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CHAPTER I

INTRODUCTION

The softening of fruit during ripening is one
of the tangible aspects of the increase in metabolic
activity that occurs with the onset of ripening.

The collapse of the cell walls of fruit during
the after-ripening period is probably the most important
factor which leads to the decline in quality of
harvested fruit, Strawberries can only be held for a
shert time, under nurmal conditions, before a decline
occurs in quality and therefore consumer appeal. The
collapse of cell walls is generally attributed to the
solubilization and hydrolysis of the pectin fraction
of the cell wall under the influence of the pectic
enzymes,

The work described in this dissertation is an
attempt to measure the relative importance of the
enzymes responsible for softening during the ripening

and after ripening phase of strawberry fruit,



CHAPTER II

SOFTLNING OF FRUIT

I. BIOCHEMISTRY CF SOFTENING

{1) Softening of fruit

buring the physiological life of a fruit, changes
in cell wall structure occur. Fectin content and
structure in particular are knuwn to be modified over
this period. The degree of esterification, molecular
weigzht, neutral sugar components and acetylation may
all change during this time (filnik and Voragen 1970),
but the variety of methods used for fractional
extraction of pectin is so great that comparison between
different authors becomes tenuous.

In zeneral, it appears that pectin levels decrease
during ripening and storage but confusion remains as to
the real cause of softening. Neal (1965), for example,
sugzested that the separation of cells he observed
during ripening could be due to complete esterification
of pectin along certain layers of the middle lamella
which would sever the cationic crousslinks and allow the
cells to separate, Others, however, have reported
that esterification of total pectin decreases during
ripening (Dolando et al 19436, Sterling and Kalb 1959).

Jermyn and Isherwood (1956) have made an
intensive study of the polysaccharides from pear cell

walls.



Changes in the amounts of xylau, araban, polygalacturonic
acid, galactan and cellulose were f{ollowed during
storage., A fall in total polysaccharides occurred

with a major loss of araban and significant losses
occurring in galactan and cellulose suggesting that the
cell wall can act as 8 reserve for respiration, There
is a sharp rise in the total polysaccharides and some
fractions at the over~ripeness stage indicating that

the relationship between cell wall and cytoplasm involves
synthesis of polysaccharides as well as breakdown.

Shewfelt et al (1971) worked on the pectic
constituents of ripening peaches and showed with four
varieties that pectinic acids increased to 8u% from 20%
of total pectin during ripening. FPectic acids remained
less than 10%. Toree fractions were isolated and
assayed for molecular weight and methouxyl content.
Molecular weight decreased during ripening for all
3 fractions consistent with bPressey et al (1971), but
vnly protopectin shuwed & cunsistent decrease in
esterification.

Gee et al (1959) working with pears showeéd’ that
the percentage esterification of pectin is maximal in
mature fruit and decreases in ripening fruit. The
methoxyl content of polysaccharides was shown to fall
during the storage of pears (Jermyn and Isherwood 1Y56)
which could be accounted for by the fall in methoxyl
content of the pectin fraction. Wade (1964) cuuld show
nu change in the ester groupings of the insuluble cell

wall polysaccharides of strawberries.



The hydroxyls of Carbon~2 and Carboun-3 of the
galacturonic acid units in the pectiﬁ chain were
cuonsidered to be free from ester by Beavan and Jones
(1947). Schweiger (1966) puinted out that the binding
of divalent ions to pectin involves both the carbouxyl
and hydroxyl groups.

Sterlins (1961) luoked at the physical state of
cellulose in ripening peaches by X-ray crystallography.
This work showed an increase in the diameter of celluluse
micelles during the ripening period. It was concluded
that only limited degradation of cellulose occurred.
Jermyn and lsherwood (1956) shuwed a small decrease in
cellulose during ripening and storage of pears.

Knee (1973) examined the poulysaccharide changes
in cell walls of apples ripening both on and off the
tree. This wurk shuwed that soluble polyuronides
increased during ripening especiully in detached fruit.
DEAE - cellulose chromatography showed that this
polyuronide was free from neutral sugar residues.
Suvluble neutral polysaccharides and glycoproteins did
not change during ripening. Decreases in hemi-celluvulose

were correlated with losses of wall glucan.

(2) softening of Strawberries

Only a limited amount of work has been done on
softening of strawberry fruit. Neal (1965) and wade
(1964) have extracted chemical counstituents of different

stages during ripening.
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Neal (1965) considered & stages of rijgening with
two varieties of strawberries. On ripening the middle
lamella of the cortical parenchyma cells separated into
twu, one part guing to each ceil. This action could
be simulated by the action of EDTA and reversed by
catt ions. Complete methyiation of pectin was shown
to decrease firmness with no influence shown by Cattions.
Decreasing firmness was therefure attributed to the
methylation of pectin which inhibits the firming effect
of Cat+ in gpite of the presence of pectin
methylesterase (PL). A change in the ionic
stabilization of the middle lamella rather than
degradation of the pectin muolecule was assumed to occur.
Neal measured the polysaccharide content of the extracts
obtained. These results showed that total anhydro-
urenic acids remained almost congtant over the ripening
perivd and that no major change occurred in the overall
composition of the cell walls. This was used to support
his cuntention that textural changes are subtle rather
than a reorganization of total cell wall composition.

wade (1964) extracted the polysaccharides from
2 varieties of strawberries over 3 stages of ripeness
from firm white berries to unifourmly red firm berries.
Yade shuwed by microscopy an increase in size of the
parenchyna cells, as did Neal (1965), but a decrease
in contact between adjacent cells. Wade could show
0o major chanpes over the periuvd studied of component
anhydro sugars or ester groupings of the inscoluble

cell wall polysaccharides.



Woodward (1962) showed limited softening of
strawberries hetween 20 and 40 days after petal fall
during which gruss synthesis of polyurounides occurred.
Very little poulyuronide was liberated from the cell
wall during this time, He propused a general theory,
consigtent with the results of wade (1964), and Neal
(1965), that cell wall polysaccharides are rearranged
during ripening to allow for greater plasticity.

Strawberry pectin was studied by Beaven and
Jones (1947), and, :McComb and McCready (1957), measured
the acetyl percentage of strawberry pectin. Neither
of these studies, however, were related to the ripening
period.

ectin esterase activity was shown in ripe
Cambridge Favourite strawberries (Neal 1965). Gizis
(1964) also showed Pli activity in strawberries.
Leuprecht and Schaller (1968) studied the activity of
Fib in strawberry puree and made a thorough investigation
of the titrimetric methud for following the saponification
of pectin. Their study wus councentrated on the optimum
conditions for Pk activity of frozen strawberry giree
including assessment of optimum NaCl concentration,
pectin councentration, pli level and temperature.

Neal (1965) could find no depolymerizatibn
activity suggestive of polygalacturonase activity in
strawberries and Gizis (1961) and - Staden and Doesburg
(1962) suggest that wmicro organisms may be responsible

for the depolymerisation uf pectin they observed
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rilnik and Voragen (1970) have rcviewed the
recent material on pectin esterase (Pk) and
pulygalacturonase. Consequently only papers more
recent and more relevant to this study will be

menticned here.

