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Large amounts of plant tissue are used in the production of many 
canned,  frozen and dried foods.    Some of this material is unsatisfactory 
in appearance and texture,  despite careful processing from high quality 
raw materials. 

In the present study,  the changes induced in soft fruits by con- 
trolled heating and freezing treatments were of prime concern. 

Strawberries and tomatoes were canned and frozen in 60° B su- 
crose syrup,  stored for 3-6 months and examined by physical and 
chemical methods.    Measurements of the texture, pectins, hemicellu- 
loses,  cellulose, nitrogen,  ash and ash constituents, were made on 
raw,  frozen and canned samples. 

The tissues were sliced,  macerated with 0 .4 percent sodium hexa- 
metaphosphate,  and screened.    The cell suspensions were dialysed and. 
stored at 35° F, with toluene as a preservative. 

The cell suspensions were analysed similarly to the tissue 
samples,  and the reactivity of the cell suspensions with sugars and 
electrolytes was investigated.    The results indicated the following 
conclusions: 

1) No significant difference was found between the effects of 
canning and freezing on the texture of the fruits,  as determined by the 
Shear Press,  although major differences were found between the fresh 
and processed samples. 

2) Drained weights were lower when the fruits were canned than 
when frozen,  especially in the strawberries. 



3) Histological changes brought about by the treatments were 
more marked in the frozen than in the canned fruits.    Freezing caused 
severe breakage of cell walls,  plus some cell separation, whereas 
canning tended to cause more shrinkage of cells without much breakage 
or separation.    Adhesion between cells was increased in the heated 
packs.    Damage to cells increased as cell size increased.    The study 
showed that more emphasis should be placed on selecting varieties of 
fruits for processing which have a smaller mean cell size, and thicker 
cell walls. 

4) Aqueous suspensions of parenchyma cells were found to be a 
useful means of studying the several mechanisms involved in textural 
and drained weight changes. 

5) No sorption affinity was found betv/een dialysed, depectinized 
parenchyma cells and sucrose or glucose. 

6) Dialysed cells were negatively charged, highly hydrated,  and 
formed viscous suspensions at low concentrations. 

7) The addition of small amounts of cations, particularly H+ ion 
and Ar+"+'*f" ion,    precipitated cell suspensions, by suppressing the ion- 
ization of the carboxyl group or by salt formation. 

8) A new hypothesis was proposed which assigned an important 
role to the acids and other electrolytes of fruits, in governing the textural 
and drained weight characteristics of such products . 

It was proposed that the quantity of acids and other electrolytes 
which become distributed throughout the cell during processing, causes 
a reduction of cell hydration including a shrinkage of cell walls, which 
could be partially reversed during subsequent storage. 
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THE RELATIONSHIP OF PROCESSING METHOD TO THE 
PHYSICOCHEMICAL CHANGES WHICH OCCUR IN 

PROCESSED SOFT FRUITS 

INTRODUCTION 

Large quantities of killed plant tissue are used in the pro- 

duction of many canned, frozen and dried foods.    Some of this material 

is unsatisfactory in one or more major respects, usually in appearance 

and texture,  despite careful processing from apparently sound raw 

materials.    Fruit products which illustrate such defects are "mushy" 

frozen strawberries, canned strawberries, canned raspberries, 

canned whole tomatoes,   "soft" brined cherries, and canned 

freestone peaches. 

Fruits undergo many physico-chemical changes during maturation, 

post-harvest storage,  during processing, and in subsequent handling 

and storage prior to consumption.    The quality of the final  product 

in each case will show the cumulative effects of all the factors 

involved.    In the present study, the changes induced in soft fruits by 

controlled heating and freezing   treatments in sugar syrups, particularly 

the changes which relate to textural characteristics, were of major 

interest. 

Texture is dependent upon the structure of a fruit, whether raw or 

processed, and includes such   qualities as firmness, crispness, 



stringiness and seediness.   Working standards for texture measurement 

are still subjectively determined, but several satisfactory instruments 

are available for measuring changes in the texture of fruits and other 

materials  .(4 9, p.  201-205). 

