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Abstract ‘

The effect of freezing or dehydration on the textural and
other related properties of preserved fruits and vegetables has
been investigated in peaches, green beans, carrots, and
strawberries. Since it is believed that the pectic fraction is
responsible for much of the non—turgor-related textural
impression, the changes which take place in the pectic fraction
as a result of either freezing or dehydration have been followed.
Clearly defined changes take place in the composition of the
pectic fractions, as a result of freezing or dehydration. The
extent of change can be affected by appropriate treatment of the
raw material prior to either freezing or drying. The most
effective pretreatment is blanching. There is an observable
effect of blanching on the subsequent changes which take place in
the pectic fraction, during either freezing or dehydration
processing.

Conditions which minimize subsequent degradative change in
the pectin yield the highest quality products. The pectins are
characterized as water soluble, chelator soluble, and protopectic
fractions. All fractions change after processing. The extent of
change is dependent on the individual tissue, and indeed the
relative amount of the individual fractions i1s dependent on the
tissue. Ion exchange chromatography of the pectic fractions has
provided a finger print of the effects of processing.
tUnderblanching and overblanching result in more marked
degradative changes in the pectins. This 1s seen for both
freezing and for drying. It is true for carrots, peaches, green
beans and strawberries.

Pectin is confirmed as an important component contributing
to texture, and i1n dehydrated tissue, to rehydratability.
Blanching helps protect the pectin from degradation, and
therefore 1s an important pretreatment which improves product
quality.
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Introduction

Since 1t is difficult to market fresh produce on a year
round basis,; preservation methods have a high economic
significance. It is the purpose of preservation to yield a
product of high quality, with an extended shelf life, so that
market needs can easily be met. Freezing and dehydration are two
important fodd preservation technologies, employed by both the
fruit and vegetable industries. Both technologies are capable of
producing high quality products,; which possess a long shelf life,
but these products are readily seen to differ from the original
fresh tissue. Both freezing and dehydration produce a range of
changes within a tissue subjected to either process. One of the
mosst marked changes 1s associated with the texture of the final
product. It was our objective in this project to study the
textural changes resulting from freezing or drying, using
instrumental methods. In order to explain the. observed textural
changes, our particular objective was to investigate the role of
the pectic component of the tissue i1n the processes which led to
texfuréf;éﬁterations which could be detected by the instrumental
methods.

In order to i1nvestigate the role of the pectic component, it
was necessary to document the effect of a series of processing
regimes on the quality, in particular the texturally related
quality, of some processed tissues. By processed, in this
context, i1s meant either frozen or dehydrated. In order for

meaningful conclusions to be drawn as to the contributory role of
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the pectins, it was particularly‘important also to examine the
pectic material. Since it is not easily possible to examine
pectin as it exists within any tissue, some form of extraction
protocol had to be employed. The extracted material required
fractionation, followed by examination of the individual
fractions for evidence of change, presumed to be process related.
It was necessary to assume that any changes in the pectin caused
by the prbcess would be evident on the extracted material. It had
to be assumed that comparisons of the extracted materials would
lead to conclusions which would also be true of the original
tissue bound materials.

To extract pectins, an alcohol insoluble fraction of the
tissue is prepared!. This should contain the pectic polymers,
along with other cell wall components. This material, termed AIS,
is then subjected to a fractionation scheme based on consecutive
extractions by a series of aqueous solvent systems. Each solvent
fraction, which has i1ts own particular characteristics, can then
be further studied by some form of chromatographic separation
method. These fractions are termed WSP (water soluble pectin),
CSé“(Ehelator soluble pectin) and HS5P (hydroxide soluble pectin,

or protopectin)=,

Methods

Freezing and dehydration have been carried out using
standard procedures. For freezing, both fast and slow freezing
have been employed where appropriate. Blanching has been

performed by both the techniques of hot water blanching and steam



blanching. A& range of blanching éonditions have been used, which
are i1dentified where apﬁropriate. In all cases, the range of
conditions employed for blanching have included a light blanch,
or no blanch, and a severe blanch, in excess of the treatment
necessary to inactivate the major enzymes present. An extreme
blanch would be expected to increase the extent of thermal
degradative change to the tissue pectins. Figure 1 illustrates
the general.protocol used for much of the experimental
processing.

Conventional analyses have been performed to characterize
the ﬁissuesa, These analyses include enzyme assays where
appropriate. Textural assessment has primarily used i1nstrumental
techniques. For example, one such technique i1s back extrusion on
an Instron testing machine*. The force required to move a piston
at a constant rate down into a cup of tissue material 1s
recorded. At some point, the tissue extrudes back through the
annulus between the piston and the wall of the cup. This "back-
extrusion force" is recorded. Different tissues show
characteristically different forces of back extrusion.
Processiﬁé)-and storage also results in change in the force. The
higher the force recorded, the firmer the tissue. If the tissue
softens,; has there been a change in the materials of the cell

wall complex?

The cell wall material has heen prepared by precipitation of

the alcobol insoluble solids using 75% alcohol. After washing and

drying, fractionation of the AIS has involved extraction with

water, to give a water soluble fraction, extraction with a
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calcium chelator to give a chelaéor soluble fraction, followed by
an alkaline solubilization technique to yield the protopectin
fraction. The amount of pectin in each fraction is determined by
an assay for uronic acid content®, since the primary monomeric
unit of pectin is galacturonic acid, and the other alcohol
insoluble polymers of the cell wall complex do not contain any
appreciable content of uronic acid. The fractions can then be
further characterized by ion exchange chromatography, passing the
materials through a suitable column in the appropriate solvent.
The tissues examined in this project included carrots, green
beans, peaches and strawberries in the freezing study, and
carrots and peaches in the dehydration study. The results are
reported 1in terms of general observations on the effects of
processing, including texturally related aspects of quality, as
represented by the maximum observed back extrusion force. A lower
value of back extrusion force for a given tissue is taken to
reflect an i1ncreased softness of texture. The general
observations of chaange in the tissues are then followed by
specific studies of the effects of processing on the pectic
fractions wg{éh can he prepared from the individual tissues. A
report of some model experiments examining the efficiency of
chelator extraction of pectin, when vario@s chelators are

employed, precedes the report of the tissue results.



Results and Discussion

As indicated, after preparation of the AIS, this material is
fractionated to yield water soluble, chelator soluble, and
protopectic fractions. Since some pectin in the cell wall complex
may be associated with calcium, and hence be difficult to extract
with water alone, a chelator may be used to destabilize this
complex, and allow the pectin to be extracted into a water based
solvent. As can be seen from fiqure 2, which reports a series of
extractions on the AIS prepared from green beans, the efficiency
of extraction is dependent on the individual chelator used. We
have chosen to perform the extraction at a pH close to
neutrality, to minimize other possible change affecting the
pectic material, such as hydrolytic cleavage or beta elimination.
As a result the oxalate i1on, which is often used in fractionation
schemes for pectic materials in cell walls, would appear to be an
inappropriate choice for chelator. One reason for this is that
calcium oxalate is insoluble, and may indeed trap pectin within
the tissue matrix. The use of EDTA as chelator gives a much move
effective extraction. This conclusion has also been reached in a
simillar investigation utilizing the AIS extracted from carrot. A
manuscript describing part of this study bas been prepared for
publication. A copy of the draft i1s attached in an appendix to
this report. For this study the chelator of choice has been EDTA,
dissolved 1in a Tris bhuffer at pH7.

The results of the overall assessments of quality change in

“



processed tisues are summarized in table 2. All data have been
compiled from draft manﬁscripts attached as appendices to this
report. It is clear that some tissues yield better thawed or
reconstituted products (after freezing or dehydration as
appropriate) if a suitable blanching treatment has been utilized
prior to the main process. The result of too little or too much
blanching is to yield a product of poorer quality. The residual
enzyme activity after typical blanches is also summarized in
table 2 for carrots and beans. In some tissues, such as
strawberries, blanching i1s an inappropriate pretreatment, since
1t will produce severe textural damage in the tissue. Here, too,
appropriate pretreatments can yield higher quality products. In
this case pretreatment with calcium results in a firmer texture.
There i1s a clear change in texture as a result of freezing. This
change is additional to any change produced by blanching. There
1s a slower alteration in texture which takes place during frozen
storage.

In order to better understand some of the observations
summarized in table 2, the patterns of change in the pectic
fractions have to be examined. In tables 3 to 7, the results of
the fractionation and subsequent analysis of the pectins after a
variety of processing options are summarized. Clearly, processing
results in some degradation of the pectic fraction of the cell
wall matrix. The steps of degradation may be through protopectin
to chelator soluble pectin to water soluble pectin to urenic acid
oligomers and monomers. Loss of total pectins probably veflects

degradation to small ocligomers. The amounts of the individual



pectic fractions change thrbugh éhe influence of processing.
Also, as can be seen frém figures‘B and 4, the chromatographic
profiles of these fractions change in characteristic ways. The
effect of the processing on the pectins can be understood, at
least qualitatively. Both thermal degradation (due to blanching
or some other heat treatment), and degradation due to the action
of enzymes, can be seen. Some loss of methylation is evident.
Water soluble pectins can be lost in the drip. The molecular
weight of the pectins is lowered by cleavage of the polymer
chain.

From the results summarised in the tahbles, it is clear that
there is a degradation in textural quality which accompanies the
degradation in pectin. This is clearly seen as a reduction in the
characteristic force for back-extrusion in the "back—-extrusion
cell”. Some of this textural degradation may be due to ice
crystal formation in frozen systems. The growth of ice crystals
during frozen storage can be seen in the scamnming electron
micrographs of isothermally freeze fixed frozen green heans shown
in figure 5. We do not have at present similar micrographs
prepared from dried tissues, but figure 6 shows micrographs which
1llustrate the effect of freezing and blanching on carvots.

The detailed results of this study are contained in the
draft manuscripts of the appendices.

Conclusion

Thermal processing results in some degradation of pectins.
However, the deqradation which occurs in unblanched tissues can

be morve severe. An adequate blanch helps minimize the degradative
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change in pectins in bothlffozen'processing, and dehydration
processing, and 1is impoftant to tge maintenance of texture and
quality. Individual reports from this study have made
recommendations as to the optimum process to employ to minimize
detrimental change to the pecfic component of processed fruit and

vegetable tissue.
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Table 1%
Processing methods ’

Blanching:

(a) Water blanch. Used on produce to be dehydrated, at specified
temperatures.

(b) Steam blanch. Used on product to be frozen. Tumnel steam
blancher operated at temperature and with holding times
specified.

Freezing:

(a) Fast freezing utilized a blast freezer with air temperature
—-45~C or less.

(b) Slow freezing used a plate freezer with plate temperature
~20°C (Volcani) or a still air condition in a cold room with an
air temperature of -20°C (UC Davis).

Dehydration:
Hot air drying, temperature and time specified.

Analytical methodologies are described in the draft manuscripts
of the appendices.




(a) Carrot..

Treatment vyield T5S

fresh
peel

+2 min
blanch

+4 min
blanch

TSS Total soluble solids

1004 8.2
81 7.7
75.4 7.3
76 7.4

water blanch at 929=C

(b) Carrot..

Blanch
Time

O

Peroxidase

Retention

100%

2.2

.13

0

Steam blanch at 98=C

Table 2
Effects of processing on quality characteristics of tissues

Vit C

Catalase PE

general processing parameters

AIS*
3.0
2.77

3.1

enzyme inactivation and texture

Retention Retn

100%

100%

2.9

-46

O

Force
183kg
107
86

31.8

after 2 months frozen storage and thaw

100

PE Pectin esterase

100

1.0

.88

.81

4.6

-89

.15

)

2mo

58.9

48.6

Back—-extrusion

7mo

29.6

23.5

15.4



(c) Peaches (water blanching and sulfuring)

Blanch time Dry mattér AIS Pectin Firmness

O min 17% 13.2% 510mg/100g 21l.6newtons
5 15.2% 15.9% 454 15.5

15 14.2% 15.4% 349 7.8

after drying, result of pectin assay

blanch time total pectin protaopectin rehydration

min mg/100qg mg/ 100g weight
0 1780 430 277%
5 2628 731 330%
s Il 2781 1135 34a7%
15 2428 512 294%
15+ 2482 293 314%

#*# sample from second batch of peaches

(d) Green Beans

Blanch total
time solids
Omin 11.3%
1 10

a2 10.95

3 10.8

4 10.2

S 10.2
PO peroxidase
LO 1lipoxygenase
PE

PO
act

100%

LIP
act

100%

pectin methylesterase

BEF back-extrusion force

Steam blanch at ?8-<(

P
act

100%

BEF

174kg
165

145

127

69

Drip
loss

1.7%



fable 3

Characteristics of pectins extr
méterials. Amount nf pectic fr
differ ent tissues.

ac#ed from differently processed
actions in the arg prepaved fiom

_ : TABLE
(a) Stravberry blast frozen =20 C storage
(varfety Afko)

— e —————— e

unfrozen 1 week 10 mo 10 mo(*)
wsp 48.6 h4.5% 31.22 47.22
csp l4.1 15.4 17.4 14.8
HsPp 9.5 9.8 12.6 10.1
Sum 72.2 69.7 61.2 72.1

(*) AIS prepared dircctly from frozen tisgue, with no drip
loss occuring, unlike regular preparation.

(b) Strawberry alow frozen -12 C storage
(varlety Pajaro)

unfrozen 1 day 4 month
WSP 44 .63 46.98% 47.17%
cse 24.80 19.48 18.43
HSP 24.05 23.83 21.86
Sum 93.48 89.79 87.46
RESIDUAL 15

(c) Peach unblanched =20 C storage

unfrozen 1 day 4 month
WSPp 23.56% 26.28% 23.742
cse 8.86 9.27 11.82
use 36.09 h0.52 52.68 -
Sum 68.51 76.07 88.24
RES LDUAL, 22

(d) Creen bean 2m blanch slow frozea -12 C storage

unfrozen 1 wonth
use 8.812% 8.322
cse 19.33 22.31
Hse 21.33 18.85
Sum 49.48 49,48

RES LDUAL 36




©omees e vl Lee Gilterent

tissues*. o~ :
{
Fraction Strawberry Peaches Green beans
; Total uronide 100% 1003 - 100% 5
5 WSP 44.6 23.6 8.8 g
: GSP 24.8 8.9 19.3 :
§ HSP 26.1 36.1 21.3
; SuM 93.5 68.6 49.4
f Residue 15.3 21.6 35.4

*Unblanched unfrozen tissue for strawberry and peaches, and 2 min
blanched at 212°F, unfrozen for green beans.

Pectic fractions of blast frozen peaches stored at -20

Fraction Unfrozen 1 Day 4 Months
. ug GA/ug ps ng9 GA/ug e g GA/ -
R CWAILS CWAIS uCWAISug
of Total 0.4415 100.0 0.4077 100.0 0.3321 100.0
WSp 0.1040 23.56 0.1071 26.27 0.0788 23.73
cSp . 0.0391 8.86 0.0378 9.27 0.0393 11.83
HSP 0.15¢23 36.08 0.1652 40.52 0.1749 52.66

SUM 0.3024 68.50 0.3101 76.06 0.2930 88.23



Table 4

Mevtral sugar rontents of various pectin fractions., MAalysais by
the method of Albercheim et ale.

o

»

i R e

T,

.+ Neutral sugar composition of Soluble Pectin in the A.I.S

(mg/g dry matter).