(1) PRectin esterase

Hultin and Levine (1963) found 3 forms of
banana pectin esterase by differential extractioun which
were further studied by Hu:tin et al (1966). These
enzymes had different pH optima and reacted differently
to inactivation by detergent and temperature.

'ollowing purification by ammonium sulphate fraction-
ation, each fraction shuwed unique behaviour on ion
exchange columns of [DEAE- and Ci-cellulose.

Four forms of tomato pectin esterase have heen
obtained by Fressey and Avants (1972) by separation on
DAk~ Sephadex. These forms varied in their behaviour
towards various treatments such as SDS, pH and NaCl
concentration, stability to heat and molecular weight,.
The number of cumponents and relative cuncentration of
each component varied according to variety and ripeness
of fruit. Fractions collected from culumn chromatography
of green Marion tomatoes had two peaks of PE activity
hut ripe Marion had three peaks; one peak between the
two curresponding to green fruit. In addition the first
peak was lower aund the third peak higher in activity

than the corresponding peaks of green fruit.



Lee and Macmillan (1970) describing the mode of
action of tomato PE found that 50% of the enzyme
initiated activity near the reducing end of highly
esterified pectin molecules. The balance of the
enzyme activity occurred at secondary loci.

wood and Siddiqui (1971) have recently described
a new method for measurement of pectin ester content

and PLE activity as have Bartolome and Hoff (1972).

(2) #Polygalacturonase

rlant polygalacturonase (I'.G.) has not been
greatly studied and then usually in gitu without previous
extraction or purification. fiobson (1962), huwever,
has investizated the sodium EDTA extracts from various
fruits and vegetables and shown PG activity in tomatoes,
avocado, pears and bananas.

Neal (1965), could find no depolymerisation
activity in strawberry fruit and the activity shown by
Gizis (1964) could be due (o microbial activity.

A detailed study of tomato fruit PG was made by

Hobson (1964) which confirmed earlier work (Demain

and Fhaff 1957, ratel and Fhaff 1958) that at least two
¥YG enzymes were present. It has been suggested (Foda
1957, McColloch and Kertesz 1918) that one of the
enzymes made a decreasing contribution to overall
activity towards full ripeness of the tomato. Hobson
(1964) could show no PG activity in green fruit but a
two hundred fold rise from the green-orange to red

stage.



Pressey et al (1971) have shown PG activity in
peaches by a different assay which revealed enzymes of
low activity previously undetected. PG activity rose
rapidiy during ripeniug and was accompanied by a
decrease in firmness of tue fruit and an increase in
water suluble pectin. T&tal pectin remained virtually
constant.

Macmillan et al (1%64) showed that an

exopolygalacturonate lyase from Cloatridium multi-

fermentans removes unsaturated digalacturonic acid.

This enzyme will not degrade glycosidic linkages in
pectins that are highly esterified with methoxyl groups.
Plant proteins that inhibit polygalacturonases secreted
by plant pathogens have been described by Albersheim and
Anderson (1971). These inhibitors differentiate between
tlie polygalacturcnases of different pathugens.

Hatanaka et al (1969) have shuwn the presence
of an exuvpolygalacturonase which produces digalacturonic
acid by remuving disaccharide units from the non-reducing
end of the substrate. This enzyme would cleave
trigalacturonic acids only very slowly and digalacturonic
acid wnits not at all.

Besford and Hobson (1972), from studies on tomato
fruit transeliminases concluded that pectin transelimin-
ase and pectic acid transeliminase were not significant

in contributing to softening of tomatoes.
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(3) Cellulase

Ceillulase has been little studied in fruit.
The role of cellulase in cell wall softening is not
clear. Several lines of evidence militate against
cellulose hydrolysis being a primary cause of flesh
softening.

Cellulose micelles undergo little degradation
in pears (Jermyn & Isherwood, 1956) or peaches (Sterling
1961) during ripening, The cellulose content of apples
decrecases only slightly as they ripen in storage (Kertesz
et al, 1959). Wade (1961) from his studies on the cell
wall polysaccharides of strawberries concluded that
cellulose levels remained the same during the ripening
period. Hasegawa and Smolensky (15371) showed a dramatic
rigse in cellulase activity of dates during ripening.
They suggested that this implied a greater involvement
of cellulase activity in dates due to more extensive
breakdown of cell walls. Ceilulase activity of tomato
has been observed tu increase during ripening. Hall
(1¢64), Hobson, (1968), Dickinson % McCollum (1964).

liall (1963) using an assay iuvolving the
reduction in viscosity of CM cellulose over a 20 hgpur
incubation pericd, showed scdium chleride extracts of
tomatoes to ;.ussess cellulase activity. Fxtracts
from locular tissue showed higher activity than extracts
from pericarp tissue.

Houson (1968) showed acetone precipitates from
tomatoes tu pussess cellulase activity. He found

cellulase activity to be high in immature fruit
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subsequently declining, but increasing two fold in
jpassing from mature green to the red ripe stage.
Cellulase activity stayed at this level while F.G.
activity continued Lo rise as fruits went from rijge to
over-ripe. There was no correlation betweem.cellulase
activity and firmness of several varieties of tomato.
Fotentate, in fact, although a firm variety, contained
twice as much cellulase activity as Harbinger, a soft
variety. Hobson councluded that cellulase only

complemented the activity of i.G, and P.U,



CHAFTEKR I1X

MATERIALS AND METHODS

I FREFPARATION OF THE FRUIT

Red Gauntlet strawberries were picked and placed
in categories according to the stage of ripeness and
then stored at 30C for two hours before extraction.

For the pectin esterase exgeriments strawberries

were placed in the fuliowing categouries:

I Small green

11 Large green

111 Reddish

v Red ripe

v Cver ripe (ripe strawberries were

stored at room temperature
for three days)

After cold storage 25gm samples were taken from
each category for extraction.
For polygalacturonase and cellulase experiments

only thrce categories of strawberries were taken:

G Green mature
R Red ripe
OR Over ripe (held 2-4 days after

picking at red ripe stage)
The strawberries were stored at 39C for two hours

prior to extraction as for the PE experiments
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i1 EXTRACTION PROCEDURES

All extraction procedures were carried out at

39C

(1) Method 1 Pectinesterase

Crude preparations of P.E, were obtained after
the method of iHultin and Levine (1963).

25gm of strawberries were homogenised with 50ml
of 0.15% NaCl and 0.25gm of Folyvinyl pyrrolidone (F.V.P.)
used to complex inhibitors (polyphenols) as recommended
by Nagel and Patterson (1967). This houmogenate was
allowed to stand for 10-15 minutes then centrifuged at
500g. The supernatant was retained and the residue
re-extracted twice with 20ml of HpO.

50ml of the collected supernatants were taken to
15% saturation by addition of solid ammonium sulphate
and centrifuged to obtain a clear solution which was
dialysed against distilled water before chromatography

on a4 DEAE~ cellulose coulumn.

(2) Method 2 Polygulacturonase and Ceilulase

This methuvd is essentiully that of Fressey and
Avants (1571).

