days in the brine* Mnzyme  activity was found in sample 

B after 13 days but had stopped by the 25th day. 

fable 5 
The Polygalacturonase Activity of "Cats Clau" 

Infected Brined Bing Cherries 
Sample number Circle diameter (mst) 

Days in brin© 
2    6     13     25 

A 14   12    neg.4&  neg 

B 19   16     14*   neg 

• 

^reaMom' of brine^ciaerries is very noticeable aaad 
extensive. 

Softening and disintegration of these brined cherry 

samples was noticeable after 10 days,  and had become ex- 

tensive in both samples after 13 days.    Sample B disinte- 

grated to a greater extent, but both samples were observed 

to become very mushy and the pulp was separated from the 

pits of many of the cherries in both samples. 

B.    The Poly^al a,c tur on as e Activity of Microorg;anisas 

Samples of microorganisms rahlch were found to produce 

the polygalacturonase were submitted to the Bacteriology 

Department at Oregon State College for identification and 

cfessification.    Rhizopus nifirlcans,  Aspergillus niger# 

Saccharomyces nlger, Penicilliums Rhodetorula and apicu- 

late yeast were Identified.    In addition, several 

microorganisms tvere isolated vifeiich did not produce the 
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polygalacturonase. 

These results demonstrate that there are several 

microorganisms present in fresh "cats claw" infected cher- 

ries which are capable <^ producing a polygalacturonase. 

However, in the infected samples tested no moM  groi^th 

was observable. This would indicate that if the polygalac* 

turonase Is produced by raicrobial growth, as seeas pro- 

bable, that it is produced primarily by yeast. The yeast 

Saccharomyces fra^ilis has been shorn by Phaff and Demain 

(32) to s ecret© a single pectic enzyme in nearly pure 

form when grown on a culture medium t&th glucose as the 

carbon source. 

Since it is highly improbable that any microbial 

growth occurs after the cherries have been brined, the 

total pectic enzyme must be produced before the cherries 

are brined. This enzyme has been found to remain active 

in sulfur dioxide brines and v&a  observed to occur in suf- 

ficient concentration to cause rapid disintegration of the 

brined cherries which contained 10$ of the "cats claw" 

infected fruit admixed with firm cherries. 

III. The Effect of Calclum Salts and Fectinol 0 

Treatments on ®vlne&  Cherries 

A. Effects of Calcium Salts Treatments 
le effect of the three calcium salt treatments on 
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brined cherries of Royal Anne, Lambert,  Bing,  and Black 

Republican varieties was  studied by    (1) measurements  of 

the firmness  of these cherries during the 67 day curing 

period,     (2) measursments of the pH of  these calcium salt 

brines at intervals during this  period,  and     (3)  charac- 

terization of  the pectic fractions of these cured cherries. 

Results of these measurements ar© tabulated in Tables 6, 

7,  aM   8 respectively* 

1.     The firmness of cherries subjected to each of the 

calcium salts treatments uas measured as described previ- 

ously.    Prom Table  6 it can b© seen that  there is little 

difference iirithin varieties for calcium hydroxide and cal- 

cium carbonate treatments,   aid  that both of these treat- 

ments had lower penetrometer readings than calcium chloride 

brine treatments in the four varieties used.    The calcium 

hydroxide and calcium carbcnate brined cherries felt firm 

and solid when held in  the hand while those cherries brined 

witfo calcium chloride as   the source of calcium ions had a 

soft but resilient feeling. 

In these measurements penetrometer averages from 0 to 

15 mm represent firai fruit and values from 15 to 25 mm 

indicate  soft but usable fruit for the  calcium chloride 

brine  treatments.     It was  found  that in the Peetinol 0 

treatments  (to be  discussed later)   that the relationship 

beteeen  softness as measured by the penetrometer did not 



Table 6 
The Penetrometer Measurements of Different Treatments of Brined 

Royal Anne, Lambert, Bing and Black Bepublican Cherries 

Penetrometer Readic 
Tre 

gs* 

0 Added to Ca 
aiments 

Pect. .(0H)2 B Days in Brine Calciinn Calcium Calcium rine. 
Hydroxi de Carbonate Chloride % Goncen.(w r/w) 

Brine Brine Brine 0.005$ 0.01$ 0.05^ 0.1% 0.5% 

Boyal Ann© 
4 days 6.64 7.40 16.0 10.1 19.96 16.3 
7    " 12.75 13.15 22.30 15.95 11.45 11.05 12.40 31.35 

14     » 9.81 8.90 21,25 11.65 19.20 37.20 
25    " 10.95 8.85 19.90 10.65 13.55 36.20 32.15 59.15 
44    " 10.90 13.15 20.45 50.75 97.15 
67     « 9.55 8.30 24.10 10,95 17.55 54.75 66.45 •SB* 

Lambert 
4 days 7*20 9.90 11.80 12.36 11.30 12.20 
7    " 10.85 12.20 17.90 13.10 12.50 11.45 10.60 21.90 

14    " 9.90 9.40 15.70 10.40 11.60 37.05 
25    " 9.95 10.90 17.50 8.15 10.50 11.25 16.80 97.90 
44     » 8.70 10.40 13.15 19.30 ■H-* 

67     " 8*35 8.15 12.85 6.15 9.50 14.20 36.45 ## 

Black Republican 
4 days 8.30 8.58 11.44 9.58 6.78 11.56 
7     " 10.20 12.90 25.45 14.35 12.20 13.25 22.33 

14     " 9.99 14.40 28.35 12*70 16.15 67.65 
25     " 12.90 13.85 27*65 10.40 16.00 17.80 30.50 95.80 
44     " 12.35 15.50 44.15 59.15 -SK* 

67     " 8.40 8.60 21.20 11.50 19.00 80.90 92.00 
o 



Table 8, continued 

Days in Brine Calcium 
Bydr oxide 

Brine 

Penetrometer Readings 
Treatments 

Calcium  Calcium 
Carbonate Chloride 
Brine    Brine 

Pect, 0 Added to CaCOHjg Brine, 
         % Cone en»{yi/w) 
0.005%    0.01%    0.05^    0.1%     075% 

Bin B 

4 days 
7 1! 

14 It 

25 !) 

44 It 

67 n 

15.25 
14.70 
17.55 

14.35 

11.10 
17.40 
16.80 
17.75 

12.25 

21.50 
20.75 
21.95 

21. 35 

11.90 
17.60 

16.70 
17.40 
12.50 

10.90 
17.80 

15.90 
17.30 
13.55 

12.30 
20.65 
19.00 
20.60 
23 .-60 
26.65 

12.60 
19.55 
18.50 
27.80 
27 i 
22 i 

45 
60 

10.70 
27.45 
63.50 
73.95 

* Penetrometer readings are averages of 10 individual determinations .in ma. penetration 
of blunt  5x92EiB3i stainless  steel rod,  with 50 g weight during 5 second time interval. 

