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Changes in the Physico-chemical Properties of Peach
Fruit Pectin during On-tree Ripening and Storage

Abstract. Radius of gyration (size), intrinsic viscosity, molecular weight, percentage of galacturonate, and percentage of
neutral sugars were measured for chelate-soluble (CSP) and alkaline-soluble (ASP) pectins extracted from the cell walls of
melting flesh (MF) and nonmelting flesh (NMF) peach [Prunus persica (L.) Batsch]. Weight percentage of cell walls, pectin
content, and firmness were measured also. Peaches were extracted at 20,21, and 22 weeks after flowering (WAF) and after
various lengths of shelf storage at 25 + 2C for the peaches picked at 21 WAF. Weight percentage of cell walls and firmness
decreased markedly between the 21st and 22nd WAF; and between the 3rd and 6th day of storage for MF peaches as
compared to NMF peaches. During these same periods, there were marked drops in the pectin content and the uronide
content for MF as compared to NMF peaches. Size and intrinsic viscosity dropped markedly for CSP of MF peaches in

comparison with NMF peaches during these same periods,

whereas the molecular weight of CSP and ASP increased in MF

peaches over that measured for NMF peaches. These results suggested that a-D-galacturonase (E.C.3.2.1.15) was involved
in softening only in the latter stages of ripening MF peaches. Further, cell wall polymers containing long thin pectin
aggregates were destroyed, whereas cell wall polymers containing short thick pectin aggregates remained.

Pectin plays a central role in the physiological and textural
changes occurring in ripening fruits (Huber, 1983). The notion that
correlating changes in pectin structure with maturity would aid in
elucidating the mechanism of fruit softening at the molecularlevel.
thereby enabling methods to be developed for maintaining the
postharvest quality of peaches. has prompted numerous investiga-
tions of changes in pectic substances with peachripening (Chapman
and Horvat, 1990; Postylmayr et al., 1956; Pressey and Avants,
1978: Reeve, 1959; Shewfelt, 1965. Since MF (freestone) peaches
soften appreciably more than NMF (clingstone) peaches, these two
peach types have been chosen previously for comparative studies.
Based upon historical evidence. Addoms et al. (1930) concluded
that the flesh quality of nonmelting fruit was positively correlated
with cell wall integrity which, in turn, resulted from a high content
of insoluble pectin (sometimes referred to as protopectin). Pressey
and Avants (1978) have demonstrated that peach softening is
accompanied by conversion of water-insoluble to water-soluble
pectin, and that a higher percentage of water-insoluble pectin is
solubilized in MF than in NMF peaches. Furthermore,
Pressey (1986) has shown that MF peaches possess an exo- and an
endo-oD-galacturonase. whereas NMF peaches possess only an
exo-aD-galacturonase. He concluded from these studies that endo-
aD-galacturonase was responsible for the increased pectin solubi-

lization and softening of MF over NMF peaches.

The objective of our work was to further elucidate the softening
processes in peaches by following changes in the physico-chemi-
cal properties of pectic substances (Fishman et al. 1991a, 1991b)
during on-tree- and shelf-ripening of MF and NMF cultivars.

Materials and Methods

Plant material. About 20 to 30 MF (‘Redskin’) and NMF
(‘Suncling’) peach fruit were hand picked weekly from 23 Aug.
1988 (20 WAF) to 7 Sept. 1988 from trees grown at the Applachian
Fruit Research Station, Agricultural Research Service, U.S. Dept.
of Agriculture, Kearneysville, W.Va. One day afterharvest, peaches
were skinned, and the mesocarp was diced into small pieces and
immediately immersed into liquid N. Frozen peach tissue was
stored at —20C in sealed polyethylene bags until analysis. Twenty
‘Redskin’ peaches and 17 ‘Suncling’ peaches from those picked
on 30 Aug. 1988 were kept at room temperature (25£20). At
intervals of 2, 4, and 6 days for ‘Suncling’ and 3, 6, and 9 days for
‘Redskin’, five peaches were diced and frozen. The exception was
‘Redskin’ peaches at 9 days, when only two were available.