Sugar Control s Blanching $% Blanching % Dehydration %
Dehvdration

Rhamnose 0.09 0.8 0.13 1.1 0.11 0.9 0.09 0.9
Arabinose 0.53 5.0 0.72 6.1 0.81 7.1 0.66 7.2
Xylose ~ 0.05 0.4 0.06 0.5 0.07 0.6 0.09 0.9
Mannose 0.59 5.1 0.26 2.2 0.33 2.9 0.23 2.5
Galactose 0.94 8.9 1.72 14.7 1.07 9.4 1.05 11.5
Glucose 0.23 2.1 1.06 9.0 0.74 6.5 0.68 7.4
Total Neutral

Sugars 2.43 22.3 3.95 33.8 3.13 27.5 2.81  30.7
Galacturonic acid 8.11 77.7 7.72 66.2 8.24 72.5 6.30 69.3
Total sugars 10.54 100.0 11.67 100.0 11.37 100.0 S.11 100.0




the indicated treatments

(mg/g dry n matter).

- sdlie ClUllell UL gasaClULuniC acla in Uk pectlc Iractionsias a result of

TREATMENTS SOLUBLE % CAICIUME & PROTO- % TOTAL
PECTIN PECTATE PECTIN G.A.

UNTREATED TISSUE 8.11 16.9 11.54 24.1 28.13 58.8  47.78

BLANCHED TISSUE 7.72 12.4  °20.30 32.8 33.76 54.6 61.78

BLANCHED &

DEHYDRATED TISSUE 8.24 16.8 19.03 38.8 21.73  44.3  49.00

DEHYDRATED TISSUE 6.30 35.9 4.1 23.4 7.11° 40.5 17.52

'y Total carbohydrates in

(mg/g dry matter).

the A.I.S/éfter various treatments

Fraction Total sugars
Soluble % Calcium % Proto- % Total %
Pectin Pectate Pectin

UNTREATED TISSUE
NEUTRAL SUCARS 2.43 3.8 1.07 1.7 11.58 18.4 15.08 23.9
GALACTURONIC ACID 8.11 12.9 11.54 . 18.3 28.13 44.7 47.78 76.1
CARBOHYDRATES 10.54 16.7 12.61  20.0 39.71 63.1 62.86 100.0
BLANCHED TISSUE
PH-6.3 _
NEUTRAL SUGARS 3.95 5.0 2.94 3.7 9.75 12.4 16.64 21.2
GALACTURONIC ACID 7.72 8.8 20.30 25.8 33.76 43.0 61.78 78.8
CARBOHYDRATES ‘11.67 14.8 23.24 29.6 43.51 55.4 78.42 100.0
BLANCHED DEHYIRATED
TISSUE
NEUTRAL SUGARS 3.13 5.4 2.62 4.5 2.99 5.1 8.74 15.1
GALACTURONIC ACID 8.24 14.2 19.03 32.9 21.73 37.6 4.9.00 84.9
CARBOHYDRATES 11.37 19.6 21.65 37.4 24.72 42.8 57.71 100.0
DEHYDRATED
TISSUE
NEUTRAL SUGARS  2.80 11.8 0.64 2.1 2.57  10.9  6.01 25.5
GALACTURONIC ACID 6.30 26.7 4.11 17.4 7.1 30.2 17.52 74.5
CARBOHYDRATES 9.10 38.6 4.75 20.1 9.68 41.1 23.53 100.0




Tabte 5

Characteris s .

sophaton ;;:‘CS uthhe Pectic fractions separafed on DEAE

e i fumne . vrical separstiorne - . = SRS

g oand 4. Pavstions are 31llustrated 11y figures

' Neutral sugars ratios from anion exchange chromatography fractions of strawberries WSP,
still air frozen -12c storage.

sample tot neutral sugars Rhamnose Fucose Arabinose Xylose Mannose Galactose Glucose
: .tot uronides

unfrozen 0.24 : 1.0 4.5 2.20 18.0 19.6 6.8 35.4 13.4
unbound fraction

unfrozen 0.21 : 1.0 29.1 3.1 24.3 5.6 5.7 19.6 12.6
bound fraction

1 day storage 0.18 :.1.0 5.3 3.0 15.3 15.7 4.9 40.1 15.7
unbound fraction

1 day storage 0.32 : 1.0 31.2 - 21.5 8.6 8.5 17.9 12.4
bound fraction

4.5 month 0.14 : 1.0 5.6 3.5 17.0 16.9 3.7 39.0 14.3
unbound fraction .

4.5 wonth 0.13 : 1.0 30.1 1.2 20.7 3.9 2.1 19.5 21.6
bound fraction




The content of total galacluronic acids and neutral heated sugars -
after separation on DEAE column in the calcium pectate fracture of
untreated and heated carrot-tissue.

The sugar content is expressed in micrograms and as a percent of

‘total pectic substances.

Sunar Content (ug)

Fraction o, Total Sugars

Treatment
A 3 B ® C » ug »
Untreated tissue
Neutral sugars =~ 680 3.1 1260 5.8 180 0.8 2120 9.7
Galacturonic acids 761 3.5 18720 85.6 262 1.2 19743 90.3

Pectic substances 1441 6.6 19980 91.4 442 2.0 21863 100.0

Blanched tissue

Neutral sugars 1796 6.8 3915 14.8 24 0.1 5735 21.7
Galacturonic acids 5184 19.6 14616 55.2 ' 954 3.6 20754 78.3
Pectic substances 6980 26.4 18531 70.0 978 3.7 26489 100.0

The ratio between neutral sugars and rhamnose in the

soluble pectin fraction of untreated and heated carrot tissue.

Untreated tissue Heated tissue
Heutral sugars Fraction
Compositinn th r, i3 B C
Arabinose 10.0 6.9 5.0 2.9 1.9
Mannose 0.5 1.7 1.0 1.2 0.9

Galactose 16.4 9.2 6.0 4.7 3.2



Comparison of neutral sugar content and degree of
Table 6 esterification of WSP from three different tissues*.

Total neutral sugars:

Commodi ty total uronides ~ Percent DE

Strawberry 0.25 : 1.0 ,' ‘ 47.3

Peaches : 0.37 : 1.0 80.1

Green beans** 0.41 : 1.0 0.0
Table 7

Percent degree of esterification of WSP from still air
frozen strawberries -12°C storage.

Sample Percent D.E.

Unfrozen strawberries

total WSP 47.25
unbound fraction 93.66

1 day storage

total WSP 78.15
unbound fraction 86.25

4.5 month storage

total WSP 43.91
unbound fraction 91.43
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Description of cooperation.

The research performed under this grant, and summarized in this
report, was carried out jointly in Israel at the Volcani
Institute, and in California, at UC Davis. The bulk of the work
relating to dehydration was performed at the Volcani, under the
direction of A.Levi and N Benshalom. The freezing work was
primarily performed in Davis, under the direction of P. Reid and
B. Luh. Some tissues were studied in both places. The ﬁethods of
pectin assay were jointly developed, and results were shared
where practicable. The principal investigators met twice during
the project to compare progress, and plan future work. One
meeting was at the Volcani Institute, and the other at UC Davis.
A series of joint publications are in preparation to report the
results of the investigations. Draft manuscripts are attached
where fhey are sufficiently developed. Some of these manuscripts
have already been submitted for publication, others are under
revision prior to submission. The results of the two segments of
the study are in essential agreement as to the importance of
pectin to textural quality, and to the extent of degradation of

pectin which bccurs as a consequence of processing.
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Appendices

Draft manuscripts currently being prepared for publication are

contained in this appendix. More detailed discussion of results

is given. The manuscripts included are:

1. Effects of Freezing and Frozen Storage on characterlstlcs of

Pectin extracted from Cell Walls. Apl1-9.

2. Physicochemical changes occurring in green bean tissue during
" blanching, freezing and frozen storage. Apl0-24.

3. A comparison of calcium bound uronide extraction from green

.bean cell wall material using different chelating agents. Ap25-35

4. Physicochemical changes occurring in strawberry t:ssue due too

freezing and frozen storage. Ap3dé—-46

5. Enzymes, texture and quality changes in diced carrots durlng

blanching, freezing and frozen storage. Ap47-67 :

6. Degradation of pectic substances in-carrots by heat treatment.

ApbI9—-846 '

7. Effect of blanching and drying on pectic constituents and

related characteristics of dehydrated peaches. Ap87—- 113.
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TITLE:

PHYSTCOCHEMICAL CHANGES OCCURRING IN GREEN BEAN (GENUS SPECIES) TISSUE
DURING BLANCHING, FREEZING, AND FROZIN STORAGE

ABSTRACT:

The heat-induced softening that occurs during the blanching of green bean
tissue was characterized. Heat treatment of green bean tissue caused a softening
of the tissue as measured by an Instron back extrusion technique. This softening
was accompanied by an increase in the amount of water soluble uronide material
within the green bean tissue and additional water soluble wonide leached into
the blanching medium. Freezing and théwing of the green bean tissue caused
additional textural alterations and these were quantified for several different
blanching treatments. Iong term frozen storage of blanched and unblanched green
bean tissue did not show any significant changes in product textural characteristics

through 35 weeks of storage at —2OOC.



INTRODUCTION:

The énzyneé of most vegetables and some ffuits are often inactivated prior
to freezing usually by a heat treatment or "blanch". Blanching causes a variety
of changes within the tissue, not all.of which are desirable.

The heating of fruit tissue often causes gross loss of textural crispness
due to cell membrane damage, whereas many vegetables retain their frimness after

heat treatment because they possess relatively thick cell walls. Parenchyma

cells in the outer portion of the green bean pod would provide this type of textural

effect (Brown, 1977). The thermally-induced softening process leaves a cell wall
structure that remains essentially intact and continuous as can be seeﬁ by
microscopic examination of heated tissue. In a review of fruit and vegetable
texture, Brown (1977)- also stated that cooking does not break green bean cell
walls, though it doesAsoften tissue.

The thinning of cell walls due to blanching of green beans is associated
with the solubilization and loss of middle lamellar pectic substances. Mohr (1974)
showed this cell wall thinning in various micrographs. Reeve (1970) also stated
that all parenchymous fruits and vegetables undergo pectic changes during heating.
He attributed their resulting.loss of firmness to the formation of soluble pectins.

Hughes et al. (1975) found the loss of compressive strength of potato tissue
during cooking to be related to the release of pectic substances into the cooking
liquor. They found that starch release was not related to this loss of compressive
strength. Further experimentation by these researchers showed that calcium
chloride addition to the cooking medium reversed both compressive strength loss

and increased pectin retention either due to a calciur-binding effect or to a

drop in pH.
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Alibersheim and coworkers (1960) showed that heat treatment of model
_pectin solutions adjusted between pH 6.8 and 4.0 produced a rapid drop in
viscosity due to breakage of glycosidic.bonds adjacent to methoxyl groups by
transelimination. Therefore, elevated tenperaturés near neutral pH would provide-
conditions very favorable for transelimination reactions and cause softening
in potatoes as was suggested by Hughes et-al. (1975). The softening caused
by heat treatments at low pH and the heat-induced softening of carrots, a
tissue containing pectins of low methoxyl ester content, would probably not
be due to this transelimination effect.

It is widely recognized that freezing brings about changes in the texture
of fruits and vegetables. There exists a close relationship between structure
and texture that is aitered by the freezing process. A summary of the structural
damage damage caused in green beans due to different type of freezing can be found
in an investigation by Brown (1967) where he correlated the degree of texture
loss with the extent and type of damage. In this work, it was shown that
although blanching and cooking did not produce visible tissue damage, freezing of
the tissue did. Slightly slower than optimal freezing rates caused damage to
immature cells of the inner parenchyma, as viewed by optical microscopy. Even
slower rates of freezing caused breakage of other cell walls in the tissue
and separation of the walls in the outer vart of the pod.

Brown (1977) stated in his review of frozen fruit and vegetable structure
that although blanching does not seriously alter the macrostructure of the -
vegetable tissue, it does allow more damage to be done by subsequent freezing.
Crivelli and Buonocore (1971) reported that histological examination of blanched
and unblanched tissue that haé been frozen showed that blanching made the tissue
rmore sensitive to freezing damage. They showed that the structural damage induced
by freezing was more widespread in blanched than in unblanched cauliflower, green

bean, carrot, and green pepoer tissues.



Dietrich et al. (1959) found "no important textural changes" in green
beans during frozen storage but these experiments were conducted before rapid
freezing methods were in use. Brown (1977) found that ﬁextural deteriération
during storage can occur due to too.high storage temperature duriﬁg distribution
or if the material is allowed to thaw and refreeze slowly. Since cellular
structure is greatly affected by freezing rate, a product thawed and refrozen
in storage will be of poorer quality than one that has been maintained in a frozen

state.



5t ani raee .
SR ) ,«\,334 .

MATERTALS AND METHODS:

Test Materials:

Green beans (Genus species).of tﬁe Gallantin Valley 50 variety were
obtained from a commercial processor. Beans were snipped and cut by the
processor into approximately 3 inch lengths. The green beans were stored
under refrigerated conditions(4OOC) in polyethylene bags for no more than

48 hours prior to further processing and analyses.

Processing Conditions:

Blanching - Two blanching methods were employed, steam tunnel and water
bath blanching. The water bath blanch consisted of taking 100 grams of beans
and placing them in 1000 ml of deionized water at approximately 100°%C. After
the desired blanch time the beans were removed and quickly cooled in an ice-water
bath. Steam blanching was done in a steam tunnel blancher and blanch time was
controlled by adjusting belt speed in order to achieve the desired residence
time. The prodﬁct was cooled after blanching as described above.

Freezing - Green bean samples were pPlaced in a Conrad Blast Freezer with
ambient temperature being controlled to -69° * 1°C. The sanmples were placed
on wire mesh trays in a single layer in order to allow pProper air circulation.
Frozen samples were stored in bags and then boxed prior to being placed in
frozen storage at —ZOOC. The bags used for storage were heavy walled STD
B620SP CRYOVAC 12" x 22" heat sealed container bags.

Thawing - Frozen samples were thawed in air for approximately 1.5 hours

at 20°C ambient temperature.
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Celi Wall Preparation:

| A modified method baséd on that described by Ahmed and Labavitch (1977) was
used for preparation of cell wall material. This cell wall material, once isolated,
is stable and can be stored for several months before analysis. The preparation
procedure is as follows: the tissue is washed and trimmed, 100 grams 1is
weighed and placed in a waring blender with 400 mls 70% ethanol and water and the
mixture is homogenized for one minute. The slurry is transfered to several 50 ml
centrifuge tubes, capped, and centrifuged at 19,000xg for 10 minutes. The supernatant
is discarded and the‘pellet-is transfered to a course sintered glass funnel. The

pellet is disrupted with a metal spatula and washed three times with 100 ml volumes

" of 70% ethanol, three times with 100 ml volumes of chloroform:methanol(1l:1), and

three times with 100 ml volumes of acetone. The residue is then air dried at 2ooc.

