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SUMMARY

Pectinolytic and cellulolytic enzymes in cu-
cumber flowers, when added to small-scale cu-
cumber fermentations, were effectively reduced
in activity by the use of a brine extract of
sericea (Lespedeza cuneata Don) and by a
freeze-dried substance isolated from this plant.
Reduction of enzyme activity in the fermenting
brines was directly related to the inhibitor con-
centration used. Higher levels of the inhibitor
resulted in an increase in firmness of the cured
salt-stock cucumbers. The judges rated the
salt-stock from all inhibitor treatments good to
excellent as to acceptability for commercial use.
The addition of sericea, either as the brine
extract or the isolated substance, appeared to
exert no lasting inhibitory effect on the lactic
acid bacteria responsible for acid fermentauon
in the experimental brines.

INTRODUCTION

The softening of cucumbers brined under
commercial conditions was first shown by
Bell et al. (1950) to be enzymatic in nature
and the direct result of hydrolytic action by
an enzyme system similar in behavior to
polygalacturonase. Later, it was demon-
strated that cellulolytic enzyme systems are
also present in curing brines and may con-
tribute to the total softening action (Bell
et al., 1955; Etchells et al., 1955a). Con-
tinued studies on this perplexing and impor-
tant problem implicated filamentous fungi as
the actual cause of softening spoilage. More-
over, the hydrolytic enzymes pectinase and
cellulase, of fungal origin, were shown to be
introduced into the curing brines chiefly by
way of fungus-laden flowers that remain
attached to the green cucumbers, and to a
lesser extent by the ‘cucumbers themselves
(Etchells et al., 1958a; Raymond et al.,
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1959). This work also demonstrated that
the maximum concentration of softening en-
zymes diffused out of the flowers and into
the brine within 24-48 hr after the vats were
filled. This finding permitted development
of a simple but effective softening-spoilage
control measure consisting of draining off the
original enzyme-laden cover brine 3648 hr
after filling, and replacing it with a new brine
(Etchells et al., 1955a,b). However, it has
been our belief that a more satisfactory ap-
proach toward eliminating or significantly
reducing the concentration of softening en-
zymes in commercial cucumber brines would
be to use specific, nontoxic inhibitors of
plant origin ; recent investigations in our lab-
oratory have been directed toward this end.

Bell and associates (Bell and Etchells,
1958; Bell et al., 1960) first demonstrated
the presence of a naturally occurring pec-
tinase and cellulase inhibitor in leaves of the
grape. This was followed by a more exten-
sive study where in the water-soluble ex-
tracts of a wide variety of plants were
screened for their ability to inhibit these two
enzyme systems (Bell et al., 1962). Of the
61 plant species in 32 families examined, 8
species were found to be good sources of the
pectinase inhibitor: grape, persimmon, dog-
wood, blueberry, sericea, blackberry, rasp-
berry and rose. The first five species also
gave strong inhibition of cellulase activity.
A recent paper (Bell et al., 1964) reported
that the leaves of muscadine grape, persim-
mon, and the leaves and stems of sericea also
provided good yields of a purified inhibitor
substance. Preparations from these three
plants, isolated by the caffeine-complex
method (Barnes, 1956 ; Porter and Schwartz,
1962), were rated about equal in their inhibi-
tory properties against the pectinase and
cellulase enzyme systems.

The present investigation was undertaken
to test the effectiveness of sericea prepara-
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tions (brine extracts and the isolated sub-
stance) in small-scale cucumber fermenta-
tions for the inhibition of added softening
enzymes, pectinase, and cellulase. It was also
of interest to correlate, if possible, any reduc-
tion of softening activity with improved firm-
ness of the cured salt-stock cucumbers. A
further objective was to determine if the
sericea inhibitor exerted any influence on the
character of the lactic acid fermentation.

MATERIALS AND METHODS

The inhibitor source for the softening enzymes
was the forage crop sericea. This material, har-
vested from four fields near Raleigh and from two
in the vicinity of Laurinburg, North Carolina, was
first refrigerated for several hours at 4°C and then
chopped into 4-to-6-inch lengths, packed in freezer
bags, and held at —10°C. Later, the frozen sericea
was shipped by air with dry-ice to the pickle plant
just prior to preparation and use as a brine extract
in the cucumber brining studies and referred to
herein as FSI. Frozen sericea from the same
sources was used to prepare the freeze-dried in-
hibitor substance later used in the brining tests and
referred to herein as SI. Methods for harvesting,
handling, storage, and preparation of the inhibitor
substance from sericea have recently been described
in detail by Bell e al. (1964).

