
THE INCIDENCE AND ENZYMATIC ACTIVITY OF

MOLDS FOUND IN INDIANA AND OHIO TOMATOES

Thesis Ior II" Dunn of pIm. D.

MICHIGAN STATE UNIVERSITY

Lawrence Sinclair White

1957



«r9 if.‘ ‘5"I'-

This is to certify that the

thesis entitled

presented by

LC.‘.-'1LEC'IIB SI'ICLAIK KTITE

has been accepted towards fulfillment

of the requirements for

Mdegree inflifltflhiflogjf & P. Health

f/u@/
Major professor

Date QM 7 l / ?°57

/ / f ’

0-169

LIBRARY

Michigan State

University

 

  

‘
.

'
n
s
a
l

I



J
:

I,
:
5
1
q
u

t
t



THE INCIDENCE AND ENZYMATIC ACTIVITY OF MOLDS

 FOUND IN INDIANA AND OHIO TOMATOES

By

Lawrence Sinclair White

AN ABSTRACT

Submitted to the School for Advanced Graduate Studies of

Michigan State University of Agriculture and Applied Science

in partial fulfillment of the requirements

for the degree of

DOCTOR OF PHILOSOPHY

Department of Microbiology and Public Health

Year 1957

Approved by SE:;au§ngz§ZD¢3E£€EEZLL¢436E3\\



ABSTRACT I

This study was undertaken to determine the genera and

species of fungi present in trmatoes and the ability of these

molds to produce enzymatic and other changes in tomato fruits.

It was thought that the pectolytic enzyme polygalacturonase

(PG) might be of more significance than generally has been

realized. Also of importance was the relation of the amount

of visible root and mold growths to mold counts. Mold counts

have been used as a criterion of the quality of tomato products

since 1911.,

Tomatoes showing mold growths were collected from a wide-

spread growing area in the states of Indiana and Ohio. The

genera and species of molds present were correlated with the

gross deterioration evident in the tomatoes. The behavior

of molds in producing flavor, odor and pH changes was deter—r

mined. Subsequently sound whole tomatoes were inoculated with

the molds and the symptoms were described.

Howard mold counts were made on comminuted tomatoes which

showed various fungus genera and known percentages of visible

rot. Also the influence of trimming Operations on mold counts

was studied.

The amount of PG and the enzyme cellulase (Cx) produced

by the molds in tomato extracts was determined employing the

"cup-plate" method of Reid (1950) and Dingle, Reid and Solo-

mon (1953).
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Under field and experimental laboratory conditions the

genera and species of molds which were present were of prime

importance in determining the presence or absence of rot in

tomatoes. Two of the most widely distributed molds in tomatoes,

Alternaria solani and Colletotrichum phomoides often produced

only minor lesions. By contrast, Oospora, Rhizopus, Fusarium

and flgggg_sp. which generally do not appear as frequently under

field conditions unless the humidity and temperature are high,

were found to be the most active molds in producing rot. Toma-

toes inoculated with ghizopus sp. showed the development of

cracks.

The genera and species of molds present influenced the

pH and the flavor of juice extracted from the field tomatoes

and similar changes were observed in inoculated tomato juice

samples. While off-flavors usually were detected, some molds

produced pleasant flavors and one strain of Penicillium sp.

produced a flavor in tomato Juice which was preferred by tasters

to that of uninoculated juice.

In most instances Juice made from tomatoes which contained

molds had high pH values and the examination of trims and culls

showed appreciably higher pH values than sound whole tomatoes.

The increase in the pH of tomatoes which contain molds was sug-

gested as a factor which might contribute to the development

0f "flat sour" organisms and also subsequent spoilage of tomato

Juice.



“MU‘. vobvv ULva‘u‘L

Juice made from tomatoes which had been trimmed invariably

esrlcpwed higher mold counts than juice made from tomatoes which

did not require trimming.

High mold counts were found when very little rot was

gazreesent, e.g., in one instance, as little as 0.1 percent

xrj.s3ible rot by weight gave a Howard mold count of 50. While

31 senberg (1952b) made no mention of it, his data showed the

same thing in several instances. These. data are in contrast

13:) the results of Howard and Stephenson (1917) which indicated

“RDILd counts in excess of 50 percent positive fields were present

orfily'when 5.5 percent or more visible rot by weight was present.

Conversely, our work showed that a high percentage of visible

rcrt nmy give low mold counts which was also previously shown

(Iflisenberg, 1952a; Smith, 1952).

The work reported here further demonstrated that there

was not necessarily any correlation between the amount of

visible rot and the Howard count since it is the type of mold

which is the determining factor on the amount of visible rot

present as well as having an important bearing on the mold

count itself. In short, the type of mold which the Howard mold

count does not and cannot determine is a more important con-

sideration than the mere presence of infinitesimal mold frag-

ments which may or may not be important from the standpoint

of rot.
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The greatest PG activity was found in tomato tissue and

in tomato juice samples which contained the most active rot-

producing molds. In contrast to cellulase (Cx), the concen-

trations of this enzyme closely paralleled the activity of

the molds which produced the most rapid deterioration of

tomato tissue.

A considerable variation occurred in different strains

of molds of the same species with respect to PG activity and

amount of tissue breakdown in the tomato fruit. An outstand-

ing example of this was found in Colletotrichum phomoides.

fflais was a definite indication that the Howard mold count did

not correlate with the amount of rot produced by some of the

molds. In many incidences there was less rot produced by the

same amount of growth of hyphae in some strains of the mold

as shown by PG activity.
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INTRODUCTION

It is well known that some molds have caused extensive

damage to foods. It is not so well known that other molds

have imparted very desirable characteristics to some foods

and have resulted in the attainment of qualities which other-

wise would have been impossible in these foods. The familiar

Roquefort, Camembert and Blue cheeses are only a few examples

of food products created by the activities of different genera,

species and varieties of molds. Molds also have fermented

foods to yield beverages, some of which have been consumed ex-

tensively such as Sake, the national drink of Japan.

In addition molds have been used in the manufacture of

gluconic acid, citric acid, fumaric and gallic acids which

have been employed in food products. By-products of mold

metabolism.have been used on a large scale in the clarification

and stabilization of fruit juices, jwms and Jellies.

One of the characteristics of molds is that usually they

grow more slowly than bacteria and yeasts. Some workers have

used the presence of molds in processed food products as an

indication of the condition of the raw produce and the efficiency

of trimming and sorting procedures. This criterion of quality

was applied to tomatoes and tomato products over #0 years ago

and still is employed by government agencies.



In recent years technologists have made considerable

progress in developing improved tests for measuring food

quality. Many tests formerly employed have been discarded

as a better understanding has been gained of the basic prin-

ciples of food production and manufacture.

This work was undertaken to study the types of molds

found in tomatoes, to determine the ability of these molds

to cause enzymatic and other changes in tomato fruit and to

relate, if possible, the findings to currently accepted in-

terpretations of the Howard mold counts.

The tomatoes were collected principally in the State of

Indiana during the 1953 canning season. In terms of dollar

value, Indiana is second only to California in the production

of processed tomato products in the United States. Processing

of tomato products is a major industry as is reflected in the

value of the tomato pack which rose steadily from 19 million

dollars in 1935 to 13h million dollars in 1951.



PART I

STRUCTURAL CHANGES ASSOCIATED WITH THE PRESENCE

OF MOLDS IN TOMATO FRUITS





Introduction

The purpOse of this investigation was to examine the

types of molds which are commonly found in tomato fruits and

to study what structural changes may occur in the tomatoes

when mold growth is present. The presence of mold necessi-

tates extensive sorting and trimming in tomato processing

factories as all mold filaments, regardless of type, are in-

cluded in the Howard mold count. This has been used to con-

demn tomato products as unfit for human consumption.

Review of Literature

Most publications concerning molds common to tomatoes

have been concerned with the individual genera and species

of molds which have been known to cause disease or decompo-

sition of tomatoes. Some of these publications have been

written by plant pathologists or workers who have summarized

dat£1.for laboratory personnel engaged in mold counting pro-

cedures.

The technologist who seeks information concerning the

effect of molds on tomato fruits usually must ponder through

a maze of data which relates also to leaves, stems, seedlings

and.roots. Most of these publications describe also the



physiological, viral and bacterial disorders of the entire

tomato plant. Unfortunately also, workers frequently have

failed to relate the scientific name of the mold found to

the disease of the tomato, therefore, a disease has been

known by more than one popular name.

Doolittle (19h8) compiled what has been perhaps the most

‘widely referred to list of phyto—pathogens common to tomatoes

grown in the United States. Berkely and Richardson (l9hh)

issued a similar summary of fungus diseases common to tomatoes

in Canada.

Workers at experimental stations have considered princi-

pally the molds on tomatoes which have been responsible for

financial losses in individual states. The publications of

Young (l9h6) and Young g§_§1 (19hO) and of Davis (l9h8a, b, c,

d, e, 1952) are pertinent to this investigation. MacGillivray

22.3; (1950) described symptoms on tomatoes affected by Phyto-

phthora infestans, Alternaria sp., Pleospora sp., Rhizopus sp.

8nd_§h1tophthora capsici. Beattie gt 2; (19h2) listed only

Corletotrichum.sp. and Alternaria solani as fungi attacking

tomato fruits. Linn and Wright (1951) presented valuable data

concerning several tomato diseases.

Some investigators have published information concerning

only one or a few of the fungus diseases observed or a parti-

cular aspect of a tomato disease. For example, Henderson

(1918) listed some of the characteristics of early blight and



Phytophthora fruit rot found in Colorado and Heuberger (l9h9)

elucidated the mold problem in Delaware. Middleton and Kendrick

(1953) discussed what has been accomplished on tomato disease

in California. Cunningham.and Lambeth (1951) gave emphasis to

tomato disease control.

B. J. Howard (1911) in the Food and Drug Administration

of the United States Department of Agriculture introduced a

laboratory procedure for counting the number of mold filaments

in tomato products. Subsequently the Governments of the United

States and of several other countries seemingly have come to

regard the Howard mold count as an indication of tomato qual-

ity. HOward (1937) gave some of the characteristics of several

genera of molds, notably Alternaria sp., Colletotrichum sp.,

Fusarium sp.,‘Mgggg sp., Rhizopus sp., Oidium.sp., Penicillium

sp., Aspergillus sp., and Botrytis sp. He pointed out that

Alternaria, Colletotrichum.and Fusarium cause most of the injury

to the fruit before the tomatoes leave the field and these molds

seldom develop markedly on fruit which have been taken from

the field in sound condition.

Eisenberg (1952b) was another worker concerned with the

Howard mold count and its application. He listed four molds

which commonly attack tomatoes as Alternaria, Colletotrichum,

Phytophthqgg, and Oos ora, and described the area affected

and the depth of visible rot produced by these molds.

A publication by the American Can Company (1950) reported

characteristics observed in the tomato fruit when species of



Alternaria, Aspergillus, Colletotrichum, Fusarium,quggg,

Rhizopus, OidiumI and Penicillium were present. It was

mentioned also that infection by Alternaria could be con-

trolled by using resistant varieties of tomatoes.

In a similar publication Troy (1952) of the Continental

Can Company included the following fungi: Alternaria, 00113:

totrichum, Fusarium, Mucor, Rhizo us, Phytophthora, Stemphylium

and Cladosporium, and gave some of the effects of these molds

on tomato fruit.

A limited amount of information has been available in the

booklet, Micro-analy§i§_g£|Eggd‘ggg_Drug Products, issued by

the United States Department of Agriculture (1951).

A summary of the most pertinent information noted in the

literature is presented in Table I.
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3

a
r
e
a

o
f

t
h
e

f
r
u
i
t
.

D
a
r
k

d
r
y

d
e
c
a
y

e
x
t
e
n
d
s

t
o

s
o
m
e

d
e
p
t
h

i
n
t
o

t
h
e

f
l
e
s
h

o
f

t
h
e

f
r
u
i
t
.

F
u
n
g
u
s

o
f
t
e
n

c
o
m
p
l
e
t
e
l
y

c
o
v
e
r
s

t
h
e

a
f
f
e
c
t
e
d

a
r
e
a
s

a
p
p
e
a
r
i
n
g

a
s

a

b
r
o
w
n
i
s
h

v
e
l
v
e
t
y

g
r
o
w
t
h
m
a
r
k
e
d
w
i
t
h

c
o
n
c
e
n
-

t
r
i
c

m
a
r
k
i
n
g
s
.

E
a
r
l
y

f
r
u
i
t
s

m
a
y

s
h
o
w

n
o

s
y
m
p
t
o
m
s

w
h
e
n

p
i
c
k
e
d

b
u
t

s
p
o
t
s

d
e
v
e
l
o
p

l
a
t
e
r
.

S
m
a
l
l
,

s
h
a
l
l
o
w
,

g
r
a
y

t
o

t
a
n

s
p
e
c
k
s
.

L
a
t
e
r

s
p
e
c
k
s

b
e
c
o
m
e

1
/
1
6
-
1
/
2
"

d
i
a
m
e
t
e
r

w
i
t
h

b
l
a
c
k

b
o
r
d
e
r
s

a
n
d
w
h
i
t
i
s
h

c
e
n
t
e
r
s
,

o
f
t
e
n

a
b
l
a
c
k

s
p
o
t

i
n

t
h
e

w
h
i
t
e

c
e
n
t
e
r
.

C
e
n
t
e
r

o
f

s
p
o
t
s

a
r
e

s
l
i
g
h
t
l
y

s
u
n
k
e
n
.

O
l
d
e
r

s
p
o
t
s

h
a
v
e

c
e
n
t
e
r
s

m
o
r
e

d
e
f
i
n
i
t
e
l
y

s
u
n
k
e
n

a
n
d

b
e
c
o
m
e

g
r
a
y
i
s
h

b
r
o
w
n
.

T
h
e

s
u
r
f
a
c
e

b
e
c
o
m
e
s

r
o
u
g
h
-

e
n
e
d

b
y

d
r
y
i
n
g

a
n
d

t
e
a
r
i
n
g

b
a
c
k
o
f

t
h
e

e
p
i
-

d
e
r
m
i
s
.

W
h
e
n

n
u
m
e
r
o
u
s

s
p
o
t
s

c
o
a
l
e
s
c
e
,

t
h
e
y

o
f
t
e
n

c
a
u
s
e

i
r
r
e
g
u
l
a
r
i
t
i
e
s

o
n

t
h
e

s
h
a
p
e

o
f

s
m
a
l
l

f
r
u
i
t
s
.

I
n
r
i
p
e
n
i
n
g

f
r
u
i
t
s
,

t
i
s
s
u
e
s

a
r
o
u
n
d

s
p
o
t
s

r
e
m
a
i
n
g
r
e
e
n

i
n

c
o
l
o
r
.

S
p
o
r
e
s

p
r
o
d
u
c
e
d

o
n

t
h
e

s
u
r
f
a
c
e

o
f

t
h
e

s
p
o
t
s
.

F
u
n
g
u
s

o
r
d
i
n
a
r
i
l
y

d
o
e
s

n
o
t

p
e
n
e
t
r
a
t
e

d
e
e
p
l
y

i
n
t
o

t
h
e

f
r
u
i
t

b
u
t

s
e
c
o
n
d
a
r
y

i
n
f
e
c
t
i
o
n
s

s
o
m
e
t
i
m
e
s

r
e
s
u
l
t
.
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 O
r
g
a
n
i
s
m

a
n
d

S
t
a
g
e

C
o
m
m
o
n

N
a
m
e

o
f

E
p
i
d
e
m
i
o
l
o
g
y

o
f

S
m
m
p
t
o
m
s

o
n

t
h
e
F
r
u
i
t

S
p
o
t

o
r
D
i
s
e
a
s
e

F
r
u
i
t

A
t
t
a
c
k
e
d

 

 C
o
l
l
e
t
o
t
r
i
c
h
u
m
.

C
o
m
m
o
n
,

w
i
d
e
l
y

M
a
y

a
t
t
a
c
k

E
a
r
l
y

-
s
m
a
l
l
,

c
i
r
c
u
l
a
r
,

i
n
c
o
n
s
p
i
c
u
o
u
s
,

h
o
m
o
i
d
e
s

d
i
s
t
r
i
b
u
t
e
d
.

g
r
e
e
n

f
r
u
i
t
s

t
r
a
n
s
l
u
c
e
n
t
,

s
l
i
g
h
t
l
y

s
u
n
k
e
n

b
l
e
m
i
s
h
,

1
/
8
"

h
e
s
t
e
r

O
f
t
e
n

c
a
u
s
e
d

b
u
t

s
p
o
t
s

d
o

i
n

d
i
a
m
e
t
e
r
.

O
n
e

o
r

m
o
r
e

s
p
o
t
s

o
n

a
s
i
n
g
l
e

a
n
t
h
r
a
c
n
o
s
e

s
e
r
i
o
u
s

l
o
s
s
e
s

n
o
t

s
h
o
w

u
n
t
i
l

f
r
u
i
t
.