Firmness measurement. Firmness was measured with one of
two penetrometers depending on the fruit firmness (McCormick
Fruit Tech: Yakima, Washington), according to the procedure
reported by Pressey and Avants (1978). One had a range of O to
49N and the other one of 0 to 120N. At each time interval during
storage, measurements were performed on two opposite sides of
five fruits. The penetrometers were fitted with 7.9 mm tips.

Cell wall isolation. Cell walls were isolated as described by
Gross (1984) with modifications in duration of homogenization

Abbreviations. ASP, alkaline-soluble pectin; CSP, chelate-soluble pectin; HPSEC,
high performance size exclusion chromatography; IV, intrinsic viscosity; M,
molecular weight; MF, melting flesh; NMF, nonmelting flesh; R, radius of
gyration; WAF, weeks after flowering.



and drying cell walls. Diced, frozen peach mesocarp (200 g) was
homogenized for 2 min in 400 ml of cold 80% aqueous ethanol
using a Polytron homogenizer set at =14,000 RPM (Brinkmann,
Instr. Co., Westbury, N.Y.); the homogenate then was separated
from the residue (cell walls) by filtering through miracloth
(Calbiochem, San Diego). The residue was washed with distilled
water. The cell walls were then extracted with 20 mm Hepes-
NaOH, pH 7.4, and 1 min of homogenization. Residues were
suspended and incubated with constant stirring for 18 h at 30C in
150 ml of buffer containing 150 pul camylase (Sigma Type-la) and
50 pl of toluene without homogenization. After being rinsed twice
with 200 ml of buffer, the residues were sequentially extracted
with 200 ml of 2 phenol : 1 acetic acid : 1 water (by volume,
Selvendran, 1975) 1 chloroform : 1 methanol (v/v), and acetone.
After acetone extraction, cell walls were lyophilized.

Pectin extraction. Lyophilized cell walls were extracted with
50 mm Na-acetate buffer (pH 6.5) containing 50 mm CDTA at 25C
for 6 h with constant stirring (Jarvis, 1982). Then, the residue was
extracted, with 50 mm Na,CO, containing 2mm CDTA, and stirred
for 20 h at 4C followed by 1 h at 25C and filtered. The pH of this
last filtrate was adjusted to pH 6.5 by the gradual addition of glacial
acetic acid. Both filtrates were dialyzed exhaustively against water
and lyophilized. The material from the 50 mm CDTA extraction
was designated CSP (chelate-soluble pectin), whereas the material
from the carbonate extraction was designated ASP (alkaline-
soluble pectin).

Carbohydrate analysis. Each fraction, ASP or CSP, was as-
sayed for total sugars by the phenol-sulphuric acid (PS) method
(Dubois et al., 1956) and for galacturonic acid (Scott, 1979). In
employing the PS method, color response against concentration
was measured for glucose and galacturonic acid, whereas galactu-
ronic acid was the standard when employing Scott’s method. To
obtain galacturonic acid as a percentage of total sugars, the amount
of galacturonic acid was obtained from Scott’s method. This
amount of galacturonic was converted to absorbance by using the
galacturonic acid standard curve from the PS method. The absor-
bance of galacturonic acid was subtracted from the absorbance of
the total sample obtained from the PS method. The remainder
absorbance was converted to neutral sugars in terms of glucose
equivalents by using the glucose response curve obtained from the
PS method.

Chromatography. Solutions ranging from 0.52 to 0.57 mg
pectin/milliliter were prepared by dissolving pectin in mobile
phase, equilibrating overnight at 35C in capped bottles, and
followed by passing through a 0.4 um nucleopore filter before
chromatography. The mobile phase was 0.05 M NaNO,. The dis-
tilled water used in the mobile phase was passed through a
Modulab HPLC polisher, (Continental Water Corp,
San Antonio, Texas). The mobile phase was degassed before
connecting to the system and inline with a model ERC 3120
degasser (Erma Optical Co., Tokyo). The solvent delivery system
was Beckman Model 334 (Beckman Instruments, Palo Alto,
Calif.). The nominal flow rate was 0.5 ml-min~'. The pumping
system was fitted with a Beckman pulse filter and two Waters
Model M45 pulse dampers (Waters Association, Millford, Mass.),
mounted on a plate and separated by 4.5 m of coiled capillary
tubing (i.d., 0.25 mm). Sample injection was with a Beckman
model 210 valve. The injected sample volume was 100 pl. Three
columns were employed in series: 1) a Waters Micro-Bondagel E-
High A (300x3.9mm); 2) a Waters Micro-Bondagel E-1000 (300
x 3.9 mm) (Waters Associates); and 3) a Synchropak GPC-100
(250 x 4.6 mm) (Synchrom, Linden, Ind.). Detection was online
with a differential viscosity detector (DV) and a differential