25gm of strawberries were homogenised with 25ml
of 1M NaCl and 0.25gm of FVP for 5 minutes at 3°C.
This humugenate was centrifuged at 8000g for 20 minutes.
The residue and supernatant were dialysed sepuarately
against distilled water overnight and 1ml aliquouts

taken for enzyme assays.



14

(3) Method 3 Polygalacturonase and Cellulase

Extraction after Hobson (1968). 20gm of
strawberries and 1gm of salt mixture (4:1/NaCl : EbTA)
were homogenised with 25mls of H20 and 0.2gm of FVi,

This slurry was taken to pH8.0 by 1IN Na0OH and kept at
39C for oune huur, then ceatrifuged at 800g for 3 minutes.
The sujernatant was filtered through muslin and retained;
the residue was re-extracted twice, for 135 minutes each
time, with 20mls of distilled water. Cold acetone was
added to the pocled supernatants until 70~72% with
respect to the ketone. This mixture was left to stand
overnight at -209C, centrifuged, and the supernatant
discarded; the countuiner with the residue being left

at -200C for at least a further 12 hours.

The enzyme was subsequently redissolved in 10%
ammonium sulphate and aliquots taken for assay.

When dialysis was introduced into the procedure
immediately preceding the acetone treatment complefe

loss of enzyme activity occurred.

111 ENaYME AS5AYS

(1) Pectin Esterase

The samiles tc be tested for FE activity were
assayed by the method of Abou. dkkada and Howard (1961).

The pH in all cases was maintained at pH 6.8,
the temperature at 35°C. 0.2ml of 10% HoS04 was used

to stop enzyme activity.
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livery fifth fraction tube off the DNEAE- cellulose
column was assayed for PPE activity.

For tne owverall assay of FE over the rijening
period teu fraction tubes immediately adjacent to the
first peak of FE activity for each category were pooled

and held at 39cC.

(2) Pulygalacturonase

iml of 1% polygulaciuronic acid was placed in a
test tube with 3mls of buffer, either phosphate buffer
pil 6.8, or citrate-phousphate buffer pH 5.0. iml of
enzyme solution was added tu this avd incubated for 16
hours at 309C. Standards were run with 1ml
galacturonic acid (100ug/ml), 3mls of buffer and 1ml
of distilled water. Blunks contuained ali ingredients
except the enzyme which was replaced by iaml HoC.

After 16 hours the samples were heated in boiling
water for 15 minutes, couvled, centrifuged, and
supernatants anulysed for reducing sugars by the
arsenomolybdate method (Nelson, 1544 and Sumogyi, 1952).

The method of uvische (1947) fur analysis of
hexuronic acids was unsuccessful under these conditions
in spite of attempts tu precipitate and remove protein
by 4n (OH)s or Keiselguhr treatmeut.

The iuncrease in end groups during incubation was

followed by pericdate oxidation (Sterling 1966).
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(3) Cellulase

The assay system was the same as that described
for polygalacturonase. 1% CM - cellulose was used as
substrate, giucose (30Uug/ml) was used as standard.
Citrate~phosphate buffer at pH 3.0 was used throughout
the assays, temperature was maintained at 309C,

The increase in reducing sugars was measured by

the arsenomolybdate method (Nelson 1944, Somogyi 1952).

Iv PERTODATE OXIDATION

The methed used was basically the method for
assaying the non reducing end groups of glycogen as
described by Sterling, (1966).

To 1ml of polygalacturuvnic acid or, 1ml of
polygalacturonic acid incubated with polygalacturonase
extract, was added 1ml of O.2¥ sodium periocdate, mixed
and placed in the dark at 00(. The uptake of pericdate
was measured every 12 hours up to 48 huurs by
spectrophotometry at 223 nm. After 45 hours 0.1 ml
of ethylene glycol was added Lo each reaction vial,
mixed, and stood at room temperature for 1 hour.

Cuntrols were set up with ethyleuse glycol added to
destroy tie periovdate befure the auddition of carbohydrate.

To measure the formic acid produced by periocdate
treatment 1ml of 1% kK1 was added to produce a quantitative
yield of ivdine (I2). This was titrated against 0.002N

Na2 S2 O3 (sodium thiosulphate).
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v ANALYS1S OF REDUCING SUGARS

Sugars were measured by the Nelson-Somogyi
metuod (Neison 1944, Somogyi 1952).

Incubation mixes were boiled 20 minutes and
centrifuged. 1 ml aliquots of the supernatant were
placed with 1 ml of Nelsuns reagent and analysed for
reducing sugars.

A standard curve was constructed with standard
solutions containing from 0 - 300 ug glucose/al. From
tine standard curve the sugar content of test solutions
was obtained. Optical deasities (0.D.) were measured

at 520nm.

V1 AR THAMOL OETIRMINATION

The methanol content of PE incubation mixes was
determined by the method of Abou Akkada and Howard
(1961).

1 ml of the acidified mixture from the incubatioun
was placed in the outer well of a Cunway unit, the inner
well containing 1.2 ml of 10% v/v HoS04.

standard tubes containing water (1.# ml) and
methanol (0.5 ml of 0.01% v/v solution, i.e. 40ug of
methanol) were incubated at the same time as the test
solutions. The reading obtained with the wmethanol
stundard was used to calculate the quantity of methanol

in the other tubes.
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VII CHPONMATOGRAFHY

(1) Paper Chroumatography

vaper chromatography lor galacturonic acid and
oligouronides followed the method of Abou Akkada and

Howard (1961).

(2) Jon kxchange Chromatography of P.E.

A column of DEAE~ cellulose was used for ion
exchange chromatograpiy.

Au eluting solution of 0.02M P04 buffer pH 6.8
was used, with a linear concentration gradient of NaCl
and a limiting concentration of 1M as used by Hultin
et al (1966). 3 ml fractions were collected
automatically and the 0.0, of these fractions at 280nm
determined.

etween samples the column was washed with 200 ml
of 2N HCl and twice with 200 ml of distilled water.

The column was re-equilibrated with 150 ml of 0.02M PO4
buffer pHlt 6.8 and held in the huffer until the next run.

In preliminary experiments changes in the eluting
solution, of pH from 6.8 to 6.0 and the limiting
concentration of NaCl from 13 to 2M were tested for the
effect on elution of P.L&, A change in pH, or in the
limiting concentration of NaCl, had the effect of

flushing total protein and P.ii., from the column.
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CHAPTER IV

RESULTS AND DISCUSSION

I Pectinesterase

Extracts were made from ripe strawberries by
method I and assays were run for FE activity. Activity
was shown ip the crude extract which was then subjected
to separation on a DEAE- cellulose column. The
protein elution pattern (CD 280nm) and enzyme activity
of the eluted fractions exhibited the characterisgtics
shuwn in Figure 1I1.

Subsequently extracts were taken from fruit of

the five stages of ripeness.