S
p
o
t
s

e
n
l
a
r
g
e

r
a
p
i
d
l
y

o
n

r
i
p
e

o
r

t
o

c
a
n
n
i
n
g

c
r
o
p
s

t
h
e

f
r
u
i
t

r
i
p
e
n
s
.

n
e
a
r
l

r
i
p
e

f
r
u
i
t

a
n
d

r
e
a
c
h

u
l
t
i
m
a
t
e

s
i
z
e

i
n
A
t
l
a
n
t
i
c

a
n
d

F
u
n
g
u
s

p
e
n
e
t
r
a
t
e
s

o
f

l
/
K

t
o

1
"

d
i
a
m
e
t
e
r
.

T
h
e
s
e

s
p
o
t
s

s
o
o
n

C
e
n
t
r
a
l

S
t
a
t
e
s
.

a
p
p
a
r
e
n
t
l
y

u
n
i
n
-

b
e
c
o
m
e

d
e
p
r
e
s
s
e
d

a
n
d

h
a
v
e

c
o
n
c
e
n
t
r
i
c

r
i
n
g

L
i
k
e
l
y

t
o

o
c
c
u
r

j
u
r
e
d

f
r
u
i
t
s
.

m
a
r
k
i
n
g
s
.

C
e
n
t
e
r
s

s
o
m
e
t
i
m
e
s

b
e
c
o
m
e

t
a
n

o
n

p
o
o
r
l
y

d
r
a
i
n
e
d
F
r
u
i
t
s

a
r
e

r
i
p
e

a
n
d

s
h
o
w

a
n
u
m
b
e
r

o
f

d
a
r
k

s
p
e
c
k
s

w
h
i
c
h

a
r
e

s
o
i
l
.

O
v
e
r
w
i
n
-

o
r

n
e
a
r
l
y

r
i
p
e
.

b
o
d
i
e
s

i
n
w
h
i
c
h

s
p
o
r
e
s

o
f

t
h
e

f
u
n
g
u
s

a
r
e

t
e
r
s

o
n

t
o
m
a
t
o

A
p
p
a
r
e
n
t
l
y

t
h
e

p
r
o
d
u
c
e
d
.

A
s

s
p
o
t
s

e
n
l
a
r
g
e

t
h
e

t
i
s
s
u
e
s

r
e
f
u
s
e
.

S
p
o
r
e
s

o
r
g
a
n
i
s
m

d
o
e
s

o
f

t
h
e

f
r
u
i
t

c
o
l
l
a
p
s
e
.

T
h
e

s
p
o
t
s

c
o
a
l
e
s
c
e

f
r
o
m

t
h
e

s
p
o
t
s

n
o
t

i
n
v
a
d
e

t
h
e

a
n
d

c
a
u
s
e

l
a
r
g
e
r

w
a
t
e
r

s
o
a
k
e
d

a
r
e
a
s
.

W
h
e
n

a
r
e

s
p
l
a
s
h
e
d

t
o

g
r
e
e
n

f
r
u
i
t

u
n
d
e
r

t
h
e

s
p
o
t
s

r
e
a
c
h

t
h
e
i
r

l
i
m
i
t

i
n

s
i
z
e

t
h
e
y

o
t
h
e
r

f
r
u
i
t
s

b
y

o
r
d
i
n
a
r
y

c
o
n
d
i
-

s
o
f
t
e
n

a
n
d

t
h
e

e
n
t
i
r
e

f
r
u
i
t

m
a
y

r
o
t

b
y

t
h
e

r
a
i
n
.

I
n
f
e
c
t
i
o
n

t
i
o
n
s
.

R
e
d
-
r
i
p
e
,

t
i
m
e

i
t

i
s

r
e
d

r
i
p
e
.

S
e
c
o
n
d
a
r
y

f
u
n
g
i

a
n
d

a
p
p
e
a
r
s

t
o

c
o
m
e

s
o
r
t
e
d

t
o
m
a
t
o
e
s

b
a
c
t
e
r
i
a

m
a
y

o
v
e
r
r
u
n

t
h
e

i
n
f
e
c
t
i
o
n

g
r
e
a
t
l
y

f
r
O
m

t
h
e

s
o
i
l
.

l
e
f
t

o
v
e
r
n
i
g
h
t

e
x
t
e
n
d
i
n
g

i
t
.

F
u
n
g
u
s

f
r
e
q
u
e
n
t
l
y

p
e
n
e
t
r
a
t
e
s

D
e
v
e
l
o
p
m
e
n
t

r
a
p
i
d
w
i
l
l

f
r
e
q
u
e
n
t
l
y

d
e
e
p
l
y

i
n
t
o

t
h
e

f
l
e
s
h
.

E
p
i
d
e
r
m
i
s

r
e
m
a
i
n
s

u
n
d
e
r

f
a
v
o
r
a
b
l
e

b
e

b
a
d
l
y

s
p
o
t
t
e
d
.

i
n
t
a
c
t

o
v
e
r

t
h
e

l
e
s
i
o
n
s
.

Z
h
-
R
B

h
o
u
r
s

a
f
t
e
r

c
o
n
d
i
t
i
o
n
s

a
s

i
n

a
s
p
o
t

a
p
p
e
a
r
s
,

c
e
n
t
e
r

m
a
y

b
e

d
a
r
k

b
r
o
w
n

w
a
r
m
,

d
a
m
p

w
e
a
t
h
e
r
.

t
o

b
l
a
c
k

i
n

c
o
l
o
r
.

R
i
n
g
s

a
r
e

c
a
u
s
e
d

b
y

p
e
r
i
o
d
i
c

f
o
r
m
a
t
i
o
n

o
f

f
r
u
i
t
i
n
g

b
o
d
i
e
s
.

D
u
r
i
n
g

p
e
r
i
o
d
s

o
f

h
i
g
h

h
u
m
i
d
i
t
y
,

c
r
e
a
m

c
o
l
o
r
e
d

p
i
n
k

o
r

b
r
o
w
n

s
p
o
r
e
s

m
a
s
s
e
s

m
a
y

o
o
z
e

f
r
o
m

t
h
e

c
e
n
t
e
r

o
f

t
h
e

f
r
u
i
t

s
p
o
t
s
.

S
p
o
r
e
s

a
r
e

p
r
o
d
u
c
e
d

i
n

g
r
e
a
t

n
u
m
b
e
r
s
.
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C
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N
a
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o
f

S
p
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t

o
r
D
i
s
e
a
s
e

E
p
i
d
e
m
i
o
l
o
g
y

T

1

S
t
a
g
e

o
f

F
r
u
i
t

A
t
t
a
c
k
e
d

S
y
m
p
t
o
m
s

o
n

t
h
e
F
r
u
i
t

 

 

F
u
s
a
r
i
u
m

o
x

s
o
r
i
u
m

(
E
,

l
y
c
o
p
e
r
s
i
c
i
)

S
n
y
d
e
r

a
n
d

H
a
n
s
e
n

P
h
o
m
a

d
e
s
t
r
u
c
t
i
v
e

P
i
O
W
B

P
h
o
m
a

r
o
t

 

P
h

t
o
p
h
t
h
o
r
a

i
e
s
t
a
n
s

(
M
o
n
t
.
)

D
e
B
a
r
y

L
a
t
e

b
l
i
g
h
t

F
u
n
g
u
s

m
o
s
t

a
c
t
i
v
e

a
t

8
0
-

9
0
°
F
.

C
a
n

l
i
v
e

a
l
m
o
s
t

i
n
d
e
f
i
n
-

i
t
e
l
y

i
n

t
h
e

s
o
i
l

O
n
e

o
f

t
h
e

m
o
s
t

d
e
s
t
r
u
c
t
i
v
e

d
i
s
e
a
s
e
s

p
r
e
v
a
-

l
e
n
t

i
n

c
o
o
l

(
5
0
-

8
0
°
F
)

r
a
i
n
y

w
e
a
t
h
e
r
.

O
c
c
u
r
s

s
p
o
r
a
d
i
c
a
l
l
y
.

E
n
t
e
r
s

t
h
r
o
u
g
h

t
h
e

r
o
o
t
s

u
p

t
h
r
o
u
g
h

t
h
e

s
t
e
m
.

I
n

s
e
v
e
r
e
l
y

a
f
f
e
c
t
e
d

p
l
a
n
t
s

m
a
y

p
a
s
s

i
n
t
o

t
h
e

f
r
u
i
t

E
n
t
e
r
s

t
h
r
o
u
g
h

s
t
e
m

c
r
a
c
k
s

o
r

o
t
h
e
r

w
o
u
n
d
s

u
s
u
a
l
l
y

n
e
a
r

s
t
e
m
.
e
n
d

U
s
u
a
l
l
y

s
t
a
r
t
s

n
e
a
r

s
t
e
m

e
n
d
.

M
o
s
t

c
o
m
m
o
n

o
n

t
h
e

u
p
p
e
r

h
a
l
f

b
u
t
m
a
y

o
c
c
u
r

e
l
s
e
w
h
e
r
e

o
n

t
h
e

s
u
r
f
a
c
e

I
n
!

v
a
d
e
s

i
n

f
i
e
l
d

a
n
d

i
n
t
r
a
n
s
i
t
.

I
n
f
e
c
-

t
i
o
n

o
c
c
u
r
s

a
t

a
n
y

s
t
a
g
e

o
f

g
r
o
w
t
h
.

F
r
u
i
t
s

m
a
y

s
e
e
m

s
o
u
n
d
,

d
e
c
a
y

b
y

t

t
i
m
e

t
h
e
y

r
e
a
c
h

m
a
r
k
e
t
.

F
r
u
i
t
s

h
e

F
r
u
i
t
s

n
o
t

s
p
o
t
t
e
d

B
l
a
c
k

s
u
n
k
e
n

s
p
o
t
s

w
h
i
c
h

m
a
y

b
e
a
r

n
u
m
e
r
o
u
s

b
l
a
c
k

p
i
m
p
l
e
s

c
o
n
t
a
i
n
i
n
g

s
p
o
r
e
s

o
f

t
h
e

f
u
n
g
u
s

E
n
d
y
-

s
p
o
t
s
.

P
e
e
l

h
a
s

a
s
l
i
g
h
t
l
y
w
r
i
n
k
l
e
d

s
u
r
f
a
c
e

w
i
t
h

a
b
l
o
t
c
h
y
,

b
r
o
w
n
i
s
h

g
r
e
e
n

c
o
l
o
r
.

O
c
c
a
s
i
o
n
a
l
l
y

s
h
o
w

n
a
r
r
o
w
,

z
o
n
a
t
e

m
a
r
k
i
n
g
s
.

N
o

d
e
f
i
n
i
t
e

m
a
r
g
i
n
s

b
u
t

a
r
e

u
s
u
a
l
l
y

s
u
n
k
e
n

w
h
e
r
e

d
e
c
a
y
e
d

a
n
d
h
e
a
l
t
h
y

t
i
s
s
u
e
s

j
o
i
n
.

A
f
f
e
c
t
e
d

a
r
e
a

d
o
e
s

n
o
t

r
i
p
e
n
.

U
n
d
e
r

m
o
i
s
t

c
o
n
d
i
t
i
o
n
s
,

a
d
o
w
n
y

w
h
i
t
e

g
r
o
w
t
h

o
f

t
h
e

f
u
n
g
u
s

o
c
c
a
s
i
o
n
a
l
l
y

a
p
p
e
a
r
s

o
n

t
h
e

f
r
u
i
t
.

O
t
h
e
r

o
r
g
a
n
i
s
m
s

m
a
y

e
n
t
e
r

t
h
r
o
u
g
h

t
h
e

b
l
i
g
h
t

s
p
o
t
s

a
n
d

c
a
u
s
e

a

w
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hx;crimental and nesults

Studies of Field Tomatoes

At the beginning of the 1953 tomato canning season a

laboratory was established at the Fettig Tomato Canning

Company, Elwood, Indiana. This was centrally located in

the heart of the tomato growing region and permitted samples

to be taken from a broad area. Tomatoes which had been

grown for canning were collected from fields as shown in

Figure l. A total of 27 fields were surveyed. Thus at

some of the points indicated as many as four fields were

examined at different times during the season.

An effort was made to obtain tomatoes which would yield

as many types of mold growth.as possible. Generally 30-h0

tomatoes were picked from.each field and of these the ten

most likely to yield different genera and species of molds

were selected. The tomatoes were uniform in size, weighed

between 100-200 grams, were ripe, red in color and were

still attached to the vines. Conceivably many might have

been picked for canning purposes at the time. As over 80

percent of the tomatoes grown for canning in the areas

studied were of the Rutgers variety, this variety was chosen

unless otherwise specified.

The tomatoes were placed in individual ventilated boxes

and transported within a few (less than 5) hours to the

laboratory where they were examined immediately.
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Fig. 1. Location of tomato sampling points in the States of

Indiana and Ohio.
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The extent of the macroscopic tissue change was measured

or estimated in relation to the whole tomato fruit. The

presence of external mold was determined by observations amp

ploying a 10X objective. The type of mold which was thought

to be present was noted. Two cultures were made from the

surface growth when this was evident and, in addition, two

pieces were cut aseptically from any damaged tissues and

cultured by placing these onto Petri plates containing potato

dextrose agar (Difco). As the molds developed they were iden-

tified when possible or transferred onto potato dextrose

agar slants for identification studies later in the year.

Many of the tomatoes obtained from the fields contained

molds which were isolated as pure cultures. Thus it was pos-

sible to group the gross characteristic symptoms produced in

tomatoes by these molds (Table II) .

Considerable variation was Observed in the extent and

type of damage which occurred in tomatoes when mold growth

was present. The extent and type of damage was shown to be

related to the genus of mold present. Molds such as

Mycelia sterilia, Trichoderma sp. and Hormodendrum sp. which

usually have not been mentioned in connection with tomatoes

were found. Species of Oospora, Fusarium, £2325, Rhizopus

and Rhizoctonia produced soft rots which frequently consumed

a large segment or almost all of the tomatoes.

By contrast, Alternaria sp. and Colletotrichum sp. fre-

quently produced only superficial markings and damage to the
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TABLE II

GROSS CHARACTERISTICS OF THE TOMATO FRUITS OBTAINED

DURING FIELD STUDIES

 

 

Organism

Isolated

Tomato Appearance of the Tomato

 

Alternaria

CdDatohdshum

Z
F
W

H
H
m
o
m
m
u
n
w
>

N
Z

<
C
i
t
-
3
0
2
5
0
0

‘
t
i

0
2

C
,

(
I
n
:

a
»

S splits, black

1" soft spot, dark center

1.1/2" black spot -

3/h" dry, black brown sunken spot

cracks at top

1” dry, round, sunken spot

black cracks at stem and

cracks at stem end

3 wide splits in ripe firm tomato,

covered with mold

l/3 sun scald, covered with fungus

growth

3 cracks, 1" diameter

2 black, hard, sunken spots, 1" diameter

sunscald on 2-1/2" diameter with black

markings

l-l/h" diameter sun scald area with

black markings

black sunken area on 2 x 1/2" sun

scald area

2" sun scald area, with black growth

in this

A splits, l/Z x l" with Alternaria

growth cracks with black mold in these

growth cracks with

l/Z" black spot in middle of sound fruit

3 splits with Alternaria, soft spots

1 diameter around splits

l-I/Z" x 2" sun scald with Alternaria

on surface

2" rot, hard on surface, also split

3/8 x 3/8
sunscald with Alternaria

dark brown to black, faint concentric

rings in sunken soft area l/2" diameter

5 tan brown spots about 3/8" diameter

1/3 soft, 12 spots l/3" diameter,

sunken light and dark concentric rings

6 spots, sunken, light and dark rings

darker in center spot



18

TABLE II (Cont.)

  

Organ18m

Isolated

Cello totrichum E
Z
Z
V
W
H
H
m
Q
W

U
)

:
U
D
'
U
O

p
m
o
z
s
z

Q
H

m
m
m
m
b

a
m

>

Tomato Appearance of the Tomato

___

h spots, sunken, firm, black smooth

surface

2 sunken spots, dark and light rings

l/2 rotted, dried black surface

3-1/2” brown spots

15 spots l/u to 1/2" diameter

3/h" black, sunken spot

3/h" soft spot

firm, brown area, no surface mold

1/2" spot on ripe, firm fruit

1/3" sun scald, 2-1/2" diameter with

3 small 3/8" sunken spots on the

sun area

l/h" sunken spot, 6 in number

15 spots, h of these large 1" diameter

9 spots, 3/8 x 1" diameter (Stokes)

15-20 spots fused together to make up

2" diameter Spot (Stokes)

l/2 soft rot

l/3 soft rot, insect injury, white

hyphae on surface

nearly all soft rot, pink white hyphae

l/Z soft rot, in two large holes,

white-pink hyphae in holes

l/2" hold with 1” soft area

1/2" soft spot with firm skin

l/2 soft rot 2" in diameter

1" rotted spot, black, pink-brown

surface mold

cracks at stem end, pinkish-orange

mold, some shrivelling

cracks at stem end

1" round, soft spot covered with

.grayish yellow mold

1-1/2 soft spot

blackecracks at stem.end

2/3 soft rot, gray brown mold

1" soft rot

l/Z" deep, insect injury - soft rot

l/Zisoft rot at blossom end, with deep

crack

l/Z" deep, insect injury, soft spot
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TABLE II (Cont.)