Moisture and Ash Analysis:

Moisture and ash contents of cell wall materials were determined as described

by Owens et al. (1952).



Solubility Fractionation:

Water soluble fraction - 100 mg of'%éolated cell wall material was weighed
into a 50 ml centrifuge tube and 20 ml;j;RIS buffer at pH 7.0 was added. The
tube was capped and vigorously shaken at ZOOC for 5 minutes. After shaking, the
tube was centrifuged at 10,000 x g for 5 minutes and the supernatant collected.
Additional 20 ml volures of buffer were added and the supernatants pooled until
negligible amounts of pectic material could be extracted from the pellet.

Chelator soluble fraction - To the water extracted pellet (from above) 20
mls of 0.10 M Na2EDTA buffered to pH 7.0 with 0.10 M TRIS buffer were added.

The pelleted ﬁaterial was suspended in the chelator solution, shaken, and centrifuged
as deécribed in the above procedure.l The chelator supernatants were pooled after
the pellet had been exhaustively extracted as described in the above procedure.

Hydroxide scluble fraction - To the water and chelator extracted.pellet(from
above) 5.0 ml of 1.0 N NaOH was added and this material was then transfered to a
100 ml voluretric flask and brought to volume with distilled water. The material
was then stirred for 15 minutes and then filtered through Whatman #1 filter paper
on a Buchner funnel. The filtrate was collected for analysis.

Each of the threes pooled pectic fractions was held at 40°C until analyzed

for uronide composition.
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Uronic Acid Analysis:

Pectic material content (measured as ahhydrouronic acid) was determined
colcrimetrically by the neﬁhod described by Blumenkrantz and Asboe-Hansen (1973).
Corrections for the slightly pink chromogen formed when neutral sugar—containing
materials are heated in the presence of HZSO4-tetraborate were made by subtracting
plank values determined for tubes to which 0.5% NaOH, rather than m-hydroxydiphenyl,
was added. A standard curve was constructed using 0 to 80 ug «-D-anhydrogalacturonic

acid (Eastman Kodak Co.) per tube in the manner desribed above.



Textural Analysis:

For textural analyses of fresh and frozén/thawed sanples, an Instron
Univeéersal Testing Machine model no. 1122 was éitted with a 50kg load cell
and a scaled-down cup and plunger attachment similar to that described by'
Bourne and Moyer (1968). A cylindrical alumninaum cell 3.3 cm I.D., 3.8 cm
0.D., 3.6 cm internal height, and 3.8 cm external height was constructed.
This cup was mounted to a 10 cn x 10 cm base plate and compression/extrusion

was achieved using a 3.0 cm diameter plunger.

A group of one inch pieces of green bean tissue

was placed horizontally in the extrusion
céll.cup at a weight of 15.0 g per test compression. Plunger speed was held
constant at 100 cw/min from_a position 3.9 cm above the base of the cup to
approximately 0.7 cm above the base as the sample was cormpressed and then
extruded. Average extrusion force was obtained by taking the average plateau height

of the extrusion curve replicates and expressing it in terms of kg force.



Textural Analysis:

For textural andlyses of fresh and frozén/thawed samples, an Instron
Universal Testing Machine model no. 1122 was éifted with a 50kg load cell
and a scaled-down cup and plunger attachment similar to that described by
Bourne and Moyer (1968). A cylindrical aluminaum cell 3.3 cm I.D., 3.8 cm
0.D., 3.6 cm internal height, and 3.8 cm external height was constructed.
This cup was mounted to a 10 cm x 10 cm base plate and compression/extrusion

was achieved using a 3.0 cm diameter plunger.

A group of one inch pieces of green bean tissue

was placed horizontally in the extrusion
céll.cup at a weight of 15.0 g per test compression. Plunger speed was held
constant at 100 an/min from a position 3.9 cm above the base of the cup to
approximately 0.7 cm above the base as the sample was corpressed and then
extruded. Average extrusion force was obtained by taking the average plateau height

of the extrusion curve replicates and erpressing it in terms of kg force.
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RESULTS AND DISCUSSION:

Investigation into the relationship between pectic material loss into
the blanching medium and textural,al£erati0n during the blanching process
was conducted as follows. Green bean tissue was blanched for various lengths
of time in a water bath blancher and the blanching medium retained. The texture
of the green bean tissue was analyzed using Instron back extrusion and the
blanching ligquor was analyzed for pectic material content. The results of
these analyses are found in table 1.0 and have been depicted in figures 1.0

Ve

through 1.2. Figure 1.0 shows the progressive thﬂhih extrusion force reguired
to extrude green bean tissue that had been blanched for increasing lengths of
time in the water bath. Pectic materials were shown to increase with increasing
bath blanch time as is shown in figure 1.1. If the softening caused by heat
treatment is then compared to the amount of pectic material released from the
tissue, the curvilinear relationship of figure 1.2 is obtained. The steep
portion of the curve may reflect that considerable changes and weakening of the
structure of the middle lamella matrix and concomitant loss of intercellular
adhesion result from release of smzll amounts of pectic substances. The results
suggest that thermally-induced degradation of pectic substances results in a
reduction of intercellular adhesion and possibly a weakening of cell walls in the
green bean tissue as reflected by a loss in extrusion force required for back
extrusion; After determination of the relationship between pectic substances
released into the blanching medium and thermally-induced softening, an investigation
Of pectic substances in situ was conducted. A solubilization of pectic material

within the green bean tissue was observed that also related to the thermally-

induced softening previous characterized.



The combined texturalveffects of both steam blanching and blast freezing/
thawing were investigéted. Tables 2.0 and 3.0 include results of texturzl analyses .
on green bean tissue that had been exposed to a vériety of blanching conditions
and the effects of freezing and thawing on this blanched material. The
characteristic thermally-induced softening effects are evident in figures
2.0 and 3.0 where extrusion force has been plotted versus blanch time for
two separate nroduct lots. The greatest effects on product texture occur within
the first 5 minutes of blanching as can be seen in figqure 3.0 where blanching
tiﬁes were extended to 10 minutes. Blast freezing and thawing of the green bean
tissue causes additional softening as measured by the back extrusion technique.
This additional softening , represented by the lower curves in the two figures,
is probably due to a further damaging of cell ﬁembranes and disruption of cell
wall structure caused by ice crystal formation within the tissue.

Frozen storage at -20% of blanched and unblanched green bean tissue was
shown to cause no significant changes in product textural characteristics through
35 weeks of frozen storage. Table 4.0 summarizes the results of textural
analyses conducted on unblanched and blanched, frozen, and thawed green bean
tissues. The results of these analyses have been craphically represented in
figure 4.0 and it is evident from the graph that although blanching and freezing
exert a textural effect, frozen storage time does not seem to cause any noticable
changes.’

Analyses of the pectic polysaccharide constituents of the green bean tissuss
that had undergone various blanching and freezing regimes were conducted. The
results in table 5.0 give the relative proportions of each class of pactic
material extracted from cell wall material cbtained from green bean tissues blanched
for various lengths of time. No significant conclusions could be drawn from thesa
results although the trends of increasing water soluble pectin contents in blanched

fresh green bean tissue seem=d to be reduced and distorted in the cell wall pectic

-

ractionation analyses.
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TITLE:

A COMPARISON OF CALCIUM-BOUND URQ:IDE EXTRACTION FRQM GREEN BEAN CELL
WALL MATERIAL USING DIFFERENT CHELATING AGENTS. ' '

ABSTRACT:

Several chelating agents were used to extract calcium-bound uronice
material from a stable cell wall preparation. Sodium-EDTA exhibited greater
extraction efficiency than the chelators, ammonium oxalate and sodium

hexametaphosphate when used at 0.10 molar concentration and neutral pH.

" This increased efficiency for calcium-bound uronide removal at neutral pH

[

may be due to greater solubility of the EDTA-calcium complex[“stronger
binding constant for Ca-EDTA, or a more effective ionization of the chelator
at neutral pH. These results suggest that EDTA may be the chelating agent

. Y . . . . .
of choice when a non-dgradative extraction of calcium-bound uronide material

is desired at a neutral pH.
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INTRODUCTION:

Pectic substances are part of all higher blant tissues and are particularly
abundant in meristematic and parenchymous tissue(Pilnik and Voragen, 1970).
They make up about one third of the dry material of the primary cell walls of
fruits and Qegetables and probably contribute a much greater proportion of
the midéle lamella(Van BUren, 1979). These pectic materials are very often
associated with the textural condition of the plant tissues they are loéated
within and are thoﬁght to be affected by ripening, as well as various fruit
and vegetable processing conditions. The pectic materials are therefore
often studied by researchers for their chemical and physical contributions
to the textural condition of various fruit and vegetable tissue during ripening
and processing treatments.
Joslvn and Deuel (1963) stated that while a considerable amount of data
are available on the chemical composition of extracted pectins, investigations
of the rate and extent of extraction of pectins from plant tissue
preparations are limited. This, they said, is reflected in the
wide variations in recommended extraction times (10 minutes to 24 hours)
and temperatures(ooc to boiling point of the solvent) which are
found in the literature.
Because péctic.substances exhibit heterogeneity, isolation is often
done by fractionation into solubility groups. McColloch (1952) described
detailed methods of extraction, isolation, and analysis of pectic substances
based upon their solubility characteristics. He stated that the results of these
solubility methods are not always reliable due to overlep of solubility characteristics.

Also, no more than 70% of the total galacturonan could usually be accounted for in

the fractions.



McCready and McComb (1952) have also characterized the shortcomings of such
multi-extraction procedures by drawing attentién to the overlapping solubilities
of the various pectié éubstances. Thus, low methoxyl pectins may also be
water soluble, depending upon the cation composition of the fruit or vegetable
tissue, and on the other hand, enzyme demethylated pectins may be calcium sensitive
at quite high degrees of esterification.

Robertson (1979) recently proposed a fractional extraction procedure to
isolate pectic materials from alcohol insoluble solids of grapetissues and musts.
In the described procedure the alcohol insoluble solids are progressively extracted
by water (extracts high methoxyl pectins),_ammonium'okalate(extracts low methoxyl
pectins), and cold alkali(which solubilizes protopectin). Each of these three
fractions cagyge analyzed for pectin content. This same procedure has been
described by EL Tinay (1979) for the fractional extraction of guava pectic substances.

These methods provide only very conservative estimate of the proportions
of each of the three fractions due to the short time of exposure and the relatively
large proportion of pectic material as compared to the volume of extractant used.
These methods may lack efficiency in the first two‘extraction steps (water and
chelator extractions) and could skew the results to show a greater than accurate
estimation of protopectin since material not extracted in the first two steps
would be solubilized by the alkali treatment. It also seems that the final NaOH
treatment could leave a certain amount of pectic material associated the the
undissolved material filtered from the soluble protopectin fraction. Studies
conducted in this lab have shown that acid hydrolysis of the remaining alkali

treated pellet further liberates pectic material that can be quantified by uronic

acid assay.



Possible reasons for the difficulties in extracting pectic substances from
plant tissues have been reviewed and tgsted by 3oslyn (1962) . These include salt
linkages, covalent and non-covalent bonding to hemicelluloses, and mechanical
intermeshing. When pectic materials have been extracted, they often show signs
of degradation due to the harsh extraction methods needed for their removal from
the tissue. A lower intrinsic viscosity of these preparations is one common
indicator of degradation and suggests lowered molecular weights (Van Buren, 1979).

Knee (1973) campared various degradative and non-degradative extraction methods
in his research on polysaccharides and glycoproteins of apple fruit cell walls.
Although the literature seems to present a variety of methods, each has its
inherent advantages and disadvantages. For studies aimed at analysis of pectic
materials in their non-degraded condition, extration conditions must avoid extremes
in pH and concentration. Extraction of pectic materials from plant tissues exhibiting
pH's in the neutral range should avoid degradative reactions. associated with high
or low pH conditions. This can be achieved with various buffered agueous and
aqueous chelator solutions. The choice of an aqueous chelating solution based on

its ability to remove calcium-bound pectic material is discussed in this paper.
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MATERIALS AND METHODS:

Test Materials:

Green beans (Genus species) of the variety Gallantin Valley 50 were obtained
from a conmercial processor. Beans were snipped and cut by the processor into
approximately 3 inch lengths. The green beans were.stored under refriééted

conditions (40°C) in polyethylene bags for no more than 48 hours prior to cell wall

preparation.

Cell Wall Preparation:

A modified method based on that describad by Ahmed and Labavitch (1977) was
used for preparation of cell wall material. This cell wall material, once isolated,
is stable and can be stored for several months before analysis. The preparation
procedure is as follows: the vegetable tissue is washed and trimmed, 100 grams is
weighed and placed in a waring blender with 400 mls 70% ethanol and water and the

mixture is homogenized for one minute. The slurry is transfered to several 50 ml

centrifuge tubes, capped, and centrifuged at 19,000xg for 10 minutes. The supernatant

is discarded and the pellet is transfered to a course sintered glass funnel. The
pellet is disrupted with a me+alAspatula and washed three times with 100 ml volumes
of 70% ethanol, three times with 100 ml volumes of chloroform:methanol(l:1), and

three times with 100 ml volumes of acetone. The residue is then air dried at ZDOC.



Extraction Procedure: : 6w m
100 mg of OW is weighed into a 50 m; cént;ifuge tube and 20 mlsvtris buffer
at pH 7.0 is added before the tube is capped and shaken vigorously at 20°C for 5
minutes. After shaking ﬁhe tube is centrifuged at 10,000xg for 5 minutes and the
supernatant collected. Additional 20 ml volumes of buffer are added and the
supernatants pooled until negligible pecﬁic material can be extracted fram the

pellet.

To compare various chelating agents at neutral pH and T concentration,

an equal amount of identical cell wall material was successively extracted undér
equivalent conditions described above to remove water soluble pectic material.

For each of the three chelating agents 20 mls of the chelator solution
at 0.10 M and buffered with 0.10 M TRIS (adjusted with M HCl) was added to the
previously extracted pellet(from above) until negligible pectin could be extracted
(approximately 4 extractions with 20 mls of chelator solution). Each of the

chelator solution supernatants were then held at 40°C until they could be analyzed.

Uronic Acid Analysis:

Pectic material content (measured as anhydrouronic acid) was determined
colorimetrically by the method described by Blumenkrantz and Asboe-Hansen (1973).
Corrections for the slightly pink chromogen formed when neutral sugar-containing
materials are heated in the presence of H2504—tetraborate were made by subtracting
blank values determined for tubes to wnich 0.5% NaOH, rather than m-hydroxydiphenyl,
was added. A standard curve was constructed using 0 to 80 ug «-D-anhydrogalacturonic

acid (Eastman Kodak Co.) per tube in the mammer desribed above.
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Anion Exchange Chromaﬁography: '

The methods of O'Beirne et al. (1981) were followed with minor modifications.
Approximately 5.0 grams of DEAE-Sephadex (pharmacia, Inc.) were swollen in 100 mls
of 0.10 M phosphate buffer at pH 6.90 with gentle agitation for 48 hours.