The effect of this plant material on small-scale
cucumber fermentations in 45-to-50-gallon-capacity
barrels or fiber drums was followed as to: 1) pec-
tinolytic and cellulolytic enzyme activity of the
brines; 2) brine acidity and pH; 3) optical density
of the brines; and 4) firmness and general quality
of the brine-stock cucumbers. The procedures for
making the above-named series of tests were given
in an earlier study on the use of grape leaves in
cucumber fermentations to inhibit softening en-
_ zymes (Etchells et al., 1958b). That work also
gave information directly applicable to the present
investigation on: source, variety, and size of cu-
cumbers used; collection and handling of cucum-
ber flowers; preparation of the brine extract from
plant material; and brining and sampling
procedures.

The two commercial pectinases, 41 and 41P-conc,
were kindly supplied by Rohm and Haas Com-
pany, Philadelphia, Pennsylvania. The experimental
work was done during the 1961 and 1962 brining
seasons at a commercial pickling plant located in
northeastern Texas. Brine temperatures during the
active fermentation period were in the range of
28-32°C.

Table 1 gives details concerning the treatments
employed during the study, :cogether with informa-
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tion on the basic brining procedure used for the
small-scale fermentations.

RESULTS AND DISCUSSION

Pectinolytic and cellulolytic activities of
the brine samples presented in Table 2 were
usually found to be at their maximum level
24 or 48 hr after the cucumbers were covered
with brine. For this reason, all enzyme in-
hibition percentages were based on measure-
ments made at these sampling intervals.
Increasing levels of sericea inhibitor (FSI)

- caused decreasing activity for both enzyme

systems originating from 2 1b of added cu-
cumber flowers. The highest level of FSI
used (2.0 1b) reduced the pectinolytic and
cellulolytic activities 94 and 70%, respec-
tively, and the salt-stock firmness was within
1 Ib of the control. The two lowers levels of
FSI (0.5 and 1.0 1b) did not improve salt-
stock firmness over that of the softening
control (treatment A).

The three levels of commercial pectinase-
41 added to the curing brines resulted in
pectinolytic enzyme activity of a very high
order (535 to > 10,000 units/ml). For each
case, this activity was completely inactivated
by the addition of sericea inhibitor. Cellulo-
Iytic activity, although present in less than
100 units/ml, was likewise reduced 100%.
The salt-stock firmness readings for all treat-
ments in this portion of the 1961 season’s
study were essentially the same. The three
pectinase-added lots gave values between 14
and 15 1b firmness; the same was true for
those receiving the sericea inhibitor in addi-
tion to pectinase.

The experimental work for the 1962 sea-
son followed the same general plan as for the
previous year except that the substance iso-
lated from sericea (SI) was used for enzyme
inhibition, and the softening enzyme load was
increased by the addition of an extra pound
of cucumber flowers. Pectinase-41 was re-
placed with a more concentrated preparation.

The pattern of inhibition of the two en-
zyme systems from cucumber flowers by the
sericea inhibitor (SI) shown in Table 3 was
essentially the same as that described for the
1961 season (Table 2) where the brine ex-
tract of sericea (FSI) was employed. For
example, pectinolytic enzyme inhibition for
the highest levels added of both forms of the
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inhibitor (Table 3, treatment F, and Table 2, ricea preparations caused 70% inhibition,
treatment E) was within the narrow range The same relationship was also true for
87-94% ; for cellulolytic activity, both se- within the 1962 season (Table 3) ; here the

Table 1. Treatments employed in the small-scale cucumber fermentations with added softening
enzymes (cucumber flowers or commercial pectinases) and sericea inhibitor [brine extract of
fresh-frozen material (FSI) or isolated substance (SI)].

Softening enzyme s Sericea inhibitor
added per barrel as: added per barrel as:
Cucumber Pectinase- Brine Isolated
flowers 41 extract (FSI)® substance (SI)
Treatment ® (Ib) (ppm) (Ib) . (ppm
1961 season, Model
var. cucumber
A 0.0 0.0
B 2.0 0.0
C 20 0.5
D 20 1.0
E 20 2.0
F 0.0 2.0
G 25 20
H 25 0.0
J 5 2.0
K 5 0.0
L 1 2.0
M 1 0.0
Ne 2.0 20
Pectinase-
1962 season, Model 41-P conc.
var. cucumber (ppm)
A 0.0 0
B 3.0 0
C 3.0 5
D 3.0 25
E 3.0 50
F 3.0 100
G 3.0 2.0
H 10 . 100
J 10 0
MR-17 var.
cucumber
AA 0.0 0
BB 3.0 0
KM ‘ 10 0
L 10 100