 

Organi sm

Isolated Tomato Appearance of the Tomato

 

Fusariinn deep, l/2" insect injury - soft rot

l/Z soft rot at blossom end with deep

crack

l/2” deep. insect injury, soft spot

2 holes near stem, soft spot 1 l/2“

very soft with 5 cracks

somewhat soft with 3/Lp' dried

shrivelled spots

2" soft rot area on side near split

1-l/2" area soft rot

l/2 soft, 1/2 rotted

2" split on side, 3/8" wide

1/3 soft rot, 1-3/h" diameter‘

soft, dark red spot 1" diameter

3/h" soft rot, dark red color

Mycelia 3-l/li" spots, light brown

§£9rijlia 2" soft rot area with h spots in the

middle (Stokes)

~_—------—--—--—---

l
-
<
>
<
¢
<
G
6

(
7
)
2
1
1

E
l
b
o
w
»

p

QEERQEEE A 1" soft spot, skin broken

B l-l/Z" brown area, concentric rings,

split

C wide crack across 1/2 of fruit, soft

area

D 2 x 3" rot entailing l/3 of fruit,

soft mushy, no color change (Stokes)

1" soft spot, crack with black growth

on top, white underneath (Stokes)

tl
J'

-
.

—-—----—_---—-—-_--

W A l/Li" soft spot
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Isolated

Tomato
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TABLE II (Cont.)

Appearance of the Tomato

 
’i

mtoghthora

Rhizoctonia

Q
’
I
J
M
U
O
m
p

(
I
)

m
Q

@
M
U
O

e
m
o
m
o

z
2

fi
x

q
H

2” spot on side, 1” spot on other side

2 adjoining spots, 3” x l-l/Z"

2" spot and 1 spot

1-1/2" spot

3 fused spots, total diameter 2-l/2”

2 2 x 1" areas on sides, entailing about

2/5 fruit

green fruit, h/S blighted mostly firm

green color, some orange, 2 spots

l-l/2"

appearance like soil, rot 1/3 tomato,

soft

1/3 soft spot, brown ring in center,

surrounded by yellow and green con-

centric rings

2” soft spot

2/3 soft rot, water soaked

l/Z" spot, soft green-yellow

l/2 soft rot, green center, small

concentric brown rings

l/h area on blossom end, dark red

water soaked, soft

dark black spots, 3/8“ green edges,

spots firm, fine thin threads in

spots

l/2 soft rot, few vague, brown con-

centric rings

1-3/k" soft brown rot, 1/u of tomato

green

1/2 soft rot 2" spot in center

2" narrow split, 2-l/2" soft brownish

area

l-l/2" brownish soft area, concentric

rings

1" insect damaged spot covered with

black growth

l/3 area rotted; dark green

1/3 soft rot, 2 area

l/ soft rot, also cracked

2 soft rot, no surface growth

3/h soft rot, with greenish cast
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TABLE II (Cont.)

 

 

Ongaxiimsni

Isolated

——v

33120 ctonia

Rhizoctonia

Tomato

N
R
1
>
<
£
<
C
1

C
W
0

U
!

3
-

A
A

A
A
A

0
‘

U
1
4
2
"

b
u
m
p
—
I

v
v
v

s
a
w

(7)

(8)

(9)

Appearance of the Tomato

l-l/2” rot, concentric rings

3 spots about 3/h" diameter

1” soft spot, greenish to black

1" spot, brown rings

reddish, black, soft spot, 1" diameter

2 dark red spots, concentric rings,

l-l/h" diameter '

soft brown rot with crack

soft red rot, no surface break

2-1/2" diameter soft spot entailing

about i/2 fruit

2” soft rot, dark red in color

2” soft reddish brown rot, small

split with white hyphae

2” dark red spot with crack containing

white hyphae

l-l/2" soft rot on end and side, dark

red rot

l/3 soft rot, grayish, grey-brown

hyphae on surface

2/3 soft, water soaked, green area in

rot

black spot 1" diameter, hard near

stem and

2/3 soft rot, skin punctured in one

spot (Stokes)

L/2 soft rot with cracks

cracks at stem end with white fungus,

2” soft area
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tomatoes. Areas invaded by Alternaria were distinctly vis-

ible, firm and black. Colletotrichum growth was observed in

many of the tomatoes seen in the fields. Representative

tomatoes often showed the presence of only minute spots, one

to a dozen or more on a single tomato. These spots extended

into the tomatoes for a distance of 1/8 to 3/8 in. and ap-

peared as bruised or water soaked areas.

It was not uncommon to find a mold with much aerial

hyphae on a broken tomato. When this mold growth was re-

moved little or no damage was apparent.

Macroscopic symptoms evidenced by many of the molds

growing on tomato fruits are shown in Figure 2. Attempts

t30 identify the genera of the molds present without the aid

01‘ cultural findings frequently proved unreliable even when

the provisional identification was conducted by experienced

mUt'iclogists. This proved particularly true when a number of

molds were present in the rotted areas of the fruit.

Laboratory Inoculation of Tomato Fruits with Molds

Sound Rutger tomato fruits which had been picked in

the State of Indiana were sorted carefully to obtain tomatoes

free from blemishes and mold growth. These tomatoes were

divided arbitrarily into three groups:

A 8 green; B I half ripened; and C 8 fully red ripened.
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Alternaria solani (on sun scald)

  
Alternaria solani (with Cladogporium

fl

Alternaria and Colletotrichum

3?. or ans) phomoides

  
Colletotrichum phomoides

am 0 orium

Fig. 2. Macroscopic characteristics produced on tomato fruits by some

of the principal molds under field conditions.



 

Penicillium sp. with Fusarium  
ogsporium

 
‘PmOEhthora infestans Rhizoctonia solani"

Fig. 2. (Continued) Macroscopic characteristics produced on tomato fruits

by some of the principal molds under field conditions.
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The fruits were immersed for one minute into a bath

consisting of equal parts of a solution of hypochlorite and

ethanol and then given two washes in sterile distilled water.

Two tomatoes from each of the A, B and 0 groups were inoculated

by a single needle puncture with molds which had been isolated

from tomatoes obtained during the first part of this study.

Thirty-two cultures, representing 11 genera were employed.

The tomatoes were placed in individual, sterile, one

quart screw-capped jars. The metal lids of these jars had

been replaced with thin layers of absorbent cotton in order

to prevent contamination while allowing adequate exchange

of gases during mold develOpment. A uniformly small amount

of distilled water was added to each jar intermittently

during the test period.

A duplicate set of tomatoes from groups A, B and 0,

treated and sterilized in the same manner as just described,

was placed also in jars. However, instead of needle punc-

ture, spore and vegetative suspensions were placed on the

surface of the tomatoes. The suspensions had been prepared

by adding sterile physiological saline solution to the sur-

face of two week old cultures and removing the surface growths

With an inoculating needle. '

All sets of tomatoes inoculated with molds in the lab-

oratory showed blemishes after RB hours (Table III). How-

ever, some of these blemishes were very slight.
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At the end of h days tomatoes inoculated with Botr tis,

Mucqr, Oospora and Rhizgpus and, to a lesser degree,‘§ggi:

cillium and Aspergillus had areas evidencing decomposition

(Figures 3 and h). Some of these areas were regular circles

particularly those produced by Oospora, Penicillium and
 

Aspergillus. After nine days tomatoes invaded by Botrytis,

Fusarium,1flggg£, Oospora and Rhizopus were rotten (Table III).

In contrast to the other molds, only minor blemishes

were produced by Alternaria solani, Colletotrichum, Hormoden-

gggm, Trichoderma and Penicillium at the end of two days

incubation and the results after 9 days were not substantially

different (Table III). The blemishes as they appeared at the

end of h days are shown in Figure h.

It was interesting to note that Rhizopus produced cracks

in tomatoes not only at the point of inoculation but also for

some distance ahead (Figure 3).

No consistent variation in attack was noted among the

tomatoes in the three stages of ripeness although tomatoes

in the green stage frequently retained greenish areas at the

Point of inoculation.

There was no apparent invasion of the tomatoes which had

been treated and inoculated,without puncturing, on the surface

With molds. Nor was any growth detected on the surface of

thefie tomatoes.
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Aspergillus Bot is

 

 
Fusarium Mucor

Fig. 3. Effect of experimental inoculation of tomatoes with Aspergillus,

Bot is, Fusarium, Mucor, Oos ra, Rhizoctonia, an Rhizopus

after days at room temperature).



 

 

.Ooapgra Rhizoctonia

  
Rhizopus

-Fig. 3. (Continued) Effect of experimental inoculation of tomatoes with

As er illus, Botr%tis, Fusarium, Mucor, Oospora,

Rhizoctonia and hizopus a ter E days at room

temperature).



 

 

r—

Alternaria ‘ Colletotrichum

 

 
Hormodendrum

Fig. h. Effect of experimental inoculation of tomatoes with Alternaria,

Colletotrichum, Hormodendrum, Penicillium and Trichoderma

(aIEer H days at room temperature .
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Penicillium

 

 
Trichoderma

Fig. h. (Continued) Effect of experimental inoculation of tomatoes with

Alternaria, Colletotrichum, Hormodendrum, Penicillium

and Trichoderma (after H days at room temperature).
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Discussion

This study has shown that considerable training in mycology

is necessary to identify the types of molds which may be present

on tomatoes. Cultural and microscopical examinations frequently

are necessary for positive identification of these molds. The

genus, species and strain determines whether appreciable dam-

age is done to the tomato fruit concerned. In addition, the

variation in the severity of attack would be influenced by

many factors, such as the variety of the tomato, soil and

weather conditions existing in certain areas and spray programs.

The rapidity of handling the tomatoes after they reach the

factory is also very important. Excessive humidity promotes

mold growth (Block, 1953). Yet, unless the relative humidity

is high, tomato fruits will have excessive loss of moisture to

the surrounding air and in time most of them will become wilted

and shrivelled. Rose gt 2;. (19h9) reported that ripe tomatoes

at 60°F evolve approximately soho BTU per ton per 2h hours when

stored.

The Howard mold count makes no allowance for the signi-

ficance of the types of molds present and, in any event, the

average mold counter would not have the experience to identify

the types likely to be encountered. It is obvious, however,

that it would not be reasonable to regard all molds as being

of equal importance in causing rot in tomatoes. It has been
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observed that molds in the fields and in the factory produced

characteristic changes in tomato fruits, some severe, some

minor .

It was interesting to observe that some strains of

Rhizogus produced cracks in tomatoes. It appears that even

a minute perforation of the tomato cell wall which allows the

introduction of this organism may be the precursor of exten-

sive damage. No reference to this action has been noted in

the literature. Instead, it has been mentioned that molds

grow in cracks; and that the cause of cracks in tomatoes has

been obscure. It was suggested that soil and weather condi-

tions may be involved (Howard, 1937).

It was interesting to note also that under experimental

conditions while many of the molds produced irregular lesions

in tomatoes, strains of Aspergillus, Colletotrichum, Oospora

 

and §_e_nicillium appeared to produce a metabolite which was

radiated evenly throughout the tissue to give circular lesions.

It can be appreciated that considerable difficulty would

be eXperienced by a canner when many of his incoming tomatoes

showed Colletotrichum phomoides spots. The number of these

blemishes on a single tomato were shown to be numerous on

occasion, and would involve extensive trimming which would

substantially increase costs of production. Another consid-

eration is that in the early stages of attack by this organism

relatively little damage appeared obvious in the tomatoes and
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might be overlooked by housewives commonly employed in trim-

ming and sorting in the factory. The appearance of these

spots on the canners stock would depend on soil and weather

conditions in his particular area and might be sufficient to

force him out of business when he is in the position of com-

peting with processors in other areas relatively free from

the effects of this organism. Other organisms may present a

similar problem. For example, Alternaria often was apparent

only as a small brown or black area not unlike a scar at the

stem end of the tomatoes. It would not appear reasonable

to always interpret the mold filaments present as an indica-

tion of a rotten condition in the tomatoes. It was interesting

to note that similar blemishes were observed on prize tomatoes

on exhibition at a state agricultural fair.

There appear to be many conditions which may influence

the development of molds.

Brown (1922) showed that certain volatile substances

given off from plant tissues, especially when the latter are

bruised have a distinct effect on the germination of fungal

sPores. Distinct stimulation to Botrytis was provided by

apples but depressed by potatoes. This stimulative effect was

more readily discernible when the spores were of feeble ger-

minative capacity.
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Later Brown (l9h8) reported that if a host is held at

warm temperatures, resistance could yield to susceptibility

and that pathogenicity of fungi may be greatly influenced by

Varied illumination, manuring or even the presence of another

Parasite in the tissue. He emphasized that "stalling sub-

stances" produced by a fungus may inhibit its growth.
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PART II

MOLD COUNTS, FLAVOR AND pH CHANGES IN RELATION TO STRAIN

OF MOLD 'AND PERCENTAGE ROT PRESENT IN TOMATOES



1&3

Introduction

Following a packing season many canners have been con-

fronted with Government seizures of their processed tomato

pznodhacts. Frequently the basis for these seizures has been

that the Howard mold count of certain packs has exceeded

tolerances established by the Food and Drug Administration.

Many packers have claimed that it has been almost im»

possible to meet these tolerances under certain conditions.

Some processors have claimed that when a mold is present on

fresh tomatoes, the fruit sometimes may have superior flavor

mad.<3dor without any apparent loss in quality in other respects.

YThis study was undertaken to show what relationship ex-

ists between the percentage of fruit showing mold and Howard

mold counts. It was thought desirable to investigate also,

what ixfifluence, if any, the growth of various molds has on

the acidity of tomato fruit and what changes in flavor and

odor result when molds are present in tomatoes and in tomato

Juice.

It has been shown elsewhere in this study that molds

may produce only minor blemishes on tomato fruits.



Review of Literature

Relationship between Mold Count and Percentage Visible Hot

in Tomato Fruit

After the passage of the first Pure Food Law in 1906,

in response to numerous requests from industry as to how to

test tomato products and interpret the results, the Howard

mold count technique was described for the first time (Howard,

1911).

In 1913, using the principles of the Howard mold count

method, regulatory actions against camera were instituted

but it was not until 1916, however, that the first mold

count tolerance was announced. This was for comminuted

tomato products and allowed 66 percent positive fields

(Smith, 1952).

In June, 1917, some of the more important points cov-

ering sanitary control of tomato plants were stressed (Howard

and Stephenson, 1917a).

In October, 1917, again in response to many requests

for definite details of the test, more information concern-

ms the mold count method was given with a few minor changes

(Howard and Stephenson, 1917b). It was stated that very few

tests had been made to correlate the microscOpic counts with

the amount of rot by weight when the Howard mold count had
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been first introduced and data on this aspect was presented.

Tests were conducted both on laboratory prepared and plant

samples. Despite the fact it was somewhat difficult to pre-

pare in the laboratory a pulp of Just the same texture as

that made under good factory conditions, the same general re-

lationships between the percentages, and mold counts were

noted. No laboratory samples with less than 5.5 percent rot

gave a mold count of more than 50. No factory samples with

less than about 14 percent rot gave a count of more than 60.

In this same report it was claimed that no high mold counts

occurred in samples low in amount of rot but that low counts

were obtained in samples containing a substantial amount of

rot. Reference was made to the fact that when stock is pro-

perly handled the mold count is of greater importance than

the counts of bacteria and yeasts in Judging the condition of

the raw stock. Bacteria and yeast tolerances were given also

in this report .

Darling (1922) criticized the Howard mold count and as

a result of many complaints concerning the technique con-

ducted an investigation under the auspices of the National

Research Council for the Society of American Bacteriologists.

Be contended that the kind of fungus is important and that

some hyphae break apart more readily in some instances than

in others. Darling concluded that the Howard method for de-

termining molds on tomato products could not be depended upon
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to give very accurate results. He referred also to sample

variability, the type of fungi and the error introduced by

different analysts.

Later, Howard (1937) listed seven types of defective

tomatoes most frequently described.

The first Government standard for tomato juice was an-

nounced on July 1, 1936. This allowed 35 percent positive

mold count fields. Subsequently on July 27, 1938, it was

reduced to 25 percent and on June 17, 19110 further reduced

to 15 percent. On January 13, 1911.1, the tolerance was

raised to 20 percent .(Smith, 1952).

Eisenberg (1952a), Chief of the Microanalytical Branch

of the Federal Food and Drug Administration, emphasized that

low mold counts could be found even when substantial amounts

of rotten tomatoes were employed. He mentioned particularly

tomatoes infected with late blight (ghyjophthora infestans)

but indicated that filaments of this mold in some respects

do not meet the empirical rules laid down for guiding mold

counters and that there is reason to believe that low counts

from such tomatoes may be due to failure to recognize the

f1laments of this mold.