I Small green
1T Large green
I11 Reddish

1v Red ripe

v Over ripe

These extracts were subjected to column
chromatography and assays run for PE activity on the
fractions obtained. The results of the enzyme assays
and the elution pratterns of protein in the solutions
are shown in Figures 1 - V., Two assays were run on
the same elnate samples and these are labelled (1)
and (2) on the graphs, The figvres from the enzyme
assays are shown in Appendix (i). The figures I - V

indicate two peaks of activity of PE.
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The tirst peak (Peak I) appeared in fractions
which were eluted at the same point as the peak of
the protein in the extract (as measured by OD at 280nm)
at fraction 10. The second pecak (Feak 1I) eluted
tater in the region of fraction 23. This behaviour
suggests a different ionic character between the enzyme
eluted at the two pcaks. beak 1T was retained by
DEAE~- cellulose and was therefore behaving as an anion.
The enzyme at Peak I was not retained. It is therefore
suggested that Peaks I and J1 represent distinct
pectinesterases (PE I, PE 11).

Fur each stage of ripeness two incubations were
run on the same effluent samples and these are plotted
separately on the graphs. The second incubation was
of lower activity (in ug of methanol) except for PE 1
in Stage 1I (Fig II) and Stage IV (Fig IV).

The second incubation of stage IV shows
considerably higher activity than the first incubation
in virtually all fractions. Storage unstable inhibitors
of PE could be postulated to accovunt for this behaviour
but it is proubably more reasonable to assign it to the
variability between runs which can cvccur with chromogenic
methuds of analysis and tais method in particular
(Howard Fers. Comm, 1973).

There is a fall in activity for the secondigﬁsay
in the other extractions which is due to a decline in
the activity of the enzyme solutions which had been ‘

stored. Four days clapsed between the first and second

i
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TABLE I
ectinesterase activity in strawberry extract

during ripening.

Stage of Activity (ug %inec. over 1
Ripeness me thanol)

1 3.17

1X 3.74 18%

11X 4.64 46%

Iv 5.43 71%

v 4.14 31%
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TABLLE II
Level of PE I, Pt II and i€ I and FE IX

during ripening.

Stage of FE I FE 11 Pe I & P II
Ripeness

) | 4.05 4.97 9.02

II 5.05 6.37 11.42

111 8.66 8.27 16.93

IV 5.83 6.5 12.33

v 3.00 6.16 9.16
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assay fur euch stuze of ripecness cexcept for Stage 1]
{Fir 11) woen 12 deoys elapsed,

An increase in activity of both FE's is
vbserved over ripening but P, I1 shuws a greater
projportion of tne total activity. kit 1, however,
shows a distinct increase in countiribution to total
bk activity at stage I11.

The behaviour of i't, from strawberries obtained
nere is very similar to fraction II of hultin et al
(1966) for banana Fi. Similar tu the results shown
here, their fraction retained on DEAL~ cellulose was
the major fraction. In addition their unretained
fraction was shown to be very similar to a PL obtained
by a different extraction . rocedure, This supports
tue suggestion made here that twe (K enzymes are
present in strawberries.

By comparing Stage 1 and Stage V a distinct
difference in tne patterni of activity can be shuwn.
Stage V shcws a distinct and sustained level of activity
over Stage 1 particularly in vk I1. Over all the
stages of ripeness, huwever, a definite change in the
pattern of activity, as was shown by Pregsey and Avants
(1972) for tumato pectinesterase, cannot be supported
by tiiese results.

30ml of enzyme scvlution immediately adjacent
to the first peak uf enzyme activitly were taken for
cach stage of ripeness and subjected to assays to
assess the pattern of enzyme activity over the ripening
and after-ripening period, Results are shown in

\ppendix (ii) and graphed in Figure VI. Two
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incubuticns weie run wui the means plotted on the graph.
Toils  rapir shuws the level of kit 1 activitly at each
stauge of vipcuegs, reflecting what is assumed to be

thhe in situ behaviour of 1L over tie ripening periud.
These resuits show quite clearly a distinct jattern of
it activity during and after ripening in strawberries.
There is a low level of activity even in small green
fruit which increases during ripening and declines
again during the after-ripening period with a peak of
activity between Stage 111 aund Stage I[V.

The means of v activity for Peak I and the
means for feak I1 for each stage of ripeness are
plotted separately in Figure V11 to show the relative
activity of FE I and PE 11 during ripening. The
sum of tne means of VE I aud V' II fur each stage of
ripeness are plotted in Figure VII1 to show the pattern
of total PL activity over the ripening and after-
ripening period.

PL I shuws lower activity in Stages 1V and V
an: the suggestion is made that FE I is iess stable
during the after-ripening period than PE 1I. It is
noticed (Figs. 1V and V) that P 11 is making a much
greater cottribution tu tne overall pectinesterase
activity during the after-ripening period, indeed Pk II
maybe responsible fur softening during the after-
ripening period in strawberries. Fii I couid well be
active and of must cunsequence tu the fruit during the
sreen and mature stages of fruit development when it

curitributes tu the "sliding growth" phenomenon. The
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STAGE V extracts
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suggestion has been made for tomatues that the function
of one of the four isoenzymes located maybe to create
initiation points for other enzymes (Fressey and Avants
1972).

It appears therefore that during ripening FE II
gradually increases in activity tu the ripe stage
(Stage III) when it tends to level off and gradually
decline. FE I on the other hand increases more rapidly
commencing at a later stage, reaches a peak about the
same time as FE 1I and then decreases more rapidly
also. The level of activity in both enzymes during
tne must active period (Stage 1II - IV) is quite
similar,

The PE activity described in this work follows
a typicual pattern of enzyme activity for cell wall
enzymes during ripening (billey 1970). Neal (19635)
shuwed L activity in strawberries and cuntends that
changes in the catiounic cuntent of the pectinous
middle lamella are related to changes in the
methylation of that material. poesburg (1957) has
susgested that suftening in apples is due to a transfer
ol calcium and other divalent metal cations frum the
wall into the cell, and Rees (1969), has pointed out
that calcium ions are unlikely to form a strong linkage
and has suggested that Catt may aid the gacking of
puvlygalacturonate chains by fitting peatly intv a
microcrystalline structure and neutralizing mutually
repulsive charges. It is suggested here tnat PPE may
effect the cell wall by upsetting tihe balance of these

ciarges consequently causing a deteriouration in
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Figure VIIT Total PE activity during ripening
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structural relsationsiiips which macroscopically appear

as softening.

IX Cellulase

In preliminary experiments using Method II to
extract ceilulase from 'R' strawberries both the residue
and supernatant fractions of the extract were tested
for cellulase activity. The results are presented in
Table I1I. These results show higher sugar levels
in the controls (boiled enzyme) than in the treatment
(enzyme active). This resuit couid be attributed to
hydroulysis of polysaccharides introduced with the
enzyme extract during boiling to destroy the enzyme in
controls prior to incubation.

Following this attempts were made to precipitate
unwanted material principally by Zn(OH)a treatment
and this was partially successful (Table IV). The
background level of reducing sugar was decreased by
this treatment hbut still remained between 5 - 30 ug/ml.
Controls in the assay of the residue fraction of the
extract continued tuv exhibit higher reducing sugar
levels than the treatments. These difficulties
suggested that a different extraction procedure should
be employed.