refractive index detector (DRI) in series. The viscosity detector
was a model 100 differential viscometer (Viscotek Corp., Porter,
Texas). Differential refractive index was measured with a model
ERC 7810 monitor (Erma Optical Co., Tokyo). Chromatography
columns were thermostated in a temperature-controlled water bath
at 35 £ 0.01C, and the cells of the refractive index and viscosity
monitors were thermostated also at 35C. Measurement of flow rate
has been described previously (Fishman et al., 1987). Data acqui-
sition was with a 25 MHz. 386 personal computer equipped with
a Viscotek DS-01 PC interface and Unical 3.10 software.

Curve fitting. Resolution of partially resolved chromatograms
into overlapped components was accomplished with a curve fitting
program developed in-house (Fishman et al., 1989a). The user
interactive, command-driven software fits chromatograms to a
series of Gaussian-shaped peaks. Initially, the number of peaks (up
toeight), peak height (ht), one quarter peak width at half height (5),

“and position of peak maximum (max) are estimated. The final

values of ht, 6, and max for each peak relative to the experimental
chromatogram is determined by iteratively minimizing the sum of
the squares of the residual differences between the experimental
and calculated chromatograms at each point along the curve. Least
squares minimization is accomplished by a nonlinear approach
using the Gauss-Newton iteration technique (Draper
and Smith, 1966). As was the case for 13 pectins investigated
previously (Fishman et al., 1989a, 1991a), the first envelope for
peach pectin could be fitted with five components or less when one
or more components were missing as indicated by the absence of
anrefractiveindex (RI) signal. One iterated sigma value (0.274 ml)
sufficed for all five peaks. This value was close to an average
experimental value of 0.254 +0.007 ml found by separately
chromatographing five narrow pullulan standards ranging in mo-
lecular weight from 8.34 x 10° kDa to 4.8 x 10* kDa. The low
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Fig. 1. Changes in the weight of cell walls as a percentage of mesocarp fresh weight
and changes in firmness during (A) tree ripening and (B) storage of (S) ‘Suncling’
and (R) ‘Redskin’ peaches.



Table 1. Weight percentage of pectin in cell walls and galacturonic acid as a percentage of total

pectic sugars during tree ripening.

Mesocarp Pectin® (%) Galacturonic acid”

WAF firmness (N) CSp ASP CSP ASP
‘Suncling’

20 64 11.0+ 4.9 13.7+£23 900x13 87.2%+2.5

21 50 £ 13% 11.8+5.0 13.8+£23 91.7+42 84.7+4.6

22 34+ 16 115+3.1 17.2+4.6 86.9+5.7 79.7+6.6
‘Redskin’

20 63 11.0+£2.7 17.1£25 89.7+£59 85.8+5.8

21 495 12.1£3.2 14.1+3.8 91.7+£4.5 88.0+1.8

22 7+3 69+1.8 9425 624+7.7 58.5+2.7

Zgrams pectin/100 g cell walls (dry weight basis).

Ygrams galacturonic acid/100 g total sugars.
*sp of three colorimetric analyses.
wsp of 10 firmness measurements.

Table 2. Weight percentage of pectin in cell walls and galacturonic acid as a percentage of tota

pectic sugars during storage.

Mesocarp Pectin® (%) Galacturonic acid”

DAYS firmness (N) CSp ASP CSp ASP
‘Suncling’

1 50+ 13" 11.8+5.0% 13.8+23 91.7+4.2 84.7+4.6

2 4016 16.8+4.3 19.5+2.7 91.5%+2.7 81.0+44

4 38+ 16 10428 17914.1 85.0%4.1 78.1+£64

6 58+ 10 125+34 21.5+37 97.6 3.7 81.2+4.2
‘Redskin’

1 49+5 12.1+33 14.1+£3.8 91.7+4.2 88.0+1.8

3 52+ 14 12.1+33 21.3+5.8 944+2.6 78.0% 2.1

6 13+4 5715 9.1+24 759+48_ 64.6 4.4

9 13+8 7019 11.3%+3.1 66.1+3.8 71315

Zgrams pectin/100 g cell walls (dry weight basis).