In another publication, Eisenberg (1952b) reported counts

from samples prepared in the laboratory from tomatoes showing

various molds. Some of his data is of interest and is pre-

sented here (Table IV)-
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TABLE IV

MOLD COUNT IN RELATION TO PERCENT VISIBLE

ROT IN WHOLE TOMATOES

Taken from Eisenberg (1952b). Partial data only.
 

——f

 

 

Organism Visible Rot Mold Count

Alternaria 2.7 53

" 2.5 39

" 6.9 9h

" 10.1 79

" 3.1 61

Colletotrichum 0.3 O

" Ooh S

" 7.0 92

" 0.6 18

" 5.1 143

” s .9 57

" 3 .1 SS

" 0.6 13

" 1.1 20

OOBBOI‘G 109 55

9.9 60

" 18.0 62

3 114.6 89

10.0 100
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Many articles concerning the application of the Howard

method to tomato products have appeared in trade publications

(Eisenberg, 1952a; Jones, 191m; Jones and Ferguson, 19h9;

Jones and Pierce, 1947; Gould, 1952 and 19533 Siegel, 19514;

Siege]. and Strasburger, 1951; Troy, 1950). These contribu-

tions usually have stressed the desirability of keeping mold

counts within the Government tolerances and have been criti-

cal of canners whose packs have'exceeded these tolerances.

Smith (191183) listed Mucor, Aspergillus, I’enicillium,

Oosgora, and Motrichum as examples of molds found in

mold counts but did not describe the effect of these molds

on tomatoes. Later he stressed sorting and trimming pro-

cedures and presented data showing the distribution of mold

filaments in tomato tissue (Smith, 191;.8 b).

Influence of Mold Growth on Flavor, Color and Odor of

Tomato Juice

Culler 91 21. (19M?) believed that while mold counts

have been adopted as a measure of quality, more should be

known about the actual effects of these microorganisms on

the products. These workers tested, in tomato Juice repre-

sentative strains of Alternaria, Aspergillus, Colletotrichum,

We Mucor, Penicillium, Rhizoctonia, Rhizopug and

Win addition to other fungi. They examined the

PH: color, taste, odor, and also changes in the refractive
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indices - They reported that no off-odors or flavors were

detected in the tomato Juice after incubation at room tem-

perature for one week but that marked pH changes did occur.

Kertesz and Loconti (191th) investigating consistency

said that little appears to have been known about the chem-

istry and physiology of flavor in tomato juice except that

it is influenced by the proportions of sugar and acid in the

Juice.

EXperimental and Results

Relationship between Mold Count of Tomatoes and Percentage

Visible Rot

Tomatoes showing the principle types of molds known to

be present in Indiana and Ohio fruits as found in Part I of

this study were selected from the factory platforms and from

the fields. These tomatoes were red-ripe unless otherwise

noted. The decomposed section in each tomato was cut out,

weighed and expressed as a percentage of the weight of the

individual whole fruit. The affected area was combined with

“1° balance of the whole tomato and passed through a labora-

tory cETclone containing a 0.027 screen.*

MOld counts were made employing the method advocated

by the Association of Official Agricultural Chemists (1950).

‘

r

«n-

B Manufactured by the Cephaly Experimental Company,

rentwood, Maryland.
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Continuation of the type of mold present was made by cul-

wring - The results are given in Table V.

A Howard mold count of 100 was obtained when the per-

centage of rot present in the sample was as low as 1.9 per-

cent (Table V). Counts in the range of 50-100 percent were

noted frequently when the amount of rot present was less

than 2 percent. This applied regardless of the genus of mold

present. In one instance Alternaria when present initially

to the extent of producing only 0.1 percent visible rot later

gave a Howard count of 57.

The high Howard mold counts obtained in this study when

low concentrations of visible rot were. present are in contrast

to those results presented by Howard and Stephenson (1917b),

who noted that no laboratory samples with less than 5.5 percent

rot gave a mold count of more than 50 and that no high mold

counts occurred in samples containing only a small amount of

rot.

The emphasis in published works (Eisenberg, 1952a;

Smith, 1952) has been that a high percentage of visible rot

may give low mold counts. This has been confirmed in the

results obtained here. However, what has not been emphasized

is that low concentrations of visible rot may give high mold

counts.

While Eisenberg (1952b) made no mention of it, his data

showed that 2.7 percent rot produced by Alternaria gave a
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TABLE V

ROT OF WHOLE TOMATOES  RELATIONSHIP BETWEEN MOLD COUNTS AND PERCENTAGE

Mold Count Organism % Rot Mold Count% Rot
Organism 
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a count of 53, that 3.1 percent Colletotrichum rot yielded

a count of 55, and that 1.9 percent rot produced by We

gave a count of 55. '

It can be appreciated that it would be impossible for

the average mold count analyst to differentiate these types

of molds in a sample of a tomato product. However, it is

the type of mold which is the determining factor in the amount

and type of rot present, and likewise the type of mold has an

1Invoz'tusu'xt bearing on the mold count itself as considerable

variation is known to exist in the size of the filaments

(Beneke, 1950). The type of mold which the Howard mold

count does not and cannot determine is a more important con-

SideI‘ation than the mere presence of infinitesimal mold frag-

ments, which may or may not be important from the standpoint

of rot .

“015 Count of Trinmed Tomatoes Compared to Mold Count of

TOMtoes Which Did Not Require Trimming

It was thought of interest to compare the mold count of

tom”Fees which did not require trimming with those obtained

by examining tomatoes which showed visible rot or mold which

recmired trimming. Accordingly ten pound samples of tomatoes

which showed many of the molds encountered elsewhere in this

study were collected at a canning factory platform. From the

same hampers four ten pound samples which showed no visible
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rot or mold growth were carefully selected. The lots of

tomatoes which showed mold or rot were carefully trimmed.

All sets of tomatoes were individually comminuted and Howard

mold counts and pH values were obtained on the macerates.

Also, to determine what influence, if any, the different

genera might have on tomato sections remaining after the

tomatoes had undergone trimming, decomposed areas were cut

out from individual tomatoes and the molds therein identi-

fied. The pH values and the mold counts obtained by com-

minuting the individual rot and mold-free sections were com-

pared.

The mold counts of tomatoes which did not require trim-

ming in all but one instance were lower than those obtained

from the examination of tomatoes from which all mold growth

““9 1‘0t had been removed (Table VI).

These findings are in agreement with observations noted

by Hand 2;; 2;. (1953). In this same study these investiga-

“1'3 found that even after trimming, the mold count of U. S.

O“ 2 tomatoes which showed 100 percent defects other than

color rose over 20 percent six times out of 12 in 1950 and

three times out of 12 in 1951. By contrast U. S. Mo. 1 and

2 free from defects other than color, without trimming did

not Yield Juice showing substantial mold counts during the

”Periment .

 



S
 



511

TABLE VI

MOLD COUNTS AND pH OF TOMATOES WHICH DID NOT REQUIRE

TRIMMING AND TOMATOES WHICH REQUIRED TRIMMING

—: E ‘—

_;_ r 4*-

Tomatoes which did not Tomatoes which required trimming

require trimming

  

 

$2193. ( ioniidcfifi‘égin.) pH 8:61?“ (lomfidcgg‘fli te) pH

1 5 u. 3 1a 30 11-6

2 2+ 11.3 2. Lu w.

3 a 11.3 3a h hoe

11' 2 14. 7 14a 14.11. 14.5

W

TABLE VI:

INFLUENCE OF MOLD GENERA ON THE pH 0F TOMATOES AFTER

REMOVAL OF ALL VISIBLE HOT AND MOLD GROWTH

 

 

 

N j

genus isolated pH of rot and No. of

rem discarded area mold free area tomatoes
\

W
14-5 50

1402 1+

-——'..c°11°t0trichum 14-6 12

11.3 8

Wu
[PS 32

W “-5 “3
0. 11.02 2,-1-

1.|..6 2

Ph “10 hora 14-3 10

14-14 8

‘\
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It will be noted also (Table VII) that the pH value of

the composite samples which required trimming were generally

higher than those of tomatoes which did not require trimming.

The majority of the trimmed tomatoes had a higher pH in

the vicinity of 11.5. No individual genus produced a signifi-

cantly higher pH than other genera. The high pH value in

these trimmed tomatoes substantiated the findings Obtained

by the examination of the composite samples.

Influence of Factory Operations on hold Count and pH of

Tomato Juice

A3 laboratory experimental results frequently differ

from those obtained under practical Operating conditions,

it was decided to investigate further the pH and mold count

or COI'IIninuted tomatoes.

At a canning factory ten pound samples were taken of

tom‘i‘tbes as these arrived on the platform, after they had been

“3th and flumed and after they had been steamed, culled and

trimmed. Ten pound samples of the trims and culls were col-

lected also. The samples were comminuted through the labora-

tory pulper-finisher. Mold counts and PH values or the

Juices obtained were compared with samples of tomato Juice

°°118cted immediately preceeding the evaporator.
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The experiment was repeated eight times. An effort was

made to sample similar lots of tomatoes as these proceeded

through the factory.

The results are given in Table VIII.

After the washing, trimming and culling operations

there was invariably a reduction in the Howard mold count.

A comparison of mold counts obtained by sampling at the

other sites did not reveal any significant information un-

doubtedly due to the important sampling error.

The high pH values of the trims and culls was the most

outstanding finding. All of the eight samples were appre-

ciably more alkaline than samples of incoming tomatoes. The

PH value ranged from 14.8 - 5.5 in contrast to the pH range

of incoming tomatoes which was h.2 - 1i.3. These samples

showed 100 percent Howard mold count fields. Under the fac-

tory conditions noted trimming and culling of tomatoes made

the tomato Juice more acid in addition to decreasing the

mold count.

It is suggested that molds may contribute to multi-

Plication of flat-sour organisms on whole tomatoes in fields

and in factories and thereby present a potential hazard to

a Processor.

Furthermore, if tomato Juice is made from poorly culled

and trimmed tomatoes and as a result shows a high pH, then

this Juice might bemore subject to spoilage by flat-sour
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organisms some of which have been reported to spoil only

tomato juice having high pH values (Pederson and Becker,

19149; white, 1951).

Influence of Mold Growth on Flavor and pH of Tomato Juice

As a preliminary investigation of the influence of mold

on the flavor of tomato juice organoleptic examinations were

made of thirty-five samples of Juice prepared from tomatoes

which contained most genera and species of molds found in the

Indiana and Ohio tomato fruits.

The entire fruits, many of which showed advanced decompo-

sition, were conminuted. The results are given in Table II.

Only 3 of 21 samples containing Alternaria sp. and

Colletotrichum sp. produced off-flavored Juice.

By contrast, four of five samples of juice containing

94352933 were bitter. The sample of Rhizoctonia which showed

off-flavor was nauseating. The sample of Penicillium showing

1.1-“"0“ Change was pleasant.

S“haequently tomato Juice was prepared from sound whole

t°mat°°a and dispensed in 100 ml amounts into 200 ml bottles.

Tm” were plugged with cotton and sterilized for 20 minutes

at 15 p("ands pressure. Duplicate sets of bottles were inocu-

lated with spores and vegetative fragments of 27 test organ-

isms and then incubated at 20-22°C.
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TABLE II

FHVOB CHANGES NOTED IN TOMATO JUICE PREPARED FROM

FIELD TOMATOES CONTAINING KNOWN MOLD GENERA

 7*

F1
 

 

 

 

NO 0 NO 0 NO 0

Orglni am Pr9 sent Sample a Sample 3 Sample 8

Examined Showing Showing

Off Flavor No Flavor Change

Altornaria 12 2 10

Colletotrichum 9 1 8

W b, l 3

92922.22 5 u 1

Peni ci llium 2 1 improved 1

Rhizoctonia 3 l 2
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The inoculated juice was examined and compared to the

uninoculated controls at the end of 214, 118 and 96 hours.

Four tasters participated in the examinations. The results

are given in Table X.

During the initial stages of incubation some of the

molds produced pleasant tastes but by the end of 96 hours

bitter principles were liberated and many of the juices had

Changed markedly in flavor.

Tomato juice containing Penicillium showed a flavor

which was preferred to that of uninoculated juice. Rhizoc-

1‘2915 Sp. produced a very objectionable taste and odor.

NO ill effects were noted after tasting of the juices.

The tomato juice had to be disturbed each time an organo-

1991710 examination was made and some bottles were consumed to

‘ 8’93ter degree and more subject to agitation than others,

Which undoubtedly influenced the growth of the molds and pH.

It was considered desirable to investigate the influence

of molds on tomato juice when samples were left undisturbed:

and to investigate further the influence of genus and species.

The experiment was repeated employing 121; cultures. The juice

was inOculated with the cultures and incubated for five days

b°f°r° readings were made. The results are given in Table XI.

In standing culture Rhizoctonia sp. produced the highest

pH value. Fusarium, Mucor, Oospora and Alternaria yielded

pH vallies over 5.0 in most instances.

 



TABLE X

ORGANOEEPTIC AND pH CHANGES IN TOMATO JUICE

INOCULATED WITH MOLDS
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10

Organism 214. hours 14.8 hours 96 hours days [J3
\

W5sp. - - flat 6.3 4.7

n - - - u.8 5.3

A8 "’ "' flat “.08 has

WSP. - - bittersweet 5.5 5.2

" niger bitter bittersweet bittersweet 14.7 2.9

clagifgrmug - sour sour, strong 11.8 .8

odor

£01 lgtotrichuLn phomoides - - sweet 5.0 5.0

n - - sweet h.7 h.8

hi 1 - - sweet h.8 h.9

wW bitter bitter bitter 17.8 1;..9

, pungent odor

" just off bitter bitter . 5.0

pungent odor

Wsp. sweet sweet sweet odor 6.1 5.9

and taste

2139-35 89' sweet bittersweet sweet sour 14.6 [1.5

u like cider

sweet bittersweet sweet sour k.7 h.8

a like cider

sweet bittersweet sweet sour u.6 5.2

like cider

9.5.2225 39- sweet sweet sour sweet sour 1i.7 Lu?

like sour like sour

a milk milk

sweet sweet sour sweet sour h.9 5.0

like sour like sour

a milk milk h 8 h 8

- sweet sour sweet sour . .

§g52£2§111£2gg spa sweet sweet sweet 5.2 h.9

a sweet sweet sweet fi.g fi.§

2 sweet sweet sweet . .

W\nigricans sour sweet sour sweet sour 14.3 has

n sour sour sour fi.9 5.9

3:; c sour sour sour .3 .

Wsp. sweet bittersweet bittersweet 1p? h.7

with strong

u odor

sweet sour souri t h.7 6.8

unp easan

W sp. sweet sour sour 5.3 11.9

unpleasant unpleasant

0
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TABLE XI

pH 01'“ TOMATO JUICE INOCULATED WITH MOLDS AFTER FIVE DAYS

INCUBATION AT ROOM TEMPERATURE (STANDING CULTURE)

   

  

 

 

 

 

 

 

 

 

 

 

 

 

Mold “liar“ Min. Max.

Msp. 2 5.2 5.7

Mclavatus l 5.2

WEgg; 2 3.3 3.11

A_BE°Pgillus terreus 2 I1.8 L108

Wsp. 1 M7

Colletotrichum phomoideg 7 halt ’4-9

Fusarium oxzsporium 21 [+06 601

geopersici

Wceghalosporium type 3 11.07 1+,8

”41.9.25 globosus 10 1.8 5.1

£1223 hiemalis b, 11.9 5.0

m sp. 3 1+.9 5.2

M sp. 18 11.9 6.3

Wcorjophilum 11 3.5 11.6

Woxalicum 2 L5 LL09

2Wpumurgenum 2 11.5 11.5

Wsp. 1 11-0 LL00

Wsp. 11 b.1 7.1

Wnigricanjs 18 ’45 11.9

%222 sp. 2 km 5.0

Wbulbicola 1 11.7

\Tpichoderma sp. 2 L3 [#05

cc"uncle 5 h-S h-S

\
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Discussion

From the results of this experiment it is easy to under-

stand how canners may be confused and baffled by various mold

counts obtained by their analysts and by the Government. The

fact that 0.1 percent visible Alternaria rot gave a Howard

mold count of 57 in one instance and in another instance the

same percentage visible rot, also produced by the same mold,

gave a count of 11;. (Table v) demonstrates clearly the problem

which may confront a processor. It is well known that it is

difficult to determine the extent of visible rot with accur-

acy but. this is the task normally assigned to housewives on

trimming belts in tomato processing factories.

It is well known that ggllettotrichum phomoides may

”MU-1y decompose tomatoes given the proper conditions. How-

ever, it was found frequently in this study that many tomatoes

showing Colletotrichum phomoides lesions could not reasonably

be considered as showing rot in the commonly accepted sense

01' the word. Even substantially increasing personnel on a

trimming line in a factory could result in failure to remove

311 8“ch spots.

when all visible rot is removed from tomatoes the

“‘1de tomatoes themselves may show higher mold counts than

tomatoes which do not require trimming. It is apparent that



M
l
fl
d
w
t
u
t
.