A3 cm2 x 10 cm colum was poured and a 35u Nitex sheeting was used to support
th bed material.

Samples containing approximately 7.0 mg galacturonic acid residues dissolved
in 12 to 14 mls of buffer containing 0.10 M phosphate (equimolar amounts of KH2PO4

and NaHPO4), 0.001 Na.EDTA, pH 6.90 were layered on the column.

2 .
A linear concentration profile

was produced in a siphon arrangement that. delivered from 0.10 M phosphate to 1.0 M
phosphate to the colum as operating pressure was maintained at 25 to 30 cm H20

and flow was adjusted to approximately 50 ml/hr.. Samples were collected in 5 ml

tubes and held at 40°C until analyses were conducted on them.



RESULTS AND DISCUSSION:

Figure 1.0 éhows relative extraétion profiles for each of the chelating
solutions examined. It can be noted that NazEDTA showed the most efficient
extraction of uronide material in each of ‘the four successive chelator extractions.
The NazEDTA solution also demonstrated the greatest errall extraction of
calcium-bound uronide material from the cell wall preparations at neutral pH.

One may postulate the reason why EDTA demonstrates this superior performance
as a calcium chelator under these test conditions. If one examines the stability constants
of various metal chelates (See figure 2.0) it can be seen.that the.interaction between
EDIA and the calcium ion is very strong in comparison with various other chelator-ion-
conmplexes. Tﬁis strong association may give EDTA its increased extraction efficiency
above other chelating agents examined.

Another area of concern is pH's effect on ionization and in turn on chelator
extraction efficiency. Since calcium extraction is an ionic charge mediated reaction,
proper chelator ionization seems essentizl. Increased extraction efficiency by EDTA
at neutral pH may be a result of a more efficient ionic condition.

One possible explanation for a lower extraction efficiency by ammonium oxalate
can be based on the insolubility of an intermediate comoound in the calcium exchange
reaction. Calcium oxalate demonstrates a relatively low solubility and therefore
a high tendency for precipitation within biological tissues(Ferguson, et al., 1980;
Néncollas, 1977). It may, therefore, not affect an efficient exchange of calcium
from the pectic molecules within the cell wall matrix since it may insélubilize and
not carry the calcium into the extraction medium having low calcium concentration.

Figure 3.0 depicts this theoretical ionic exchage relationship.
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In summnary, neutral extraction pH for chelato; extration of calcium-bound
uronide material may be desirable ﬁor'avoiding‘dgradative reactions associated
with high and low pH uronide extraction conditions. At neutrél pH conditions
higher extraction efficiency is demonstrated by EDTA when compared to oxalate
and hexametaphosphate chelating agents at 0.10 molar concentration. The ﬁypes of
uronide material may be identical with each of the chelating agents and vary only
in the relative amount extractable or on the other hand may vary also in the
material's ionic charge distribution and molecular conformation.

Physical entrapment and slow diffusion play a major role in the freeing of
uronide material from biological tissues but selection of the proper chelaﬁing

agent may also be important in non-degradative extraction of the calcium-bound

uronide material in the tissue.
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FIGURE 2.0 LOG Kl Stability constants of various metal chelates
‘ (Ref. Handbook of food additives, 2nd ED. p. 275)

EDTA Ca 10.70
Oxalic acid Ca 3.0
Polyphoshate Ca 3.0

Tetrametaphosphate Ca 6.5

FIGURE 3.0 Cell wall matrix ion exchange relationship (theoretical)

HIGH CAICIUM CONCENTRATION LOW CALCIUM CONCENTRATION

M Dabn (Caleium ) mun] mbe . ,
Ca-Pectate Lxcﬁange Ca-oxalate bau—— ca7+ Oxalic acid(oxalate)
(INSOLUBLE)
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TITLE:

PHYSICOCHEMICAL CHANGES OCCURRING IN STRAWBERRY TISSUE DUE TO FREEZING
AND FROZEN STORAGE.

ABSTRACT':

Frozen storage at -20°C and subsequent thawing of strawberriestenus species)
was shown to cause a decrease in the amunt of total cell wall uronide in tissue
cell wall preparations. Fractionation of pectic materials isolated%rom these cell

1

wall preparations showed that the decrease in total cell wall uronide was mainly
due to a decrease in water-soluble uronide material. Ioss of bectic material in
drip loss could account for the drop in total and water-soluble fractions and may
be promoted by solubilization of pectic material during frozen storage in acidic
tissue pH or by migratory ice recrystzlization vhich may damage cellular architecture
and allow pectic materials to become increasingly water-soluble. The texture of
strawberries thawed after prolonged frozen storage at -20°C was also shown to
decrease slightly by 39 weeks. This apparentchoq?iin texture may relate to the
physicocheqdcal changes occurring in the pectic cell wall materials noted above.

Anion exchange chromatocraphy of water-soluble pectic materials isolated from
the thawed Strawberry cell wall preparations showed a difference between unfrozen,
frozen/thawed, and frozen/thawed/stored 35 weeks at —ZOOC sarples. A decrease in
a discrete pectic fraction of greater acidic nature was observed after freezing/thawing
and an apparent loss of this fraction had occurred in the long term frozen storage
sample. This decrease and loss may suggest degradation of the pectic substances

within Strawberry tissue during freezing/thawing and frozen storage.
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INTRODUCTION:

It is widely recognized that freezing brings about changes in the texture
of fruits and vegetables. There exists a close relationship between structure,
(localized chemical composition??), and texture that is altered by the freezing
process.

The texture of both the fresh and frozen strawberry is largely determined by
at least three factors that include (1) the turgidity of the cells, (2) the type
and amounts of cellular contents, and (3) the structural integrity of the epidermis,
parenchyma, and vascular tissue (Armbruster, 1967). Although some of these
factors depend on variety, many textural changes associated with the freezing
of strawberry tissue depend on the freezing treatment enployed.

Brown (1966) pointed out that damage to structure and texture during freezing
of fruits and vegetables is largely due to crushing or tearing of tissue during
ice crystal formation. Microscopic examination of strawberries reveals that
during the freezing process the parenchyma cells are ruptured but not separated
while the epidermal and :ylem cells are unruptured. Less severe cellular structure
changes occur in berries with smaller parenchyma cells according to Armbruster (1967) .

Frozen strawberries stored at or near conventional temperature of -18°c are
not completely frozen and still possess a certain unfrozen water content. The major
physical change that occurs during frozen storage, besides sublimation, is ice
recrystallization. This is a common event even at storage témperatures éf -18%¢
(Fennema, 1975). This process may be responsible fo; an increase in the amount
of thaw exudate from a tissue as the time of frozen storage is extended, although
reactions of a chemical nature may also play a role. Poor water-holding capacity
in the frozen thawed product is usually accompanied by a loss of up to 80% of the
original berry firmess. Rao (1967) showed that the amount of juice exuded by

frozen-thawed product correlated with the soft texture of the product.
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Woodroof and Shelor (1947) reported that frozen strawberry texture is better

preserved at -10°F than at higher or at.fluctuating temperatures. Recrystallization

may cause an increase in ice crystal size during temperature fluctuation, or in
other words, growth of large ice crystals at the expense of smaller ones according

to Brown (1977). This effect may have caused an increase in loss of fluid after

thawing as was observed by Wolford et al. (1971) in strawberries that had accidentally

been exposed to warming to -7°%c temperature during frozen storage.

Although frozen strawberries retain much of their original aroma, flavor, and
color they suffer serious textural degradation. Work conducted by Wade (1964) showed,
however, that the composition of insoluble cell wall polysaccharides was not changed
by freezing. In the area of frozen storage, Wade (1964) did show a progressive
decrease in the proportion of insoluble anhydrouronic acid (AUA, an estimation of
insoluble cell wall pectin content) in the cell wall with increasing time of frozen
storage at -18°¢ through 40 weeks. He attributed the loss to probable solubilization
of the pectic materials in weakly acidic strawberry tissue environment. Reeve (1970)
later mentioned Wade's results and commented on the loss of pectin in the cell wall
as being related to a"progressive softening".

Changes in pectic substances, readily extractable components of the cell walls
of fruit and vegetable tissues, have often been associated with the textuial changes
occurring éuring the ripening and commercial processing of fruit and vegetable tissues.

SRR NS e
This paper describzss efforts to‘cﬁéracterize the physical changes occurring during
Ifreezing, frozen storage, and thawing of strawberries. In addition, the cell wall
has e € bt cael
material of the processed strawberry tissue V examinad Zor changes in pectic composition

and an effort A made to relateAthe physical and chemical changes observed.
he S b(t','s 5..“\



MATERIALS AND METHODS:

Test Materials/Processing:

Strawberries (Genus species) of the Aiko variety were obtained from a
commercial processor. 'After harves£ they were mechanically topped, held for -
less than 24 hours at 40°C and then individually quick frozen (IQF) in a blast
freezer at -69°C + 1°c. These berries were stored in heat sealed bégs to reduce
sublimation in the tissue samples. Variousph%sical and chemical tests were
conducted on the sanmples after various lengths of storage at -20°C by removing

the strawberries from frozen storage and thawing them in air at 20°C # 1OC.

Cell Wall Preparation:

A modified method based on that described by Ahmed and Labavitch (1977) was
used for preparation of cell wall material. This cell wall material, once isolated,
is stable and can be stored for several months before analysis. The preparation
procedure is as follows: the tissue is washed and trimmad, 100 grams is
weighed and placed in a waring blender with 400 mls 70% ethanol and water and the
mixture is homogenized for one minute. The slurry is transfered to several 50 ml
centrifuge tubes, capped, and centrifuged at 19,000xg for 10 minutes. The superﬁatant
is discarded and the pellet.is transfered to a course sintered glass funnel. The
pellet is disrupted with a metal spatula and washed three times with 100 ml volumes
of 70% ethanol, three times with 100 ml volumes of chloroform:methanol(1l:1), and

three times with 100 ml volumes of acetone. The residue is then air dried at 2DOC.

Moisture and Ash Analysis:

Moisture and ash contents of cell wall materials were determined as described

by Owens et al. (1952).



Sclubility Fractionation:

Water soluble fraction - 100 mg of %folateq cell wall material was weighed
into a 50 ml centrifuge tube and 20 mléffﬁls buffer at pH 7.0 was added. The
tube was capped and vigorously shaken at 20°C for 5 minutes. After shaking, the
tube was centrifuged at 10,000 x g for 5 ninutes and the supernatant collected.
Additional 20 ml volumes of buffer were added and the supernatants pooled until
negligible amounts of pectic material could be extracted from the pellet.

Chelator soluble -fraction - To the water extracted pellet(from above) 20

mls of 0.10 M Na,EDTA buffered to pH 7.0 with 0.10 M TRIS buffer were added.

2
The pelleted material was suspended in the chelator solution, shaken, and centrifuged

as described in the above procedure. The chelator supernatants were pooled after
the pellet had been exhaustively extracﬁed as described in the above procedure.

Hydroxide soluble fraction - To the water and chelator extracted pellet (from
above) 5.0 ml of 1.0 N NaCH was added and this material was then transfered to a
100 ml volumetric flask and brought to volume with distilled water. The material
was then stirred for 15 minutes and then filtered through Whatman #1 filter paper
on a Buchner funnel. The filtrate was collected for analysis.

Each of the three pooled pectic fractions was held at 40°C until analyzed

for uronide composition.

Total Cell Wall Uronide Analysis:

FPor determination of the totai cell wall material uronide content, the
method of ahm=d and ILabevitch (1977) was used. This method uses a sulfuric acid
hycérolysis of the CWM in order to free urcnide material for analysis. The
efficiency of this method in freeing uronide material from the cell wall matrix

seems to be greater than that of other methods that employ enzymatic hydrolysis.



Uronic Acid Analysis:

pectic material content (measured as anhydrouronic acid) was determined
colorimetrically by the method described by Blumenkrantz and Asboe-Hansen (1973).
Corrections for the slightly pink chromogen formed when neutral'sugar—containing
materials are heated in the presence of H2504—tetraborate were made by subtracting
plank values determined for tubes to which 0.5% NaCH, rather than m-hydroxydiphenyl,

was added. A standard curve was constructed using 0 to 80 ug «~D-anhydrogalacturonic

acid (Eastman Kodak Co.) per tube in the manner desribed above.

Anion Exchange Chromatography:

The methods of O'Beirme et al. (1981) were followed with minor modifications.
Approximately 5.0 grams of DEAE-Sephadex (pharmacia, Inc.) were swollen in 100 mls
of 0.10 M phosphate buffer at pH 6.90 with gentle agitation for 48 hours.

A3 cm2 x 10 am colum was poured and a 35u Nitex sheeting was used to support
th baed material. |

Samples containing approximately 7.0 mg galacturonic acid :esidues dissolved
in 12 to 14 mls.of buffer containing 0.10 M phosphate (equimolar amounts of KH2PO4

and NaHPO4), 0.001 Na2EDTA, pH 6.90 were layered on the colum.

A linear concentration profile
was produced in a siphon arrangement that delivered from 0.10 M phospnate to 1.0 M
phosphate to the colum as operating pressure was maintained at 25 to 30.cm HZO
and flow was adjusted to aﬁproxhnately 50 mi/hr.. Samples were collected in 5 ml

tubes and held at 40°C until analyses were conducted on them.

¥
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Textural Analysis: .
For textural analyses of fresh and frozen/thawed samples, an Instron
‘Universal Testing Machine model no. 1122 was fitted with a 50kg load cell
and a scaled-dosn cup and plunger attachment similar to that described by
Bourne and Moyer (1968). A cylindrical aluminaum cell 3.3 cm I.D., 3.8 cm
0.D., 3.6 cm internal height, and 3.8 cm external height was constructed.
This cup was mounted to a 10 cm x 10 cm base plate and conpression/extrusion
was achieved using a 3.0 cm diameter plunger. Strawberry tissue cross-sectioned
to 0.5 am width and then quartered was placed horizontally in the extrusion
cell cup at a weight of 15.0 g per test compression. Plunger speed was held
constant at 100 cm/min from a position 3.9 cm above the base of the cup to
approximately 0.7 cm above the base as the sample was compressed and then
extruded. Average extrusion force was obtained by taking the average plateau height
of the extrusion curve replicétes and expressing it in terms of kg force.
Extrems replication was conducted in order to minimize the effects of maturity
differences and textural variation within berries themselves. Berries of average

maturity were chosen in each case as described by Szczesniak and Smith (1969) and

then randomly split into sample groups.



RESULTS AND DISCUSSION:

In order to investigate both textural and cell wall compositional changes
occurring during frozen storage of the strawber;y tissue, samples were thawed
at different points during the frozen storage period. In each case, the thawed
sanmple was subdivided into two parts, one was assessed for textural properties
and the other was prepared for cell wall analysis.

The results of textural analyses appear in table 1.0 and are graphically
represented in figure 1.0. The graph shows a general decreasing trend in the
firmness of the thawed product with increased storage time through 39 weeks.