*Each treatment consisted of 200-225-1b lots of No. 1B size Model or MR-17 variety pickling
cucumbers brined in 45-50-gallon barrels or polyethylene-lined fiber drums of similar capacity.
The basic brining treatment consisted of a 25° salometer (6.6% salt) cover brine plus sufficient
salt added on the false head to maintain that concentration at equalization (24-36 hr). The
initial brine strength was then raised 5° sal (1.3%) per week to a holding strength of 60° sal
(1589 ). This procedure represented commercial practice at the plant where the work was
done. In 1961, all treatments were in duplicate; in 1962, treatments A, B, H and ] were
duplicated.

*For all FSI-added lots except “N,” the amounts indicated of fresh-frozen sericea were first
blended in 1l-gallon of 25° sal brine for 2 min, then the insoluble material was filtered out
through cheesecloth and the brine extract was added to the cucumbers as part of the cover brine.

*For this lot, the sericea was not blended in brine to produce the extract but merely soaked
2 hr i‘tl, 1 gallon of 25° sal brine and the total content (brine 4- sericea) added as part of the
cover brine.

(3]
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Table 2. Pectinolytic and cellulolytic enzyme activity of brines 24 hours after brining, and
firmness of the cured, salt-stock pickles—1961 season.

Pectinolytic enzyme Cellulolytic-enzyme

Firmness

Inhibition Inhibition of cured

Activity by sericea Activity by sericea salt-stock
Treatment 8 (unit/ml) (%) (unit/ml) (%) (1b)
A Control, no flowers, no FSI 2 0 16 0 16
B Flowers, no FSI 98 0 333 0 13
C Flowers -+ 0.51b FSI 70 29 308 8 13
D Flowers 4+ 1.01b FSI 54 45 292 12 13
E Flowers 4+ 2.01b FSI 6 94 99 70 15
F No flowers + 2.0 1b FSI 0 0 1 0 16
G Pectinase, 25 ppm + 2.0 1b FSI 1 100 4 95 15
H Pectinase, 25 ppm, no FSI > 10,000 0 73 0 14
J Pectinase, 5 ppm + 2.01b FSI 0 100 5 89 15
K Pectinase, 5 ppm, no FSI 2,500 0 4 0 14
L Pectinase, 1 ppm 4+ 2.0 1b FSI 0 100 6 4 15
M Pectinase, 1 ppm, no FSI 535 0 38 0 15
N Flowers + 2.0 1b FSI 51 48 305 8 15

inhibitory action for SI and FSI (treatments
F and G) was considered to be the same.
Cucumber flowers alone (treatment A4) re-
duced the salt-stock pickle firmness from 18
to 12 1b (33% loss). Five ppm of SI did
not inhibit softening enzyme activity, and this
was reflected by a 6-1b loss in firmmess of the
pickles, which was equivalent to that shown
for the flower-added control. However, in-
creasing levels of the inhibitor (25, 50, and
100 ppm) added to brines resulted in higher

Cucumber variety MR-17 used in all 1961 brining tests.

firmness values (14-16 1b) for the cured
salt-stock pickles.

In considering the treatments with 10 ppm
pectinase, this enzyme preparation was com-
pletely inactivated by 100 ppm SI, and the
salt-stock pickles were adequately protected
from softening action. This was true for
fermentations of two cucumber varieties,
Model and MR-17. In the absence of the
inhibitor, the loss in firmness for both va-
rieties amounted to 6 1b (33%). Although

Table 3. Pectinolytic and cellulolytic enzyme activity of brines 48 hours after brining, and

firmness of the cured, salt-stock pickles—1962

seasof.