** these samples were   too  soft to measure. 
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correlate isith softness as  judgsd by feel when held in  the 

hand because  the fruit subjected to the Pectinol 0 treat- 

ments was easily distorted and mashed*   i.e.,   it did not 

have the resiliency that was observed at approximately the 

same penetrometer reading with the   calcium chloride 

tr eatraen ts. 

2.     The pH measurements obtained during the  curing 

period are given in Table 7.     These results show  that  the 

calcium chloride brined cherries had a much lower pH than 

the calcium hydroxide or  calcium carbonate brined cherries. 

The very low pH of calcium chloride brined cherries is 

apparently the reason for the greater softening of  these 

cherries during curing.     It has been reported by Deuel and 

Solm (5, p.   63)  that hydrolysis  and de-esterlflcation of 

pectins occurs at low pH values. 

It was also observed that  the Lambert cherries brined 

with the calcium salt  treatment had a higher pH than the 

other three varieties throughout the  curing period.    This 

could be  the reason for the lesser extent of softening ob- 

served in these cherries when measured by the penetrometer 

method,  since the increase in hydrogen ion concentration 

greatly accelerates the saponification of ester groups. 

Deuel and Solms   (5, p.  63) have calculated the activation 

energies for the hydrolysis of methyl ester and glycosidic 

linkages for acid degradation of poetic substances and 

report values of 17 and 24 kcal/mole respectively. 
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Table 7 
The pH of Cherry Brines During  Curing and  Storage 

Variety and Brine Time In Brine (d. ays) 
freatment 6* 6 10 15 24 52 

Royal Anne 
Calcium Hydroxide 

"         Carbonate 
«        Chloride 

3.10 
3.85 
1.32 

3.39 
3.48 
1,66 

3.36 
3.28 
1.79 

3.38 
3.20 
1.88 

3.30 
3.20 
1.85 

3.28 
1.98 

Lambert 
Calcium Hydroxide 

"        Carbona te 
55        Chloride 

3*10 
3.85 
1.32 

3.80 
3,70 
1.85 

3.55 
3.38 
1.98 

3.50 
3.58 
1.85 

3.55 

1.86 
3.29 
2.02 

Bing 
Calcium Hydroxide 

"         Carbonate 
"        Chloride 

3.10 
3.85 
1.32 

4,00 
4.40 
1.60 

3.80 
4.00 
1.82 

3.80 
3.90 
1.92 

3.32 
1.88 

Black Bepubllcan 
Calcium Hydroxide 

"        Carbonate 
"         Chloride 

3.10 
3.85 
1.32 

2.83 
3.57 
1.75 

2.80 
3.25 
1.71 

2.88 
3.40 
1.81 

3.52 
2.02 

* Values of freshly prepared brines. 

It is also possible that hydrolysis  of the  cellulose 

by M^bi acid calcium chloride brines contributes to the 

softening of  the  cherries. 

3.    The pectic fractions of the  three calcium salt 

treatreents were characterized as water soluble extract, 

sodium hexametaphosphate  soluble extract mid sodium hy- 

droxide soluble extract for each of the four varieties 

after 70 days  of curing.    The fractions extracted from 

frozen cherries of each variety were  also analyzed and are 

included in Table 8. 

These results show that from 20 to 28$ of the total 
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Table 8»  continued 
TTT 

Variety and Treatment   Water Extract 

$ % of 
PGA     Total 
(dry weight) 

Bing     "" ~ 
Frozen 
Calcium hydroxide brine 
Calcium carbonate  " 
Calcium chloride   fl 

Calcium hydroxide  " 

0.01^ Peetinol 0  ^* 
0.05^    »   n 

0.1 $ n " 
0.5 % M   " 

0.46 
0.14 
0.12 
0.10 

0.13 
0.12 
0.14 
O.lg 

Black Republican 
Frozen 0.39 
Calcium hydroxide brine 0.13 
Calcium carbonate 
Calcium chloride 
Calcium hydroxide 
plus? 

0.01% Peetinol 0 
0.05$ tf " 
0.1 Jg    n n 

0.5 

it 

n 
0.12 
0.08 

0*17 
0.18 
0.19 
0.17 

17.82 
8.04 
7.44 
4.45 

6*55 
9.75 
9.40 

10.84 

 TS) 

Sod.  Hexaaneta- 
?hosphate Ext. 

fa   Of 
PGA Total 

(dry weigfet) 

23.21 0.56 
8.54 0.82 
7.24 0.88 
5.48 1.30 

6.86 1.44 
5.52 1.77 
6.17 1.99 
8.67 1.59 

0.60 
0.95 
0.92 
1.58 

1.71 
1.62 
1.60 
1.37 

28.18 
51.00 
53.32 
68.63 

75.24 
87.50 
88.37 
87.44 

27.84 
60.20 
56.09 
83. os 

86.51 
88.77 
87.96 
86.11 

samples 

 Tsl 
Sod. Hydrox- 
ide Extract 

% %  of 
PSA   Total 
(dry weight! 

0.96 
0.66 
0.65 
0.49 

0.34 
0.14 
0.12 
0.07 

1.18 
0.50 
0.59 
0.22 

48.60 
40.49 
39.44 
25.89 

17.90 
6.98 
5.46 
3.87 

54.34 
31.75 
36.47 
11.73 

Total 
Extract* 
It 
PGA 
(dry x?t.) 

1*98 
1.62 
1*64 
1.89 

1.91 
2.05 

1.82 

2.17 
1.58 
1.63 
1.88 

0.10   4.94   1.97 
0.03   1.50   1.82 
0.05   2.64   2.04 
^0.05   3.04   1.59 

vMloh  agreed closely. 

.58 
1.26 
1.35 
2.65 

4.00 
12.54 
16.18 
(56 • Oc? 

.51 
1.90 
1.54 
7.14 

17. 51 
59.18 

3o. 32 
28.32 

en 
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extract of frozen cherries is soluble in sodium hexameta- 

phosphate.     This fraction represents the  calcium pectate 

fraction.     It is this  fraction which contributes greatly 

to the rigidity of  the fresh cherries. 

The sodium hexametaphosphata soluble fraction of  the 

calcium hydroxide and calcium carbonate brined cherries 

was found  to increase to 45-52$ of the  total extract. 

This  indicates  that there has been considerable formation 

of calcium pectate from the alkali soluble protopectln 

fraction.    This  alkali  soluble fraction represents from 

49  to 65% of the total extract of the frozen cherries, 

but only 52  to  50$ of  the   total extract of firm brined 

cherries. 