This may be due to changes in the physical structure of the product during frozen
storage as ice recrystallization occurs within the tissue. Pectic materials,
thought to be responsible for intercellular adhesion(cohesion??) in many plant
tissues, may also undergo changes that could influence the textural properties of
the thawed strawberry product.

' The results of various cell wall analyses appear in table 2.0. Figure 2.0
shows a decrease in total cell wall uronide with freezing and subse@uent frozen
storage at -20%. This decrease for frozen/thawed samples supports previous work
by Wade (1964) who stated a decrease in the amount of pectic material in the cell
walls of strawberries that had been stored in the frozen state at -18°C through

40 weeks. -

A better understanding of what was contributing to th;ibloss in pectinaceous
cell wall material was obtained by a fractional analysis ofvéell wall pectic
material. The results of how strawberry tissue pectic composition in the cell
wall is altered during frozen storage appear in table 3.0. These results can
also be found in figure 2.0 where a comparison between total cell wall uronide

and individual uronide fractions can be made. It can be seen from the figure

that the greatest loss in any one pectic fraction durinf freezing/thawing and
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extended frozen storage occurs in the water soluble fraction of pectic polysaccharide.
This léss parallels the decrease in total cell wall uronide content and accounts

“for the loss in cell wall pectin for both freeziné/thawing and increased frozen
storage at —ZOOC. The other pectic fractions present in the cell wall pectic
material show only slight reduction during freezing/thawing and extended periods

of frozen storage as can.be seen from the figure.

The increased loss of pectic material during frozen storage may be closely
related to the decrease in textural properties of the thawed strawberry material.
Whether or not a cause and effect relationship exists is debatable but several
characteristics seem apparent. Increased drip loss of long-term frozen stored
products may account for the loss of water-soluble pectic material from the
strawberry cell wall material. Recrystallization of ice may be the driving force
causing more extensive ice crystal damage within the frozen tissue. This possible
increase in cell wall damage may cause a loss of pectinaceous material upon
thawing of the strawberry tissue. Textural alterations and loss of firmness within
the tissue may be solely due to a physical destruction of cell wall architecture
or may be due to a release of critical pectinaceous material that had previously
been responsible for intercellular adhesion(cohesion??) and structural rigidity
between and within the cell wall.

One final characteristic of the system is that, even at a frozen storage
temperature-of —2OOC, the acidic nature of the strawberry tissue provides an
environment that may promote solubilization of teh pectic material in the cell
wall and middle lamella. Increased frozen storage time may cause an increase
in the soluble pectic polysaccharide that would be subsequently lost upon
thawing into the drip loss. It would, therefore, no longer be present to

confer intercellular adhesion or structural support to the molecular arrangement

of the cell wall.
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In order to examine more closely the changes taklng place in the water
soluble pectic polysaccharide fractlon during free21ng/thaw1ng and extended
frozen storage, anion cxchange chromatography was employed. Separate pooled
water-soluble pectic material fractions from unfrozen , frozen/thawed, and
frozen/stored 35 weeks at -20 C/thawed strawbelry cell wall preparations were
chromatographed on DEAE - Sephadex A-25. Figures 3.0 throgh 5.0 show elotion
profiles in a koiqr gradient between 0.10 and 1.0 M phoshate at pH 6.90.

A large proportion of the water soluble pectic preparation initially placed
on the colum was eluted by the colum starting buffer (0.10 M phoshate) and -
has not been shown. The acidic pectic material which eluted from the column
between 0.1 and 1.0 M phosphate appeared to be in two major fractions eluting at
different ionic strengths. This bimodal distribution is especially apparent
in figure 3;0. Differences between the chromatograms are mainly found in the
latter portion of the elution profiles. It can be seen that the second acidic
fraction is present to a lesser extent in the frozen/thawed water-soluble sample
and seems to be virtually lost in the frozen/thawed long term storage sample.
The disappearance of this discrete pectic fraction may suggest a change
in the normal water soluble pectic polysaccharidee fraction of the strawberry cell

wall material due to freezing, storage, and thawing. These characteristic changes

and loss of pectic material suggested by these results may be closely associated

with the textural alterations normally observed in the freezing and frozen storage

of strawberry fruit tissue.
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Erzyme, Texture, and Quality Changes in
Diced Carrots during Elanching,

Freezing, and Frozén Storage

Chao Wu and B. S. Luh
Dept. of Food Science & Technology
University of California
Davis, California 95616 U.S.A.
and
N. Ben-Shalom and A. Levi
The Volcanic Center

Bet Dagon 50-250, Israel

Abstract

Diced carrots were steam blanched for 1-5 minutes and frozenf The effect
of blanching and freezing on texture, flavor and enzyme activities in diced
carrots was investigated. ‘More than 97% of the peroxidese, cetalase and
pectinesterase in the diced carrots were inactivated 2fter one min steam
blanching. A great decrease in pectinesterase activity during frozen storage
was cbserved. The firmness of the carfots decreesed substantially after
blanching and further decreasedafter freezing and thawing. The scenning
electronmicroscopic studies showed ¢istinct changes in cell wall materieals
resulting from “he blanching and freezing processes. The sensory anelysis on
texture and flavor of the frozen stored carrots was correlated with different
blanching times. From these results, it is evident that 2 min blanching is

Necessary to maintain maximum flavor gquality with the Teest textura) loss.



Introduction
Freezing is an important means of preserving vegetables. However, the

texiural and chemical changes occuring during processing and storage may

o+

affect the sensory quality of the frozen products. It is generally believed
that enzyme catalyzed reactions are mainly responsible for the off-flavor
development in frozen vegetebles. Therefore, blanching is commonly used to
inactivate the enzymes causing flavor changes.

The textural quality of many frozen vegetables is inferior to that of
fresh ones. It is generally agreed that texture of vegetables can be a‘fected
by the conditions of blanching, freezing, and frozen storage (Mohr, 1974:
Brown, 1977). The textural changes can be caused by the alterations in cell
wall structure and membrane integrity. According to Sterling (1955), cell
wall seperation and loss of rigidity in the individual cell walls during
processing cause the softening of plant tissues. The turgor of tissues as one
espect of the textural quelity will be lost due to the damage to cell
membranes.

The purpose of the present study is to investicate the effect of
blanching and freezing cn textural, microstructural, and enzymetic chances in
cerrots as well es the effects of these changes on the overall quelity after
Trozen storage.

Methodology
Processing

Fresn carrots of Emperelta 58 cultiver were supplied by a frozen food

plent in Salinas, California. They were stored &t 1°C overnight, washed and

diced into 1 cm cudes. Seven kg lois of diced carrcis ware steam blanched et

-

100°C for cifferent time intervals ol

—_

owed by cooling in ice. The control

and blaenched carrot cubes were transferred to a blast freezer at -60°C. The
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freezing process was accomplished in about .15 min. The frozen carrots, sealed
in 1/2 kg portions in nylon bags, were stored et -23°C in a walk-in freezer.
Enzymé study

The effect of blenching and freezing on residual peroxidase, catalase and
pectinesterase activity in the extract of diced carrots were determined.

.Peroxidase activity was determined by the method described by Lu and
Whitaker (1974). Catalase activity was determined by the method of Bergmeyer
et al. (1974). Pectin esterase was éssayed by monitoring carboxyl group
formation (Markovic, 1977).
Texture measurement

An Instron Universa) Testing Machine model No. 1122 mounted with a 500 kg
load cell was employed for the textural measurements. The measurements were
carried out as described by Bourne et al. (1966). A cylindrical back
extrusion cell of 38 mm inner dieameter with a piuncer of 30 mn in diameter was
used. An approximately 12 gram semple wzs used for each measuremsnt. The
frozen carrots were thawed at room temperature (20°C) and equilibrated to 20°C
prior to measurement.
SEM study

An ISI DS-130 scanning electron microscope (SEtM) wes employed. A1l the
semples were from the phloem of the carrots. Carrot samples before Treezing

ezing-thawing wera fixed in 2.59% glutarzldehyde solution in 0.1 I

)
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ne fixation wes

+

cacodylate buffer et pH 7.0 (Davis, ot 21. 1976).

accomplisned in two days at room témperature. The Tixed samples were

dehydrated, critical point dried, fractured, and coated with 0old. The

observations were made on the fracturad surfaces. To investigate the effect
£ 3

of thewing on the carrot microstructures, samples were 2lso fixed by

isothermal freeze-fixation method described by Asquith and Ra2id (1980).
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4Fixing solution contained 2.5% glutara]dehydg, J.1 ¥ sodium cacod)late bd fer
(pH 7.0) and about 30% dimethylsulphoxide. The fFEéZQrflxed samples were
thewed at room temperature, dehydré:ed, critical point dried; and then
prepared for the electron microscopic studies as the unfrozen and frozen-
thawed samples.
Sensory evaluation

For the sensory analysis the frozen carrot samples after 7 months storage
at -23C were thewed &t room temperature and egquilibrated to 25C and then
served in dessert plates. Fifteen randomly se]ec;ed judges were asked to
indicete on a 1 to 10 scale for flavor and textural cuality. Higher score
means better quality. The experiments.were repeated in three consecutive
gays. Sample numbers were randomized in each test. A thres way analysis of
veriance procedure was carried out and the LSD rance at 5% level is
calculated.

Results

Enzyme activities

Results on heat inactivation of the three enzymes after steam tlanching

4

of the diced carrots ere presented in Tabie 1. Their activities diminished as

blanching time extenced from 0 to 5 min. A1 thres enzymes tound in carrots
were reletively unsteble to hezt irsziment. Uncer the condi‘ions used. in this
study they were inactivated more than 97% &fter one min blanching at 100C.

Pectinesterase in carrois weas slightly more heat resistant than peroxidase

-1

jve mi

v
s}
w
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the caté]ase from carrot was less stable to heat treatment than peroxidase.
Thé results are in agreement with the work ane by-Gaardseth and Slinde
(1980). The apparent residual c3talase activity m2y be due to the existence
of inorganic catzlysts in the extract.

The data in Table 2 show the effect of frozen storage on enzyme
retention. It is shown that after 2 months of frezen storage, pectinésterase
activity in the unh]anchcd samples declined dramatically. The aétivities of
peroxiﬁase and catalase decreased slightly after frozen storage.

Textural changes

Data in Table 3 show the effect of blanching, freezing, and frozen
storage on the firmness of carrots as measured by extrusion force. Longer
blanching time resulted in carrots with softer texturz. The average extrusion
force decreased to 17.4% of the original value after 5 min blanching. The
same trend was maintained after samples were frozen and thawed, and after
frozen storage for seven months and thawing (Table 3). Samples blanched for a
longer time were softer after freezing and thewing. However, the difference
became smaller after freezing and frozen storage.

The data also show a large decreese in firmness after carrots were frozen
end theawed. The unblanched carrots underwen; the most dramatic change in
Tirmness, & decreese Trom 183 xg to 372 kg after freezing, a loss of about268%
of its original firmness. During frozen storage, the texture continued tﬁ |
change. The Tirmness of all the samples decreased by more than 30% after 7
month frozen storece.
microstructural cnanges

Fig. 1 and 2 show the effect of blanching on microstructure of the
carrots. At lower magnificaticn thers were no coaspicous chanages in cell wall

structure in semples blanched for one min, and only slight change in the



sample blanched for 5 min, At higher macnificaticn the aggrégation of
cytop]asms efter one min blanching was obser{ed. Samnle b]anched for five min
appear to crinkle mors than that 51anched for one min,

Fig. 3 to 5 are the SEN photographs teren from samples freezing-fixed,
reflecting the eflect of freezing. Fié. 5 shows the SEM photographs of the
thawed samples. Pictures of low magnifications show the changes in cell wall
structure due to ice formation. Large intercellular spaces and broken cell
walls were observed in Fig. 3. Samples blanched for five min showed more cell
shrinkage end cell wall breakage than the unblanched frozen samp]es. At
higher magnification the coagulation of cytoplasm of unb]anched samples were
shown in Fig. 4 énd,5.v The cell wall meterials were deamaged after the
freezing process. The severity of the damage was related to B]anching time.
Samples without blanching showed only small pinholes at 10 kX magnification
winereas small creckings can be observed in sampies bienched for five min at 2

kX magnification. Samples fixed after thewing do not display much difference

-

to those freezing-fixed at low magnifications. It was revealed at higher
magnitication that the severity of damace to the c21) wzll materials of

unblanched and blanched samnles tend 4o b2 more simi efter thawing (Fig. €)

then that seen in Ficgs. & and 5.

Resulis on sznsory chenges in texture and Tlevor due to different

treatments are shown in Fig. 7 and €. The sample treztments resulted in
signiticently different scores of flavor and texture &= 5% level.

Semples blanched for one min recejved the highest score in textureal

velity, as iliustrated in Fig. 7. There is 2 consistent “rend showing thaz
semples with lgonger dlenching time recaived

undlenched sampies which were scorec siznificent



min hianching.

Fig. 8 illustrates that sanplgsvwith ﬁa blanching tfeatment received a
significantly lower score. Samples blanched for 5 min were scored
significantly lower in flavor than those blanched for 2 and 3 min.

Discussion

The study on enzyme retention shows that after 2 months of frozen
storage, the activities of the three enzymes, especially pectinesterase
decreased. This may be related to th2 instability of the enzymes to freezing
and thawing, cr due to the tighter binding of the enzyme to the cell walls
after frozen storage. Gkinis and Fennema (1978), when studying the effect of
low-temperature storage on peroxidases in green beans, observed a decrease in
soluble peroxidase activity after frozen storage. One possible explanation
they offered is the change in esterification state of pectins. The results we
obtained are consistant with their studies.

2lanching causes damage of the cell membranes by denaturing the membrane
proteins and possibly by changing the organization of the lipids, leading to
the loss of textural qua}ity contributed by cell turgor. The loss of turgor

was the mejor reason for the great drop in firmness after one min blanching.

(2]

The coagulaticen of cytoplesms after bTanching es snewn in the SEM pictures
indicetes cell m¢mbrane demege. This is consiéteﬁt with the textural
measuremant.

It wzs shown that the Tirmness of carrots was still decreasing over
longer hzzting time. This may be explained by the degradation of cell walls
ang the leaching of cell wall conponents. The crinkling and breakage of cell
walls as shown in SZit pictures mzy be reieted to solubilizetion of pectic
meterials which may elter the configuration of other macromolecuies due to the

change of existing hydrogen bonds {Van 3uren, 1970). Tension will be
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generated or reieasad, resulting in tne cell wall crinkling.

during fréezing; the sait concentration'arOund tne protein mzlecules in
cytoplasms increases. The gr0w:h'of ice crys£a1s will affect the
configuretion of proteirs on the interfaces., Pnth effects may denature the
proteins to form the agcregates,

Ouring froczen storage ice crysta) érowth still occurs; larger crystals
may grow 2s smalier ones may disappear. This becomes important in frozen
carrots because carrots contain about 5% sugar and hence at storage
temperature there may be unfrozen liguid, which facilitates the water
migration. The degradation of cell wall éomponents may also take place during
frozen storage. As a result, the cell walls and cell structures can be
damaged further after frczen storage.