Ygrams galacturonic acid/ 100 g total sugars.

xsp of 10 firmness measurements except ‘Redskin’ stored for 9 days in which case four

measurements were taken.
wsp of three colorimetric analyses.

molecular weight tail of the differential refractive index (DRI)
chromatogram could be fitted by three components with a 6 value
of0.116 + 0.008 ml, which was measured for sucrose. Forthecase
of ASP, the least squares minimization for the viscosity chromato-
gram converged rapidly once the DRI chromatogram was fitted.
Values of 6 and max (the latter value corrected for dead volume
between detectors) were independent of detector. Thus, for ASP
viscosity chromatograms, only ht had to be iterated, since the DRI
and DV chromatograms differed only in the sensitivity of their
signal response to pectin. For CSP, the same values of 6 and max
could not be used to obtain good fits for both DRI and differential
viscometer (DV) chromatogams.

Calculation of average properties. Weight average radii of
gyration (Rg), intrinsic viscosities ([IV]), and molecular weights
(M) were calculated according to standard formulas (Flory, 1953).
Only the data from the envelope containing the macromolecular
sized species was used in the calculations. In the case of CSP, the
distributions of properties (i.., R , [IV], or M) were treated as if
they were derived from continuums of molecules. For ASP, global
averages were obtained by summing over the five or fewer macro-
molecular sized species in each distribution.

Column calibration. Congruent calibration curves were ob-
tained by plotting log Rg or log [TVIM against column partition

coefficients (K ) obtained for a series of narrow molecular weight
distribution (MWD) pullulan standards (polydispersities ranging
from 1.07 to 1.14) and broad MWD dextran standards
(polydispersities ranging from 1.39 to 2.91) (Fishman et al.,
1987, 1991a, 1991b). These calibration curves were used to obtain
R, and M for unknown pectin samples by the “Universal Calibra-
tion” procedure. According to this procedure, pectins will co-elute
with dextrans and pullulans that have identical values of either R,
or product of [IV] and M. To obtain M, the product of [IV]M was
divided by [IV], which was obtained as a function of K_ by the
online viscosity detector.

Results

Cellwallyield andfirmness changes inpeaches. During on-tree
ripening, the weight of cell walls as a percentage of fresh weight
and fruit firmness (Fig. 1A) decreased for each variety. ‘Redskin’,
unlike ‘Suncling’ peaches, exhibited a dramatic acceleration of
cell wall solubilization and softening in the 22nd WAPF. Similarly,
‘Redskin’ peaches underwent a large decrease in cell wall weight
and firmness between the 3rd and 6th day of storage, whereas
‘Suncling’ peaches did not (Fig. 1B).

Changes in percentage of pectinand galacturonic acid. During
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Fig. 2. Chromatograms of CSP extracted trom “Redshan’ peaches picked 21 WAF.
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3 weeks of on-tree ripening. changes in weight of pectin as a
percentage of cell wall and changes in weight of galacturonic acid
as a percentage of total sugar (i.e.. ratio of galacturonic acid to
neutral sugar) in pectin appeared mimimal for *Suncling” peaches
(Table 1). ‘Redskin’ peaches showed an appreciable decrease in
weight percentage chelate-soluble pectin (CSP) and alkaline-
soluble pectin (ASP) and in the ratio of galacturonic acid to pectin
neutral sugar in the 22nd WAF. During storage at 25C. percentage
of cell wall pectin and the ratio of galacturonic acid to neutral sugar
decreased markedly between the 3rd and 6th day of storage for
CSP and ASP fractions of ‘Redskin’ peaches (Table 2). Minimal
changes during storage in percentage of cell wall pectin and ratio
of galacturonic acid toneutral sugar occurred in *Suncling” peaches.
For the two varieties, percentage ASP in cell walls was higher than
percentage of CSP, whereas the ratio of galacturonic acid to neutral
sugars was higher in CSP than ASP during tree ripening and
storage.