In calcium chloride brined samples the sodium hexa- 

metaphosphate  soluble fraction was found to increase 

greatly.    Values rangtag frcm 68 to 85$ of the   total ex- 

tract in these cherry samples were found in this fraction, 

while  there is a corresponding large decrease in the 

alkali  soluble protopectln fraction.    This shows  that 

there has been considerable  glycosidlc hydrolysis of the 

protopectln to a lower molecular weight divalent ion frac- 

tion.    The fact that these samples are softer than the 

calcium hydroxide and calcium carbonate brined cherries 

demonstrates that average molecular size of the calcium 

pectate  formed is important in the formation of firm brtoed 

cherries. 
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This large percentage of increase in the calcium pec- 

tate fractions must result from the hydrolysis of both 

methyl ester, and glycosidic linkages since both of these 

are reactions which permit the formation of pectates by 

reaction with the calcium ions present in th© brine, 

B» Effects of Pectlnol 0 Treatments 

The addition of Pectinol 0 to the four varieties of 

cherries in calcium hydroxide brine was for the purpose 

of observing and comparing:  (1) the softening action 

and enzyme activity of this treatment with that observed 

in naturally softened cherries,  (2) the concentration 

of Pectinol 0 which would produce softening of brined 

cherries, and (S) the changes In pectic fractions with 

the other treatments in TRifcvich no enzyme was present. 

1« The  appearance of degraded cherries resulting 

from the action of Pectinol 0 was quite similar to that 

observed to occur naturally in the brined "cats claw" in- 

fected cherries. Figure 2 is a print which shows (A) 

typical firm Bing cherries from calcium hydroxide brine 

which contained no enzyme,  (B) typical soft Bing cherries 

to which 0*1%  Pectinol 0 was added,  (c) typical soft 

cherries obtained from "cats claw" infected brined Bing 

cherries, and (D) typical soft cherries from 1957 

(commercial pack). 
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Figure 2 

Firm and Soft Brined Blng Cherries 

(A) Typical firm cherries,  (B) Typical soft 
cherries treated with 0,1%  Fectlnol 0,  (C) 
Typical soft "cats claw" Infected cherries, 
(D) typical soft cherries from 1957 (commer- 
cial pack). 
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The polygalacturonase activity of the Pectinol 0 

treated samples was  estimated periodically and these re- 

sults are recorded in Table 9.     It was observed that the 

polygalacturonase activity of  these treatments decreased 

slowly during the  100 day observation period, whereas  the 

polygalacturonase of "cats clanr" brined cherries decreased 

quite rapidly.    This demonstrates  a large difference in 

the stability of the  enzyme from thg  two sources. 

McColloch and Kertesz  (25) have found similar differences 

in the stabilities of pectin methylesterase from plant 

and fungal origin.    The Pectinols are obtained from fungal 

origins  (Asperffillus,   sp.,   Manila,  sp.). 

2.    The effect of concentration of Pectinol 0 on the 

softening of these brined cherries was measured by the 

penetrometer method.    These result s are included in Table 

6*    It was found that there was no direct proportional 

relationship beti7een the amount of enzyme added to th© 

cherries  and  the degree of softening as measured by this 

method. 

A concentration of 0.01 to 0.05$ Pectinol 0 produced 

softening approximately equivalent to th©   calcium chloride 

brine   treatment,  after 67 days, when measured by the 

penetrometer readings alone.    Hox7ever,   as was mentioned 

before,   there was  a resiliency associated with the  calcium 

chloride brined cherries,  and while high readings were 
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Table 9 

The Polygalacturonase Activity of Pectinol 0 
Treated Brined Che: pries 

laximum Activity Af Pectinol 0 Per Cent of ] ter 
Variety Goncen. 

$(w/v) 
Indicated ' Time in Brine ( days 

65 
>* 

1 4   10 15 25 4g 100 

Royal 0.005 not measurable 
Anne 0.01 100 ? 60 

0.05 100 100 100 100 80 70 80 60 
0.1 100 100 100 100 80 60 
0.5 100 100  95 90 80 80 75 

Lambert 0.005 not measurable 
0.01 100 100 50 20 
0.05 100 100 100 80 55 
0.1 100 100 100 100 80 65 
0.5 100 100 100 100 100 80 55 

Black 0.005 not me asurable 
Repub- 0.01 100 100 75 40 
lican 0.05 100 100 100 80 20 35 

0.1 100 100 100 100 100 80 80 60 
0.5 100 100 100 100 100 100 80 75 

Bing 0.005 
0.01 

not measurable 
75 70 60 

0.05 100 100 100 100 80 85 
0.1 100 100 100 100 100 80 80 60 
0.5 100 100 100 100 100 80 75 

* Activity measured as per cent of maximum activity at 
each concentration obtained with first test. 
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obtained for the calcium chloride brine treatment,   these 

cherries were still suitable for maraschino manufacture, 

fhose samples which contained 0.01^ Pectlnol 0 did not 

have  this resiliency and could be easily distorted and 

mashed between  the ftogers.    This difference is probably 

due to a greater hydrolysis of  the pectins by the poly- 

galaeturonase in Peetinol 0 treated samples, 

A concentration of 0,5% Peetinol 0 was observed to 

cause extensive  softening of these cherries in 7 days,  and 

almost complete destruction within 14 days.    This  is about 

the seme rate  that was observed in the brined "cats claw" 

infected cherries where the initial polygalacturonase 

activity was estimated to be 1,0%, 

S.    The pectic fractions of the Peetinol 0 treated 

brined cherries were characterized as previously described, 

and  are included in Table 8.    It was found that there was 

a general large Increase in the sodium hexametaphosphate 

soluble fraction to a maximum value at either 0.05 or 

0.1^, then there was a slight decrease at the higher en- 

gyme  concentrations.    The alkali  soluble protopectin frac- 

tion was found  to decrease steadily with increasing con- 

centration of enzyme,   although there are slight exceptions 

at  the 0.5^ concentrations.    These increases could be due 

to more complete extraction of  the highly degraded proto- 

pectin materials in these sauiples and/or to the lesser 
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amount of  total extract,  due to formation of water soluble 

pectins, which would result in  a higher percentage value 

since all values are  expressed as per cent of total ex- 

tract per analysis. 

The water soluble extract is not emphasized because 

it represents the equilibrium mixture with the brine.    It 

is generally found that the water extract increases  to 

some extent with Increased hydrolysis  as would be expected. 

A bar graph which demonstrates the changes in per- 

centage of each of the  three extracts in the three calcium 

salt brine treatments and in the Fectlnol 0 treated samples 

of Royal Anne variety cherries is presented in Figure S. 

This graph is typical of the results  obtained for the other 

three varieties of cherries. 

I?.    The Activity of Polygalacturonase in Model Systems 

The estimated polygalacturonase activity of 0.1$ 

Fectlnol M solutions in buffered Clark and Lubs  pH solu- 

tions is presented in Table 10,  as  per  cent of  the maximum 

initial activity observed.     The initial maximum activity 

was found  to occur at pH 5.6 where  a circle diameter of 

22.5 mm was obtained after 24 hours incubation at 370C. 