The samples blanched before freezing showed more cell wall damzge. The
softening eifect of blanching on cell wall may explain the more severe camage
to cell weils over longer blanching time.

The observetions of the microstructural changas in this study are
consistant with the result on textural studies. Lower firmness value was

revlected in more cracked, crinkled and damzced cell walls. This was

[1}]

accompanied by aggregetion of cytoplasmic meteriels, which is an indication of

ne resuits from the sensory analysis of texturel guality is consistant
with the textural measurement using the back extrusion test. The result that
unblianched samples received significently lowar score than those blanched for

neftit of heat trezeztment on the textural
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one min indicates th
quality of frozen carrots. Since the unblanched szmpie firmness as mezsured

by the extrusion test is still the nichzst, the lowsr sensory score could be
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ectinesterase activity.
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it has been claimed that the off-flavor development in frozen vegetables
arise from enzymatic and nonenzymetic lipid degradation and oxidation

(Baardseth, 1973). The results ohtained in this study indicate that off-

avor developwment m b ated to enzymatic reactions., Fig. illustrates
£l development may be related t ymat t 8 illustrat

that blanching significantly inhibited off-flavor development. Two min steam
blanching at 10UC seems to be enough to inactivate the off-flavor inducing
enzymes. The lower flavor scores in samples blanched longer than 2 min may be
due to a ¢reater loss of volatiles during the blanching process. Thus, a 2

min blanch optimizes flavor and maintains maximum texture,
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Blanching time

(minutes) 0 1 2 3 5
Peroxidase
retention (%) 100 2.2 .13 0 0
Catalase
retention (%) 100 1.5 1.6 1.3 1.0
Fectinesterase
retention (%) 100 2.9 .46 .32 0

*The average of three replications.



Table 2.
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Enzym2 retention after 2 month frozen storage and thawing

S8lanching time

(minutes) 0 1 2 3 5
Peroxidase .
retention (%) 1.6 1.0 0 0 0
Catalase
retention (%) 53.5 1.2 .88 .86 .81
Pectinesterase
retention (%) 4.5 .39 .15 0 0




Table 3. Effect of Blanching, Freezing and Thawing on Firmness of Carrots

as Dxpressed in tatrusion Force {ky)
Blanching time .

(minutes) 0 1 2 3 5
Extrusion force (xg) 183 107 85 59 1.8
SD 10.9 5.5 5.4 a.7 2.4
Extrusion force after
freezing/thawing {ky) 58.9 43.6 35.0 25.6 20.8
SD 5.1 2.5 2.7 2.2 0.84

Extrusion force (kg) after
7 month Trozen storage
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Scanning electron micrograph of carrot with different
treatments. From left to right: carrot without blanching, witn
one min blanching, five min bhlanching.

Scenning electron micrograph of carrots. From left to right: no
blanching, one min dlancing, five min blanching.

Scanning electron micrograph of carrots after freezing., Left: no
blanching, right: five min blanching,

Scanning electron micrograph of carrots after freezing. Lleft: no
blanching, right: five min blanching,

Scanning electron micrograph of carrots after freczing. From left
to right: no blanching, one min blanching, five min blanching.

Scenning electron micrograph of carrots after freezing and
thawing. Left: no blanching, .right: five min blanching.

Texture scores of sensory evaluation of carrots blanched for
different times and frozen stored for 7 months. Judges scored the
samples on a 1 to 10 scale. A nigher score means better

guality. Variability symbols represent the LSD ranges at 5%
level,

Flavor scores of sensory evaluation of carrots blanched for
different times and frozen stored for 7 months. Judges scored the
samples on a 1 to 10 scale. A higher scor2 means better

quality. Variability symbols represent the LSD ranges at 3%
level.
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Degradation of pectic substances in carrots by heat treatment
. ' *
D. Plat, N. Ben Shalom, A. Levi, D, Reid and E.E. Goldschmidt

Abstract
Changes in the pectic substances of carrots were studied after heat treatment.
Differences in soluble pectin and calcium pectate were studied after
ion-exchange chromatographic separation on DEAE (diethylaminoethyl) cellulose.
Different "fingerprints" were found in both pectic fractions after heat
treatment. The ratio of neutral sugars to uronic acids was almost unchanged in
the soluble pectin fraction, but the relative amounts of glucose and rhamnose
increased after heat treatment by about ten and three fold, respectively. The
ratio of neutral sugars to uronic acids in the calcium pectate increased after
heat treatment from O0.11 to 0.27. On the average, all the neutral sugars
increased about three fold while rhamnose increased about eight fold. The
increase in the relative amount of the rhamnose compared with other sugars in
the heated tissue indicates possible degradation of pectins by a B-elimination.
Heating the carrot tissue resulted in degradation of the pectic substances in
the cell and formation of new soluble and calcium pectate fractions. Part of
these new pectic fractions derive from the original one while another part is a

resylt of degradation,

*D. Plat is a Ph.D student, while N. Ben Shalom and A. Levi are with the Dept.
of Food Technology at the Agricultural Research Organization, The Volcani
Center, P.0. Box 6, Bet Dagan 50250, Israel. D. Reid is a professor in the
Dept. of Food Science at the University of California at Davis. E.E. Goldschmidt
is a professor in the Department of Horticulture at the Faculty of Agriculture
of The lebrew University of Jerusalem, Rehovot, Israel.



Introduction

PECTIN is a polysaccharide responsiblé for the texture of fruits and vegétables
(Jarvis, 1984). The cohesion of the pectin gel is probably the critical factor
in determining fruit texture (Williams and Knee, 1980, Jarvis, 1984). The
structuré of the cell wall polymers of the carrot root was studied intensively
by .Stevens and Selvendran (1984)., The results of their investigation showed
that the preponderant polymers in the cell wall were pectic polysaccharides with
associated arabinans and galactans. The chaﬁges in the non cellulosic cell wall
polysaccha;ides of the carrot during their growth in suspension culture was
studied by Asamizu et al (1983). The polyuronoid polymers, unlike other
carbohydrates, are Very susceptible to degradation by B elimination upon heating
at neutral or weakly acidic pH (Albersheim et al 1960; Doesberg, 1965). This
reaction is catalyzed by several cations and anions (Keijbets and Pilnik, 1974;
Ben-Shalom et al, 1982). Unsaturated compounds, formed by the trans elimination
reaction, result from the removal of the hydrogen atom at C-5 and of the
glycosidic residue at C-4 of the galacturonic acid molecule (Albersheim et al,
1960). Heat induced degradation by B elimination was found after isolation of
cell wall components in potato (keijbets et al., 1976) and in cherry (Tuibault,
1983). In this study we tried to characterize the changes found in the pectic

substances after heating of the carrot tissue (blanching).



Materials and Method

A ten kg batche (for each treatment) of baby carrot (vaf '"Amsterdam Forcing')
that were obtained from the Sunfrost freezing plant in Israel was hand-peeled
and divided into two samples, one of which remained untreated, while the other
was steam heated (blanching) for 4 minutes, the time found necessary to
inactivate the pectin esterase, PE. Alcohol-insoluble solids (AIS) were
prepared from the untreated and the blanched tissue by repeated extractions with
707 and 967% alcohol. Soluble pe;tin wés prepared by sequential extraction of the
AIS with Qater at room temp., until no galacturonic acid appeared in the
extract. Calcium pectate was extracted from the washed pellet of the asoluble
pectin with 0.27 EDTA and Tris/HC1 0.02M, pH 6.2, dialyzed against water and
ffeeze—dried.

The  soluble pectin and calcium pectate (20 mg galacturonic acid) were
solubilized and dialyzed with sodium phosphate buffer-1mM, pH 6.2, and applied
to a column of DEAE cellulose (Whatman) 1.6X20cm which was previousiy
equilibrated with the same buffer. Eelution was doné initially with 1mM sodium
phosphate (150 ml) and then with the same buffer in a linear gradient of 0-0.8M
(300 ml). Fractions (3-4 ml) were collected and monitored for galacturonic acid
by the m-hydroxy-phenol method (Blumenkrantz and Asboe-Hansen, 1973), and fof
total carbohydrate by reaction with phenol sulfuric acid (Dubois et al, 1956).
Total neutral sugars were estimated from the difference between the two
reactions based on galacturonic acid and glucose standards. Appropriate
fractions eluted from the column were combined, dialyzed and freeze-dried.The
composition and the amount of individual neutral sugars were obtained by

hydrolysis in trifluoracetic acid. The respective alditol acetate were analyzed

AT



by gas chromatography as described by Albersheim et al (1967). Methanol derived
after demethylation was converted to methyl nitrite and determined by gas
chromatography according to the method of Litchman and Upton (1972), as

modified by Versteeg (1979),

Results and Discussion

The chromatogram of soluble pecﬁin and calcium pectate (Fig 1,2) on the DEAE
colomn showed three main fraction: The nom—absorbed material (A) which was
washed with ImM phosphat; buffer pH 6.2. The absorbed material which was eluted
with a linear gradient of sodium phosphate (B), and the residual pectin (still
bound to the cblumn) which was eluted with 0.05M NaOH (C).

Almost all of the soluble pectin fraction of the non-treated carrot was absorbed
on the DEAE column (Fig. lI) and eluted with the phosphate buffer with an ionic
strength between 0.04M and 0.3M. Fractions A and C were negligible. Four
different peaks (Fig. 1'81—4) were separated by the phosphate gradient, they
differed according to the ratio between the uronic acids and the total neutral
sugars, their DE (degree of esterification) and their neutral sugars
compositions.

The ratio between the gqlacturonic acid and the neutral sugars (Table 1) in B1
is 0.2; in BZ' 2.5; in B3, 15.9; and in BA’ 102.3. It can be seen from thesg
ratios that as the ionic strength of the phosphate buffer increased the eluted
pectin contained less and less neutral sugars.

Absorption of the pectic substances to the DEAE column is usually related to the
DE of the polyuronide polymers (De Vries et al., 1981) and indeed peak~84, with

a DE of 477 (Fig. 1), was eluted after peak B3, which had a DE of 67%.
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Therefore, we expected that peak 82, with DE of 1007, would: be eluted - before
peak Bl; with DS of 44%Z. According to tbg DE of peak Bl’ it was exPecced,Co
elute with a ionic strength similér to that of BA‘ It seems that the high
amount of neutral sugars in peak B1 in comparison with the galéCturonic seid
(5.2:1) has a sterical effect, preventing the interaction of ‘functional
carboxylic acid groupé with the amino-groups of the DEAE column. The high ratio

of neutral sugars to galacturonic acids is unusual in pectic substances, but

similar results were documented in the literature by Darville et al. (1978).

The absorption of B1 on the DEAE column indicates that the neutral ' sugars- were

covalently bound to the galacturonic acid residue. Otherwise this fraction"

could be separatedvby the ionic strength of the phosphate salt.

This pectic substance rich in neutral sugars (Bl) is a good example that the
absorption to the DEAE column is not dependent only on the charge of the polymer
but depends also on its structure. The absorption of fraction BZ (with 1007 DE)
to the DEAE column raises the possibility that this value (DE) is not due only
to the methoxy groups of thg carboxylic acid residues. In this case, 82 would
not have any free charged groups énd would not be absorbed by the column. We
assume that Bz'contained other sources of methoxy-groups, probably from phenols
and neutral sugars covalently bound to the pectic polymers (Darville et al.
1978). = _

Thé’soi&bléiséciin-of the heated carrot (Fig. III) has shown a chromatogram with
a completely different pattern as compared with that in the untreated carrot

Peak B1 of the untreated carrot was eluted almost at the same ionic strength as

peak B of the“heated carrot. Peak C of the heated carrot was greater then that -

of the non—heated carrot. The ratio of total neutral sugars to uronic acids in

the soluble pectin was almost unchanged after heating the tissue (Table 1),



while changes were observed in the individual fraction. The ratio in peak B1
" between the uronic acid and neutral sugafs was 0.2 (Table 1), compared with 2.3
in ;he heated one (B). The DE 6f peak B1 w;s 447 and that of peak B (heated
tissue), 30%. None of the other peaks of fraction B (82_4) of the nontreated
tissue were similar to fraction B of the heated tissue in terms of ratio between
uronic acid, neutal sugars and their DE values.

The composition of the neutral sugars in the peaks of fraction B of the soluble
pectin (Fig. 2I) showed that each peak is different. The difference between the
peaks is clearer when comparing the sugars in each peak to the ;hamnose

(Table 2). The most dominant sugars in these peaks were galactose and
arabinose; glucosé was absent in peak Bl(Fig 2I Table 2). The ratio between
These

galactose and arabinose to rhamnose decreased from peak B, to peak B

1 3°
phenomena correlate with the decrease in the ratio between the neutral sugars
and the galacturonic acid in these peaks (Table 1). This is due to the fact
that rhamnose is mainly a part of the backbone of the polygalacturonic acid
chain, and not a part of side chains of neutral sugars.

T?e composition of the neutral sugars of the soluble pectin in the heated tissue
and their ratio are is shown in Fig. 2II and Table 2, respectively, They are
completely different from the control. The amount of glucose and rhamnose
increased about ten and three times respectively in the heated carrot. The ratio_
of rhamnose to other neutral sugars increased significantly in both fractions B

and C (Fig. 2 Table 2) as the relative amount of galactose and arabinose

7
decreased. Based on these data, it seems that by applying heat to the carrot
tissue (whose pH is 6.3), breakdown of part of the soluble pectin to oligomers

and monomers probably occurs by a B— elimination mechanism (Albersieim et al.

1960) as shown in scheme 1. In this scheme we try to explain the effect of the



heat on the degradation and interchange of the pectic substances in the carrot
tissue. The hydrolysis is catalyzed by the cell media, especially by calcium

ions (Keijbets and Pilnik, 1974, Ben-Shalom et al, 1982). The oligomers formed

Ay i

are not found in the soluble pectin fraction of the blanched carrot, : because

they were extracted by the alcohol treatment. Simultaneously, part of the

insoluble pectic substances of the cell wall were degraded, thus forming a new

soluble pectin fraction. It is still .unclear, in terms of the carrot cell wall .

structure and of the hydrolysis mechanism, why the new soluble fraction is rich
in glucose.

Separating the calcium pectate fraction of the non-treated carrot on DEAE
cellulose (Fig. 31) showed a chromatogram in which about 95% of the calcium
pectate is in fraction B. This fraction was eluted in a broad peak with the
phosphate gradient buffer between 0.07 and 0.32M. The calcium pectate fraction
is characterized by a small amount of neutral sugars (uronic acids to neutral
sugar ratio 9.3:1, Table 3) and low DE in the fraction (237, Fig. 3). Fractions
A and B have similar ratios of their neutral sugars to rhamnose (Table 4), but
the main difference between them is the ratio of uronic acid to neural sugars
which is 1.1 in A and 14,8 in B (Table 3). The relatively high sugar

composition of A may be the reason that this fraction was not absorbed onto the

column eventhoughf%gﬂhas,a low DE (Fig 3): ~ From the -chromatogram of the calcium "

pectate fraction on the DEAE and its sugar analysis, it is obvious that it is a

separate fraction completely different from the soluble pectin.