Isherwood (39 p. 136) has pointed out that "in practice the 

complex morphological character of most tissue obscures the inter- 

pretation of the results,  and the same applies to a chemical analysis 

of the whole tissue.    It follows therefore that most detailed studies 

of the chemical changes underlying texture, have been made on plant 

tissue which consists largely of one type of cell, or in which the 

change in texture is intimately associated with one part only of the 

tissue. "   He has emphasized that the turgor of the live cell is 

accompanied by the condition of dynamic equilibrium in which all cell 

constituents have roles; a situation very different from that of the dead 

cell.    Thus changes in texture must be related to overall changes in 

the cell composition and structure.   While not wishing to discourage 

further work on changes in the cell walls in relation    to texturai 

changes,Isherwood has suggested that further study of the changes in 

the soluble material of cells,  may help considerably in elucidating 

the mechanisms involved in changes of tissue texture.    He has 

illustrated this point with descriptions of some of the roles of 

starch, phytin and pectin methylesterase in the texture of tissues 



in which they occur to a considerable extent. 

It was felt that an investigation of the properties of some fruit 

tissues and of the cells which make up such tissues, might permit a 

clearer understanding of the major factors which determine commonly 

observed textural conditions and drained-weight in processed soft 

fruits. 



REVIEW OF LITERATURE 

Botanically,  fruits consist of ripened seeds plus the tissues 

which surround them.    The strawberry fruit consists of the enlarged 

receptacle and the "achenes" or "fruitlets, " which are embedded in 

it.    The tomato is a simple fleshy fruit, in which the entire ovary wall 

ripens into a fleshy pericarp,  surrounding the fleshy seed-bearing 

placentae.    The pericarp in fruits may usually be divided anatomically 

into three parts, namely the exocarp (usually a thin skin comprised 

of a lignified single cell layer, coated externally with a waxy "bloom" 

or deposit, the mesocarp or fleshy pulp, and the endocarp, the stone 

or pit.    The texture and appearance of soft fruits are usually 

dependent on the condition of the mesocarp layer at the time of 

examination although as Weier and Stocking (102 p.  304) have pointed 

out,   "the epidermal layer is of considerable importance in processing, 

and its structure has much influence on the desirability of a given 

product. "     In the present study the changes in the mesocarp layer 

will be of most concern. 

By "Processing method" is meant any treatment which is used 

in the commercial preparation of human food products from the edible 

parts of plants.   In the present context, the processing methods of 

major concern, will be those involved in the canning or freezing of 



soft fruits by conventional methods. 

Histology of soft fruit tissues 

Weier and Stocking (102, p.  298-307) and Esau (21 p.  314-324) 

have reviewed the histology of fruits in considerable detail.    The 

edible parts of soft fruits consist largely of parenchyma tissue, with 

minor amounts of anastomosing xylem and phloem conducting elements, 

and of supporting fibers, which often impart a desirable degree of 

firmness, and usually only with negligible amounts of undesirable 

lignified tissues such as "stone cells" and epidermis.    The epidermis 

is usually removed during processing if its presence seriously affects 

product quality. 

Parenchyma cells possess characteristically thin walls, composed 

of a matrix of cellulose and hemi-celluloses filled with an aqueous 

fluid containing pectic and other compounds (25, p. 6-7). Such cells 

vary widely in size and shape with location in the plant.    They are 

characteristically isodiametric cells with up to fourteen sides.    The 

parenchyma cells are held together by a middle lamella layer which is 

thought to consist largely of calcium and magnesium pectinates and 

which is relatively sensitive to processing factors, particularly moist 

heat (102, p.  310).   Intercellular spaces usually occur within masses 

of parenchyma cells,  particularly in fruit mesocarp tissue. 



The occurrence of parenchyma cells of different sizes and shapes, 

and the distribution and volume of intercellular spaces in a given 

tissue such as fruit mesocarp, are factors associated with the average 

number of facets per cell (21, p.  31-32).    Parenchyma cells in raw 

fruits have a living protoplast, complete with nucleus, mitochrondria 

and other essential organeiles,  and it generally lies close to the cell 

wall, with thin strands traversing a relatively large central vacuole 

(102,  p.  306,  95,  p.  21).    These cells usually occur in two major 

forms;    (a) storage cells containing the products of photosynthesis and 

translocation,   particularly sugars and starches in the organeiles 

called leucoplasts, and sometimes various pigmented chromoplasts, 

anthocyanin pigments, mineral inclusions such as calcium oxalate and 

other materials, and (b) as synthesizing cells containing several 

chloroplasts and associated materials. 

Parenchyma cells have vacuoles which mostly consist of a 

dilute aqueous solution of organic nutrients,  inorganic and organic 

salts, pigments, acids and cell wastes, separated from the cell 

protoplasm by a thin vacuolar membrane. 

The cell cytoplasm   is bounded externally by the plasma 

membrane—a double, protein-lipid,  semi-permeable   living 

membrane -- which largely controls the movement of materials in 



and out of each cell , as well as having a role in the mechanical 

properties of the cell (95, p.  27). 