I

e
t
a
!
!
!

‘
f
i
l
l
-

I
‘
l
e

b
.
l
'

I. \

-"VP,

 

 



611

unless the processor receives sound stock at his platform

he is placed in an extremely precarious position regardless

of expenditures for sorting, trimming, and mold count analysts.

The hazards which may be presented, particularly by Colleto-

trichum phomoi<i_e_§, in incoming tomatoes are familiar to many

canners.

An interesting observation was the higher pH values of

tomatoes showing mold growth and the influence of the molds

on the flavor of tomato juice. When it is considered how

some molds have improved the flavor of other products it is

not too surprising to find that some may improve tomato

juice. However, no reference has been noted in the litera-

ture to any possible beneficial effects of molds in tomato

juice-

.1!

Smith (1952) stated that the Government. is to place

031th 81s on the appearance of tomatoes being put into the

final product. This appears a reasonable substitute for

what seems to be a cumbersome and misleading method of

evaluating the quality of tomato products, the Howard mold

count.



PART III

FUNGAL ENZYMES IN RELATION TO DECOMPOSITION

OF TOMATO FRUITS
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Introduction

It has been shown elsewhere in this study that some

Species of molds found in tomatoes were capable of rapidly

breaking down tomato tissue and spreading throughout the

fruit. Eky contrast, other species of molds obtained from

the same sources when grown under identical conditions re-

nnined 111 restricted areas of the tomato and produced only

minor blemishes.

It appeared desirable to investigate why the molds be-

Imved 1:: such a manner. This seemingly would lead to a

“t“? understanding of the importance to be assigned to the

Nuance of various molds in tomatoes.

ItFwas believed that a basic approach would be to con-

3199? the known factors which impart firmness to tomatoes

and the 89 aecretions of fungi likely to alter the chemical

composition of the fruit to the extent that decomposition

would Occur.

It, has been known for many years that molds secrete

”233mg which decompose plant tissue. However, the mode of

I“fin-«on of these molds and the factors which influence the

d°°°Inp°31tion of tomatoes by the molds has not been fully

”pl-aimed.

In the past few years increasing attention has been

given to pectolytic enzymes as factors in decomposition of
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foods. It was believed that these enzymes might assume a

more important role in the rotting of tomato fruits by

molds than has been recognized previously.

Review of Literature

Role of the Pectic Substances in Plants

Kertesz and McColloch (1950) noted that their work has

cast considerable doubt on the usefulness and even validity

of many phases of pectin chemistry. In addition difficulties

in definition have existed for many years despite the ter-

min01ogy being reviewed only recently by the Committee for

the Revision of the Nomenclature of Pectic Substances (Kertesz

s. 21. . 19w. _

General agreement appears to exist, however, that pectic

amblstances are primarily responsible for rigidity of many

plant tissues. (Kertesz, 1951).

Joslyn and Phaff (1914.7) presented a very comprehensive

review of the newer knowledge of the chemistry of pectic sub-

afiancee. They pointed out that the high degree of dispersion

91' Pectins in the matrix of cellulose of plants led many early

workers to believe that pectin is actually combined with cel-

lulose. However, it has been possible to dissolve out cei-

1ulcee and still retain the form of the plant substructure.
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The pectins in the cell wall and those forming intra-

cellular substances have been considered by botanists to

differ somewhat. (Branfoot, 1929). Willaman (1927) stated

that it would be both unkind and fruitless to point out all

the mistakes and discrepancies concerning the naming of

pectic enzymes in the literature. The reader is referred

to the work of Phaff and Joslyn (1911?) concerning the status

of these enzymes and their terminology.

Most evidence has shown that the pectic substances in

the intercollular layer, or the middle lamella, are believed

to occur as insoluble calcium polygalacturonates, both cal-

cium pectinate and pectates (Joslyn and Phaff, 1914.7). Holden

(1950a) concluded that it is the state of combination of the

9991510 substances rather than their inaccessibility which

influences the extent of enzymic action.

Chemical and Physical Characteristics of Tomatoes

One of the first groups of workers to emphasize that

8““ quality canned tomatoes could be obtained only by care-

ful attention to pectic substances was Appleman and Conrad

(1927) . Wholeness was listed by these investigators as one

of the important requirements to be attained in canned to-

matoea - They pointed out that in tomatoes the two chief

pectic, constituents are protopectin and pectin, and that

these greatly influence whether a sloppy p30}! 01‘ tomatoes
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W3. They claimed that the cells of the plants are held

together by protopectin. In green tomatoes protopectin pre-

dominated but as the tomato matured a rapid transformation

of protopectin into pectin by enzymatic action was reported.

From the pink to the full ripe stage the ratio of pectin to

protope ctin doubled. When they compared firm and soft toma-

toes 1t was shown that soft tomatoes showed a higher ratio of

pectin to protopectin or conversely the less the transforma-

tion of protopectin to pectin the better the tomato. They

showed that a decrease in pectic substances coincided with

softening and subsequent deterioration.

Rocker (1930) first emphasized the role of pectin in

tomato products other than canned tomatoes.

K'Br‘tesz (1938) claimed that canners prefer tomatoes

in the full ripened stage of maturity when their pectin

content is highest.

Extensive experiments (Kertesz _e__i_:_ 31., 19110; Sayre 93; _a_l_.,

191101 c’-01'1cerned with the uptake of calcium to produce in—

creased firmness of tomatoes, showed that it is the pectate

BubMancfies in the tissue rather than the calcium which is

responsible for firmness of tomatoes.

Kellzrtesz g]; 31;. (19110) reported that considerable vari-

Etion 0(:curred in the calcium content of tomatoes grown in

differant regions. The calcium content of drained whole

to
matcea ranged from 140 to 98 p.p.m. and averaged 66.2 p.p.m.
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To Lrnprove the solidity of tomatoes, the calcium content

had to be increased to over 100 p.p.m.

Sayre 9}; 31., (1914.0) showed that applications of even

excessive amounts of calcium fertilizer showed practically

no addition to the calcium content of tomato fruits by this

method. It was concluded that dipping peeled tomatoes in a

solution of calcium chloride for about 2 or 3 minutes greatly

improved firmness. Calcium pectate was identified as being

responsible (Loconti and Kertesz, l9hl). Baker (1914.6) ela-

borated on the similar role of calcium in firming apple

slices.

It has been shown that there are at least two pectic

enzymes in tomatoes and possibly three. In green tomatoes,

Kertesz (1938) found that pectinase was absent and that poly-

galacturonase (PG) was practically absent from the fruit at

this stage. In this same study he reported that PG was not al-

"ayfi detected in ripe tomatoes and then sometimes only with low

”ti-Vita]. He used three varieties of tomatoes in his tests

and c><'Jnc:1uded that pectin polygalacturonase did not appear to

be a Varietal characteristic. Bell (1951) found substantially

similar results, and suggested that the absence of the soften-

ing eIIZyme in green tomatoes may account for the lack of dif-

fiwlty experienced by industry in brining this commodity.

l‘IcColloch and Kertesz (1911.8, 1919) reported the presence

in tOmatOes of a heat-resistant factor possibly an enzyme.
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They called this depolymerase (or DP) and concluded that

the loss of pectinic substances in processed tomato products

is the result of pectinesterase (or PE) which first demethylates

the pectinic acids and the DP which then depolymerizes the

pectic acid substrate causing a loss of the colloidal proper-

ties of the tomato product.

MacGillivray and Ford (1928) presented a valuable dis-

cussion of the contributions of the various regions, outer

and inner wall, the inner locule tissue, the jelly-like pulp

around the seeds and the skin of the tomato to its overall

quality.

Decomposition of Plant Tissues by Molds

Most studies related to the action of fungi on plant

tissues have been reported prior to 1920 (Kertesz, 1951).

For many years plant pathologists have sought to determine

the factors responsible for the development of parasitism

in the molds.

Branfoot (1929) ably reviewed the early research.

Williaman (1927) also contributed an excellent review of

the relationship of fungi to the enzymatic breakdown of

Pectin in plants. Bate-Smith and Morris (1952) pointed

out that each particular substrate under natural conditions

seems to support only a limited microflora and to be al-

most invariably attacked by this flora. They cited how



72

oranges are liable to attack by Penicillium digitatum which

is quite distinct from P. expansum which attacks apples.

Foster (19h9) claimed the number of species of fungi

known in 1938 was estimated at 89,000.

According to Brown (l9h8) the invasion by facultative

fungi consists of three stages, (a) prepenetration stage,

(b) process of penetration, and (0) post penetration stage.

He stated that no fungi have been known to secrete a sub-

stance capable of dissolving the outer cuticularized surface

of plants and in this same report he said that the act of

penetration of plant tissue by fungi has been clearly demon-

strated as being mechanical. He outlined how by the use of

gelatin filters of graded hardness it had been shown that

the molds, Botrytis cinerea, Penicillium glaucum and Rhizopug

nigricans respectively had diminishing penetrating power. He

offered this as explanation as to why Rhizopus nigricans has

been found to enter only the least protected structures such

as the soft fruits in contrast to g. cinerea and Rhizoctonia

M which had been found able to enter most plants by

direct penetration.

Willaman gt 31. (1925) in studying the problem of the com-

parative resistance of certain plum varieties to brown rdt em-

phasized that the more resistant varieties had a tougher skin

and a firmer flesh. Accordingly, they believed that resistance

was due to mechanical resistance to the entrance of the fungus.
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This was investigated further by Willaman (1926). The tough-

ness of the skin was found to increase in all varieties of

plums as ripeness progressed, the change becoming more marked

in the resistant varieties. Rosenbaum and Sando (1920)

reported a correlation between skin toughness and resistance

to Microsporium tomato (Cook).

Once inside the tissue the most outstanding feature

shown has been that the cells of the tissue are disorganized

in advance of the iflthldb hyphae (brown, l9h8) and pectinase

secretion by the fungus Was mentioned by Brown (l9h8) as the

nwst prominent agent of attack. In this report he claimed

also that within limits a correlation has been detected be-

tween parasitic vigor and the capacity to secrete pectinase

into the culture medium.

Many factors appear to influence the development of rot

at this stage. Weurman (1952) found that there are inhibitors

in pears which inhibit fungal PG but that their chemical na-

ture and functions were not known.

Internal resistance to the growth of most fungi was men-

tioned by Brown (19h8) to be due to such substances as acids,

tannins, ethereal oils, and glucosides and he indicated that

the metabolism of the organism may also cause inhibition of

growth as may desiccation of the tissue itself. In some cases

aSumming reaction may occur or the formation of a cork bar-

rier also may limit growth (Brown, l9h8).
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Kertesz (1931) stressed that very little has been known

abmnsthe discharge of enzymes secreted by molds into culture

medium and pointed out that with changes in the medium,

changes occur in the life cycle of the molds also, and that

on account of different substrates the molds have produced

(afferent amounts of enzyme. Also he said that while there

lmve been many observations concerning the effect of various

nutrients on the formation of PG the relationship has been

far from clear.

Menon (l93h) also showed data which indicated that the

medium greatly influenced the precise behavior of the enzymes

of any particular fungus. He claimed that some of its pro-

Fmrties are greatly influenced by absorption from.the nutrient

radium.

Willaman (1927) suggested that the medium appeared to

exercise a quantitative and possibly a qualitative effect

0n.the production of the enzyme. He suggested that the dis-

solving of the middle lamella may be one of calcium removal.

Kraght and Starr (1953) emphasized that any report that

an organism does or does not produce PGv should be considered

in the light of the medium and conditions.

Fernando and Stevenson (1952) showed that‘ggtgytig'giggggg

Spores which germinated on the cut surface of fresh untreated

Potato tissue rarely produced any measurable attack. However,

When the tissue was injected with water, definite attack
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followed. They concluded that there was a factor associated

with subturgid conditions in potato tissue which antagonized

the action of pectinase enzyme of Bacillus cinerea but not

that of Bacillus caretovorus. They believed that the close

behavior of the organism.and enzyme to be a strong indication

that the enzyme was in reality the active agent of parasitism.

Gregg (1952) in additional experiments on the subject of

injection or soaking, stated that while one might assume that

soaking or injection would facilitate the diffusion of enzyme

into the tissue, the water content of soaked and injected

tissues was often very similar and yet these treatments gave

rise to markedly different degrees of susceptibility.

Holden (1950a) reported that in leaf tissue where pectic

substances occurred in combination with calcium, the enzymes

pectinesterase or PE and polygalacturonase or PG did not

cause complete disintegration.without removal of the calcium.

She stated also that tobacco leaf fibre which had taken up the

maximum calcium was scarcely attacked by PG even with prolonged

incubation.

Holden (1950b) believed that any differences in the ac-

tion of various unfractionated fungal enzymes on fibre by

Pbctkmn|10M and Enzyme 19AP (Rohm.and Haas), Botrytis cinerea,

Aspergillus aureus, Penicillium expansum.and Penicillium.digi:,

Egggm.likely was due to a difference in the relative amounts

of the enzymes and not due to their presence or absence.
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Reid (1950a) reported that apple extracts were readily

solubilized by the action of some molds whereas in black cur-

rents the amount of enzyme resistant material was considerable.

In.this same report he stated that the relative amounts of the

enzymes in different preparations varied considerably, de-

pending upon the strain of the organism and the condition of

growth.

The pectolytic action of organisms during decomposition

of plant tissues has been a matter of concern to many workers.

As early as 1929 Pitman and Cruess employed pectin solutions

to investigate the hydrolytic action of microorganisms. 00133

(1926) reported the digestion of pectin by many microorganisms.

Joslyn (1929) and Fabian and Johnson (1938) studied pickle

softening reportedly caused by pectin splitting enzymes.

Couchman (1939), during an investigation of the retting of

flax, indicated that pectic materials definitely were decomposed.

The liberation of enzymes by fungi is receiving increas-

ing attention as more and more variables are recognized which

cast doubt upon the results of investigations reported in the

early literature (Sumner and Somers, l9h7; Smythe, 1951).

Elrod (l9h2) urged that a clear distinction be made between

the fermentation of pectin and macerating action and claimed

that Bergey's manual (Bergey 32 51., 1939) has been confusing

in this regard.

Methods for examination of the pectic substances and en-

zymes have been receiving increasing attention (McColloch,
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1952; Jermyn and Tomkins, 1950; Reid, 1951b). However, there

seems to have been little added to our knowledge concerning

some of the basic factors governing the liberation of enzymes

by fungi in many respects such as were investigated by

Harter and Weimer (1921) and Weimer and Harter (1923a, b).

Experimental and Results

Production of Pectinase (polygalacturonase) by the Molds as

Determined by Liquefaction of Pectate Gel

The ability of organisms to liquefy pectate gel has been

used by a number of workers (Miskeow and Fabian, 19533 Nortje

and Vaughn, 1953) as a basis for separating pectolytic organ-

isms. The Coliform Sub-Committee (l9h9) pointed out that the

ability of an organism to liquefy a pectate gel has been com-

monly related to its ability to cause soft rot in plants

and listed two media containing sodium pectate. The advantages

of pectate gel for the demonstration of the parasitic proper-

ties of organisms dtté described also by Sabet (1951).

One hundred and forty-five cultures of molds obtained

from tomatoes during another phase of this study were cul-

tured on the Northern Regional Laboratory sporulation medium

(Gailey gt 51., 19h6). Spores and vegetative forms then were

inoculated onto Petri plates of the pectate gel of Baier and
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a

Manchester (l9h3) . This had the following composition:

sodium hydroxide 8.0 ml

Calgon 2.5 gm

beef extract 3.0 gm

peptone 5.0 gm

sodium pectate 30 gm

water to 1000 ml

Observations to determine liquefaction and growth char-

acteristics were made at 3, 8 and 30 days following incubation

at room temperature.

Organisms which produced no liquefaction at the end of

72 hours sometimes showed slight or pronounced liquefaction

at the end of 8 or 30 days.

The presence or absence of liquefaction of the pectate

gel varied according to the genus, species and strain of the

organism (Table XII).