These results demonstrate  the stability of this 

enzyme over a wide pH range.    The polygalacturonase r     ^   . 

is inhibited quickly at pH values of 1.6  and 1.0, but is 



Figure   3. 
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Treatments    (Royal   Anne   Cherries) 

Bar  Graph    Demonstrating   the   Changes    Occurring   in    Pectic 
Substances    During   Curing   and   Softening   of   Brined   Cherries. 
Key:E3   Water   Extract,    CZ3    Sodium  Hexameta - phosphate 
Extract,   E21   Sodium   Hydroxide  Extract.    (I)   Frozen , 

(2) Calcium   Hydroxide,    (3)  Calcium   Carbonate,   (4) Calcium 
Chloride,   (5) 0.01 % Pectinol 0, (6) 0.05%  Pectinol 0, 
(7) 0.1 % Pectinol  0,    (8) 0.5% Pectinol   0 added. 
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Table  10 
Th.® Effect of pH on Polygslacturonase Activity 

pH of 
Solution** 

Per Cent Activity Remaining After the 
, Indie ated Time  (days) 

VKT \f JS> •«  ,*r 4k V/A & 

0 1/12 3 11 

0 

18 

0 

28 

0 

35 

0 

41 

1.0 86.7 ? 0 0 
1.6 86.7 74.2 0 0 0 0 0 0 
2.0 86.7 82.1 64.4 22.2 0 0 0 0 
2.6 86.7 83.1 68.9 60.0 51.1 44.4 44.4 40.0 
3.0 86.7 86.7 84.4 73.3 73.3 62.2 62.2 62.2 
3.6 88.8 88.8 84.4 82.1 77.7 80.0 73.3 75*5 
4.0 93.2 86.7 88.8 82.1 82.1 84.4 82.1 75.5 
4.6 95.6 91.2 88.8 86.7 82.1 84.4 80.0 80.0 
5.0 95.6 88.8 88.8 86.7 82.1 82.1 86.7 82.1 
5.6 100.0 93.2 88.8 86.7 82.1 82.1 86.7 82.1 
6.0 97.7 93.2 91.2 86.7 82.1 82.1 80.0 71.2 
8,0 97.7 97.7 60.0 68.9 57.8 53.3 48.8 44.4 

* All values expressed as per cent maximum initial 
activity observed at pH 5*6. 

■** Clark and Lubs buffer solutions. 

Inhibited more slowly at pH 2.0 where 22,2% activity was 

observed after 11 days.    At pH values greater  than 2.0 the 

polygalacturonase t7as quite stable  and was not inhibited 

completely even at pH 8.0. 

Maximum stability was found  to occur at pH 5.0-5.6, 

and the polygalacturonase is very stable  at pH values of 

3.0 to 4*6 which is   the normal rang© for cherry brines in 

itoich calcium hydroxide or calcium carbonate are used as 

the source of calcium ions.     Calcium chloride brines would 

thus probably have some inhibiting effect on  this enzyme, 

but the low pH of such a brine results In considerable 
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hydrolysis  of the pectic material of  the cherries. 

V.    Inhibitors of Polygalacturonas© 

The work of McColloch md Kertesz  (25)  on the inhibi- 

tion of toEiato pectin methylesterase by lacconol suggested 

the possibility of its vis© as an inhibitor for polygalac- 

turonase,   although Kertesz  (17,  p.  353)  later reported 

that this  enzyme was not readily inactivated by this 

detergent-. 

Preliminary experiments demonstrated that Macconol 

would cause complete and irreversible inhibition when used 

in low concentrations.     These experiments were  then extended 

using accurately measured quantities of lacconol and vary- 

ing concentrations of Pectlnol M solutions  in pH 4.0 Clark 

and Lubs buffers.     These results are given in Tables 11a 

and lib* 

Complete and iMnediate inhibition of polygalacturon- 

ase was found in 0.1$ Pectlnol 1 solutions  at Hacconol 

concentrations of 0.024$ and greater., ^hile with 0.2$ 

Pectinol M solutions immediate inhibition occurred at 

0.04$ lacconol concentration. 

The graph of per cent of maximuia polygalacturonase 

activity versus concentration of lacconol added is given 

in Figure 4 for  the 0.1 and 0.2$ enzyme solutions at zero 

time.    This graph shows approximately a straight line 
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Th© Inhibition of 
Table 11 

'^ectlnol I 
r "Hacconol" 

Polygalaeturonase 

Per Cent 
Macconol 

(vi/v) 
0 
0.002 
0.004 
0.008 
0.012 
0.016 
0.020 
0.028 to 

0.04 

Per Cent of Maximum Polygalaeturonase Activlt 
Time after addition of Macconol (hours' 

i/4 i/2—T" 
100 
91.7 
77.8 
65.8 

44.4 
0 

88.9 
72.2 
25.0 
0 

97.0 
88.9 
72.2 
25.0 
0 
n 

83.3 
66.7 
0 
n 
n 

72.3 
65.8 
0 
M 

50.0 
38.9 
0 
n 

25.0 
0 
n 

48 
95.0 
0 

« 

f! 

t! 

* Maximum circle diameter vyaa 18.0 mm at zero time. 
Solutions were prepared in pH 4.0 Clark and Lubs buffers. 

b. 
5©r Cent 
Hacconol 

Inhibition in 0,2$ Solutions at pH $,0 
er Cent of Maximum POJ 

0 
0.002 
0.004 
0.008 
0.012 
0.016 
0.020 
0.024 
0.028 
0.032 
0.04 

* maximum circle diameter uas 19.5 mm  at zero time. 
Solutions were prepared In pH 4.0 Clark and Lubs buffers. 
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(2)   0.2%    Pectinol   M.,   in    pH    4.0    Clark    and    Lubs    buffers 
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relationship betueen polygalacturonase inhibition and 

amount of lacconol added at both concentrations of Pectinol 

JSI.     This type of relationship  is  typical of that shoim by 

noncompetitiv© enzym© inhibitors,  uher© the inhibitor com- 

bines with some part of the enzyme essential for catalytic 

action,   instead of surface denaturation as was reported 

for the pectin mefeylesterase inhibition by McColloch and 

Kertesz  (25).    The surface denaturation may well be  the 

caus©^ of inhibition, however,  since there is  a large de- 

crease in  the surface tension of  these solutions upon the 

addition of lacconol,  and Anson  (1) has  found that this 

detergent will cause denaturation of the proteins of hemo- 

globin and  egg albumin. 

It should be mentioned that Saceonol is only one of 

the many commercially available alkyl aryl sulfonates. 

Other detergents of  similar composition which may prove 

suitable as inhibiting agents include;    Santomerse D, 

Ultrax^et,  Igepal IA,  Oronite,  and others. 

Table 12 shows the inhibition of the polygalacturon- 

ase of 0*1^ Pectinol I solutdLcns in buffered solutions at 

pH 3.0, 3.6 and 4.0.     The inhibiting action of lacconol 

was found  to be quite constant at these pH values, 

although the enzyme was  inhibited to a slightly greater 

extent at pH 3.0. 
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fable 12 
The Inhibition of    Pectinol M    Polygalacturonase 

by    lacconol    at pH 3.0,  3.6 and 4.0 

Per Cent of Maximum Polygalacturonase 
Activity After the Indicated 

^^      Time  (hours)'' 
o        i/2      r 

pH Per  Cent 
lacconol 

(w/v) 
3.0 0 
J! 0.01 
« 0.03 
It 0.05 

3.6 0 
ti 0.01 
it 0.03 
ir 0.05 

4.0 0 
n 0.01 
f! 0.03 
» 0.05 

100 94.2 
82.3 0 0 0 

0                0 0 0 0 
0                0 0 0 0 

100 97.1 
88.2 70.7 53.0 0 0 
58.8           0 0 0 0 

0                0 0 0 0 

100 100 
83.2 77.7 10 0 0 
66.7 0 0 0 0 
38.8 0 0 0 0 

* Per cent of maximum activity of control sample at each 
pH value at zero time. Pectinol M solutions were 0.1$ 
(w/v). 