Physiology of fruit tissues 

The normal flesh of each fruit at the stage of maturity which is 

deemed to be most satisfactory for processing, has a desirable 

texture which may range from soft (e.g. pears) to crisp (e.g. apples). 

The firmness of such tissue in each case, depends to some extent on 

cellular cohesion and structure, but is chiefly due to cell turgidity, 

which is dependent upon the water absorbing power of the cell and 

of the availability of water at the time (102, p.  307). 

When live cells are exposed to conditions which cause excessive 

outward flow of water,  such as high concentrations of solutes, the 

protoplasm is drawn away from the cell walls, the vacuoles become 

smaller, and a plasmolysed cell condition results (10 p.  85).    This 

may or may not be reversible.    The opposite condition occurs when 

the osmotic pressure of the cells is higher than that of the 

surrounding liquid.    The degree to which such dilated cells expand 

without bursting depends mainly on the elasticity and tensile 

strength of the cell wall, and of the restraining pressures being 

placed on each cell by adjacent cells in a tissue (102, p.  309). 
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The factors involved in the growth and development of form in 

fruits have  been reviewed by  Nitsch   (63).    The later part   of 

fruit enlargement is largely due to increase in cell size, particularly 

of the thin-walled fleshy parenchyma cells (21, p.  321).    Martin et al. 

(56,   57 ) and Smock and Neubert (87, p.  35-46) have shown how 

cultural factors can affect the overall size of apple fruits, and the 

distribution of cells of various sizes and types within fruits, and thus 

determine the quality of the fruit for consumption in the raw or in the 

processed state.      Martin and co-workers   (57)    have shown a 

consistent positive correlation between apple fruit size at commercial 

harvest maturity, and the incidence of storage disorders.    The smaller 

the mean cell size in the fleshy tissues of a given variety at harvest, 

the better was fruit quality retained in storage.    Reeve and Leinbach 

(72,) have  shown   that the   degree   of adhesion of the flesh cells, 

plus the mechanical properties of the cells before or after pro- 

cessing,  also play major roles in determining the textural properties 

of such materials. 

Lysis of some parenchyma cell walls in prunes, peaches, and 

pears during maturation   have been  mentioned by Sterling (90). 

The post-harvest physiology of fruits has been reviewed by 

Ulrich   (99). During the ripening of fruits, and in holding after 



harvest,  conversion of water insoluble pectins to soluble pectins 

occurs, and there may be some loss of total pectic materials 

(46, p.  281-329). 

Since the   time of Fremy   (24 )  it has been generally recog- 

nized that as fruit   ripens,     the insoluble protopectin of the cell 

walls is changed to soluble pectin.    Nightingale, Addoms, and 

Blake (61, p.   11) have shown that as freestone peaches ripen, there 

is a decrease in protopectin and cellulose and in the thickness of the 

cell walls of the flesh.    This seems to be a general phenomenon in 

the ripening of fruits.    But the above workers (3. p.  7) found that ripe 

clingstone peaches still retain thick walled cells which are high 

in protopectin, in close association with the cellulose of the wall. 

Tests with polarized light, iodine-sulphuric acid reagent, and 

extraction with cuprammonium compounds confirmed that the form and ' 

strength of walls was due to both cellulose and protopectin 

(3,   p. 7).    Staining with ruthenium red seemed to indicate that in 

contrast to cellulose, the distribution of protopectin was concentrated 

in the external areas of walls exposed to the intercellular spaces, 

rather than between adjacent cell walls.     Sterling (93) recently 

has obtained X-ray data which confirmed the chemical and 

microscopical evidence that a limited degradation of cellulose can 

occur during the ripening of freestone peaches.    He pointed out 
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that "no endogenous cellulases have been found in fleshy fruits and 

that the slight degradation of cellulose observed cannot account for 

the dramatic softening that is a function of fruit maturation. " 

Pectic materials are always heterogeneous and vary widely in 

fruits, both qualitatively and quantitatively,     depending largely on 

the maturity of each sample (46, p.  89-93).    According to McCready 

and McComb   (5 8),   80 percent   of  the   carboxyl groups in fruit 

pectins are usually esterified with methanol and the remaining 20 

percent are bound as salts, particularly of calcium or magnesium. 

Sometimes a few percent of acetyl pectins are present as in peaches 

and pears     ( 5 8 ) „ The distribution of molecular sizes in a mix- 

ture of pectin hpmologues also affects the texture of fruits, both raw 

and processed. 