Marked liquefaction was produced by two of the two strains

CK’Agpgrgillus agggg tested, all of the four strains of flgggg

Eéfiflgng, all of the 16 strains of Penicilligm.coryophilum

and all of the 19 strains of Rhizopgg nigricang employed. By

contrast, only two of the 17 cultures of Colletotrichum.pho-

Heidgg produced definite liquefaction. No pronounced lique-

faction was evidenced by most strains of'flggg£_globosus, Alter-

m £21222, Oospora sp., Fusarium oxysporium, Rhizoctoni_a_

k

“Preparation of this medium is described in detail (Cali-

fbrnia Fruit Growers Exchange, Ontario, California, Research

News Letter no. 20, reference no. 333).
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PECTOLXTIC AND CELLULOLYTIC ACTIVITY PRODUCED

BY THE MOLDS IN TOMATO JUICE

 

 

 

 

Pectate Tomato Juice after 5 dgys

Isolate Organism gel G-Z-f

No. liquegy P Cellulasey H
factio lug/ml rug/ml p

3 Alternaria solani None - - -

7 " " None - - -

8 9 " None - - -

9 " " None — - -

10 " " None - - -

ll " ” None - - -

12 " " None - - -

16 " ” None - - -

17 " ” None - - -

5 " sp. None 1.1 ** 5.7

19 " " None * - -

21 Aspergillus clavatus None * 2.8 5.2

20 " niger +M 3e8 0.6 3e3

23 " +++ 1.6 5 .0 3 .h

22 9 terreus + 0.1 ** h.8

2 '0 none 8" “"3" 11.8

125 “ sp. None 0.1 0.1 u.7

25 Botrytis cinerea +++ - - _,

28 Colletotrichum phomoides ++ - .. -

30 ll -]7 + * None h.h

31 9 9 + - - -

 

:7 Pectate gel liquefaction as detected visibly during the 30-day

- period: + 8 slight, scarcely discernible; ++ = definite

liquefaction but not complete; ++¢ = complete liquefaction

of the gel in the plate.

g/ Polygalacturonase expressed as Pectinol 10M.

3/ Cellulase expressed as Enzyme 10M. ‘

* Eggs than 0.05 mg/ml polygalacturonase expressed as Pectinol

«a Less than 0.1 mg/ml cellulase (Cx) expressed as Enzyme l9.

- 8 No determination made.
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TABLE xII (Cont.)

 

 

 

 

 

” Pectate
Imflate Organism gel Tomato Juice after 5Fdays

No. lique- PG Cellulase

faction mg/ml mg/ml PH

32 C 0 lietotrichum homoides None - - -

33 __T 2'1"— : 1.6 a 11.5

32 " ” None : I :

37 N I! NOno - .. .-

38 u n None _ .. -

fig 3 2 None - - -

kl : z + 0.1 as 7'2

(if; n it 4. f 2* )4:

h5 : 2 + * None h.6

he a " + * None h.6

#7 " " None * *# h.6

hfl Iftlsarium oxysporium None * ** 5.2

($9 " None 0 .7 M S 0 1

50 N ” None ‘n' fl 5 e 1

51 " " None 4N- “ %.6

52 fl " ‘1' 1e]. “'3“ e1

53 n " None 0.05 as u.9

5 " N None * ** 5.0

5 ” " None * ** h.9

58 " " None * ** h.8

59 " ” Nona it *5 11.6

20 n " None 0.05 ** 5.0

6:]?- fl " ‘0' “31' *‘31' (+07

" " None 0.7 0.2 h-%

23 " " None * ** h-

6% n " + a as 5.0

66 fl 3 * 41- 0e1 (4J6

67 2 n 11°” 0.7.05 :3 172

172 " cephalosporium - * ** NZ7

1 " None 0.05 ** h.8

13 N n + 0 e1 H (lea

76 ‘Fhacor lobosus None 0.7 ** h09

;g “"‘W'E“W“" + 3.8 ** h.8

79 g : '0' 3 e8 *‘H‘ he 8

80 . None 3 e 8 M 5 0 0

II '1 ++ ZeS W L)" 9
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“17:?“ Organism Pegzite Tomato Juice after Edayg

lique- PG Cellulase

faction rug/m1 rug/m1 pH

82 M‘ucor lobo
8 -—T LWJJL! + 106 w e

8% n " ++ 6.0 as t 3

87 n u + 3’8 ** “:8

89 " w ‘7 6'0 M 5 O

' + Zes Non. 5.0

g; :: hiemalis +++ 2.5 ** 5 0

73 v" : +++ 1.6 as 520

7h " " +++ 2.5 None 5.0

bl _ +** 1.1 None h.9

” sp. None" * None .

gig {I u I 3'; fl {:02

- - - _ ‘
0 w 5.2

0 - _.._ _ .. ._ ._ _ _... ._ ._

31 M939- 32- + 0.5 w .9

92 n a + 1e]. *1“ 2.0

93 n n + 1'1 {Hi- 5'3

9h u u + 2'5 fl 6'2

32 ~ I 3'1 .. 5..
97 z: z: + .2; «3” 2'8
98 n " None 0.5 None 5.h

199 ,, " None 1.1 0.1 6:3

133 a " £23: 2.5 gone h.3

. 6 0

102 ” r + 3.8 None .

i0): 2 ': None 0.2 N23: if!)

135 " " None 7% No” ’0
106 9 n + ; §* 6.1

107 F " + * one 5.0

_ _. _' " 0 None 1.6 :: 22g

108 " -' 7' " " " " -' -"- '- '- .— ._ ._

109 Penicillium coryophilum «H 0.5 o 6 6

110 " +++ 1 6 ° h'112 q " ++* . 1.0 u.1

1H; t d +++ 0'3 1'6 3’5. a . 0.5 2.8 .6

115 - h

1r? n u *** 1.6 2.8 u.

w u +++ 0,? 1.0 3.%

+++ 2.; 2.8 u.2



 

\
\
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TABLE XII (Cont.)

 

 

 

 

Iaolate
No - Organi em P0613?” Tomat

113:6_ o Juice after 5 days

faction [£91111 Cell 1336

121 Fe 1 1 2 ml pH122 n cillium cor o hilum +++ 11 .1

13?. :: ~ 1:: °-7 is M
I! 0 S . .

+ . 1.0

m ,, 0.7 1.6 32)

116 " oxalicum .++ 6 O S

113 n N ++ 1.1 1:8 fi.g

119 " Eureurogenum None * N .N one

.320 ” 8p one * None ti;

- _- '_ ‘- , +4‘_ ‘_ ‘_ _. _"- ‘— 0.7 2 8

12 - - - - .123 Rhizoctonia sp. - - - - — - [to

130 II n None *

135 .. * 77 7'1138 n n A one * Lne L.- e I

lho " " None * None u.7

lul " " None * fione 5.0

| Non one u 6

m3 3 " a * .

" None None u.6

HM- " " None 3.1 ** h-3

- ~ - - - None None 0.3 1.1-.5

11:8 hizoaue nigricane - _ - _ — _ - - -ufi + 0.1

150 ". ' Hut 0 1 M “.7

l n u + . fl .

lg; n .. H" 2.85 ** fig
15 n " +++ 1 . 6 None ‘4. e 9

}5 '.' " I 012 0*: 1M5
n . .

155 oi I: ++ 0.1 M has

13; a + 0.05 ** fi.;

M o

158 .. .. *” 3.35 H L“?{23 .. .. .. .1 “.2 "'7
n , ++ .

1.1 z: ++ 0’05 .. H163 .. " +++ 0.1 W 5.1

:22» :' 1:” 3 ”'7y [t 4% 0.1 “.7

u + w u 6

N ++ 0.2 ** .

0.1 ** h-Sh-S
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TABLE XII (Cont. .)

 

 

 -_——

 

 

 

 

Iafilate Organism Pegzite Tomato Juice after 5 day;

°’ lique- PG Cellulase pH

faction tug/ml rug/m1

SS Rhizogus nigricane ++ - .. ..

162 n sp. +++ 0.6.5 ea. 5.0

165 " " None 0 . 5 M 1+ .7

167 Stilbella bulbicola None 4:- t-n- 11.7

168 Trichoderma lignorum None None #11- 14.5

169 None None N 11.3
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8b,

solani, Stilbella bulbicola, Trichoderma lignorum or Penicil~

_l_i_u_m purpogenum.

The cultures which previously had been the most active in

breaking down tomato tissue were among the most active ones

in the liquefaction of the pectate gel, as for example,

Asgergillus ni er, isolate no. 23 and Rhizogus niger, isolate

'
_
.
,
,
r
u
s
t
:

-
’

no. 150. The majority of the organisms which showed no well-

marked liquefaction of the pectate gel were those which had 9

"I“ ‘5 -('( A y' 9

not produced severe symptoms in tomato fruit within a short / Li 
time after inoculation. This applied particularly to Alter-

Egg; sp. and Colletotrichum sp.

This test was most satisfactory in indicating the organ-

ismswhich were actively pectolytic.

It was difficult to employ this test for separating

organisms that only slightly liquefied pectate gel from those

organisms which showed no activity. Sometimes slight lique-

faction appeared under mycelial mats and this liquefaction was

masked by the growth of organisms and was very difficult to

discern. It was observed, too, slight liquefaction occurred

only at the edge of some colonies. This was frequently noted

in the Petri plates containing Colletotrichum sp.

The amount of aerial hyphae produced by the molds was not

related to the behavior of these molds in liquefying pectate

891- The top plate of Figure 5 shows a Petri plate laden with

hyphae produced by Mucor globosus. Thisuorganism did not
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produce visible liquefaction of the gel. The small section

of medium at the t0p of the plate became detached when the gel

was pried loose to determine if liquefaction occurred under

the mat. The plate at the bottom of Figure 5 shows Aspergillus

up. With almost an absence of aerial hyphae but liquefaction

01' the gel. when the plate was placed vertically the medium ~65.

i I

ran to the bottom of the Petri plate. Two strains of Fusarium .: J,

ogsporium are shown in Figure 6. One had a considerable

amount of aerial hyphae, the other had almost none. Neither 1 J

culture produced liquefaction of the pectate gel. A j ‘

Hany differences in the colony characteristics of the

various genera were apparent (Figures 7 and 8). The two

strains of glternaria solani in Figure 7 showed little resem-

blance to each other.

Production of Polygalacturonase and Cellulase (Oz) by the holds

in Tomato Juice as Determined by Cup-plate 588333

The present investigation was undertaken to obtain an

estimate of the relative amounts of polygalacturonase and

“nulase produced in tomato Juice by the molds isolated.

v1seometric assays have proven very satisfactory for

p°°t1¢ enzymes studies (Reid, 1950a}. Tests employing pec-

tin for meaguring the combined PG and PE activity of fungal

”tact” have been used by a nuinber ofworkers (Bell 215, 2.1.”

19503 Bell, 1951; Phaff, 19M; Luh and Phaff. 1951: White and
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.F
13- 5 Pectate gel liquefaction experiments illustrated by Aspergillus

sp. and Mucor globosus.

Lower plate: Asger~illus sp., medium was liquid and detached

from edge of ketri plate.

Upper plate: "ucor qlobosus, medium was solid, not“detached

from edge of Tetri plate.
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Fig. 6. Comparison of the aerial wcelia produced by two strains of

Fusarium ogsporium.
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Fig'77- Differences in the growth characteristics of two strains of ~‘ig

Alternaria solani cultured on pectate gel medium.  
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~Fig-8o Differences in the growth characteristics of four strains of

Colletotrichum phomoj des cultured on pectate gel medium.   
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Fabian. 1953; Beneke gt 2;" 1951;; Reid, 1951a). For deter-

mining P.G activity alone, viscometric assays employing sodium

pectate have been conducted by Reid (1951a) and Nortje and

Vaughn (1953). However, some types of viscometers, particularly

Ostwnlds, are cumbersome to use and errors may result if minute

particles are present in the preparations (Kertesz and Loconti,

191414.) . A criticism of methods was made by Pandhi (1953).

i'l'he method selected was essentially that of Reid (1950b)

and Dingle 9.2 3;. (1953), a cup-plate procedure which has been

used successfully for screening preparations for PG, cellulase

(Ox) and other enzymes (Dingle and Solomons, 1951, 1952). It

"as not the intention ofithis study to measure small amounts

of PG which might be produced by some of the molds or that PG

Which might be present normally in the tissue of some tomato

fruitg. (Kertesz, 1938; MacDonnell 3331., 19,453 8011, 1951)-

Briefly, the method selected consisted of placing minute

munts of the preparations being tested into cups which were

°ut 111 the medium. After incubation with controls the plates

we" flooded with a reagent, readings made and the amount 01'

enzyme activity present determined from a standard curve.

I h the details of the method have not been readily available

they are given here.

I“-“or the PG assay, the medium consisted of 5 grams ammonium

oxalate (to remove any calcium present), 10 grams sodium pec-

* s

ta)“- 0.1 gram salicylanilide (to prevent mold growth),

\ .l

0n “Sodium polypectate, obtained from Sunkist Growers,

tar10. California.  
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20 grams agar, brought to 1 liter with potassium dihydrogen

phosphate buffer, pH 14.5. The reagent was SN hydrochloric

acid and the standard was Pectinol 10.” For the cellulase

assay the medium consisted of 10 grams sodium carboxylmethyl-

cellulose, 0.1 gram salicylanilide, 20 grams agar, brought to

1 liter with Nalpole's acetate buffer pH 11.5 (Hawk 9_t §_1_.,

1951). The reagent was a 10 percent solution. of copper acetate.

Pectinol 1014 was employed as a standard for measuring both

PG and cellulase by Dingle and Solomons (1952). Unlike PG, the

cellulase content of Pectinol 101“! has not been standardized

from batch to batch (Labbee, 1951+), whereas Enzyme 19“ has been

standardized for cellulase content and therefore was employed

in this study. Both standards were kept at 5°C under silica

gel.

Specially constructed stainless steel and glass frames

heWing an internal surface area of 6 1/2" x 12 1/2" were made

to hold the media. To conduct an assay the glass plates were

"199d with ethanol and warmed by placing in an incubator at

60°C. Plates were poured by adding a standard amount of the

“dim at 60°C to provide a L; m layer. A spirit level was

“N1 to check‘even distribution of the medium. The medium was

P°uPOd on part of the plate with the minimum of tilting and

bubbles were broken with a hot needle. When the agar was set

(Senerally 30 minutes) a paper template was placed under the

\

d “Pectinol 1014 obtained from Rohm and Haas Company, Phila-

91ph13, Pa. Enzyme 19 obtained from the same source.
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glass and cups 8 mm in diameter were made in the agar with a

sharp cork borer. Those agar discs were removed by a diamond

shaped needle. The center of the holes were approximately )4.

cm apart,

Accurate amounts of each preparation under test were

added to duplicate cups employing a rubber bulb attached to

a Pifice cut from the end of a capillary pipette, the glass

or Which had been drawn out to provide delivery of 0.06 ml

of the preparation under test. Between tests the filler was

rinsed with pH 7.0 buffer and distilled water. Duplicate cups

containing four logarithmic concentrations of the control were

included on each plate. These control concentrations were

Prepared with tomato Juice inanediately preceeding an assay.

The plates were covered with aluminum foil to prevent

evaporation and placed in a 37°C incubator. After 18 hours

“1° Plates were renn ved, flooded with‘t usagent and the readings

made. A

BI‘ownlee 33 2.3.10 (1914.8) recommended that in testing pre-

parations the cup-plate zones be magnified. A Delineascope

apparatus provided with an accessory stage rackto hold the

91‘“ Proved very satisfactory (Figure 9). This was arranged

5° than: segments of plates were magnified Iii times and pro-

J°°t°d onto a grid. In the PG assay, the diameter of the

sharp. inner area of hydrolysis was measured (Dingle 213, 9}.”

1953). In the cellulase assay the outer zonefdiameter was

measureddirectly from the plates with calipers.



Fig. 9e Modified Delineascope upgwratus employed to msqnlfv

in the estimation of poly 'licturnn:w= notwity ;1.;.

extracts and cultures. '
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To determine the sensitivity of the tests logarithmic

dilutions were made of a b, percent solution of Pectinol 10M

in tomato juice which was placed in quadruplicate cups in a

plate which was then incubated and treated in the manner

described previously. Standard curves were prepared by

Plotting the zone diameters against the enzyme concentration

(Figure 10). Readings were made directly from these standard

curves during subsequent sample tests.

One hundred and twenty of the molds employed elsewhere

in this study were transferred to the sporulation medium.(see

Galley et al., 19116) and incubated for one week. Then heavy

inocula of spore and vegetative cells of the moldswere added

to small flasks containing 100 ml quantities of tomato juice.

These flasks were left in standing culture for five days. The

liquids under the mycelial mats were removed, adjusted to pH

LS and assayed for PG and cellulase (0x) using the method just

described. I

Pronounced differences in the production of PG by the

individual molds were apparent (Figure 11). A photograph of

‘ tifpical magnified section which was projected onto the

grid is shown in Figure 12. The results are given in Table

In (Page 79 ). Aawas to be expected from the resultsob-

“1999 earlier in this investigation, most of the prepara-

tion: showed an increase in pH value due to the presence of

IHolds.

with few exceptions, little or no PG activity was shown

in the tomato Juice samples containing Alternaria M,



95

 

 
E

, l

g. l “ decreasing” logarithmic concentrations of mold polygalacturonase

as shown by the cup-plate assay (Pectinol 10H).

*top to bottom
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Fig“ 11. Variation in polygalacturonase potency produced by 1h different

molds in tomato juice.

Duplicate assays of each extract were placed horizontally.

The bottom two rows were controls of standard rectinol 10?

arranged vertically.