The inhibition of  the polygalacturonase of 0.1$ 

Pectinol M solutions  in a standard sulfur dioxide*calcium 

hydroxide brine at pH 2.6 by lacconol was determined and 

found not to differ from results  already presented.     Com- 

plete inhibition was obtained by the  addition of 0.03$ 

(w/v) lacconol in th,ese solutions at zero time. 

The surface active agents  Igepal DJ-970,  Span 20, 

Tween 40 and Tween 81 were  tried as inhibitors of the 

polygalacturonase of Pectinol M and found  to have no   in- 

hibiting action.     Slow inhibition was  obtained by use of 
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the household detergents lid © and Joy. This latter in- 

hibition might be due to th© presence of alkyl aryl sul- 

fonates present in these two all-purpos© detergents since 

this type of detergent often contains many surface active 

agents. 
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DISCUSSION 

The studies on fresh cherries for the presence of a 

polygalacturonas© demonstrated its occurrence in large 

amounts only in "cats claw" Infected Blng and Lambert 

variety cherries obtained from The Dalles, Oregon late 

in the 1958 growing season* lnJhen firm Bing cherries 

were brined with 10$ by count of cats claw11 infected 

cherries added, polygalacturonase activity could be demon* 

strated for 13 days. Thes© cherries were observed to 

begin disintegration within 10 days and the appearance of 

these ssmples was identical to samples which had been ob- 

tained during 1957 in which the origin of the softening 

agent vaa  unknown, These results indicate that the "cats 

claw" infection is responsible for the softening of com- 

mercial brined cherries which has occurred in the past. 

The period of demonstratable polygalacturonase ac- 

tivity in these samples was only IS days. When the com- 

mercial pectic enzyme ^ectinol 0 was used for the study 

of softening of cherries under controlled conditions, 

polygalacturonase activity was observed for a period of 

100 days at which time up to 75$ of the original enzyme 

activity remained. This difference in length of enzyme 

activity of polygalacturonase is evidently due to dis- 

similar origins. The comaercial pectic enzymes are ob- 

tained from mold growth. Wo mold growth was observed on 
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"cats claw" infected cherries, although moldswere isolated 

from a homogenate of these cherries. It appears that the 

polygalacturonase of "cats clai?" is produced by the growth 

of yeast, rather than mold, but this has not been 

demons trated. 

At the advanced stage of infection noted in the "cats 

claw" infected cherries, Rhizopus or Asper&illus mold 

growth would be easily noted since both of these molds 

covered large areas of the polygalacturonic acid substrate 

used in their isolation. 

Phaff and Demain (38) have demonstrated the produc- 

tion of a single polygalacturonase by the yeast Sac char o- 

myces fragilis which caused rapid hydrolysis of 25$ of the 

low molecular iveight pectins tested to tetra-, tri-, d,i- 

and galacturonic acids, and a slower hydrolysis of the 

formed tetra-, tri-, and di-galacturonic acids to galac- 

turonic acid. She rapid destruction of cherries observed 

in "cats claw" infected samples parallels this type of 

reaction. This would indicate the possibility of poly- 

galacturonase formation by growth of one or more of the 

yeast isolated from these infected cherry samples. How- 

ever, the source of "cats claw" infection and its relation 

to the formation of polygalacturonase can only be deter- 

mined by careful observation of cherries in the orchard. 

The  appearance of brined "cats claw" infected 
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cherries during softening, and after, was identical with 

the appearance reported by HcCready and McCouib in 1954. 

The stems became separated from the pulp, or were easily 

detached. The flesh VJ&S  observed to become soft and often 

it separated partially from the fruit leaving the pit ex- 

posed.  However, little change nas observed in these 

brined cherries on6& polygalacturonase activity had stopped. 

The tests for polygalacturonase activity in cherries 

infected with cherry powdery mildew, brown rot and heavy 

mold contamination were all negative. Ho polygalacturon- 

ase activity was found in any firm ripe or unripe cherries 

tested. These results show that none of the above types 

of infections is responsible for the softening of brined 

cherries. 

The calcium salt-: treatments of cherries showed the 

least firming of cherries brined with calcium chloride as 

the sole source of calcium ions.  The low pH of these 

solutions during the curing period indicates that this is 

due to the hydrolysis of methoxyl groups and of the gly- 

cosidic linkages during curing, which resulted in the 

formation of a high proportion of lower molecular weight 

calcium pectates. This hydrolysis is reflected in a large 

decrease in the alkali soluble protopectin fraction when 

compared to the change in this fracti en which, occurs in 

firm brined cherries. 
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Firm brined cherries were obtained with both calcium 

hydroxide and caleium carbonate brines.    For these too 

treatments no large differences were foiand in the firnmeas 

as measured by the penetrometer method or In tMe character- 

ization of the pectic fractions. 

The comparison of the pectic fractions of firm and 

soft brined cherries with frozen cherries  shows  that  there 

is a large change of protopectln material into calcium 

pectat^  (sodium hexaaetaphosphate soluble)  during the 

curing process.     In the firm brined cherries,  however,  55 

to 45% of the total extract of pectic substances remains 

as protopectln material.    In the calcium chloride brined 

cherries  the proportions of protopectln material wmsefrom 

10 to 25% of the  total extract.    Frozen cherries, which 

approach the conditions  of fresh cherries, were observed 

to contain from 48 to 66% of the total extract as proto- 

pectln material, while  the calcium pectate fractions 

represented from 20  to 28$ of the  total extract. 

The ratio of  sodium hexametaphosphate to sodium 

hydroxide extract for the cured calcium salt;-;  treatments 

of brined cherries was found to be  less  then 2.0 for the 

calcium hydroxide and calcium carbonate  treatments.     This 

ratio  ranged from 2.65 for Bing to 8.22 for Royal Anne 

cherries in the calcium chloride brines. 

The characterization of pectic substances for these 
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samples does not correlate well tjith finsmesg  as measured 

by the penetrometer method.     For example,  calcium chloride 

brined Lambert cherries differed only  slightly from cal- 

cium hydroxide and calcium carbonate brined Lambert 

samples, but had  a high proportion of the total extract 

present  as the sodium hexametaphosphate extract and very 

little  present  as   the sodium hydroxide extract. 