Chemical composition of edible parts of fruits 

Factors affecting composition.    Growth and development in 

higher plants depends on both internal and external factors.   Among 

the latter group, light, heat, air, water,  and nutrients are very- 

important both qualitatively and quantitatively.    Thus it is not 

surprising that fruits vary widely in composition between species, 

between varieties, and within varieties, depending on particular 

growing conditions and the stage of    maturity at harvest (13). 
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Of the cultural factors involved in fruit production, weather 

conditions, particularly the amounts of sunlight and moisture available 

to a crop, probably affect the size and composition of fruits at harvest 

more than any other factors (87, p.  36).       Nightingale   (62) 

has described cultural efforts which have been made to control the 

yield and quality of the pineapple crop of Hawaii.    Despite  such 

techniques in a relatively stable climate, wide variations in yield 

and in the physical and chemical characteristics of the fruit cause 

serious quality control problems in the industry (15 ). 

The composition of successive packs of fruits taken from a 

given plot, can be greatly affected by the water available to the crop 

within the 24 hours prior to harvest (84   , p.  201). 

Proximate composition of mature soft fruits.   Soft fruits usually 

consist of 70-90 percent water, 2-5 percent structural carbohydrates 

such as cellulose, hemicelluloses, protopectin and small quantities 

of lignin compounds,  5-10 percent food reserve carbohydrates,  such 

as starch,  sucrose, glucose and fructose, 1-3  percent of organic 

acids, with either malic, tartaric or citric acid usually predominating 

in a particular fruit, about 0.3-0.5 percent protein,  2-10 percent of 

minerals as ash, and small amounts of many compounds such as 

vitamin C, lipids,  and pigments. 
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Structure and composition of parenchyma cell walls 

Setterfield and Bayley    (82), Fr ey-Wyssling   (25), Muhlethaler 

(59),     and    '   Roelofsen  (77),   have   recently   reviewed   the 

literature on this topic.    The wall consists of a discontinuous 

mi'crofibrillar phase, consisting of several layers of characteristically 

oriented microfibrils,  embedded in a continuous amorphous matrix. 

The microfibrils are relatively inert and rigid, and are mainly 

responsible for the form and structural characteristics of the wall. 

Matrix materials appear to be more reactive than the microfibrils, 

and have been assumed to play an active role in controlling wall 

rigidity in meristematic cells.    Methods for the isolation and 

fractionation of plant cell walls for composition analysis have recently 

been critically evaluated by Bean and Ordin (7 ) and   they   have 

tested three new procedures for homogenizing small amounts of cell 

walls at 0° C to - 20° C, prior to isolation of fractions by density- 

gradient centrifugation methods.    They have obtained evidence which 

throws doubt upon the desirability of using hot alcohol extraction as a 

procedure for isolating cell wall materials from plants. 

The microfibrils of walls consist of cellulose while according to 

Whistler and Sannella (103),    the    matrix    is   made   up mostly of two 

series of polysaccharides, namely the hemicelluloses and the pectic 

substances. 
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moist heat.    The labile material appeared to be mainly araban, with 

lesser losses of galactan and glucosan.    The author has pointed 

out. that even though lignin and other readily polymerisable phenolic 

compounds may.be present in fleshy tissues in minor amounts, they 

can play a major part in toughening otherwise soft fiber walls and 

vessels, by encrusting them, and so protecting them from the 

softening and dissolution which would otherwise occur during pro- 

cessing. 

Setterfield (81, p. 4 83) has pointed out that the polysaccharide 

molecules in the wall matrix, must interact to produce a three 

dimensional network,  namely the continuous phase of the wall. 

The mechanism which regulates the plasticity of walls in living 

plant cells is not understood.    Heyn    (34)   found   that   auxin 

could induce changes in the plasticity of cell walls, and Bennet- 

Clark (9, p.  286-287) has proposed that changes in wall plasticity 

.follow from changes in the amount of cross linking between the 

carboxyl groups of pectic compounds, via divalent metal bridges, 

particularly with calcium.    Direct evidence in support of this theory 

is still lacking (82, p.  39).    Calcium levels in walls do not appear 

to be dependent on either auxin or chelating agents (81, p. 4 83). 