Chromatography. Figures 2-5 contain typical DRI and DV
chromatograms for CSP and ASP fractions from ‘Redskin’ and
‘Suncling’ peaches. These chromatograms are for samples picked
21 WAF and frozen 1 day after being picked. The envelope for the
macromolecular sized species of all the DRI traces (Figs. 2A-5A)
can be reconstructed as a linear combination of five or less species
as in previous studies (Fishman et al., 1989, 1991a, 1991b). Using

the same values for band spreading and peak position, the DV
chromatogram for the ASP (Figs. 3B and 5B), but not the CSP
(Figs. 2B and 4B), can also be reconstructed as a linear combina-
tion of fewer than five macromolecular sized species. In general,
these components decrease in Rg (molecularsize), M, and IV as the
elution time increases.

Changes inradii of gyration (molecular size). The datainFig. 6
A and B reveal that CSP is initially much larger than ASP. In the
case of ‘Suncling’ CSP, this difference in size is maintained
throughout on-tree ripening and storage. In the case of ‘Redskin’
CSP, in the 22nd WAF and on the 6th day of storage, a large drop
inthe size of ‘Redskin’ CSP has taken place, so that ‘Redskin’ CSP
and ASP are comparable in size.

Changes in intrinsic viscosity. As was true for R_ measure-
ments, the initial IV of CSP was much larger than the fV of ASP.
‘Suncling” CSP maintained a larger IV than ASP during on-tree
ripening and storage, whereas ‘Redskin’ CSP underwent a large
drop in IV in the 22nd WAF and on the 6th day of storage (Fig. 7
A and B). Thereafter the IVs of ‘Redskin’ CSP and ASP were
similar.

Changes in molecular weight. At 20 WAF, the M of all four
fractions was similar. The M of ‘Suncling’ pectin from the two
fractions was relatively constant during on-tree ripening and
storage, whereas the M of CSP and ASP from ‘Redskin’ peaches
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Fig. 3. Chromatograms of ASP extracted from ‘Redskin’ peaches picked 21 WAF.
Injected concentration, 0.57 mg-ml™'. See Fig. 2 for conditions.



increased considerably in the 22nd WAF and by the 6th day of
storage (Fig. 8 A and B).

Discussion

Galacturonic acid as a percentage of total sugar in peach pectin
is often reported to be significantly lower than the values reported
in Tables 1 and 2, with the exception of ‘Redskin’ at 21 WAF or
6 to 9 days of storage (e.g., Chapman and Horvat, 1990). The
individual neutral sugar content (data not shown) of the samples
reported in Table 1 were determined by gas chromatography ( K.C.
Gross, personal communication) and found to be consistent with
the high galacturonic values reported in Table 1. Thus. we con-
cluded that colorimetric estimates of sugar content in pectin were
correct. Further, IVs for peach CSP were significantly higher than
IVs for pectin from any other source measured in this laboratory
(Fishman et al. 1989b, 1991b). Moreover. galacturonic acid con-
tent appears to be uncorrelated or negatively correlated with IV.
The question arises as to what percentage of neutral sugars found
in pectin isolates are covalently bonded to pectin.

We previously used high performance size exclusion chroma-
tography (HPSEC) with computer aided curve fitting to study
changes in the macromolecular sized components of tomato fruit
pectin that occurred with maturity (Fishman et al.. 1989a). That
study paralleled the present onc in that a similar scheme was used
to extract the pectin components W tound that in all stages of
tomato maturity, pectin was composed of a linear combination of
five or fewer components (Fishman et al. 1989a). High perfor-
mance size exclusion chromatography analysis before and after
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Fig. 5. Chromatograms of ASP extracted from ‘Suncling’ peaches picked 21 WAF.
Injected concentration, 0.52 mg-ml'. See Fig. 2 for conditions.

dialysis against 0.05 M NaCl revealed that salt induced larger
components to dissociate into smaller subunits and fragments,
some of which passed through the dialysis tubing. These events
were marked by chromatograms that were shifted and/or had
shapes that were more skewed to longer elution times after dialysis
than before (Fishman et al. 1989a). Quantitatively, the dissocia-
tion of tomato pectin was marked by a decrease in the weight
average Rg after dialysis, and the weight fraction of smaller
components increased at the expense of larger ones. From its
behavior in the presence of NaCl, we concluded that cell wall
pectin behaved as if it were an aggregated mosaic held together
partially by noncovalent interactions (particularly hydrogen bonds)
(Fishman et al. 1989a). Furthermore, evidence indicated that the
loss of cell wall integrity (softening) could occur by mechanisms
other than degradation by polygalacturonase, such as changes in
the ionic strength of fluids in contact with the cell wall.