The penetrometer measurements of all brine  and Pec- 

tinol 0 treatments given in Table 6 show only slight 

variations  among varieties in reaction  to either brine 

treatment or to the action  of Pectinol 0 enzymes.     Lambert 

cherries generally were firmest for all treatments, but 

this  difference did not siKm up as  a relative difference 

in the pectic fractions.     It is  possible that differences 

in maturity of the Royal Anne,  Lambert,  Bing and Black 

Republican cherries used xms important  since the Lambert 

cherries used were not as mature as  the other three 

varieties. 

It was also found that, iihile  calcium chloride brine 

treatments gave penetrometer readings  comparable to those 

obtained in cherries with 0.01 and 0.05$ added Pectinol 0 

for most varieties,   these results could not be relied on 

as a mg&surfec  of  total softness of the brined cherries 

because the calcium chloride treated cherries were 

resilient and still suitable for use In maraschino 
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manufacture,  while cherries which had Pectlnol 0 treatmoits 

were easily squashed and ruined when held bet\njeen the 

fingers.     Consequently, any method for judging the quality 

of brined cherries would have  to allow for this difference 

between cherries mhlch have undergone hydrolysis due  to 

acidic conditions  end those itiich had been attacked by 

pectic  enzymes. 

Studies  on  the  activity of the fungal polygalactur- 

onase of Pectlnol M showed that the enzyme is active over 

a xvide pH range.    This enzyme was not completely inacti- 

vated in 41 days at pH values from 2.6 to 8.0,  but was 

inactivated at pH 2.0 and below.    The optimum pH for this 

enz^m© was found to be at  5.0 to 5.6.    These values  agree 

with the results  summarized by Kertesz  (17-,  p.  355-354). 

However, Rahman and Joslya have reported the inactivation 

of the fungal polygalacturonase of Pectinol 45AP and 46AP 

at pH 7.5  (34,   p.  302)*    Their measurements were made by 

determination of the reducing groups  liberated in lactate 

and phosphate buffers and 0.5$ Wichmann pectic acid.     It 

is thus possible  that the Pectinol 1 polygalacturonase 

studied was reversibly inactivated at high pH in the solu- 

tions used here  since the substrate  of pectic acid used 

was  in all  cases  at pH 4.0* 

The results  obtatoed shotu that a loiv pH cherry brine 

should have a beneficial effect in  inhibiting polygalac-* 
turonase enzymes, but this  type of treatment tvould be 
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impractical because of the undesirable hydrolysis of 

pectic materials which occurs at low pH values. The ac- 

tivity of polygalacturonase in the range of pH 3.0 to 4.0, 

which is in the range of calcium hydroxide and calcium 

carbonate cherry brines, was observed to remain high. 

This suggests that tests en the effect of pH on activity 

should be conducted with the polygalacturonase of "cats 

claw" infected cherries to determine whether it might be 

inhibited by variation of pH. 

The inhibition of the polygalacturonase of Pectinol Rl 

was found to b© directly proportional to the concentration 

of the lacconol inhibitor added and to the concentration 

of polygalacturonase for the 0.1 and 0.2$ solutions 

tested.  This inhibition, which is typical of non- 

competitiv© enzyme inhibition, indicates that the hypo- 

thesis of IcColloch and Kertesz (25)> that the inactiva- 

tion of tomato pectin methylesterase is due to surface 

denaturation of the enzyme, doss not apply to the inhibi- 

tion of polygalacturonase. There is, however, a possi*- 

bility that both types of Inhibition occur with polygalac- 

turonase. The unpublished work of Kertesz (I6?, p. 356), 

in which Hacconol was reported to be much less effective as 

an inhibitor for polygalacturonase cannot b© explained 

since no data are available on the methods he used. 

When the detergent lacccaaol was added to fi;m brined 
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Boyal Anne and Bing cherries, no difference could be de- 

tected between these cherries and control samples either 

while in the brine, or after the preparation of maraschino 

cherries. The concentrations of Wacconol used in these 

tests ranged to as high as 0.5$ (w/v). On the basis of 

inactivation studies, it would appear that a concentration 

of 0,2ft lacconol would cause complete inactivation of 1.0$ 

of polygalacturonase which was the estimated concentration 

of this mzym®  found in "cats claw" infected cherries. 

®h©n these '"cats claw" infected cherries were brined -Hie 

observed polygalacturonase activity was only equal to 

approximately 0.1$ of Pectinol M polygalacturonas©, so it 

would seem that a low concentration of Wacconol could be 

added to cherry brines for the inactivation of polygalac- 

turonas©. 

The use of Maeeonol in cherry brines as in inhibitor 

for polygalacturonas© would require that proof of its 

safety as an additive be established prior togeneral use. 

Also, results obtained using firm brined cherries might b© 

different than i^ould be obtained if lacconol were added to 

cherries early in the curing period. 

Other tests should be conducted to determine whether 

there la a health hazard which might result from the in* 

clusion of this detergent to brined cherries.  This could 

only be done by proof that Nacconol is removed from the 
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cherries during  the leaching process prior to maraschino 

cherry manufacture, or proof that no dietary disorders 

result from its use at the desired concentration. 

The inhibition of Pectinol M polygalacturonase by 

Macconol was found to be almost constant at pH 2.6 (in 

calcium hydroxide-sulfur dioxide brine)  and at pH values 

of 5.0, 5.6 and 4.0 in Clark and tubs buffer solutions 

tsfoich deiaonstrates  that this detergent should be effective 

at the normal pH values of most cherry brines. 

The inhibition of Pectinol M polygalacturonase by 

sev@ral other surface active agents was variable.    The 

household detergents Tide and Joy tsere found to cause 

gradual inhibition of this enzyme,  while  the  surface ac- 

tive agents Span 20,  Eween 40,   and 81,  and  Igepal DJ-97Q 

©ere without effect.    These results demcesstrats that many 

surface active agents do not Inhibit this  enzyme.    The 

gradual inhibition of polygalacturonase obtained vdth the 

household detergents Tide and Joy might be due to  the 

presence of small amounts of alkyl aryl sulfonates in 

these all-purpose detergents. 
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SUHMRY AND COICLUSIOIS 

1. The "cats claw" disease of Bing and Lambert cher- 

ries obtained from 'The Dalles,  Oregon  .was   found to con- 

tain a polygalacturonase enzyme ^hich caused rapid soften- 

ing of cherries when 10% by count of these infected 

cherries were brined with fim Bing cherries.    This 

softening ocosurred rapidlyj   the cherry samples were found 

to start to disintegrate within 10 days  of  the  time of 

brining. 

2. The type of  softening observed with these cherries 

was similar  to that described in 1954 by McCready and 

McComb.     The stems were easily detached from the fruit 

and many fell off  snd floated in the brine.    Th© pulp often 

separated from the flesh resulting in a large amount of 

debris present in  the brine.    When these samples were com- 

pared with soft cherries obtained during 1957, no differ- 

ence could be detected.     This  indicates  that the  type of 

attack which resulted in  the  softening of brined cherries 

during 1957 was identical to  that caused by "cats  claw" 

infection. 

5.    After the initial rapid disintegration of brined 

"cats claw" infected cherries, little further deterioration 

was observed.     This deterioraticn was observed to parallel 
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the length of polygalacturonase activity in the  cherries. 