 



 
 

Fig. 12.

 

 

 

Cup-plate zones magnified on grid showing measurable

polygalacturonase activity in three tomato extracts.

No measurable activity in one sample. I l/h.
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lelietotrighum phomoides, Aspergillus clavatus, Aspergillus

terreus, Fusarium oxysporium, Euiarium cephalosporium, Rhizoc-

_t_c_>r_1_ig sp., Stilbella bulbicola and Trichcgerma lignorum.

This was in contrast to considerable PG activity which

was shown in samples inoculated withM sp., Oospora sp.

and Rhizopug sp., the molds which had been the most active in

attacking tomatoes under experimental conditions.

The test for cellulase also proved satisfactory and the

differences in the production of this enzyme by the various

molds were readily discernible (Figure 13).

or the molds tested, all cultures or'renicillium coryophi1um

andWMwere unique in producing cellulase con-

sistently and at a high level.

Strains of Penicillium coryophilum produced this enzyme

in appreciably greater quantities than any of the other molds

studied.

H329; globosus and 11199}; hiemalis and Mg sp. were shown

t0 Produce a high titre of polygalacturonase in tomato juice but

a 10" cellulase titre. This was noted also in respect to Oospora

39° These same strains of 31299}; lobosus, N223; sp. and Oospora

sp. hm shown no liquefaction of pectate gel.

MOat of the organisms produced cellulase but only in small

mun“. (Table III). There appeared to be no correlation

between cellulase production and PG production by the molds.

  



99

 

     
Fi

g. 13- Variation in cellulase (Cx) potency produced by lb different

molds in tomato juice. a

Duplicate assays of each extract were placed horizontally

The two bottom rows were controls of standard Enzyme 19

arranged vertically.
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Polygalacturonase Concentrations in Partially and Wholly

Decomposed Areas Trimmed from Tomatoes

Tomatoes which showed macroscopic evidence of mold growth

were collected from fields in Indiana and Ohio as outlined

elsewhere. At the site of each mold invasion a 10 gram quantity

of the visibly affected area was cut out with a scalpel. To

this was added a small amount of two percent saline solution and

the mixture was ground in a Waring blender. The pH was deter-

mined with a Beckman model G pH meter. One mixture was adjusted

to PH 6.0 with NaOH, the other. was left at the pH level noted.

Each preparation was filtered through cheesecloth and brought

to a volume of 50 ml with saline, poured into a test tube.

layered with toluene and held at -lO°C until examined. This

method was essentially the same as that given by Bell 2E .93.-

(195U. The samples were examined for PG activity by the cup-

plate method described previously.

R08111ts are given in Table XIII. Only 11 of the 208 samples

°r wh°11y or partially decomposed tissue trimmed from tomatoes

”hm“ concentrations of PG in excess of 0.05 mg/ml compared

with an arbitrary strength of Pectinol lOM. Greater activity

was noted only in samples from which M, Oospora and Rhizopus

had “911 isolated.

No significant differences were found in the PG content of

samples which had not been adjusted to pH 6.0 as cornp'flred ‘50 3d-
11 .

J Sted 8amples. Generally, the extracts which showed high con-

centrations of PG also showed low pH values.
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POLYGALAGTURONASE CONCENTRATION AND pH OF PARTIALLY AND

WHOLLY DECOMPOSED AREAS TRII‘MED FROM TOMATOES

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

 

8:121:10 characteristics of Cut-out Area pH P3113] Organism Isolated

9a soft, brown 6.1+ None Rhizoctonia solani

9c soft, overripe, green and black 5.2 None Alternaria, Clado-

growth sporium, Rhizopug

9d soft, yellow and green rings 6.1 None Rhizoctonia

96 firm, black growth in splits h.7 None Alternaria

9f soft, sunken spots, brown 1+.9 None Colletotrich_u_m ml.

phomoides

98 soft, greenish yellow 6.1+ None Rhizoctonia and

bacteria

9h soft, white aerial growth 8.14. None Fusarium

91 soft, greenish 5.2 None Rhizoctonia, some

Mucor

91 firm, sunken, shrivelled, black 5.7 «- Mucor, Rhizopus

Ilternaria and ii

usarium on surface ‘3" e

:3: soft, pinkish white hyphae 7.0 None Fusarium

10 sort, pinkish white hyphae 8.1+ None usarium

10; 80ft, sunken spots, brown li.S None Colletotricrgm

30ft 7.7 None Fusarium with

100 with bacteria

10: Sort spots, sunken, twelve spots 6.? None Colletotrichum

30ft spots, sunken, dark, six 5.3 *- oliggjtotrichum

8pots

i851 firm, sunken, black spots, four 5.7 None Colletotrichum

10i 80ft area, 1" diameter 6.5 None usarium

30ft spots 1'.‘ diameter (:1 surfhce 5.11. None Oolletotrichum

on surface, some

101 Fusarium

33:1; spots, sunken, concentric h..9 «n- Colletotrichum

1138

fig 30ft: area 2" diameter 7.0 None Rhizoctonia

11c 3‘31“: spot 1'? diameter, dark 5.3 None Ilternaria

11d “rt spot 1/14." diameter Li.5 fl- finicillium

119 Sort, decomposed thi ‘5 Mucor

11: soft, black spot 7.6 None Fusarium, Alternaria

80ft, overripe, 1/2" crack ll.8 None EnizopusI some

. Oos ora, Mucor on

118 801‘ surface

t 706 None Fusarium

 

88 than 0 e05

Wgalacturonase expressed as Pectinol 101?.

mg/ml polygalacturonase expressed as Pectinol 10M.
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Sample Characteristics of Cut-out Area pH PG Organism Isolated

N00 mg/ml

111“ 3 Spots, 3/ " diameter 14.9 * Rhizopug, Oospora,

_ yeast

lli insect injury entirely soft 6.14. 11- Penicillium, Oospora,

Alternaria

11.1 soft spot 3/1i" diameter, black 1i.8 * Alternaria, Rhizoctonia

12s soft area entirely 5.1 w- Fu arium, yeast “"‘ ._

12b dried, black surface on soft 7.8 None Oolletotrichum

omato

120 very soft, a split 5.5 it Oospora

12d black spot 21-1/2" diameter 6.1 None Alternaria

12° soft, water-soaked areas 6.1;. None Rhizoctonia

121‘ soft, dry 7.6 None Fusarium, Oospora on

surface

138 soft, greenish yellow 1/2" diam. 6.14, «- Rhizoctonia “WWW;

211 soft spot, 1" diameter 5.0 it Oospora '

121 broken skin-

12 30ft, decomposed 7.2 None Rhizoctonia

1 3 spots, 1/2" diameter h.5 a» Oolletotrichum

3: soft, water soaked 14.5 i Rhizoctonia

13° firm, black spots, green edges 3.5 iI- hizoctonia

13:! 30ft, brownish rings 5.0 0.05 Rhizoctonia

13. 30ft, brown spot, 2" diameter 7.1 None Ehizoctonia

131, 80ft, greenish 7.5 None Rhizoctonia, yeast

13 30ft, skin broken 6.1 4;. Huger, Oospora

13% 3°31? 6.6 {I- F‘ zoctonfa

131 30ft, grayish 6.0 None Rh.zoctonia

131 soft, greenish 7.0 None mLzoctonia, yeast

“Pots l/li-l/Z" diameter 14.7 None OolletotrichLm

fl; 80ft, brownish spot 2" diameter 7.8 None Fusarium

sunken, tough tissue 6.8 None Fusarium, Alternaria,

111C da Mucor

rk. sunken, shallow spots 6.8 None Fusarium, some 52.4.2.2:

111d fi 223 on surface

m. rm. black, sunken spot 1i.3 None Alternaria,W

1hr soft. 1/2" dark, watery 1i.6 «I- w .

lug “ft. black spot 5.1... «n- Mucor, bacteria

watery spot, dark with green 5.1.. None Fusarium, Mucor

m1 °°nters .

11” 3113110", sunken spot, 3/14" diam. 14.7 None “106118.

a110w, brownish black spots 14.5 None 3312223..“-

15a

81mllow, black cracks 1i.5 None Fusarium. Some Alter-

15b .naria on surface

ahallow, 1" diameter spot, dry 6.2 None Alternaria, Fusarium
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3;?“ Characteristics of Cut-Out Area pI-I PG Organism Isolated

15c shallow, 1-1/2" sunken spot lull 4* Rhizoctonia. Some

. Oos ora on surface

15d dry, brownish black 3/14" [p6 None AIternaria

diameter, shallow ..

156 soft, brown split 6.14. None Rhizoctonia

15f 80ft, brownish, watery 5.5 None Rhizoctonia. Some

A ternaria on

surface.

153 80ft, brownish 5.5 None Rhizoctonia. Some

Stilbelg on surface

15h soft, dark brown rot 1+.0 * Rhizoctonia

151 dark, brownish black rot 5.3 * os ora. Some Muco ,

1 §§EIbela on surface

55 b1§ck, watery rot, foul odor 3.5 0.05 Mucor, Oospora

16‘ tough, leathery, black growth 1.1..8 None Rhizoctonia

16b 1‘I‘Qm 1" diameter spot

Burlken spot, completely rotten 5.0 *- Rhizoctonia, Alter-

naria

16° 8hallow, watery, brown spot 1" 1»? 0.05 Rhizoctonia, Oospora

16:: diameter, insect hole .

lbs all black soft rot, watery 5.2 il- Mucor, Oospora

all soft, from wide crack showing 14.3 0.2 Eizoctonia, Oospora

16: Blimy growth, color normal

1-l/.2" soft brown area, showing 14.8 41- Oospora

163 concentric rings, split

16h 8\leerficial spots, light brown ling None M celia

aafierficial black, sunken 3/14." 14. None Colletotrichgg

ameter

161 shallow, 1" diameter black spot 6.1 None Fusarium.

163 Pink surface mold

completely rotten area from 5.1 0.05 Oospora, Alternaria

ril-‘uit eaten by hoppers, covered

“1 th mold

E: £1l]. black rot 6.7 «It Rhizoctonia

17:: all soft rot from 2" area 6.14. None Rhizoctonia

Vex-y little rot, soft from 14.6 None IIternarIa, Oospora

17d t'kjinsect injury

17. in layer of rot in crevice 14.5 0.1 Mucog

171‘ all dark brown soft rot 5.0 None usarium, bacteria

.ama-ll proportion of rot, soft 14..1+ .* Eucor, Oospora

17g acOOmpanying insect injury _ .

all granular rot, from cracks 7.5 None Fusarium

8hCriwing orange mold and .

.171' 8hI'ivelling

sort rot from insect injury h.Li it Mucor, Oospora
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Sfimple Characteristics of Cut-out Area pH PG Organism Isolated

°' . me/ml

17g all granular rot, color normal 7.5 None Fusarium

1711 only a film of visible rot, 6.8 None Fusarium

balance slightly soft from

cracks

171 all green rot, from 1" round 7.6 None Fusarium

soft spot covered with yellow

mold

17J thin scab from cracks on surface h.5 None Alternaria

17k all dark rot from a 3” area 1i.5 None Rhizoctonia, Oospora

containing a crack .

171 thin scab from 3/1i" soft rot spot 5.2 None Colletotrichum

171:: all soft rot from wide crack 1i.6 «- ospora

across 1/2 of fruit, creamy

growth

17“ thin scab from an area eaten 1.]..0 * Penicillium, Alter-

away by insects naria

17° thin scab from a dry sunken 14.9 None Alternaria

spot 1" diameter

17p very little rot from a shallow Il.7 fl- Fusarium

soft spot l-l/Z" diameter

17‘! very little rot from a 1" 1i.3 0.1 Oospora, some

1 diameter insect injury . Rhizgpus on surface

7r all soft rot, color normal from 7.14, None leletotrichLm,

17 l/2 of soft tomato Rhizopus

' tough, soft rot from cracked 7.2 None Fusarium, Alternaria

17t fruit

pulpy, decayed tissue from black 7.1 None

cracks

i3: all soft rot, red 1i.8 None Fusarium, Alternaria

18 all soft granular rot 7.2 None sar um, ternar a

183 all soft, black rot 7.2 None Colletotrichum

all soft, dark rot from fruit 5.9 None Fusarium. Rhizoctonia

18. showing crack

soft, mushy tissue from fruit 3.9 0.3 Rhizopus

181' with cracks

80ft tissue from a firm brown 1;. None Colletotrichum

13‘ area

80ft spot 3" diameter 5.3 None Fusarium, Colleto-

18h 'tPIChum'

181

8Oft, dark rot from a dry, black 6.2

Bpot with surrounding soft area

yellow, small brown spot itch

 

 

  

 

 

 

 

None Alternaria,

.Oolletotrichmn

 

None C Iletotrichum,

Altgrnaria
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TABLE XIII (Cont.)

 M “3:.

mph Characteristics of Cut-out Area pH PG Organism Isolated

'
. mg/ml

 

None Alternaria,

Igolletotrichgm

f
’

;
r

18j dark, tough rot

 

 

19a dark, soft rot 5.8 None Rhizoctonia

19b all dark soft rot 7.2 # Rhizoctonia

190 all soft rot, greenish 7.0 0.05 Rhizoctonia

19d all soft rot, orangish brown 7.6 None usar um

190 all dark dry rot h.u * Fusarium. 0n surface

Alternaria

19f 1/2 dark rot, l/2 normal tissue h.h None AIternarig, Fusarium
 

from cracks showing black

 

  

 

 

 

 

growth

138 all firm brown rot 6.9 * Fusarium

19h all soft brown tissue 8.2 None Fusarium

191 1/2 hard black rot, 1/2 soft 6. None Fusarium

brown rot

193 'brownish black rot 8.0 None Fusarium, Oospora

20a thin surface scab 1i.0 None Ag; er illus,

hizocton};

20b soft rot, dark 5.7 None Rhizoctonia. Some

Fusarium on surface

a” all rot, soft 6.9 None Mucor, Rhizoctonia

20d soft tissue h.2 None Yeast. Bacteria on

2 surface -

0° Ininute black spot .h.3 None Alternaria

20f dark brown mottled surface spot 14.3 None ficteria. Fusarium

20 on surface

20% all brown rot 6.9 None Rhizoctonia

201 slightly soft tissue from cracks &.9 0.05 maze us

small amount of black rot from .8 None Ilternaria

cracks

3811‘ small amount of black tissue h.l None Alternaria, Fusarium

1/3 of sample rotten 1l.2 None Ilternaria, F‘Esarium

21‘ brown rot f, oul odor 6.1 None Oos ora, thor

3%: heavy black rot 6.7 None Fisarium

21d &11 white rot 7.3 None F'usarium, bacteria

21, :gjft, foul odor 1 .1 2.3 303; lgucor, F‘ufiarium

te rot in insect n ury . . os ora, ucor

3}; 8mall amount of black tissue 6.5 None IIternaria, Fusarium

211 all'lall amount of black tissue 14.7 None usarium .

213 dry, hard rot 7.0 _* Fusarium

dark rot 6.5 None F'usarium, yeast
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SW19 Characteristics of Cut-out Area pH PG Organism Isolated

No. tog/ml .

22s soft, slightly brown color 5.0 None Rhizo us, Mucor

22b 3/14. rotten section 6.6 None Alternaria

22c dark, pulpy black rot 7.7 0.05 Alternari;

22d 1/2 soft red tissue 5.5 None lternaria, bacteria

n surface some

fihizoctonia

22a 1/2 brown rot gm None Colletotrichum

321‘ all brown, firm rot .0 None izoctonia

223 2/3 dry, black rot 11.8 None Alternaria

2211 all dark brown, firm rot 5.2 «- Rhizoctonia

221 3/L4 soft, brown rot 5. None Rh. zocton a

22.1 all soft, red rot 14.2 0.3 Rhizopus, yeast

23‘ black, hard rot 5.3 None Alternaria

23b 3/14. soft, red rot 14.8 0.05 Mucor

25° all firm, black rot 7.2 None Alternaria

23d all soft, red rot 5.6 1.1 Mucor

23° 1/2 dry black brown rot 5.1 None Ilterparia

23f 8.ZLZI. soft, red rot 5.0 None

233 all soft red rot 14.8 N- Bhizoctonia

23h all soft red rot 14.8 {- Rhizoctonia

231 all soft red rot 14.7 0.3 Mucor

EM Buntill amount of black tissue h.6 None Alternaria

aw- lv/JB black tissue h.8 None Alternaria

Zhb 3 soft tissue, some small 14.7 None Oolletotrichum

sIllnken spots

2211:: 1/2 brown rot 5.0 fl- Colletotrichum

all soft red tissue 14.1 it Oolletotrichum,

a” bacteria

2111' all soft brown tissue 6.6 None Alternaria

1/2 dry black tissue 5.5 0.05 Fusarium. Some Oospora

2&3 on surface

21-1-11 a1l dry, black rot 5.7 None ggizoctonia

21d all soft red rot 5.6 s- Oospora, Rhizopus

21” ‘11 soft, red tissue 6.9 None olletotrichujm

1/3 dry, black rot 5.2 None Rhizopus

2

2%; ail dry, black rot 5.6 {- Alternaria

25. 31V2 dry, black rot gs; None ternaria

/2 soft red tissue, 1/2 black .9 None _

25d tissue

25s greenish orange rot 14.9 -

all soft red rot 5.0 None Colletotrichum,
 

yeast



\
\
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TABLE XIII (Cont.)