The concept that pectin is composed of five macromolecular
components was confirmed in a study of pectins from twelve
sources other than tomato (Fishman et al., 1991a). In a companion
study involving these same twelve pectins, using HPSEC with
viscosity detection, M and IV of each component and overall
global averages were determined (Fishman et al., 1991b). This
study demonstrated that some pectin components from different
sources but with the same value of Rg (i.e.,these components eluted
at identical times) had values of M and IV that differed. These
differences manifested themselves by differences in viscosity
detector component areas from chromatograms comparable to
those shown in the present study in Figs. 3B or 5B. Differences in
Mand IV atconstantR_are possible if pectins are aggregated rods
or aggregated segmented rods. Earlier studies on commercial
citrus pectins had led to this same conclusion (Fishman et al. 1984,
1986, 1989b).

Recently, circular pectin microgels were visualized by trans-
mission electron microscopy of rapidly dried aqueous solutions of
‘Redskin’ CSP (Fishman et al., 1992). The circular microgels were
comprised of interconnecting gel networks. The connecting ele-
ments (subunits) of the network could be dissociated into rods and
segmented rods when dried from 50% aqueous glycerol or 50 mm



55
%) A o
) o
= \ VARIETY—FRACTION
O 45¢ (o O—OS~-CSP
g 1 ® —@ R-CSP
= 40r ¢ A — AR-ASP
2
T 35t
& a—2
‘6 T r/
2] A

e e

2 25} & 1 a
3

20 - A e i

19 20 21 22 23
WEEKS AFTER FLOWERING

50 ' o VARIETY~FRACTION
[4 8 /'\0 0—0 S-CSP
E 45 O—o0 & —e R-CSP
4 1 ° a—a S-ASP
2 «— A—a R-ASP
g w0
z
8 35t

A

E ol ¢ :
& st ——
o 1 ~———a
g 25 } A— —~4 A

20 A A A i

0 2 4 6 8 10

STORAGE (DAYS)

Fig. 6. Changes in radii of gyration of CSP and ASP trom (S) *Suncling and (R)
‘Redskin’ peaches during (A) on-tree npening (B storage at 25C.

NaCl. The three most frequent subunits visualized by microscopy
were similar in size to subunits | through 3 measured by HPSEC
with viscosity detection. Further, based on size and molecular
weight, the subunits were calculated to be aggregates about three
to four pectins molecules thick.

The evidence that pectin “molecules™ are in fact noncovalently
bonded aggregates of smaller covalently bonded moities provides
a physico-chemical basis for several important properties of pec-
tin. These include the tendency of pectin: (i) to produce fragments
that in turn may initiate various metabolic processes in the plant
life cycle (Darvill et al., 1988): (ii) to undergo solvent-mediated
changes in cell wall rigidity as a alternative to direct hydrolytic,
enzymatic degradation (Fishman et al.. 1989a. 1992); and (iii) to
contribute significantly to the texture of processed and unproc-
essed fruits and vegetables (Fishman. 1991c). This comparative
study on pectin from ‘Suncling’ and ‘Redskin’ peaches was
undertaken to increase knowledge of (ii) by elucidating the effect
of non- and enzymatically mediated changes on the structure of
cell wall pectin.