Soft cherries  obtained from the 1957 outbreak have been 

kept for over a year and a half with no apparent further 

deterioration.     Consequently it may be concluded that the 

type of spoilage which occurred in 1957 and that found in 

"eats clan?" Infected cherries are identical. 

4. Ho polygalacturonase activity  could be demonstrsited 

in firm mature cherries,  cherries infected with cherry 

powdery mildew, cherries infected x'dth brown rot, or 

cherries contaminated with heavy mold growth,    'Hone of 

these can be considered as the source of the polygalac- 

turonase v?hich causes  the softeidng of brimed cherries. 

5. The use of ei ther calcium hydroxide or calcium 

carbonate as a source of calcium ions in cherry brines 

results in the formation of firm brined cherries which 

have  the same degree of firwiess when measured by the 

penetrometer method.    Comparison of the pectic fractions 

gives similar results  for both of  these treatments. 

Calcium chloride brined cherries are generally softer than 

calcium hydroxide or calcium carbonate treatments for 

brined cherries,  and differ considerably from both when 

compared by characterization of  pectic fractions.    This 

difference is probably due to the   lower pH values of 

caleiuiii chloride brines  since pectic  substances are known 
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to undergo de-esterification and hydrolysis of glycosidic 

linkages at high acid  concentrations. 

6.    Characterization of  the pectic  fractions of firm 

and soft hrlned cherries demonstrated that firmness is 

related to the molecular size of the calcium pectate 

formed during the  curing process*  as well as  to the  total 

amount of calcium pectate formed.    In calcium chloride 

treated cherries a large decrease in th© protopeetin 

fraction with corresponding large increase in the calcium 

pectate fraction was oh served and indicated hydrolysis of 

the protopectin of  thiese samples by the high acid condi- 

tions.    In calcium hydroxide and calcium carbonate brined 

cherries less degradation of th© protopectin vi&a found. 

•She ratio of  the calcium pectate  fraction to the proto- 

pectin fraction iiras less  than 2.0 for these firm cherries, 

and greater  than 2.0 for calcium chloride brined cherries. 

The ratio  of calcium pectate  to protopectin frac- 

tions for all samples  treated by the addition of Pectinol 

0 ims greater than the ratio found in calciUBi chloride 

brined cherries.    This demonstrates a greater glycosidic 

hydrolysis has occurred in the pectic enzyme treated 

cherries and indicates  that a large part of the change in 

the pectic fractions of calcium chloride brined cherries 

is due to de-esterlfication of the pectins  present. 
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7. The pec tic en z pies present in the fungal Pectinol 

0 preparation causes softening of cherries In brined cher- 

ries when present in concentrations greater than 0«005$. 

Partly, this softening is due to the length of activity 

of these enzymes. The polygalacturonase of ^cats claw" 

infected cherries was found to stop after periods of from 

13 to 25 days, while Pectinol 0 polygalacturonase activity 

could be demonstrated for a period of 100 days. The de- 

gree of softening of cherries treated vdth Pectinol 0 was 

not found to be completely proportional to the concentra- 

tion of added enzyme when measured by the penetrometer 

method alone.  It was also deserved that these treatments 

sometimes gave low average penetrometer readings, but that 

the cherries could be easily mashed between the fingers. 

It can be concluded that the penetrometer measurement may 

not be adequate for the determination of softness in 

brined cherries, although the method worked well on firm 

cherries with no pectic enzyme added. 

8. Little varietal difference was observed in the 

reactions of loyal Anne, Lsaabert, Bing, or Black Republi- 

can cherries to the three different calcium salts treat- 

ments or to the action of pectic enzymes when measured 

and compared by the penetrometer method for determination 

of firmness and by characterization of pectic fractions. 

Lambert cherries were generally firmer than the other 
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three varieties  as determined by the penetrometer method, 

but did not differ appreciably from the other varieties 

in the characterization of pectic fractions of  the differ- 

ent treatments. 

9. The polygalacturonas© of Pectinol M i7as found  to 

be active over a wide pH range.     It exhibited an optimum 

activity at pH 5.0 to 5.6 iihen prepared and stored in 

Clark and Lubs buffer solutions.     This polygalacturonase 

was not inhibited at pH values ranging from 2.6 to 8.0 

during a 41 day observation period.     Gradual inhibition 

was found at pH 2.0*  and rapid inhibition was  found at pH 

1.6 and 1,0.     The pH optimum of "cats  claw" polygalactur- 

onase was not determined. 

10. The use of the alkyl aryl sulfonate detergent 

lacconol as an inhibitor for  the polygalacturonase of 

Pectinol li v&a determined.     This detergent nas found to be 

an effective inhibitor of Pectinol M polygalacturonase at 

pH 2.6 in calcium hydroxide-sulfur dioxide cherry brines 

and in the presence of brined cherries,   and at pH S.O, 

3.6 and  4.0. 

Inhibition of the polygalacturonase of Pectinol 

I solutions in pH 4.0 buffers was  found to be directly 

proportional to the concentration of Macconol added with 

0.1 and 0,2$ enzyme solutions.    This  type of inhibition 
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is typical of that obtained with non-competitive inhibit- 

ors.  Consequently, it is suggested that Macconol causes 

inhibition of Pectinol M polygalacturonase by blocking the 

enzyme-substEate reaction and inhibition is not directly 

due to the surface denaturation of the enzyme. 

11.  The detergent lacconol did not have any deleter- 

ious effect on the quality of maraschino cherries manufac- 

tured from firm brined cherries. Whether this detergent 

would have an effect on the quality of cherries if added 

early in th© brining period was not determined and this 

should be determined before this detergent is used in com- 

mercial brining as an inhibitor for the polygalacturonase 

of "cats claw"1 infected cherries. 



75 

BIBLIOGRAPHY 

1. Anson, M. L.  The denaturation of proteins by syn- 
thetic detergents and bile salts.  Journal of 
General Physiology 25;234-246.  1939. 

2. Baker, G. L., ejt al., Report of the committee for the 
revision of the nomenclature of pectic substances. 
Chemical and Engineering lews 22:105-106. 1944. 

3. JBullis, D. E. and E. H. Wiegand.  Bleaching and dye- 
XX_^/    ing Royal Anne cherries for maraschino or fruit 

salad use,  Corvallis, 1931. 29 p.  (Oregon.. 
Agricultural Experiment Station. Station Bulle- 
tin 275) 

/ 4. Demain, A. X,. said H. J. Phaff. Cucumber curings 
Softening of cucumbers during curing.  Journal 
of Agricultural and Pood Chemistry 5:60-64. 
1957. 

5. Deuel, Hans and Jurg Solms.  Observations on pectic 
substances* Advances in Chemistry 11:62-67. 
1954. 

6. Dietz, James H. and H. Rouse. A rapid method for 
estimating pectic substances in citrus juices. 
Pood Research 18:169-177. 1953. 