Harvey (31, p.  29-42,  60-62) has discussed the mechanisms of pectic 

gel .formation. 
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While the hemicelluloses have been found to be major con- 

stituents of the matrix of oat coleoptile cell walls, and of pear fruit 

cell walls,they lack a carboxyl group to react with other compounds 

as do pectic materials (81, p. 484).    Setterfield and Bayley (82, p.  39) 

have found that the hemicelluloses react with cellulose, and think that 

they probably interact with each other and with other compounds 

mainly through hydrogen bonds and Van Der Waal's forces, with pectic 

materials acting as covalent bridging agents.   Jensen (4 0)   has 

recently proposed that hemicelluloses hold cellulose under tension in 

walls, but Setterfield and Bayley doubted this. 

Frey-Wyssling (25)   has quoted   a   figure   of over   90 percent 

water in young cell walls,  but Setterfield and Bayley (82, p.  3 8) think 

that 60 percent water may be more appropriate. 

Setterfield and Bayley (82,  p.  3 8) have suggested that 2.5 percent 

to 5 percent protein which remains in well washed cells, probably 

comes from enzymes which were bound to the cell wall, and from the 

strands of plasmodesmata which connect the cytoplasm of adjoining 

cells. 

Composition of the middle lamella 

The nature of the middle lamella is still obscure.    Kerr and 

Bailey  (44,p.344) defined it as the ar,v:.rphous intercellular material 
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between adjacent primary walls and it has been widely thought to 

consist, mostly of calcium and magnesium pectates (10, p. 211). 

Setterfield and Bayley (82, p. 3 8) have pointed out that the evidence 

for this theory needs re-examination.    They have found that treatments 

which separate some meristematic cells easily, remove the 

hemicelluloses as well as pectins, and Ginzburg   (28)  had previously 

reported that the conditions which were required to separate root tip 

cells with E.D.T.A. were more drastic than would be expected for the 

simple chelation of divalent metals.    Klein and Ginzburg (4 8), have 

recently concluded that a specialized cementing layer does not exist 

between cells, while Setterfield and Bayley (82, p.  39) think that 

"the middle lamella may merely be a region of the polysaccharide 

matrix where cellulose is absent, rather than a region of pectate 

localization."     Reeve and Leinbach   (72)    have   found   wide 

variations in the strengths of middle lamellae, between saucing and 

non-saucing types of apples. 

Effects of processing on physico-chemical properties of soft 
fruit tissues 

Effects of heat processing .   Appert ( 4   p.4 6-4 7) commented on 

some of the changes, including appearance, which heat induced in 

fruits.    Changes in color due to a combination of improved fruit 
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translucency, redistribution of soluble fruit pigments throughout 

products, removal of fruit "bloom" and possibly alteration of pigment 

composition have been reviewed by Mackinney and Chichester 

(54, p.  328-329), Joslyn (42), and   Sondheimer and Kertesz (88). 

A decrease in size of fruits or fruit pieces usually occurs as a 

result of processing.   Losses of water and water-soluble constituents 

are involved, plus some shrinkage of insoluble cell materials 

(102, p. 3 09).    The shape of fruits or fruit pieces may also be affected 

by processing.    Panelled fruits may be produced by compression 

effects within cans    (97 )       or    other packages,  fruits may show some 

sloughing as with freestone peaches, they may split open during pro- 

cessing,  as do whole plums and cherries in canning, or they may 

disintegrate as raspberries often do     (96) . These changes can 

greatly affect the consumer acceptability of processed fruits. 

The drained weight of processed fruits is an important index of 

product quality. 

The gross changes which occur when soft fruit tissues are heated 

have been described recently by Gallop (26, pp.   112-118).   Loss of 

water and soluble constituents is generally rapid when heat is applied, 

(2, pp.  32-36),  specific gravity of the solid phase increases and cell 

separation rather than cell rupture is likely to occur, unless heating 

is excessive (72,p.602 ,102, p.  310).    The texture of fruits is usually 
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material is thawed before consumption.    A decrease in tissue firmness, 

weeping of tissue liquids, and changes in color and flavor predominate 

(98, p.  244).    Fruits with a pronounced waxy skin such as blueberries, 

Italian prunes, cranberries and gooseberries, weep little on thawing 

(98, p.  262).   Woodroof (110 p. 41) has confirmed that commercial 

freezing and storage destroyed protoplasmic structures almost com- 

pletely, and Tressler and Evers (98, p.  261) have pointed out that 

"it is very difficult to differentiate between the changes caused by 

freezing and those occurring when the fruit is thawed.    In general, the 

changes which occur during storage are greatly accelerated during and 

subsequent to thawing. "   Thawed tissues tend to exude a lot of fluid, 

with solid-liquid equilibrium sometimes being reached rapidly.    For 

instance Guadagni,    Nimmo and Jansen (29 )   have   found   that 

soluble solids equilibrium is reached in syruped red cherries after 

5-6 days at 30° F.    No direct evidence is available to show whether 

or not there is a minimum point in the drained weight--storage time 

curve of frozen fruits . 