Hobsons (1968) extractiun procedure (Method 111I)
was of chsiderable success in his tomato cellulase
determinativas and it was employed in this investigation

for all subsequent cellulase eterminations,
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Ceilulase activity of strawberry extracts

by Metnod I1 from 'R' strawberries

Resldue

Supernatant

Cuntrol
286
300

70
70

Yield ug glucose /ml

TABLE 1V

Treatment

142
142
47
47

Cellulase activity of extracts by #ethod 11

following Zn(OH)g precipitation

Reslidue

Supernatant

Control
142
94
246

SO0

Yield ug glucose /ml

TABLE ¥

Treatment
94
47

Celiulase activity of strawberry extracts

Metuod IIX

Control

Treatmoent

struwberry extract

0.5

18

ug glucuse /ml

commercial
celiulase
pregperation

54

108
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Preliminary experiments using an extraction
from 'R' strawberries and a commercial cellulase
preparation shuwed cellulase activity in both
pregarations (Table V). Strawberry enzyme released
approximately 20 ug glucose over the sixteen hour
incubation period while the commercial cellulase released
approximately 50 ug over the same time.

It was found impossible to obtain zero levels
of reducing sugar in controls in spite of dialysis,
ethanol precipitation, ammonium sulphate precipitation,
Zn(0OH)o precipitation, or Keiselguhr treatment and
retain enzyme activity. It was conseguently necessary
to run all the assays with controls from each
extraction for each category of ripeness and assume
that increases in reducing sugar above the control
were due to enzyme activity.

The following treatments were carried out for
'G', 'R' aund 'Cl' fruit.

Treatment I Incubation with substrate
and enzyme extract

I1 Incubation with substrate and
builed enzyme extract

111 Incubation with no substrate
and enzyme

Iv Incubation with no substrate
and bouiled enzyme
The results are presented in Table VI and in
Table VII . results are presented for a paraliel experiment

in which treatments I1J1 and 1V were deleted.



Tnese results indicate the difficulties of
working with crude enzyme preparations and sensitive
chrvmogenic reagents., They also indicate most clearly
the necessity for a full set of cuntrols,. If Treatments
11T and 1V had heen deleted frum Table V1 it would bave
been easy tu ascribe the increases in reducing sugar to
cellulase activity.

There is the suggestion of cellulase activity
in these resuits, iluwever, statistical analysis
could show nu significant difference between treatments.
Table VII is strongly suggestive of cellulase activity,
however, the absence of sufficient controls as in the
results un Table V1 throws doubt on any conclusions to
tnat effect. There is perhaps a suggestion of activity
but a mure intensive study and more satisfactcery
extraction proucedure and mettod of assay 1s required.

The standard curve for Nelsun's method of
estimating rcducing sugars is present in Figure IX,

Hobson (1568) concluded that the cellulase
enzyme he locuted in tomatoes was of little significance
to the softening of tumatce fruit, and Wade (1964)
concluded that celluluse levels remcinred the same
during ripening in strewberries. It appears that
al tiiough celluiasc activity has beern demounstrated
fur some fruit (Wall 1840, livhsun 1956, dasegoawa and
Smolensky 1971) tuat (his activity is not important
to the overall softening of fruits, with the notable
exception of dJdates. Cellulose levels changed only
marginally in pears (Jermyn and fsherwovod 1935),

peaches (Sterling 1961) and strawberries (Wade 1964).
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TABLE VI
Cellulase activity in strawberry
kExtracts (Method III) from 'G', 'R', and
'GR' fruit (1)

ugm glucecse /m}

G R OR
Treatment 1 182 156 176 195 137 128
II 147 133 190 182 98 108
111 167 156 220 203 137 118

Iv 156 147 205 172 137 104



The inability to demonstrate a significant change in
ceilulase activity here togetner with tie previous
work suggests tiat over the ripening and after-
riyeniug perivd fur strawberries cellulase activity
is nut uf great importance tov softening.

A mure suvphisticated techmique may be necessary
to show tihe breakduvwn of cell wall cunstituents into
smuller macromolecules. Breakdown into molecules
whiich are smaller than those in situ but still large
encugl tu show up as macrumolecules could have a
dramatic effect on viscosity and consequently firmness
(Pilnik and Voragen 1970). PPilnik and Voragen claim
that for an endv polygalacturonase specific viscosity
is down to half when only 2-3% of glycosidic linkage
are split.

Tiis reasoniug alse applies 1o cellulose, An
endo enzyme or enzyme specific for points of attachment
of side chains could casily have a dramatic effect on
the overall texture of tue softening fruit which would
not necessarily shuw up as a dramnatic increase in
enzyme activity. In addition glucan cuntributes 25Y%
of the totul ceil wall in Cambridge Favourite
strawberries (vade 150%) so that a small caange in
average molecurar weigut cuuld nave a dramatic effect
on cell wall integrity.

i'regsey et al (1971) prepared high My sovluble
pectic substences frem pecaches winich suggest toat a
considerabic degree of endo enzyme sulitting which
althuughh causing a textural change may reveal little

if any chianye in pectin levels during ripening.
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TapLe vil
Celiulase uctivity in oxiracts

from 'G', '®' and *OR' fruit (2)

G 4 OR
Treatment 14 28 118
Cuntrol 4 4 14

ug sglucouse /ml
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Cellulose may perhaps show a similar breakdown to
high Mw¥ substances.

tivwever, as Hobson (1968) has suggested, the
role of ceiluluse 18 prubably insigniflicant compared

with the effect of the pectic enzymes un suvftening.

111 Polygalacturonase

Initially attenpts were made to extract
polygalacturonase from 'R' strawberries fullowing the
extraction procedure dethod 11. The carbazole method
of Dische (1950) for polyuronides, and the Nelson-
Somogoyi (1944, 1952) method for reducing sugars
failed to show any significant enzyme activity and
paper chromatography of the incubation mixes failed
to shouw the presence of galacturonic or glucuronic
acids, It was cuncluded that this extraction procedure
did not cuntain a polygalacturonase that bas galacturonic
acid as an end-product.

To investigate the possibility of an enzyme that
splits polygalacturconic acid intg oligouronides the
pericvdate uptake of tne incubation products were
assessed.