Pectinolytic enzyme

Cellulolytic-enzyme
Firmness

Inhibition Inhibition of cured
L Activity by sericea Activity by sericea ' salt-stock
Treatment (unit/ml) (%)  (unit/ml) (%) (Ib)
Model var. cucumber : . .
A Control, no flowers, no SI 15 0 12 0 18
B Control, flowers, no SI 93 0 300 0 12
C Flowers + 5 ppm SI 90 3 255 15 12
D Flowers + 25 ppm SI 80 24 260 14 14
E Flowers + 50 ppm SI 34 64 215 28 14
F Flowers + 100 ppm SI 12 87 90 70 16
G Flowers 4 2.01b FSI 10 90 86 71 17
H Pectinase, 10 ppm 4 100 ppm SI 1 100 1 98 18
J Pectinase, 10 ppm, no SI > 10,000 0 51 0 12
MR-17 var. cucumber :
AA Control, no flowers, no SI 64 0 29 0 17
BB Control, flowers, no SI 116 0 250 0 14
KM Pectinase, 10 ppm, no S1 > 10,000 0 60 0 11
L Pectinase, 10 ppm + 100 ppm SI 2 100 1 98 16

N [4]
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both varieties responded in the same manner
as to the degree of softening resulting from
10 ppm of the commercial pectinase, MR-17
var. may have offered some resistance to
softening by the pectinolytic activity of cu-
cumber flowers. Model var. was reduced in
firmness by flowers by 6 Ib (treatment B)
more than the control (treatment A4), but
the reduction in firmness for MR-17 var.
(treatment BB) as compared to its control
(treatment 4A4) was only one-half that
amount even though the enzyme activity of
the brine was somewhat higher (116 units
vs. 93). It will be recalled that MR-17 var.
was used throughout in the 1961 brining
studies, and that the reduction in brine stock
firmness attributed to cucumber flowers
(Table 2, treatment B) was the same (3 1b)
as obtained with this variety for the 1962
season.

Fig. 1 shows the influence of both forms .

of sericea inhibitor (the brine extract and
the isolated substance) on relative pectino-
lytic and cellulolytic enzyme activities at
their maximum level in the flower-added
brines. As the inhibitor (FSI or SI) con-
centration was increased, the activity of both
enzyme systems decreased. Further, within
a given enzyme system, both forms of the
inhibitor produced similar inhibition curves.
However, the cellulolytic enzyme system ap-
peared to be less sensitive to the inhibitory
properties of sericea than the pectinolytic.

ENZYME ACTIVITY
CELLULOLYTIC
PECTINOLYTIC

100

-
L3

RELATIVE ENZYME
ACTIVITY IN BRINE (%)
3

N
(¢ ]

0 15 20
FsI, LB/BL

25 50 100
ST, PPM/ BL

Fig. 1. Effect of sericea inhibitor on maximum
pectinolytic and cellulolytic enzyme activity in
cucumber brines. FSI = crude, brine-extract in-
hibitor solution prepared from fresh-frozen sericea
and introduced in the cucumber cover brine in
equivalent extracted amounts (lb/bl) of fresh ma-
terial as indicated; SI —isolated inhibitor sub-
stance prepared from fresh-frozen sericea and in-
troduced in the cucumber cover brine (ppm/bl) as
indicated.

Table 4 shows total acidity and pH of
brine samples from treatments typical of
those examined during the two-season study.
The values represent tests made on samples
collected during the first 10 days after the

Table 4. The acidity and pH of brines from experimental treatments during the 10 days of fermentation.

Fermentation in days

Fermentation in days

1 2 3 560 10 - _
- < 1 2 - 3 562 . 10
Total acidity as lactic )
Treatment %) (%) (%) (%) (%) Brine pH
1961 season:
A Control, no flowers, no inhibitor .08 29 43 70 77 545 412 387 350 350
B Control, flowers, no inhibitor .07 27 52 70 80 577 447 372 350 350
C Flowers 4+ 0.51b FSI .07 13 37 .62 75 585 570 390 3.50 3.50
D Flowers 4+ 1.01b FSI .08 12 22 .60 66 590 565 415 350 3.55
E Flowers 4 2.01b FSI .08 14 31 .58 72 590 530 390 350 3.55
1962 season :
A Control, no flowers, no inhibitor .02 17 31 41 39 625 447 373 357 345
B Control, flowers, no inhibitor .02 Jd2 .38 43 55 675 480 380 375 3.40
C Flowers + 5 ppm SI .02 10 35 41 52 675 49 385 375 340
D Flowers + 25 ppm SI .02 12 .36 S50 46 680 475 390 365 3.50
E Flowers 4 50 ppm SI .03 .05 19 .50 56 570 590 435 365 340
F  Flowers + 100 ppm SI .02 03 17 48 48 610 59 450 365 3.55