Heating the carrot resulted in the formation of a different calcium pectate

fraction (Fig}.B%fy;:‘A significant increase in the amount of ‘neutral” sugars’

appeared in the heated fraction. The ratio of uronic acids to neutral sugars

changed from 9.3:1 (in the untreated tissue) to 3.6:1 (in the heated tissue,
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Table 3). The main changes were fqund in fraction B, in which the neutral
sugars increased by about 2.5 fold. 1In ﬁhe neutral sugars, the rhamnose ratio
increased most significantly‘ (eight times), while the other sugars increased
approximately three fold (Fig. 311, Table 4). The increasing amount of rhamnose
after heat treatment, as compared with other sugars in the calcium pectate as
well és in the soluble pectin, lends support to the theory that the degradation
of the carrot tissue is via the B—elimination mechanism. The increase in the
neutral sugars in fraction A was accompanied by a large increase in the level of
uronic acid. Again the ratio to rhamnose increased most significantly, followed
by that of galactose, large change was observed in the arabinose. The heat
treatment did not have a big effect oh the DE of the calcium pectate. The DE in
fraction A was 19% and in fraction B, 15.5% (Eig. 3II). The low DE in the
calcium pectate of the heated carrot emphasizes the fact that calcium interacts
mainly with low esterified pectic substances. Eluting the calcium pectate with
NaOH (fraction C) resulted in a fraction that had a minor amount of neutral
sugars, and, only a little more uronic acid (as compared with the non-heated
tissue). It seems that after applying heat to the carrot tissue, new calcium
pectate fraction forms (scheme 1). Part of this fraction derives from the
original calcium pectate, while the rest is probably a degradation product of
other, pectic substances (soluble pectin and proto pectin) which interact with
calcium ions to forﬁ new calcium pectate fractions. The free calcium ions are
probably derived from the cell vacuoles and membranes. They ‘catalyze
simultaneously the cell wall breakdown by B elimination reaction (Keijbets and
Pilnik, 1974) and interact with part of the soluble pectic substances which have

low esterified groups.



Conclusion

The changes in the pectic substances with heating Séem to be a complicated
process. This process is a dynamic system with varibus steps of degradation- and
the formation of several pectic ffactions occurring Simultaneously.-The‘high
amount of rhamnose residues as compared to other neutral sugars) in -the pectic
fractions which formed after heat treatment of the slighly acid pH of the
carrot tissue, show that the mechanism of degradation by heating in this ' tissue
is mainly through B elimination. The B elimination degradation has been shown
in other tissues in vivo and in vitro (Doesberg 1965, Keijbets 1976, Tuibault
1983). An approach in .this paper was. to try to follow part of the interchanges
in the pectic substances within the carrot tissue which occured through B
elimination. The degradation process is probably influenced by the cell media,
and by the primary and secondary structure of the pectic polysaccharides
including also the spsecific bonds between molecules, such as the calcium bridge
and the hydrogen bonds. More research on the structure of the pectié
ploysaccharides is needed in order to determine which regions and side chains of
the polymers are more susceptible to chemical changes induced by the heat

treatment.

Contribution from the Agricultural Research Organization, The Volcani Center,
Bet Dagan, Israel. No. 1689-E, 1986 series. The work was supported by the
United States—Israel Binational Agricultural Research and- Development Fund
(BARD), Project No. US—452-8l.
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Fig. 1 Separation of vsoluble peétyn on DEAE cellulose. The chromatogram of
untreated carrot tissue (I) ‘add of heated tissue (II),‘ were obtained by
following the content of wuronic acids (o————) and of total sugars
(0——-10).

Three main fractions were shown in each chromatogram: A; non—absorbed material
which was washed with lmM phosphate buffer pH 6.2 B: The absorbed material which
was eluted with a linear gradient of sodium phosphate. C; the residual pection
(still bound to the column) which was eluted with 0.05M NaOH. The percent which
is given in the figure is the degree of esterification.

Fig. 2 Composition of neutral suigars in the soluble pection fraction of
untreated carrot tissue (Ij and of heated tissue (II), after their separation of
DEAE cellulose column.

Fig. 3 Separataon of calcium pectate on DEAE céllulose. The chromatograms of
untreated carrot tissue (I) and of heated tissue (IT) were obtained by following
the content of uronic acids (o—————ﬁ) and of neutral sugars (D———).

Three main fractions were shown in each chromatogram: A; none absorbed material
wﬁich was washed with ImM phosphate buffer pH 6.2 B; The absorbed material which
was eluted with a linear gradient of sodium phosphate. C; the residual pection
(still bound to the column) which was eluted with 0.05M NaOH. The percent which
is given in the figure is the degree of esterification.

Fig. 4 Composition of neutral sugars in the calcium pectate fraction of
unheated carrot tissue (I) and of heated tissue (II), after their separation on
DEAE cellulose column.

Scheme 1: Changes of pectic substances in carrot tissue caused by heat

treatment,
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Table 2 The ratio between neutral sugars and rhamnose in the

soluble pectin fraction of untreated and heated carrot tissue.

Untreated tissue Heated tissue
Neutral sugars Fraction
Composition By B> B3 B C
Arabinose 10.0 6.9 5.0 | 2.9 1.9
Mannose 0.5 1.7 1.0 . 1.2 0.9
Galactose 6.4 9.2 6.0 4.7 3.2

Glucose - 3.1 1.5 1.3 6.7




Table 3: The contant of total galacturonic acids and neutral heated sugars
after separation on DEAE column in the calcium pectate fracture of
untreated and heated carrot tissue.

The sugar content is expressed in micrograms and as a percent of

total pectic substances.

Sugar Content (ug)
Fraction No.

Total Sugars

Treatment
A 4 B z C » ug A

Untreated tissue

Neutral sugars 680 3.1 1260 5.8 180 0.8 2120 9.7
Galacturonic acids 761 3.5 18720 85.6 262 1.2 19743 90.3
Pectic substances 1441 6.6 19980 91.4 442 2.0 21863 100.0
Blanched tissue

Neutral sugars 1790 6.8 3915 14.8 24 0.1 5735 21.7
Galacturonic acids 5184 19.6 14616 55.2 . 954 3.6 20754 78.3

Pectic substances 6980 26.4 18531 70.0 973 3.7 26489 100.0




Table 4 The ratio between neutral sugars and rhamnose in the calcium

pectate fraction of untreated and heated carrot tissue.

_ .Udtreated tissue Heated tissue
Neutral sugars composition : Fraction
A B C A B C
Arabinose - 55 5.5 0.4 1.9
Mannose - 3.0 3.0 traces - 0.7 traces
Galactose 4.0 5.5 2.1 2.8

Glucose , 3.5 3.0 1.0 1.2
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Effect of blanching and drying on pectic constituents

and related characteristics of dehydrated peaches.

Aharon Levi, Noach Ben-Shalom, David Plat, David S. Reid.

Abstract
The effects of sulphuring, blanching, dehydration and storage
(of dehydrated fruits), on the pectig(onstituents and other character-
istics of peaches are reported. Adequate blanching stabilized pectins
of the dehydrated peaches so higher rehydration capacity and lower
rehydration losses were observed after 5 min blanching. Increase in
degradation was observed in non-blanched or 15 min heat-treated fruits,
which resulted in lower rehydration capacity. A significant correlation
was found between the contents of total pectin and protopectin fractions
and the firmness or rehydration ratio of the peaches. Thus, pectin - one
of the major cell-wall and intercellular tissue components, - plays a
significant role in determining the textural-structural characteristics

of dehydrated fruits.
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Pectins and dehydration of peaches

Introduction

When plant tissue is heat treated during an industrial process,
(blanching, cooking, dehydration, etc.), some physico-chemical cﬁanges
of the .structural constituents .of the cell wall (CW) and theAinter-
cellular (IC) tissue are observed. The resulting textural and other
behavioral characteristics of the processed tissue, would be different
from those of the untreated plant tissue. Matthee and Appledorf (1978)
feported that cooking liberates cellulose and pectic substances from
the CW, or can even cause their hydrolysis with consequent changes in
their water-binding or holding capacity.

Pectins, hemicellulose and cellulose are among the main water
Binding components of the plant CW in particular and the plant tissue
in general. The degradation and molecular configuration of the pectins
could cause structural-textural breakdown, resulting in variations in
firmness, water liberation or binding, tissue disintegration, etc.
Pectins are also the most susceptible to enzymatic and heat-induced
degradation and configuration. Natural differences or induced changes
in their physico-chemical characteristics would affect the plant CW
and IC tissues, including their water-holding capacity (Parrott and
Thrall, 1978).

Luh et al.,(1978) reported changes in firmness of canned apricots
during storage, due to pectin degrdation, catalyzed by added poly-
galacturonase (PG) of mold origin, Levi et gl.,(1980) reported
variation in water removal, with increasing blanching time, during
dehydration of sulphited bananas. Heat treatments also affect the
permeability of the cellular membranes and the CW (Rotstein and

Cornish, 1978), parallely with the water binding capacity of plant

-
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fibrous Materials (Parrot and Thrall, 1978). Levi EE_QL.(1§83) found
that the dehydration velocity of papaya was affected by blanching and
by the dehydration temperaturé. Mtak and Perry (1948) reported that
blanched peaches take less Lime to dchydrate. Differences in the
dehydration capacity and other textural-structural properties, would
be expected in dehydrated fruits, due to enzymatic and heat-induced
changes of their pectic constitutents.

The amount of the pectic substances in fresh peaches was reported
to be around 0,45% (Vidal-Valverde et al. 1982). The soluble pectin
fraction in the peach tissue increased dramatically during ripening
(Pressey et al., 1971). PG activity was not found in unripe peaches,
but it developed during ripening, parallely to the formation of soluble
pectins, the molecular weight of which decreased progressively during
the ripening (Pressey and Avants, 1978). According to Shewgg1¢ (1965),
pectin esterase (PE) is present in the peach fruits at all stages of
ripening, therefore, PE activity does not appear to be a limiting factor
for pectin solubilization, during ripening. Postmayr et al., (1965),
studied the effects of heat processing (canning for 18 min or more),_
on changes in some pectic fractions of peaches. They found that
processing affects both the texture and the pectin content of the

canned peaches.

The objective of this study was to assess the effects of sulphuring,
heat pretreatments, dehydration and storage on the contents of the
pectins' major fractions, and the rehydration capacity, the rehydration

losses of dehydrated peaches and the firmness of blanched peaches.
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Materials and Methods

Pretreatments and dehydration

Standard uniform sulphuring, blanching and dehydration procedures
were applied in order to be able to assess their effect on the pectins,
parallely with textural-structural characlteristics of the so treated
and dehydrated peaches. About § kg (for each experimental condition)
of firm-ripe freestone peaches cv. 'Sommerset', were cut in half and
their stones removed manually. The peach halves were subjected to heat

- pretreatments (blanching) in a steam blancher at atmospheric pressure
for 0 to 15 min, and then immediately cooled to 30°C with gentle tape
water sprays. Then the peach halves were sulphured in a sulphdring
(SO2 fumes) cabingt for 2% h. The dehydration was done in a cabinet-
dryer, at constant flow-through air velocity,on perforated aluminum
trays for 3 h, at 7035°C, followed by 7-10 h at 50%5°C, to > 82% dry
matter (DM).

One part was analyzed within 2 weeks of preparation and the rest

was stored for one year at ambient temperature.

Rehydration and cooking

The rehydration capacity of the dehydrated peaches was assessed as
following: 50 g dehydrated peach halves was cut in small (1 cm3) pieces,
and submerged in 500 ml distilled water for 24 h at room temperature.
The residual water was removed, the adhering water absorbed carefully
with tissue paper, and the peaches weighed. The rehydration weight was
expressed as the percentage of the initial weight per DM content of the
dehydrated peaches (expressed as 100%). Data are expressed as the
arithmetic average values of three separate replications for each

experimental condition. .
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To assess the rehydration effect on cooking, the peach pieces
(as above) were submerged for 30 min in boiling water and treated as
above. |

The DM losses during the rehydratioh, were calculated by the
following equation:

(WoDHo - W1 DM1) x 100

DML(%) =
WoblMo
Wo - Weight of dehydrated sample; W1 - weight of rehydrated sample;
Do - DM content of dehydrated sample; DM, - DM content of rehydrated
sample;
DML - Dry matter loss during rehydration.
Firmness

Five cubes of 1x1x1 cm each were compressed with an Instron model ™ 1026
insturment to 50% of their height, at 5 cm/min-velocity. The instrument
was calibrated with a full scale load of 50 kg. The power applied to
compress the peach cubes was calculated at the peak of the compression
curve in Neuton-force units. Data are expressed as the arithmetic average

of three separate compressions for each experimental condition.

Pectin fractionation and analysis

Alcohol insoluble solids (AIS) were prepared within 1 h of the fresh,
or treated non-dehydrated peaches, and within 1-2 weeks or one year of
the dehydrated ones. The AIS were extracted by subjecting 250-300 g of
the nondried or 50 g of the dried peaches to homogenization (Waring
Blendor), four times in succession, with 300 ml of 70% ethanol each
time, followed by a fifth extraction with 100 ml of 10C% acetone at .

room temperature.
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The soluble pectin (SP) was extracted at room temperature ffom the AIS
as follows: 200 mg AIS was vigorously stirred for 10 min with 20 ml
distilled water and then centrifugéd at 15.000 rpm for 20 min. This
procedure was repeated three to seven times with the pellet until no
galacturenic acid (GA) was detected in the supernatant. The supernatants
were collected and analyzed for GA content as described below and the pellet
was subjected to calcium pectate (CaP) extraction, as follows: 25 ml of a
solution containing 0.1M buffer TRIS/HCI and 0.2% EDTA at'pH 6.2 were added
to the above pellet, stirred, and centrifuged as above several times (4-7)
until no GA was detected in the last supernatant. The supernatants were
collected fqr CaP determination. The final pellet was extracted as above -
for protopéétin (PP), with 0.05N Na OH (pellet: NaOH = 1:50) and the
supernatant was analyzed as described below.,The amount of each pectic
fraction was assessed colorimetrically as described by Blumenkrantz and
Asboe-Hansen (1973) and calculated as GA on the AIS contents - calculated
on 100% DM, or fresh tissue basis. The pectin fractions are expressed as
a percentage of the total pectin (TP) content of the fresh (untreated)
peach halves; which is the total added value of the PP + CaP + SP fractions.

The PE activity was determined by the method given by Levi et al.,
(1980).

No PE activity was detectéd after blanching of the pedches for 5 min

or longer.
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Results

- Pectins

Water and alcohol soluble solids (ASS), such‘as sugars, acids, GA

- monomers and nligomers, etc., are removed from the tissye during the
blanching-cooking and sulphuring (by dripping) process steps. The ratio

of the AIS to the DM, changes accordingly (Table 1). A decrease in the

OM content (also caused by major water penetration throughout the cell

wall - during the cooling) - with an increase in the AIS (on DM basis)

was indeed observed in the blanched-sulphured peaches in all the experiments.
The results of one of the experiments are given in Table 1. Similar tendency,
but of different magnitudes, was observed in all the experiments. Because of
the above phenomena, it seems more accurate to compare the pectin changes on
a DM basis.