Joslyn and Marsh     (41)       did not find any direct relationship 

between textural changes and weight losses in the freezing and 

thawing of fruits and vegetables, although in general the greater the 

loss in weight,  the more severe was the change in texture.    They 

confirmed that the loss in weight of fruits upon thawing, was a 
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function of the degree of ice formation and osmotic action, and 

depended upon the type and condition of the fruit, the concentration 

and composition of the cover syrup, and the rate of freezing. Wiegand 

andWilder  (108, p.  26-98)     carried out an extensive investigation 

of some of the factors which influence drained weight behaviour in 

frozen fruits and vegetables.    They found that a delay of syrup packed 

fruits for up to two hours before being placed in a freezer, tended to 

firm up tissue and even cut drained weight differences between 

packages.    Highest drained weights were generally obtained with 

syrups of 50° - 60° Brix, rather than with syrups of 30° - 45° Brix. 

They attributed the higher drained weight to greater uptake of the more 

dense syrup, rather than to surface film adhesion effects.    They found 

high correlations between drained weight and drained syrup Brix 

(r = 0.75), the macerated produce Brix (r - 0.81) and the volume of 

the drained fruit (r= 0.96). 

According to Woodroof (109, p.   10) "the movement of water in and 

out of cells on freezing and thawing is hardly an osmotic process, but 

rather a diffusional process with the cell wall having the role of a 

passive filter.    This conclusion is reached because (a) the movement 

of water is very rapid,   (b) it occurs in both dead (cooked) and fresh 

tissue,   (c) the phenomenon is almost one hundred per cent reversible 

when    cell   walls   are   not ruptured.     Woodroof (109, p.   11)   has 
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concluded "that flabbiness or loss of structure after thawing was due 

to breaking down of the contents of cells which formerly gave support 

to their walls, rather than to rupturing cell walls. "   All common 

methods of processing led to irreversible precipitation of cell contents, 

with release of vacuolar contents.    The effects of freezing were 

different in degree rather than in kind as freezing conditions were 

varied.   A given degree of ice crystal formation affected cells 

similarly,  irrespective of temperatures.    Starchy tissues and those 

with thick-walled cells showed much less change in physical  pro- 

perties.      But in subsequent work (110, p.   11), the author found that 

cell wall rupture during freezing and thawing, is more common than he 

formerly thought, and the extent varies widely,  depending on the 

tissue, the freezing conditions, period of frozen storage and the 

location of   ice crystals . 

Woodroof (110, p.   12) has shown that the growth of ice crystals 

in intercellular spaces often leads to preferential separation of 

adjacent cells in one plane,   the orientation of individual cells may 

be radically altered, and many cells are crushed, leading to extrusion 

of cell contents into the intercellular spaces, with increased leakage 

upon thawing.    He found that most of the water drawn from cells 

during freezing, could be reabsorbed on thawing, provided cell walls 

were not ruptured.   He noted large increases in intercellular space 
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volume, after freezing and thawing, while the cell to cell contact 

area could be reduced to one third of the original.    The growth of ice 

crystal mass was generally along lines of least resistance. 

Woodroof (110, p.   17) concluded that the rate of withdrawal of 

water by freezing, and the total amount removed, influenced the 

ability of the dehydrated protoplasm to re-absorb water.    The damage 

from intercellular ice formation was reduced as the permeability of the 

cell walls to water increased (110, p.   18). 

Woodroof found the shape of the ice-crystals formed to be greatly 

dependent upon rate of freezing.    Rapid freezing led to Crystals of 

lenticular shape, which caused least physical damage to cell walls. 

Slower freezing led to sharp crystals of irregular shape, which con- 

tained water drawn from surrounding areas for a distance of twelve or 

more cell diameters. 

Mature fruit tissue parenchyma cells rarely occur in rows, and so 

ice crystal formation leads to more cell rupture than cell separation. 

Woodroof found that the amount of wall rupture decreased as freezing 

rate was increased; that is as ice crystal size was reduced.    Thus in 

strawberries frozen in solid carbon dioxide, over half of the cells 

had stretched, unbroken walls.    No satisfactory technique has been 

developed for estimating the percentage of unbroken cells in mature 

frozen fruit tissues (110, p.   17). 
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The vessels seem to play an important part in ice crystal 

formation.   With thickened walls, they resist rupture    and act as 

channels through which water passes more easily than through paren- 

chyma cells and are therefore adjacent to the site of the largest 

crystal masses (110, p.  22). 