The products of enzyme incubatiuvn (2 ml) were
used fcur periodate oxidation. Duplicutes of the
perivdate ouxidation were run fur botu the active cuzyme
and the extracts in which the enzyme was destroyed by
boiling prior to incubation with polygalacturcnic acid.
These results are st.own in Table VIII, This extract

was from the supernataut fraction. In a repeat
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TABLe VaIX
ceriodate upteke by polygelactureutise

incubation produacts (..o 2Z3nm)

Uptake After 18 e cD 750

24 nir formic acid
formed
Contrul 0.96 1.13 0.045
1.04 1.16 0.0506
Treataent .11 1. 10 0.052
1.08 1.33 0.041

TABLE IX
Veriocdate uptake by polygalacturonase
incubation products for residue and supernatant

fractions of Method 11

rrerivdate uptake Titre (NagSzOs) ml
at 48 ur

Regidue control 1.15 26.4
1.02 29.2
Treatment 0.98 25.1
0.964 27.0

Supernatant
control 0.34 74.4
0.51 59.2
Treatment 0.542 60.9

0.46 65.4



experiment both the residue and supernatant fractions

of the extraction procedure were tested for an increase
in end gruups. These results are presented in Table IX.
Back titration, with sodium thiosulphate, of iodine
uptake by the formic acid which appeared during periodate
voxidation is also shown in that table,

The results in Table 1X show that some pericdate
is used in the oxidation of carbohydrate bonds resulting
in the formation of formic acid, Huwover, little
difference is exhibited in tiie pericdate uptake between
treatments and countrols. The titration of the iodine
formed by the different samples is consistent with this
result. It would appear tnerefore that an enzyme which
cleaves polygalacturonic acid chains into oligouronides
has not been isviated with the techniques employed in
this investigation.

The possibility of locating a cell wall
polygalacturonase by acetoune precipitation was explored
by fullowing the method of hobson (19u8), Method III.
Freliminary results (Table i) with incubations of
extracts from 'R' strawberries puggested the possibility
of polygalacturonase activity, A 30% and £0% increase
in reducing sugar was measured for the enzyme over the
controls. Froblems similar to thuse experienced in
the cellulase extracts were encountered in cieaning up
the extract. Dialysié of the extract prior to acetone
precipitation during the extraction procedure resulted
in a complete loss of enzyme activity and attempts to
renuvve the unwanted material after incubation were

difficult. thanol precipitation (AbourAkkada and
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Howard 1961) and ammonium sulphate precipitation were
successful in removing polysaccharides and protein
and in clarifying the solutions but the background
sugar levels remained. The hint of enzyme activity
in the preliminary experiments suggested that extracts
should be taken from G, R and OR fruit and the
polygalacturonase levels assayed. The extracts from
G, R and OR fruit were assayed separately for enzyme
activity and the results of thie separate incubations
are presented in Tables XI, X1I, XIII, XIV. yaper
chromatography of the incubation products from R
extracts are shown in Figure X.

G and OR extracts do not show any difference in
sugar levels between tne treatments and controls
suggesting the absence of polygslacturonase activity
discernable by this method. H extracts have shuwn an
increase in reducing sugar which is significant at the
10% level for one extract (Table X1) but sun significant
at the 10% level in an.ther extract (Table XII) when
subjected to an F test, When the extracts were
subjected to paper chromatography to identify the end
products no sputs were revealed corresponding to
ghdacturonic acid nor was any significant difference
between any of the acidic spots revealed on the
chromatograph.

These results suggest that while an enzyme
responsible for the increase in reducing sugar maybe
active in the R extracts, this enzyme does not produce

galacturonic acid as an end product and is not therefore
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TABLE X
Preliminary test{ for Polygalacturounuse
activity using extracts of Method I1I

(x 10-3 g galacturcric acid)

Treatment 1 11
Replicaticn i C.8 0.6
2 G.8 O.4
Treatment 1 Enzyme active

Treatment I1I cnzyme Jdestroyed
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TaBLE X1

Folygalacturonage activity ian 'R

strawberries (1)

(x 1079 g galacturunic acid)

Treatment I 11
Replication 1 1.2 1.8
2 1,38 1.6

F Significant at 10% level
Treatment I tnzyme destroyed

Treatment JI Etnzyme active

TABLE X1I

{'olygalacturonase activity in 'R’

strawberries (2)

(x 1073 g galacturunic acid)

Treatment I II
Teplication 1 1.45 1.76
2 1.4 1.84

F Non significant at 10% level
Treatment Y Fnzyme destroyed

Trestrent 11 Inzyme extract active
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TABLE XIII

i'olygalacturonase activity in ‘G’

strawberries
(x 10-° g galacturunic acid)
Treatment I IX
Replication 1 0.8 0.8
2 0.8 0.8
TABLE X1V

Volygalacturondse activity in ‘OR’

strawberries
(x 10-3 g galacturonic acid)
Treatment I IX
iteplication 1 1.0 1.2

2 1.0 1.0

1



FIotnRE X Chrematographh of the end products of the
polygalacturonase assays

c Enzyme destroyed

“ea Lnzyme active

ga Galacturconic acid
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a polygalacturonase enzyme. Presumably the low
enzyme activity shown in the R extracts is due to
enzyme activity on cell wall polysaccharides other
than the artificial substrate.

Although polygalacturonase activity could not
be demonstrated here polygalacturonic acid degrading
enzymes have been demonstrated in other fruits;
tomatoes, avocado (Hobson 1962). Neal (1563) and
Gizis (1964) cuuld not demunstratce any polygalacturonase
activity in strawberries and the inability of Wade
(1964) to show significant differences of urunic acids
between ripe or unripe strawberries supports the work
described here. The inability to shuw the presence
of an eunzyme splitting off cligouronides suggests,
that for strawberries at least the cuncept of a chain
splitting enzyme contributing significantly to
softening may be in doubt. The exopulygalacturonate

lyase from Clostridium wmultifermentans (Macmillan et al

1964) which removes units of  unsaturated digalacturonic
acid from a polygalacturgnic acid chain raises the
possibility of a similar enzywme in fruits, and the
observations (l.ee and Macmillan 1970) on the nature

of tumato PE suggests that the enzymes responsible for
wall softening maybe of more specific character than

has been ascribed to them formerly.

IV Conclusion

The phenomenon of cell wall softening during

fruit ripening is far from well understood and it has
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become accepted to ascribe softening to pectin
degrading enzymes. The ease with which PE activity
has been shown in many fruit, and its relationship to
methylation of pectin and the firmiong effect of calcium
ions has led to its implication in softening.

The demounstration of molecular weight dependent
polygalacturonase activity (Patel and Phaff 1948,
Pressey aad Avants 1971) which may also be dependent on
the presence or absence of methylated carhboxyls has
resulted in tre concept of PE initiation of pectin
degradation followed by polygalacturconase chain splitting
activity. It has been assumed that such activity
could account for the degradation of cell walls and
consequently softening. The presence of
polygalacturonase activity has been confirmed in a
number of fruits, (Hobson 1962) and the recent addition
of peaches tuv the list (Pressey et al 1971) by a new
method has supported the concept. However, the
inability to conclusively show polygalacturonase in
strawberries by a number of workers (Neal 1965, Gizis
1964) and the inability to show polygalacturonase or
cellulase activity in this work raises some question as
to the soundness uf the concept.

It has all-ready been shown that only small
differences in the polysaccharide components of cell
walls need to be exhibited for significant effects on
softening, and it is possible that a refined technique
may reveal cellulase or polygalacturonase activity that
has been previously undetected (Pressey et al 1971).