*Brine samples taken on fifth day in 1962; sixth day in 1961.
[5]
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cucumbers were brined; this time interval
adequately covers the active acid fermenta-
tion period under the brining conditions em-
ployed. Within each season, the maximum
amount of brine acid developed by the lactic
fermentation was comparable for all treat-
ments. The higher inhibitor levels (1961,
D and E; 1962, E and F) appeared to re-
tard the onset of acid production, but this
initial delay was rapidly overcome and a
vigorous lactic fermentation ensued. The re-
sultant final acidities were essentially the
same as in the control treatments, and typical
of natural fermentations at 25° salometer.
In each treatment, an increase in brine acid-
ity was accompanied by a corresponding
decrease in brine pH during the active fer-
mentation period. By the tenth day, the pH
values for all treatments had dropped to
minimum levels in the range of 3.40-3.55.
The optical density (OD X 10 at 650 mu)
of the brine samples reached peaks for all
treatments between the third and fifth days
of fermentation. In general, the values ob-
tained for the inhibitor-added treatments
were lower (24 range) than for the con-
trols (3-7 range). This finding might reflect
a decrease in certain groups composing the
total microbial population present in brines
receiving the sericea inhibitor. However,
final brine acidities and pH’s would support
the view that the addition of sericea, either
as the brine extract (FSI) or the isolated
substance (SI), appeared to exert no dele-
terious or lasting inhibiting effect on the
lactic acid bacteria responsible for the acid
fermentation in the experimental treatments.
A panel of experienced salt-stock judges,
representing several Texas pickling com-
panies, evaluated coded 50-Ib lots of the ma-
terial from the 1961 and 1962 experimental
treatments listed in Tables 2 and 3. In brief,
all inhibitor-treated lots were rated good to
excellent as to acceptability for commercial
use. This was the same rating given salt-
stock from the control treatments.
Additional brining experiments with the
isolated sericea substance (SI) were con-
ducted during the 1962 season at two coop-

erating plants in northern production areas,

Ohio and Minnesota. In all, twenty-six 50-
gallon lots and four small commercial tanks
were employed, together with inhibitor levels

of zero, 5, 10, 25, 50, and 100 pm. A de-
tailed account of this work will be given in
a separate report; however, it is pertinent
that the cured brine-stock from all inhibitor-
added lots was again rated good to excellent
as to acceptability for commercial use.

The two commercial pectinases used in the
current brining tests gave extremely high
values for pectinolytic enzyme activity, rang-
ing from 535 to > 10,000 softening units per
milliliter of brine. One might have expected
such enzyme concentrations in the curing
brines to have completely softened the brined
cucumbers, particularly when our experience
has shown that 150-200 softening units from
cucumber flowers are usually sufficient to
reduce firmness 50% or more. Earlier re-
search on the behavior of pectinase in the
presence of salt (Bell and Etchells, 1961)
established that, as the salt content of cucum-
bers was increased, the softening action of
three pectinases (AP-46, polygalacturonase,
and filtrates from fungi) decreased accord-
ing to a first-order reaction. This important
relationship of the action of salt on softening
also applies to the enzyme systems found in
cucumber flowers ; thus it does not provide an
explanation for the discrepancy of the degree
of softening action between flowers and pec-
tinases experienced in the present study.
Rather, a clearer understanding of the chemi-
cal composition and properties of pectinases
is essential to determining the optimum con-
ditions under which such complex fungal
mixtures will readily soften plant tissue, par-
ticularly brined cucumbers undergoing fer-
mentation. Recently, McClendon and Hess
(1963) studied eight commercial pectinases
with pH-gradient chromatography and
found that all were different as to enzymic
composition.

Although Etchells et al. (1958b) showed
that grape leaves effectively inhibit pectino-
lytic and cellulolytic enzymes and thus pro-
tect brined cucumbers from their softening
action in small-scale fermentations, their
limited supply would exclude them as a
source in quantity for the inhibitor substance.
The same would be true for persimmon
leaves, which were mentioned by Bell ¢t al.
(1964) as a good source of the inhibitor
substance. The forage crop sericea, however,
is another matter. This perennial is widely

[6]
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grown as a forage crop for hay and pasture
and lends itself to large-scale production and
harvesting. In the southeastern states, sericea
is grown on an estimated 1 million acres.
Furthermore, it is grown on land of low
fertility and low organic matter, and few
plants can compete with it in yield per acre
and drouth resistance (Cope, 1964). Thus
it is believed that, based on present results
demonstrating the effectiveness of sericea for
inhibition of softening enzymes, plus its
availability as source in quantity, this plant
offers high potential for ultimately eliminat-
ing softening spoilage of commercially brined
cucumbers.
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