The presence of thick wall cells, as well as the number and size 

of existing ice crystals,  influences crystal growth by limiting the 

\/ supply of available water.    Thus,any obstacle in the vertical or 

horizontal passage of water in tissue, influences the position and 

location of ice crystals. 

Effects of processing on water relations of fruit tissues.   Weier 

and Stocking (102, pp. 308-309) have pointed out that "any food pro- 

cessing technique which alters the permeability of the protoplasm,  the 

ability of solutes to be retained within the cell, the elasticity of the 

cell wail, or the colloidal nature of the cell contents, will alter the 

water retaining power of the cell, and possibly the crispness of the 

product.      Death of the cell results in an increase in permeability 

of the protoplasm, and if the cell is in a dilute aqueous medium, there 

will be a rapid diffusion of solutes out of the cell to regions of lower 

concentration.   Accompanying this loss of solutes, water will be lost 

and cell turgidity reduced.    If the stored food in the parenchyma cell 

is chiefly soluble, there will be a great loss of solutes, and the 
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flabbiness of the tissue will be apparent.    On the other hand, if much 

of the reserve food is in the form of starch grains, or other colloidally 

active material, water loss will not be as great and cell turgidity 

correspondingly more. "   The killing treatment may change the colloidal 

nature of the cell contents in such a way that their imbibitional pro- 

perties are increased,as seems to be the effect of heat treatment of 

starchy products such as sweet potato, where the starch is gelat- 

inized.    These authors have emphasized that "the spatial relationships 

of substances within cells must be of great importance in determining 

the course of changes in foods during processing and storage" 

(102,  p.  307).   Weier and Stocking have emphasized (102, p.  309) 

that in cells with thick, inelastic walls, death of the cells will only 

lead to slight contraction of the wall, and slight reduction of the 

liquid holding capacity of the cell,  as compared to the same cell when 

alive.    They have also pointed out that water may be retained in dead 

tissues through imbibition by colloids which cannot diffuse out 

readily, and by the capillarity of intercellular spaces. 

Drained weights 

Legal and quality standards for processed fruits usually include 

recommended minimum drained weights (D.W.'s) for each product 

(43, pp.   160-270) and considerable difficulty is often experienced in 
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meeting these specifications even though the raw materials used and 

the processing,have been satisfactory.    Drained weights vary widely, 

often without ready explanation.    Canned strawberries usually show a 

recovery of 65-70 percent of fill-in weight (F.W.) as drained weight 

(26, p.  88), with the figure rising for other fruits, up to about 100 

percent for clingstone peaches   (52) . Frozen fruits also vary 

widely in D.W.'s.    Such a wide range of drained weight recoveries has 

not been highly correlated with any simple index,  such as initial 

fruit to syrup Brix ratio.   While the weight change has been almost 

wholly attributed to osmotic effects, cell volumes, cell wall 

elasticity, and cell wall strength must contribute to the final D.W. 

when solute equilibrium prevails throughout the product.    Sterling 

(90)     has      recently reviewed D. W. phenomena at length. 

In canned fruits,  D.W.'s can change rapidly during the heat 

process, and less rapidly in short term storage to reach a minimum 

value or turning point, and then the D. W.   gradually rises again to 

eventually reach an equilibrium value.    The equilibrium D.W.'s of 

plant tissues packed in water,  syrups, and brines,  seem to largely 

depend on the chemical compositions of the two phases, with the 

diffusional properties of the tissues largely determining the rates at 

which equilibrium is attained.    The rate at which these changes occur 
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in a given sample of fruit depends on the type and size of fruit 

tissue (36, p.  78), the packing medium (52) and   the rate   and 

duration of heating.    Gallop (26, p.  90) found that inversion of the 

solid-liquid ratio, as measured by D. W.'s, occurred in canned straw- 

berries when about one-third of the heating process had elapsed. 

Increase in fruit maturity usually leads to decreased D.W. 's even 

when disintegration of fruits is not apparent. 

Leonard, Luh, and Mrak    (52)        have reported data on cling- 

stone peaches which show that the D.W. 's of these fruits drop only 

slightly during processing, and usually rise to about the F. W. 's at 

equilibrium.    Generally,  softer fruit or smaller fruit will change more 

rapidly during heating and in storage, and the D.W.  - F.W. ratio of 

soft fruit will be lower at any stage than firmer fruit.    But the above 

authors have found that the D.W. 's of clingstone peaches can in- 

crease with maturity. 