On the other hand it could be that enzymes specific for

some of the small side chains such as arabinose,
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galactouse or rhamnose or the concentrated areas of
rhawnose residues (Aspinall 1970) within the
polygalacturonic acid chain may have a significant
effect on wall integrity. Side chains may be broken
by enzyme activity specific for certain sugars, perhaps
even for specific sequences or combinations of sugars.
The rigid structure of the cell wall may be
cuonsequently weakened and allow the turgor pressure
within the cell to cause wall extension or softening.
Some workers (Rees 199, Neal 1965, Doesburg
1957) have tried to account for the breakdown of cell
walls by congidering the effect of actions on firming.
Calcium is implicated in this activity and it is
suggested that Cat+ may ncutralize mutually repulsive
charges and allow close packing of polygalacturonate
chains, Neal (1963) suggests that this phenomenon
occurs in spite of PE activity. An increase of PE
activity dvring ripening as shown here, however, is
difficult to correlate with a decrease in methylation
of pectin which would lower the Ca** level in the cell
wall, if Ca** level is proportional to its firming
effect. Rees (1969) has suzgested that Ca** ions aid
by neutralizing mutually repulsive charging and allowing
the polysaccharide chains consequently to fit more
closely together. If this is so when PE cleaves the
methoxyl units off the chain it may cause an upset in
the balance of charges in the wall resulting eventually
in softening. In this way it would be possible for
PE activity to contribute significantly to the softening

phenomenon. It is possihle that in strawberries at
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least "E activity may be of suvfficient importance to
account for fruit softening and even that the two PE
enzymcs proposed in this worlk are responsible for cell
elongstion and wall softening by their effect on the
cationic composition of the cell wall. Posgibly one
of the enzymes is primarily responsible for wall
extension during growth and the other for wall
softening during ripening.

Nagel and Fatterson (1%£7) have shown a decrease
in PE activity during maturation of pears. This is
supported by Weurman (1954), and Gee et al (1959) who
showed PE activity to be greatest in immature pears
where the percentage esterification of pectin was
lowest and minimal in mature fruit when percentage
esterification is greatest. Perhaps in this case PE
adds methoxyl units in this way interfering with the
cationic firming of the tissue.

Probably the key to understanding the softening
phenomenon during fruit ripening lies in an understand-
ing to a much greater degree in the nature of the
polysaccharides in the wall. ‘Yhen the three
dimensional nature of polysaccharide chemistry is
more understocd and refired technique enables accurate
measurcment of low enzyme activity of greater
specificity than currently expected, we will be able
to explore the rawifications of cell wall biochemistry

more thoroughly.



{w

ACKNOYLEDGMENTS

Te br. M«sF. Barnes for the svpervision
ol the work

To trafessor D,i. Poward for the
pectinesterase assay and encouragement
t¢ undertake the work

Tu Virs S.0. Colemun for the typing
of the thesis and forbearance under
duress

Te Rohyn {or paticnce and sympathy
To the many staff and students whose

critlicism aad ussistance lightened
tie burden



33

REFERENCES

Abou Akkada, A.R. and Howard, B.H. 1961.
The Biochemistry of Rumen Protozoa. 4.
Decomposition of Pectic Substances.
Biochem. J. 78: 512-517

Albersheim, P. and Anderson, A.J. 1971
Proteins from Plant Cell Walls inhibit
Polygalacturonase secreted by plant
pathogens. Proc. Nat. Acad. Sci. 68:
1815~-1819

Aspinall, G.0. 1970 Polysaccharides.
Pergamon Fress. Oxford. 228p.
Bartolome, L.G. and Hoff, J.E, 1972

Gas chromatographic tcchinique for assay

of pectin methylesterase. J. Ag. Food
Chem. 20: 262-266

Beaven, G.!!. and Jones, J.,K.N, 1947.

Pectic substarces. Part V. The
molecular structure of strawberry and
apple pectic acids. J. Chem.S0c. 150:
1218~1220

Besfurd, R,T. an:d Hobson, G.t., 1972,

Pectic enzymes associated with the
softening of tomato fruit,. Phytochemn,

11:  2201-2205

Demain, A.L. and brhaff, H.,J. 1957,

As quoted by filnik, W. and Voragen, A.G.J.
in Biochemistry of Fruit and their ircducts.
Vol 1 1970. ed. Hulme A,.C., Academic jress,

London. TE8p.



54.

8. Pickinson, b,B., and McCollum, J.P., 1964
Cellulase in Tomato Fruits. Nature 203:
525-526

9. Dilley, D.R. 1970. In Biochemistry of
Fruit and their Products Vol I, 1970
ed. Hulme A.C, Academic FPress London
788p.

10. Dische, Z. 1950. Carbazole reaction
of polyuronides. J.Biol. Chem. 183:
489-494

11. oesburg, J.J. 1937, Relation between
the solubilization of pectin and the
fate of organic acids during maturation
of apples. J.Sc.Fd. Ag. 8: 206-216

12, bolendo, A,L., Luh, I3.3. and tratt, H.K.
1966, Reiation of Pectic and Fatty
acid changes to Respiration Rate during
ripening of Avocado Fruit, J.Fd,3c.
31: 332~336

13. Foda Y.H. 1957. As quoted by Hobson, G.E,
1964, in Folygalacturonase in normal and
abnurmal Tumato Fruit, Bivchem J.
42:  3214-332

14. Gee, M., Rceve, R,M,, and JdcCready, .M.
1959, Reactiovn of hydruxylamine with
pectinic acids -~ degree of esterification
of pectic substances in fruit. Je Ag. ¥d.

Chem. 7: 34-38



15.

16.

17.

18.

19.

20.

21.

22.

23.

35

Gizis, &.J. 1964. As quoted by Filnik, w.
and Voragen, A,G.J. in Biochemistry of
Fruit and their Froducts. 1970. ed Hulme
Academic Press lLondon. 788p.

Hall, C.B. 1963. Cellulase in tomatoes.
Nature 220: 1010-1011

Hall, C.B. 1964 Cellulase activity in
tomato fruits according to portion and
maturity. Bot. Gaz. 125: 156-137
Hatanaka, C. et al. 1969. Enzymic
degradation of pectic acid. X111.

New exuvpolygalacturonase producing
digalacturonic acid frum pectic acid.
Nippoun Nogei Kagakuv Kaishi 45: 764
Hasegawa, S. and smolensky, D.C. 171
Cellulase in dates and role in fruit
softening. J.Fd.Sc. 36: 966~867

Hobson, G.E. 1962, Determination of
Folygalacturonase in fruits. Nature 195:
804-805

Hobson, G.E, 1964, Folygsalacturonase in
normal and abnormal towato fruit.