Sample Characteristics of Cut-out Area pH PG Organism Isolated

mg/ml

None Rhizoctonia

§ Rhizoctonia

None Colletotrichum.

Surface ggrmoden-

drum, Alternaria

25! 3/14. soft brown tissue

253 all soft brown rot

25h l/2 soft red rot Y‘
f’
f‘

0
C
1
2
0
)

 

251 all firm black rot . * Alternaria

251 all soft, brown rot . None Mucor, Rhizoctonia

26a all soft, dry rot . None Alternaria

26b soft tissue . None Fusarium

26c soft spot . «- Rhizoctonia

26d soft, tissue . None Fusarium

None Ilternaria

None Rhizoctonia

26° f‘in, black tissue

261‘ all soft brownish red rot
 

 

 
 

 

 

26% soft, brownish red tissue . None Rhizoctonia

261‘ soft, brownish red tissue . None Rhizoctonia

261 soft, dark red tissue with black . None fiber-naria, bacteria

6 spots

2 3 firm, black tissue . None Alternaria

27a soft, mushy tissue, red . None Oospora

27b soft, grayish black tissue . fi- Oos ora

27c soft, light brown tissue, None Colletotrichum

9 shallow spots

37d soft, light brown tissue from None Colletotrichum

27 a timed area of spots

° 80ft tissue . *- M celia

fl- $1zopus

None Alternaria

:3]: Soft tissue

3 a~11 black tissue

0

F
'
H
O
O
N
U
N
N

U
N

(
D
O
W
-
F

0
W
W
W

F
U
l
w
-
F
'
H
F
’
W
C
L
H
U
I

W
O
‘

 

 

 

27h al .

1 soft rot . 0.3 RhiZO us. Mucor on

surface

271 Water soaked tissue . None Colletotricrgm.

2 Oospora

7‘1 all dark red rot, soft . fl- Rhizoctonia

28;

None Phythophthora

None .hythophthora

None Phythophthora

None flhythophthora

None gPhythophthora

None Phythophtnora

None flhythoghthora

None Phythophthora

28b 8li'lall amount soft tissue

28c arrtall amount soft tissue

28d 8(bfft tissue from 2" spot

23, 80ft tissue from small spot

28: all soft tissue

283 all soft tissue

26}; all soft tissue, green fruit

a‘ll soft tissue, green fruit

\
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Discussion

In Table XII it will be seen that the molds which did not

lJmnaefy pectate gel generally did not produce a high titre of

1%} in.tomato Juice and that this was below 0.05 mg/ml. However,

in some instances when no liquefaction of pectate gel was ap-

Parent as, for example, by 14329.2. globosus and Oospora sp. the

concentration of £6 produced by such molds in tomato Juice

was substantial. 'A comparison of the pectolytic activity as

shown on both media would not be eXpected to show identical re-

sults.

The lack of agreement between the pectate gel liquefaction

tesrt and the cup-plate assay could be attributed to many fac-

tors. The two media were not identical. Even minor differences

in the medium on which fungi are grown have been reported to

influence enzyme production by fungi (Kertesz, 1931; Manon,

1931+).

Also, changes in the pH of the media as the molds developed

may have influenced the concentration of the enzymes present

(Fernando, 1937). It has been suggested that proteolytic

Qnqunes produced by fungi may destroy PG (Luh and Phaff, 1951).

{Furthermore, one should not overlook-the appreciable A

time factor involved in the testing of the organisms and in

the sample storage. In the pectate gel tests the organisms

were in contact with the medium for a period of thirty days,

"hlle in the tomato Juice there was a period of five days.
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The density of the sowing of the spores and also the

number of spores which developed on the media (Brown, 1917)

also might have had an influence on the concentration of en-

Izyme produced.

Results from the cup-plate assay technique for the es-

timation of PG has been shown to coincide with a loss of col-

loidal properties and to viscosity measurements (Dingle _e_t El”

1953). The test for liquefaction of pectate gel is based on

a loss of colloidal properties ’Coliform Sub-committee, 19h9).

Only one reference was found concerning the application

01' the pectate gel medium in determining the pectolytic prOper-

ties of molds and this made mention of only two mold cultures

(Misekow and Fabian, 1953).

The present study shows that the liquefaction of pectate

881 by some molds may require a considerable period of time

and that some liquefaction may be masked by mycelia.

This study indicates that the molds isolated from tomato

fr‘uits vary in their ability to produce pectolytic and cellu-

1"liftic enzymes.

The cup-plate assay while more intricate than the pectate

3‘31 test was very satisfactory in showing these variations

and was free from the errors associated with viscometric

teats.

 

Representatives of the genera, Mucor, Oospora and Rhizopus

When inoculated experimentally into tomato juice produced an

ap":~’-"-"eciably higher concentration of PG than did all of the
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other organisms tested. It is interesting to note that of the

many areas trimmed from partially and decomposed tomatoes,

only those tomatoes from which £12293, Oospora and Rhizopus had

been isolated also contained a high PG concentration.

A loss in pectic constituents in tomatoes has been reported

to coincide with softening and deterioration of this fruit (Le

Crone and Haber, 1933). Dryden _e_t; 5;. (1952) on the basis

or a study of apple puinice‘similarly believed that it was the

decomposition of pectin which produced rot in apples. Ker-

tesz and Loconti (19M) similarly reported that commercial

pectinase caused a decrease in the gross viscosity of tomato

Juice solids. Obviously the tests employed in the present

study were effective in indicating the pectolytic activity

01' the molds and the production of PG by these molds correlated

with the severity of their attack of tomato fruits under ex-

Perimental conditions. Tests for galacturonic acid as an in-

dicator of decomposition have not been successful (Almendinger

it; $1., 1951;). A possible explanation for this may be the

utilization of galacturonic acid by the molds themselves

(Kraght and Starr, 1953).

The results of Dingle and Solomons (1952) showed that’Cx

was Produced in appreciable quantities by a high percentage

of the organisms tested. The production of great measurable

collullase activity in the present study appears to have been

d°p§ndent on the genera and species (Table XII). A discussion

of the cellulase production of microorganisms will not be



111

entered into. This is well covered in the literature (Fuller

and Norman, 1914.5; Saunders ,_e_t_‘. al., 19116; Elwyn g3; a_._l., 1950;

Reese _e_t al., 1950).

It would be very desirable to investigate pure enzymes

preparations many of which have been made available only

during recent years (Holden, 1950b; Scheffer and walker, .

1953 ) .
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GENERAL DISCUSSION

One could not have anticipated the many types of molds

which were found in Indiana and Ohio tomatoes or the pronounced

variations shown by these molds in their ability to produce

Physical and chemical changes in tomato fruits.

It appears that species of Fusarium, 3.422231: Oospora and

We may be found more commonly in field tomatoes than

8°n°rally has been noted in the literature. In this study

Other molds such as species of Trichoderma, Mycelia sterilia

and hormodendrum were found in addition to those which have

 

b°°n associated generally with tomatoes. It is likely that

many other genera occasionally may be found on tomatoes and,

"fills they may contribute to Howard mold counts, they may be

resPonsible for only slight or no damage to tomato fruit.

It would appear that in accordance with the many vari-

ables associated with the pathogenicity of organisms attacking

the human body, there are many factors which influence the

par'fisitic behavior of molds affecting tomatoes. It is ap-

par-ant that one should not regard all molds as being of equal

8181lificance in producing rot.

Two relatively common molds present during the growing

“‘Bon on field tomatoes, Alternaria solani and Colletotrichum

Wfrequently were responsible for only minor blemishes
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in the tomatoes. By contrast, pronounced degradation was ob-

served in tomatoes from which species of Mucor, Rhizo us,

Oos ora, Fusarium and some other molds were isolated. Sub-
 

stantially similar results were found upon reinoculation of

the molds into tomatoes.

It was interesting to observe that when Rhizopus giggi:

m, the common bread mold was introduced into tomatoes a

rupturing of tissue resulted. The cause of cracks in tomatoes

has been reportedly obscure (Howard, 1937). It may be that

the rate at which molds liberate enzymes into tomato tissue

13 responsible, as well as weather conditions, for some of the

era eks which are found in tomatoes. Correlation 01' the

StUdy shows that g. nigricans produced a high concentration

01' the enzyme PG in tomato juice and liquefied pectate gel.

It appeared representative of molds which behaved in sub-

stantially the same manner as species of 34229; and Oospora.

By contrast, cultures of other molds, particularly

8pecies and strains of the genera Alternaria and Colletotrichum

generally did not cause severe damage to tomato tissue in a

Short period of time. These same molds produced little or no

d°tectable PG in any of the media tested. It seems that PG

profiliced byumost tomato molds is the principal agent by means

of which molds damage tomato fruits rapidly. It is contended

that it is the relative amount of enzymes produced by these

molds, not their presence or absence which is of prime impor-

tan(to. This is in agreement with the views eXpressed by Holden

(1950b).
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The instance in which the Howard mold count showed excess

of 50 percent positive fields when only 0.1 percent visible

rot was present emphasizes how a low percent of visible rot

may mean Government seizure of a pack while at other times

this amount of visible rot would yield an acceptable Howard

mold count. That high mold counts can be produced when such

minute amounts of visible rot are present may eXplain why

some canners have difficulty in complying with Government

mold count standards. This would seem to apply particularly

when only minor blemishes such as might be caused by Alter-

2221‘s. and Colletotrichum appear on tomato fruit.

One should not ignore the fact that the size of mold

filaments also would be eXpected to have an appreciable in-

f1Hence on mold counts (Beneke, 1950). This might explain

even more fully how high mold counts can be obtained when

the amount of visible mold damage is slight. Similarly, the

fragility of the mold fragments logically would assume impor-

tance. Darling had similar views (1922).

It was noted that the amount of viSible mycelium pro-

du°°d by a mold was not related to the amount of pectolytic

enames produced by the mold. This substantiated the results

I"E")°~'l"t.ed elsewhere (White and Fabian, 19533 Fernando, 1937).

Mold counts made on tomatoes from which—all signs of '

V18ible rot had been removed were almost consistently higher

than counts obtained by comminuting tomatoes which did not re-

quire any trimming. This confirms similar findings noted by

”and 335;. (1953).
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The question arises as to what a processor can do if con-

fronted by a poor growing season and the necessity of exten-

sive trimming of the tomatoes. It is obvious that he is

placed in an unfortunate financial position as a result of ex-

tensive labor costs and, in addition, may be confronted with

a higher mold count than that of a competitor in another sec-

tion of the country where tomatoes are produced freer from

blemishes and areas which require trimming.

Tomatoes from which rot had been removed were less acid

than tomatoes which did not require trimming. Analyses showed ‘ j

that the pH value of trims and culls ranged from 1+.S - 5.8 as

compared to that of 14.3 of the incoming tomatoes. It is not

unlikely that some mold growth present in tomatoes may make

them less acid and thereby improve the flavor. At the same

time it has been suggested that the more alkaline conditions

Which prevail could increase the possibility of flat-sour

aDozilage.

Some processors have contended that tomatoes may show

substantial mold growth and yield a better flavored Juice

than tomatoes free from mold. This investigation supports

the contention that this could readily occur.

A generalized statement that all molds improve flavor

w(Mild be erroneous but no more so than one to the effect that

all molds are harmful and undesirable. Some of the molds,

particularly some strains of Aspergillus, Rhizoctonia, Tricho-

'de\1"m§ and Fusarium produced very obnoxious flavors and odors.
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Other molds, notably Mucor and Penicillium, after inoculation
 

inn) the juice, imparted a sweet flavor during the first few

days. After four days a taste panel preferred tomato juice

containing the Penicillium strain to uninoculated juice.

The production of a high polygalacturonase potency by

the molds which rapidly attacked tomato fruits in contrast

to the absence or low PG potency associated with the molds

which experimentally caused little damage, suggests that the

enzyme polygalacturonase is responsible for much, if not all,

of the damage done to tomatoes by some molds. The action of

 

Bhigopus when introduced into tomatoes could certainly be

ascribed to such enzymatic activity while the failure of

Alternaria and Colletotrichum to behave in a similar manner

could be explained by the lack of rapid PG production. PG

assumed a similar role in the decomposition of black rasp-

berries (White and Fabian, 1953), and in decomposition of

strawberries (Beneke 23 al., l9Sh). One cannot overlook

the degradative action which the molds might produce when

allowed to develop in tomato tissue over a long period of

time or under other conditions. These have not been con-

sidered in this study. Also, mass inoculation has been

known to influence pathogenicity.  
Additional studies of an extensive nature are required

to develop greater information concerning the parasitism of

fungi in tomato tissue.

wright and Brian (1953) reported that they had isolated

from some strains of Alternaria solani a product referred to
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as alternaric acid. This had antifungal properties and was

elm: markedly phytotoxic. Less than 1 p.p.m. on reinjection

produced lesions in stems and leaves. However, no correla-

tum) was found between the pathogenicity of various strains

ofrmolds and their capacity to produce this acid. Oxalic

acid produced by molds can not be disregarded (Valleau, 1915;

Brown, 191,5; Gibson, 1952).

Proteolytic enzymes might be considered for more detailed

study (Upod, 1952).

The role of cellulase might be profitably investigated

in greater detail. However, the low potency of cellulase

produced by the molds employed in this study and the lack of

relationship between it and the severity of attack supports

the contention that it is of considerably less significance

than.polyga1acturonase in the breakdown of tomato fruits.
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SUMMARY

The principal genera and species of molds found in

Indiana and Ohio tomato fruits were determined. The genera

Oos ora, Fusarium, Rhizo us, and Mucor were found to be more
 

commonly associated with tomato defects than had been noted

previously. By contrast, Alternaria solani and Colletotrichum

ghomoides, two widely distributed molds were found to be asso-

ciated with only minor lesions in most instances, particularly

in the early stages of attack. In addition to the molds

commonly associated with tomatoes the genera Trichoderma,

Micelia and Hormodendrum were found.

Thirty-three cultures of the principal molds were inocu-

lated-experimentally into the tissue of sound whole tomatoes

and the degree of attack was noted. Alternaria 293333.:

.__c°,lletotrichum phomoicLejs, Trichoderma sp. and Hormodendrum sp.

p”(minced relatively little damage to the tomato tissue compared

to the action of species of $29.93.: Oospora and Rhizopus. The

latter was found to rupture tomato tissue and produce cracks

in advance of the point of inoculation. The damage to tissue

by the molds bore no relationship to the amount of visible

Browth.

Mold counts were made of tomatoes showing varying per-

centages of visible rot and it was determined that a percen-

tage of visible rot as low as 0.1 percent could give a mold

‘ __
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count in excess of 50. The mold count associated with an es-

tablished percentage of visible rot was markedly influenced

by the genera of molds present. Average mold analysis could

not be expected to know these molds, yet these molds are

responsible for the severity of attack, flavor and odor

changes.

Itwss emphasized that a low percentage of visible rot

may mean Government seizure of pack while at another time

this amount of visible rot would yield an acceptable Howard

mold count.

The presence of the molds in tomatoes generally had the

effect of making the tomatoes less acid. It was suggested

that the increased alkalinity may improve the flavor of tomato

juice yet promote the development of flat-sour spoilage. Gom-

minuted tomato fruits containing some genera of molds were

pleasant and in some instances showed improved flavor compared

to fruits not containing mold.

The effect of factory procedures during tomato processing

was studied. Trimmed tomatoes showed substantially higher mold

counts than tomatoes which showed no blemishes and did not

require trimming. This raised the question as to what a pro-

cessor can do when soil and weather conditions encourage fungal

attack. The answer appears to be for Federal, State and local

agencies to encourage sound cultural practices. In the fac-

tory, it was suggested that careful inspection of final produce

going into the product replace the Howard mold count.
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A study was made of the production of polygalacturonase

and cellulase by 120 lmlds when inoculated experimentally

into tomato Juice. The potency of polygalacturonase in

wholly and partially decomposed areas trimmed from.field

tmnatoes which had been invaded by various molds was deter-

mined. It was found that the ability of the molds to rapidly

attack tomato tissue was coupled with the ability of these

molds to produce polygalacturonase. The molds which experi-

mentally produced the greatest amounts of PG were isolates

of w, Oospora and Rhizepus.

The majority of the molds isolated produced only a small

amoiant of cellulase and this appeared to bear no relationship

to the extent of decomposition associated with any of the

molds.

It was emphasized that slight changes in the medium, the

age of spores, the genus, the species and the strains of the

‘mold markedly influence the ability of molds to invade or

penetrate tomatoes. These and other factors suggest the need

for additional studies of an extensive nature.
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