7. Dingle, J., UU. W. Reid and G. L. Solomons. The en- 
zyme degradation of pectin and other polysac- 
charides. II. Application of the cup plate 
assay to the estimation of enzymes.  Journal of 
the Science of Pood and Agriculture 4:149-153. 
1953. 

/ 8. Etchells, J. L., T. A. Bell and I. D. Jones. Studies 
on the origin of pectinolytic and  cellulolytic 
enzymes in commercial cucumber fermentations. 
Pood Technology 9:14, 16*  1955. 

9. Etchells, J. L., T. A. Bell and Carlos T. Williams. 
Inhibition of pectinolytic and cellulolytic en- 
zymes in cucumber fermentations by scuppemong 
grape leaves.  Pood Technology 12:204^208.  1958. 



76 

■^ 10.    Pilz, ?sm.  P.   and Edward Ef.  Hennej.    Home preparation 
of maraachino  cherries.    Corvallis,  1951. 
11 p.     (Oregon.    Agricultural fixperiment Sta- 
tion.     Station Bulletin 497) 

11. Pish, V.  B.  and R.  B. Dustman.    The enzyme activi- 
ties of Pectinol A on pectic and other sub- 
stances.     Journal of th© American Chemical 
Society 67:1155-1157.     1945. 

12. Jansen, E.  P.  and L.  E.  MacDonnell.     Influence of 
methoxyl content of pec tic substances on the 
action of polygalacturmase.     Archives of Bio- 
chemistry 8;97-112.     1945. 

'/   13.     Joslyn, 1.  A.  and j.  B.  S.  Braverman.     The chemistry 
and technology of the pretreatment and preser- 
vation of fruit and vegetable products with 
sulfur dioxide and sulfites.    Advances in Food 
Research 5;97-160.     1954. 

14. Kertesz,  Z.  I.    Pectic  anzymes.     I.  The determina- 
tion of pectin-methasylas© activity.    Journal 
of Biological Chemistry 121:589-598.     19S7. 

15. Kertesz,  Z.   I.     Pectic enzymes.     II.   Pectic enzymes 
of tomatoes.    Pood Research 3:481*487.     1938. 

■V   16.    Kertesz,  Z«   I.    Effect of  calcium on canned tomatoes. 
The Canner 88:14-16.     1939. 

17.    Kertesz,   Z.   I.     The pectic substances,     lew York, 
Interscience Publishers,  1951.     628 p. 

J 18.     Laconti,  Joseph D.   and 2.   I. Kertesz.     Identifica- 
tion of calcium pectate as  the  tissue firming 
compound formed by treatment of tomatoes tTith 
calcium chloride.     Pood Research 6:499-501. 
1941. 

tf  19.    Lampi,  R. A.  et al.     Changes in pectic substances 
of four varieties of pickling cucumbers during 
fementaticn and softening. Pood Research 23: 
351-363.     1958. 

20.    Lange, Horbert Adolph ed.  Handbook of chemistry. 
8th ed.    Sandusky,  Ohio,  Handbook Publishers, 
Inc.     1952.     1998 p. 



77 

21* Lineweaver, Hans and Gerald A. Ballou. The effect 
of cations on the activity of alfalfa pectin- 
esterase (pectase)* Archives of Biochemistry 
6:373-387.  1945. 

22. Lineweaver, Hans, Rosie Jang and Eugene P. Jansen. 
Specificity and purification of polygalactur*- 
onase. Archives of Biochemistry 20:137-152. 
1949. 

23. MacDonnell, L. R., Eugene P. Jansen and Hans 
Lineweaver.  The properties of orange pectin- 
ester ase. Archives of Biochemistry 6:389-401. 
194§. 

24. McColloeh, R. J. Determination of pectic substances 
and pectic enzymes in citrus and tomato prod- 
ucts.  Pasadena, 1952.  13 p.  (tf. S. Dept. of 
Agriculture. Bureau of Agricultural and Indus- 
trial Chemistry. Agricultural Research Admin- 
istration, AIC-337) 

25. McColloeh, R. J. and E. I. Kertesz.  Pectic enzymes. 
VIII. A comparison of fungal pectin-methyles- 
terase with that of higher plants, especially 
tomatoes. Archives of Biochemistry 13:217-229. 
1947. 

26. McColloeh, R. J. and Z. I. Kertesz. Recent develop- 
ments of practical sign!fieance in the field 
of pectic enzymes. Food Technology 3:94-96. 
1949. 

• 27. McCready, R. 1. and E. A. McComb. Texture changes 
in brined cherries. Western Conner and Packer 
46a7, 19.  Dec. 1954. 

J  28. McCready, R. M. and B. A. McComb.. Pectic constitu- 
ents in ripe and unripe fruit. Pood Research 
19:530-535.  1954. 

29. McCready, R. M. and C, G. Seegmiller. Action of 
pectic enzymes on oligogalacturonic acids and 
some of their derivatives. Archives of Bio- 
chemistry and Biophysics 50:440-450.  1954. 

30. McCready, R. II,,  E. A. MeComb and E. P. Jansen. The 
action of tomato and avocado polygalaoturonase. 
Pood Research 20:186-191,  1955. 



78 

^ SI.    Manila,  Prem Kath.    The comparative effect of cations 
and anions  on  the firming of brined cherries. 
Ifester's  thesis.     Corvallls,  Oregon State 
College,   1954.     123 numb,   leaves. 

32. Phaff, H.  J.   and Arnold L. Demain*     The •unienzymatic 
nature of yeast polygalacturonase.     Journal of 
Biological  Chemistry 218:875-884.     1956. 

33. Phaff,  H.   J#  and M.  A.  Joslyn.     The newer knowledge 
of peetic enzymes.    Wallersteln Laboratory 
Consaunlcations 10(30) :133-148.     1947. 

34. Rahman, Md.  B.  sand M*   A.   Joslyn.     Properties of 
purified fungal polygalacturonase.    Pood 
Research 18:301-304.     1953. 

/ 35.     Ross, Edward, Hoya Yang and John E.  Brekke.     Prelim- 
inary report on the brined cherry project,  1958 
season.     Pullman,  1958.     2 p.   (Washington. 
Agricultural Experiment Stations.     Stations 
Circular 340) 

y  36.    Wiegand,  E.  H.,   C.  E. lor ton  and D.   J.   Pentzer. 
Investigations on the cracking problem in brin- 
ing of sweet cherries. Pood Research 4:93-100. 
1939. 

•/37.    Wiegand, B.  H.    Brined cherry breakdown.     In;  Pro- 
ceedings of  the Oregpn State Horticultural 
Society, Corvallls,  Oregon.    1957.     p.  47-49. 

■S 38.    Woodraansee,  Clinton W.   and George L.  Baker.     Calcium 
pectinates,  their preparation and uses. 
Advances in  Chemistry Series 11:3-9.     1954. 

/ 39.    TJ.  S. Dept. of Agriculture.    Current status of 
research on the softening of brined cherries. 
Albany,  Calif.    Western Utilization Research 
and Development Division.     Agricultural Research 
Service.    Nov.,  1957.     2 p.     (Mimeographed) 