Bivcnem, J. 92: J524-332

Hobsun, G.ik, 1868, Cellulase activity

in tomato. J.Fd, sSc. 33: 588-592
Hultin, H.0. and Levine, A.35. 1963.
Occurence of multiple molecular forms

of PE. Archs. Biochem. Liophys

101:  396-402



56

Hultin, H.O., Sun. B, and Bulger, J.
1966. Pectin methyl esterases of the
Banana. Purification and properties.
J.Fd.S¢c. 31: 320-327

Jermyn, M.A., and Isherwood, F. A, 1956,
Changes in the cell wall of pear during
ripening. Biochem. J. 64: 123~132
Kertesz, 4.1., Eucare, M. and Fox, G.
1959, Apple Cellulose. Fd.Res. 24:
14-19

Knee, M. 1973. Folysaccharide changes
in cell walls of ripening apples,
Fhytochem 12: 1545-1549

l.ee, M. and Macmillan, J.D. 1970,

Mode of action of pectic enzymes. 111
Site of initial action of tomato
pectinegterase on highly esterified
pectin. Biochem, 9: 1930-1934
l.euprecht, H. and Schaller, A. 1968
krgebnisse methiodologisher Untersuchungen
binsichtlich der JMessung der Fektinmetinyl
esterase - Aktivitat in aufgetautew
Tiefygefrier - lrdbeer purce, Fruchtsaft.
Ind., 13: 50-74

Macmillan, J.u. Vhaff, ii.J. and Vaughn, ..
1964, The pattcein of action of an
exopolygalacturonic acid transeliminase

from Clestridium multifermentans.,

Biochem 3: 5L72-578



32.

33.

34.

35.

36.

37.

38.

7

vMcComb, K.,A, and McCready, R.M, 1957.
petermination of acetyl in pectin and

in acetylated carbohydrate polymcrs,

Anal. Chem. 29: ©819-821

McCulloch, R.J. and Kertesz, Z.I. 1948
Tumato polygalacturunase, Arch. Biochem.
17: 197

Nagel, C.¥. and lFatterson, M.k. 1967,
Fectic enzywmes and development of pear.
J.Fd.3c. 32: 294-297

Neal, G.E. 1963. Changes occurring

in the cell walls of strawberries during
ripening. Js.Sc.Fd.Ag. 16: 604-611
Nelson, N. 1944, A photometric

adaptatiou of the Scmogyl mwethed for the
determination ¢f glucose. J.Bio. Ciem,
153: 375-350

ratel, D.S. and Phaff, H.J. 195%,

On the action of purified "tomato
polygalacturonase”. Focd Bes. 23: 695-694
Fatel, D.5. and Pheff, t.J, 1485,

On the mechanism ot action of yeast endu-
polygalacturonase on oligu-galacturonides
and their reduced and oxiiised derivatives
J.Bio. Chem. 2354: 2357-241

Pilnik, W¥. and Voragecn, A.G.J. 1970,
Fectic substances aud other uronides.

In Bicgchemistry of Fruit and tueir Products
Vol 1 19%0C. ed fulme 4,C. scadewic

f'ress London. 788p



39.

40.

41.

42.

14.

45.

46.

a8

Fressey, R. aud Avants, J.K, 1971, The
effect of substratec size o¢n the activity
of tumato polygalacturonase. J.Fd.Sc.
36: 486-489

fressey, R. and Avants, J.K. 1872,
Multiple forms of pectinesterase in
tomatces. Fhytochem. 11: 3139-3142
Presgsey, ., Hinton D.M. and Avants, J.K.
1971. pevelopment of polygalacturonase
activity and solubilization ¢f pectin in
peaches during ripening. J.Fd.Sc.

36: 1070-1072

Rees, D.A. 1584, As quoted by Knce, M,
1970, Phytochem 12: 1543-1519
Schwelzer P.G. 1346, iuoted ny tilnik,W.
and Voragen, A.G.J. in Biochemistry of
Fruit and their Products, Vol 1. 1970

ed. Hulme, A,.C, Academic tress London 788p
Shewfelt, A.i ., Paynter, V.A & Fen, J.J.
1971, Textural changes and molecular
characteristics of pectic constituents in

-

ripening peacies. J.Fd,3c. &3: C73-079
somogyvi, M. 1983, Notes oun sugar
determination. J.Hio.Chem. 195: 19-23
staden, 0G.,1.. and Uoesburg, J.J. 1961

In Aun., lep. 1961 Lp60-062, Inst. Res.

on Storage eud jrocess. c¢f Hort. irod.

Icst‘;o Te ‘é‘hgcnin(ii,en.



47.

48.

49.

50.

51.

52.

53.

sterling, Clarence. 19461. PFPhysical

state of cellulose during ripening of
peach. J.Fd.Sc. 26: 95-98

Sterling, C. and Kalbh, A.J. 1959.

Pectic cihanges in peach during ripening.
2ot.Gaz. 121:111-113

Sterling, Chaykin. 1966. Biocheristry
Laboratury Tecunique.

wade, F. 1964. Insoluble cell wall
polysaccharides of strawberries. J.Sc.Fd.
A, 15, 51-56

Veurman, €, 1954. FPectinase in pears.
Acta Botan., Neerl. 3, 108-113

kood, FP.J. and Ziddiqui, T.R, 1971
Determination of methanol and its
application to measuremant of pectin ester
content end pectinesterase activity,
Anal. Biochem. 39: 418-428

Woodward J.R. 1962, bhysical and
chemical changes in developing strawberry

fruit. J,Sc.Fd. Ag, 23: 465-473



60

Appendix (i)

0D and PE activity (ug wethanol) for fractions
obtained after chromatography on DEAE~ cellulose for
Stage 1 - Stage V strawberries. Yields from Assay 1

and Assay 2 were averaged.

STAGE I

Fraction No. OUD Assay 1 OD Assay 2 ug methanol

S 0.01 Q.02 0.9
10 J.07 0.06 4.0
15 0.02 0.01 0.9
20 .04 2.8
25 C.06 .06 3.7
30 0.u9 0.07 5.0
35 2.07 0.05 3.7

STAGE IX
Fraction Nc. O Assay 1 OD Assay 2 ug methanol

5 G.0 J.0 0.0
8 U.02 1.0
10 0.00 0.05 2.3
12 0.08 4.7
15 0.04 0.02 1.9
20 0.09 0.06 4.7
28 0.15 .09 bed
30 0.U8 0.08 4.7
35 0.04 0.04 2.3
40 0.01 0.5
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sTaGh I11

Fraction No. OD Assay 1 0D Assay 2 ug metiaanol

5 0.18 0.06 6.2
10 V.19 0.13 8.7
15 V.12 Q.11 6.2
20 0.15 0.13 7.6
29 0.138 U.19 8.2
30 0.15 0. 10 Ge 7
35 U.05 3.0

STAGE 1V

Fraction No. O Assay 1 O Assay 2 ug mcthanol

5 Q.04 .04 2ed
10 .99 0.11 5.9
15 .us J.0 1.0
20 0.09 0.13 Ged
25 0.03 0.12 5.9
30 .07 0.07 4.0
35 G.04 .06 2.7

STAVE V

Fraction No. (i Assay 1 Gy Assay 2 ug metianol

57 0.02 .0 0.4
10 0.048 a4 S0
15 0.00 0.6 fev
20 0.09 0.0 3.9
25 ¢. 10 0,12 b.o
3U g.12 A Bt/ 5.9
35 0. 15 O.11 5.8

40 .00 5.0
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Appendix (ii)
FE activity in duplicated saaples collected

from Peak 1

Gtage of Yicld ug methanol Average
Ripeness
I 3.34 3.0 3.17
11 3.82 3.6 3.71
111 4.74 4.3 4.74
Iv 6.41 4,49 5.43

v 5.31 3.04 4.17
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