‘Redskin’ and ‘Suncling’ peaches are edible when allowed to
ripen on the tree for 21 WAF. Chapman and Horvat (1990) re-
ported that the pectin content of ‘Monroe’, a MF peach, increased
from =11.5 to 20 WAF, and thereafter decreased. Pressey and
Avants (1978) reported that unripe MF peaches underwent marked
decreases in firmness upon ripening, and that the ripening was
accompanied by rises in endo-0.D-galacturonase activity and in
water-soluble pectin. NMF peaches showed a lesser drop in
firmness and a lesser rise in water soluble pectin than found for MF
peaches. Moreover, unripe NMF peaches exhibited low levels of
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Fig. 7. Changes in intrinsic viscosity of CSP and ASP from (S) ‘Suncling” and (R)
‘Redskin’ peaches during (A) on-tree ripening (B) storage at 25C.

endo-aD-galacturonase and very slight rises in its activity upon
ripening (Pressey and Avants, 1978). Our measurements of firm-
ness and weight percentage of cell walls in the fresh tissue tend to
support the findings of those cited and suggest that we study the
peaches at atime when pectin structure might be undergoing major
changes, particularly in the case of ‘Redskin’ peaches. The rela-
tively constant percentage of pectin in cell walls and ratio of
galacturonic acid to neutral sugar suggests that the net cell wall
material present during on-tree ripening or storage of ‘Suncling’
peaches remained relatively unchanged. Thus, the softening that
occurred was probably correlated with the net loss of cell wall.
Initially, ‘Redskin’ (MF) peaches seemed to follow a course
similar to that of ‘Suncling’ (NMF). At the end of on-tree ripening
or storage, however, large drops were observed in ‘Redskin’
firmness, percentage of cell wall in fresh tissue, percentage of
pectin in cell walls, and percentage of galacturonic acid in pectin.
Thus, it appears that in addition to the net loss in total cell walls,
the pectin rémaining in cell walls of ‘Redskin’ peaches changed
during the latter stages of maturation.

As was the case for compositional changes, molecular changes
occurring during on-tree ripening or storage were much greater for
pectin from ‘Redskin’ than from ‘Suncling’ peaches. Particularly
striking were the large drops in IV and Rg for ‘Redskin’ CSP in the
latter stages of on-tree ripening or during storage. Also observed
in the latter stages of these experiments was an increase in the M
for both CSP and ASP of ‘Redskin’ peaches. Because pectin exists
as aggregated rods, it is possible for the M to increase and the
viscosity to drop simultaneously (Fishman et al., 1991b, 1992).
Forexample, the splitting of dimeric rods into two monomeric rods



of equal length would halve the M of each dimer but increase the
viscosity of the solution due to the increase in the number of rods.
Simultaneous decreases in R_and IV accompanied by an increase
in M indicates a decrease in length and an increase in lateral
aggregation of ‘Redskin’ CSP. For the case of ‘Redskin’ ASP,
relatively constant values of R_and IV with time accompanied by
an increase in M indicates an increase in lateral aggregation but no
change in length. Because cell walls were isolated before pectin
isolation, the pectin analyzed was not being solubilized by in vivo
solubilization processes. Apparently, the lower M ‘Redskin’ pec-
tins are being solubilized first and/or there was a reorganization of
pectin aggregates. In the case of CSP, the longer rods were
solubilized, whereas length remained relatively constant during
the solubilization of ASP. Initially, CSP differed from ASP in that
it was longer and its solutions were much more viscous. The
difference between the two fractions was maintained during the
ripening and storage of ‘Suncling’ peaches, whereas differences in
Rg and IV between ‘Redskin’ CSP and ASP disappeared during
ripening and storage. These differences in pectin structure with
time for ‘Suncling’ and ‘Redskin’ peaches tend to confirm the
suggestion of Pressey and Avants (1978) that endo-aD-
galacturonase may be responsible for softening in ‘Redskin’
peaches but not in ‘Suncling’ peaches. Further, based on our
evidence, the question remains open as to what process is respon-
sible for the initial stages of softening in *Redskin’ peaches and any
softening in ‘Suncling’ peaches. Initially. the rather small changes
in weight of cell walls, and minimal changes in amount. composi-
tion, and pectin structure (Rg. IV. M) tor both varieties leads one
to question whether e-D-galacturonase is involved during the
initial stages of softening, and suggests that more research on other
mechanisms leading to texture-related cell wall changes need to be
conducted (Gross, 1990).
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Fig. 8. Changes in molecular weight of CSP and ASP from (S) *Suncling’ and (R)
‘Redskin’ peaches during (A) on-tree ripening (B) storage at 25C.
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