The arithmetic average (two replicates) pectin contents of the peaches
after the different pre-treatments dehydration and storage are given in Fig 1.

The total pectin content (TP) (Fig 1A) of fresh peaches was 2997 mg/100g
DM and is expressed in Fig 1 as 100%, which is also the base for the contents
given in Figures 18, C, D.

After sulphuring only (0 min, I) a decrease of about 10% of the TP was
observed - probably caused mainly by pectolytic enzymes' degradation.
Dehydration of I (0 min, II), caused an additional degradation ard a
further significant decrease in the TP. Only 60% of the original TP

remained after 1 year storage (0 min, I11).
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Blanching for 5 min (5 min, 1) inaétivated the pectolytic enzymes,
therefore no significant decrease was obseryed after this pretreatment
and sulphuring. Some decrease, probably due(to heat-incuced degradation,
was observed after dehydration of‘I (5 min 11), while the small incCrease
in TP observed after storage of 11 (5 min, I11) could be a result of
natural diffefences of the pectin content of the fresh'peaches. Regardless,
the short (adequate) blanching probably stabilized the pectin by
inactivating the pectolytic enzymes, without causing any significant
heat-induced degradation, because of the short heating time.

Heat degradation after a 15 min blanch (1), is probably the main
reason for the observed decrease in the TP. The dehydration of I(II)

did not cause a‘fUrther decrease in the TP content, while a small
decrease was observed after storage (15 min, III).

Water soluble pectin (SP) - Fig 1 B - was the major pectic fraction
found in the peaches: 60% of the TP of the fresh fruit (0 min, 0).
Sulphuring only (0 min, I), caused an increase of about 10% in the SP.
Dehydration of the sulphured peaches (0 min, II) reduced the SP content
and a further decrease was observed after 1 year's storage of the
dehydrated peaches (0 min, III). Pectolytic enzymes are probalby
responsible for the observed phenomena (see Diécussion).

Short (5 min) heat treatment stabilized the SP and its contents
remained almost the same as in fresh peaches (5 min, I). A significant
decrease of the SP was observed after dehydration of 1 (5 min, 1)
probably by the heat effect, while the observed increase in SP after

storage (5 min, I11) could be a result of the degradation of other

pectin fractions (see Discussion).
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The heat degradation effect was pronounced in the peaches heat treated
for a longer time (15 min, 1). further degradation was observéd after the
dehydration (15 min, II), but no decrease in SP was observed after storage
(15 min, III). | N

CaP - Fiy 1C was found to'be a minor fraction of the freéh peaches:
about 17% of the TP (0 min, 0). Sulphuring caused a significant dgcrease
in its contnet (0 min, 1) probably as a result of intensive pectolytic
enzymes activity (see parallel increase in SP). Dehydration of I (0 min, II)
apparently did not cause further decreass in CaP, but a decrease in the CaP
content was observed after storage (0 min, II1).

The decrease in the CaP content aftevas min blanch (PE inactivated;

5 min, 1) indicates heat induced degradation, which is even more pronounced
after dehydration (5 min, II). The amount of CaP remained stable during
storage (5 min, I11).

The heat induced.degradation of CaP was more pronounced after 15 min
blanch (I). The increase in CaP after the dehydration and storage (15 min,
IT, II1) could be caused by natural differences in the fresh fruit or by

the reaction of endogenous and exoqenous Cd, with degradation products of
the other fractions (see Discussion).

The PP fraction - Fig 1D -1is probably the most stable and it is also
interconnected with hemicellulose in the fruit tissue. It represented
about 23% of the TP (0 min, 0). Sulphuring (0 min, 1) caused a significant
decrease in the PP; A similar content of PP was observed after dehydration
(0 min, II), while the small increase observed after storage (0 min, I1I)
was insignificant, probably because of differences in the fresh peaches.
The observed increase in PP in the 5-min blanched peaches (as compered with
the fresh) is probably a result of the wash -out of soluble solids and the
calculation on DM basis (5 min, I). No decrease in the PP content was

observed after dehydration (II) or storage (II1).
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The éame wash out of soluble solids to an even higher degree -
would occur after 15 min blanch (see Table 1). Therefore, oné has to
compare the PP content.of thé 15-min blanéhedpeaches with that of the
5-min blanched onés, in order fo assess Lhe.heat degradation effect.

A 15 min blanch caused significant degradation of the PP (15 min, 1),
while no further decrease in PP content was observed after dehydration
(I1) and storage (II1).

Water-absorption capability

The effect of blanching duration on the rehydration weights
(100% = weight of dry peaches before rehydration) at room temperature
and on cooking is shown in Fig 2. The only sulphured (0 min) dry peathes
absored about twice their weight in water. A 3-min blanch caused an
increase in the rehydration weight, while the 5-min-blanched peaches
aosorbed about 25% more water than the non-blanched ones (see parallel
increase in TP and PP). The longer time blanching times (9 and 15 min)
degraded the pectins and caused a decrease in the water-absorption
capacity of the peaches.

A different behaviour is observed after cooking, as compared with
room rehydration, probably because of its effect on the pectins and other
more stable fiber constitutents (hemicellulosé, cellulose). The lower
rehydrationilg}ues observed'following the cooking are also probably due
to heét-causeﬁj;Esintegration of the peach tissue and faster diffusion
of the water-soluble solids to the surrounding medium (water). A gradual
small increase in water-absorbing capacity was observed up to a 5 min
blanch, a greater increase between 5 and 9 min, and again a small increase .

with a 15-min blanch.
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Different behaviour, both at room and boiling temperatures (cooking)
rehydration was observed in the dry peaches stored for 1 year (Fig 3),
parallel with the observed ;hahges in the TP and other pectic fractiong
changes during storage. In any event, the adequately (5 min) blanched
peaches abosrbed more waﬁer than peaches from the olLher treatments.

Lower water absorption was observed in the non-blanched (0 min) peaches,(active
and after 9 or 15 min blanch(probab]y due to the heat-induced degradation
during storage),The difference between a 9 and & 15 min blanch could be |
due to transfiguration of the pectic compounds as well as to a heat
induced variation in the water absorption capacity of other CW fractions
(see Discussion).

The integrity of the peach tissue, as well as the diffusion of non-
bound soluble solids from it to the surrounding medium, affect also the
total solids (DM) losses during rehydration. The effect of the blanching
on the dry matter losses (DML) during rehydration at room temperature is
given in Fig 4. About 60% losses were observed in unblanched or 3 min,
blanched peaches. A significant decrease in DML was observed with the
5 min blanch (inactivation of pectolytic enzymes). An extended heat
treatment, causing heat degradation of pectic substances, is probably

the main reason for the observed increase in DML during rehydration

.of the 9- and 15-min - blanched dry peaches.

Pectins, rehydration and firmness

In order to determine whether pectins indeed play é significant
role in the rehydration capacity of dried fruits, the correlation
between the rehydration weight and” the pectin content of the dehydrated
peaches was assessed (Table 2). Significant correlation was observed

between the Tp or PP content and the rehydration weight at both room
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and boiling temperatures. No significant correlation (at.the 95% leveI)
was found with the CaP or SP. These results indicate that pectins play
a major role in the fehydration capability of the dehydrated fruits,
while PP is the major fraction'affecting-the rehydration.

| A decrease in firmness due Lo heat treatments (blanching) of plant
tissue is a well docunmented phenomena. 1he effect of the blanching
time on firmness (compression) of the blanched nondehydrated peaches
and on the parallel TP content is detailed in Table 2. A signficant
correlation was found between blanching time and firmness, and between
firmness and TP content of the blanched peaches. Thi< indicates that
softening of plant tissue caused by heat treatments is directly connected

with degradation of pectin.

Discussion

Pectic substances are more susceptible to enzymatic or heat-induced

chemical degradation than other constitutents of the CW and the IC tissue:

In addition they would influence the water holding/absorbing capacity of
plant tissue - forming gels at certain conditions with sugars, acids and
water. The natural content, the configuration, and enzymatic or heat-
induced changes in their composition, affect the structural-textural
characteristics of processed plant tissue in general and of the pre-
‘treated and dehydrated peaches in this case.

Pectolytic enzymes are responsible for degradation of pectins.,
Exo-PG acitivity, for example, would remove terminal galacturonic acid
monomers and oligomers from the pectins' molecule, thereby reducing the
content of the pectic fractions and the TP, while endo-PG attacks the
linear polygalacturonic molecule of the PP (and other pectins) in a
random fashion, degrading the macro-molecular structure very effectively

(Pressey and Avants, 1978). Pectins' destruction should lead to a

1
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weakening of the CW, with all the consequent changes 1in behayiour. The
degradation of the PP complex molecule would cause also transfer of PP
to SP. Reactions of SP with endogenous or exogenous (from the cooling
tap-water for examp]e) Ca, wogld form CaP. These pehnomeha affect both
the firmness and the water ahsorption/holding capacity of the fruit tissue.
Heat degrddation although different from enzymatic degradation, should
lead to similar effects on the textural-structural characteristics of
plant tissue, as shown by Matthe and Appledorf (1978), Parrot and Thrall
(1978), and Rotstein and Cornish (1978).

The products of the degradation of the different pectic fractions
vary, according to the natural variability of the substrate as well as
to the effects of the different enzyme - or heat-induced reactions. For
exampie, 1f major pectin fractions are reduced to short water - and
alcohol-soluble oligomers and monomers (due to different treatments),
they do not appear in the respective contents,(Postmayé;/gg_gl 1956).
If the degradation is to polymers, they would form also part of other
fractions, etc'. Therefore, the separated major fractions of the SP
and CaP, after blanching, sulphuring, dehydration and storage, are not
necessarily the same as observed in the fresh peaches. Column fractionation
of each of the major pectin fractions, confirmed the above; the results are
being prepared for publication.

The main degradation to monomers and oligomers was apparently caused
by enzymes (0 min blanch), reducing significantly the TP and the SP
(Fig. 1A,B). A short (5 min) blanch inactivated the PE without causing

any significant heat-induced degradation to monomers and oligomers, and
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the TP retained almost the same value as in fresh peaches (Fig 1) with
a parallel high rehydration capacity (Fig 2) and lower rehydr;tion
losses (Fig 4). .

Sugars, acids, GA monomers and oligomers are both alcohol- and
Qater-soluble. and are extracted during the blanching (condensed stéam,
cooling water). Therefore, the relalive content of the complex insoluble
PP on DM increased after the blanching, both in the total solids (DM)
and in the AIS. The increase in SP obsefved after sulphuring of the
unblanched peaches is probalby a result of the enzymatic degradation
of the two other fractions tq SP (Fig 1B,C,D). Enzyme or heat-induced
degradation of the CaP is probably the reason for the decrease in CaP
content in parallel, in the unblanched (0 min) and blanched (5 or 15
min) peaches. Enzymatic degéadation was probably responsibleAfor_
the further decrease in the CaP content of the unblanched dehydrated
peaches on storage. ;

The decreased.rehydration capacity after longer

blanching of the peaches (Fig 3) is probably caused by the heat—induced'
pectin degradation in the 15-min-blanched peaches, as compared with the
parallel pectin content in the 5-min-blanched peaches (Fig 1A,B,D). The
dlfferent behaviour during rehydration at b01]1ng temperature (Figs 2,3)
is probably due to the further heat-induced changes in the pectins as
we]l as in other fruit tissue fiber constituents - hemicellulose and
cellulose - which are affected by cooking (Matthee and Appledorf, 1978).
The significant correlation found between the pectin- content of the
dehydrated peaches and their rehydration weight, as well as between the
actual pectfﬁicontent and the firmness of the non-dehydrated peaches,
confirms that pectins, and specifically PP, play a major role in the
structural-textural charactéristics of fruit products in general and

dehydrated fruit in particular.
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Conclusion

Blanching (as proposed by Mrak and Perry, 1948), is not a generally
practiced method for stabilization of dehydrated fruits, This work indicates
that adequate blancing stabilizes one of the CW and IC tissue components,
most suceptible to degradation-pectins, thereby affecting positively the
rehydration capacity and reducing the rehydration losses of the dehydrated
fruit. Optimum blanching, which depends on the tissue to be blanched, the-
size of the pieces, etc', can be rgcommended for stabilization of textural-
structural qua]ity characteristics during dehydration and storage of

dehydrated fruits.
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Figure Legends

Tig. 1
Blanching time, sulphuring, dehyrhation, storage (1 year) and pectin

content of dehydrated peaches (on a dry matter basis; TP of fresh untreated

fruits = 2997 mg/100g dry matter).

0, Fresh (untreated); I, Sulphured only (no dehydration); II, I + dehydration;

ITI, II + stored for 1 year; A - Total; B - Soluble; C - Ca pectate;

D - Protopectin.
Fig. 2

-Effect of blanching time on rehydration at room temperature (A) and
cooling in boiling water (B) of sulphured dehydrated peaches (on dry
matter).
Fig. 3
Rehydration capacity after 1 year storage of blanched, sulphured,
dehydrated peaches  (on dry matter).
Rehydration at room temperature, circles; Rehydration in boiling water
for 30 min, triangles,
Fig.- 4
Dry matter losses-during rehydration at room temperature of blanched,

sulphured, dehydrated peaches (weight of dehydrated peaches = 100%).
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Table 1 - Effect of blanching and sulphuring on the dry matter (DM)

and alcohol insoluble solids (AIS) contents of peaches.

B]adching time* Dry matter | | Acohol insoluble so]ids**
(min) % rn}jp+tk % 'rqﬁiok*k

0 (fresh fruit) 17.0 1.60 132 1.00

5 15.2 0.89 15.9 . 1.20

15 14.2  0.835 15.4 °  1.17

*

Before sulphuring

* %
On dry matter basis

b Calculated on the value of the fresh peach halves = 1.0
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Table 2 - Rehydration weight (%) and pectin content

(mg/100q dry peaches) of sulphured dehydrated péaches

Blanching time  Rehydration weinht 1) Total pectin 2) Protopectin

(min) (%) (ma/1009) (mg/100q)

* * %
a) Room = b) Boiling

0 min - A+t 277+ - 1780 450
15min - A++ 294+ 218 2428 512
15min - B++ 314+ 220 2182 593
5 min - A++ 330+ - 2628 731
5 min - B++ - 347+ 250 2781 1135

(a) and (1) (a) and (2) (b) and (1) (b) and (2)

r 0.9097 0.9292 0.9975 0.9979
p 0.01<p<0.05 0.01<p<0.05 0.05 0.05

After 24 hr in water at room temperature

*
* After 30 min. in boiling water,

+ Weight of non-rehydrated fruits 100%
*+ A and B - samples from different batches of peaches.,
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Table 3 - Pectin degradation and firmness of blanched sutﬁhured peaches

a) Blanching time b) Firmness 1) Total Pectin’
(min) (Heatons) | (mg/100q fruit tissue)
0 21.6 511)
5 15.5 454
15 7.8 349
(a) and (b) (b) and (1)
r 0.9992 . 0.9984
p 0.05 0.05

*
Actual content in non dryed peaches.

Ilr iv )
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