Whittenberger (104)       has stated:    "despite the importance of 

drained weight in processed, pitted, red cherries, knowledge con- 

cerning the factors which govern drained weight remains meager. "   He 

found that cherries undergo changes after harvest, which affect their 

texture and D.W.    The condition of the cherries, the extent of 

bruising present, the temperature of storage and period of storage 

were found to influence the D.W.'s of the processed samples. 
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Hills et__al. (35 )      carried out a similar study, and confirmed that 

post harvest handling procedures could play a large role in the texture, 

pitting behaviour and D.W. of cherries.    These authors found that high 

D.W. in heat-processed red cherries was associated with a high 

degree of tissue cohesiveness, rather than of intactness of cell walls. 

They regard      the processed cherry essentially as a cellulose sponge 

where D.W. is largely determined by the extent to which the tissue 

structure is maintained.   Accordingly any influence which is likely to 

change the properties of the intercellular pectic cement can greatly 

influence texture, pitting behaviour and drained weight.   While slight 

bruising and other mild metabolic stimulants might seem to be advan- 

tageous for reasons of texture and yield of processed fruit, they 

usually brought about undesirable changes in color, acidity and 

possibly in flavor. 

Final D.W. is usually roughly inversely related to the concen- 

tration of sugars used in the canning syrup (36, 52 )    although 

exceptions occur frequently, as Bedford and Robertson (8.)   and 

Hills et al (35 ) have reported. 
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Hypotheses of drained weight behaviour 

The osmotic hypothesis.     The osmotic hypothesis has been most 

popular (1,  36,  52,  78, and 107).    This certainly applies to the living 

cells,  in which active semi-permeable membranes play a major role 

(14).    The above workers have found that canned tissues tend to per- 

mit ready movement in or out of water and small molecules such as 

sugars and acids, while tending to retard the diffusion of larger 

molecules.    This phenomenon is more of an expression of relative 

diffusion rates of molecules on a basis of size through the pores of 

dead tissues and cell walls rather than any active membrane being 

present.    Ross (78) and Hughes,  Chichester, and Sterling (38) have 

clearly shown the dependence of penetration rates of molecules into 

fruit pieces, upon molecular size.    Sterling (90) has pointed out that 

the presence of an intact cutinized epidermis can greatly retard fruit- 

syrup interactions.   Processing localizes many cell colloids, and may 

even increase their water binding capacity, as happens with starch. 

At the turning point in D.W. , the sugar content of the fruit has 

been found to be less than in the surrounding syrup (78,  52,  38). 

But at this point the water activity in the fruit is thought to equal that 

in the syrup, because of the presence of greater amounts of non- 

sugar solutes in the cells.   A particular solute could still diffuse into 
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or out of the fruit, because of its concentration gradient.    If the move- 

ment were inward, osmotic movement of water inward might be 

expected to follow, leading to an increase in D.W.    But one cannot 

assume that solutes can only diffuse one way,  namely into fruit 

pieces; extraction of pigments, acids, and pectic materials from 

fruits into the   cover syrup is well known in canned and frozen fruits. 

Thus, as Sterling (90) has pointed out,   "the activity of water with 

respect to solutes should remain more or less balanced at the turning 

point (isosmotic equilibrium).    The role of Donnan equilibrium 

phenomena in processed fruits is not known. 

If the movement of sugars were primarily into the fruit, the 

D.W.'s of fruits should increase with increasing syrup concentration, 

ultimately to exceed the F.W. of fruit.    But the reverse has generally 

been found (36,  5 2). 

If the movement of sugars into processed tissues were controlled 

by some semi-permeable membrane mechanism,  sugar penetration 

rates would be slow, and the uptake of water after isosmotic equilibrium 

would be very gradual.    But in practice once the turning point has been 

reached, the initial rate of gain in D.W. is rapid (90).    Simple 

osmotic relationships do not seem to be involved from this stage 

onward. 
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The cellulose sponge hypothesis.      Whittenberger (104) tends to 

regard a canned fruit as a cellulose sponge, held together by a pectic 

intercellular cement, and has proposed that the effects of a given 

processing procedure upon this cement, largely determines the D.W. 

pattern of a given sample of tissue.    Thus, the partial removal or 

degradation,  in situ, of pectic materials softens tissues and reduces 

D.W.'s; calcium treatments generally increase firmness and D.W.'s; 

and the addition of hydrophilic colloids such as pectins, usually 

increases D.W.'s (85), largely by increasing syrup adhesion to fruits. 

Sterling (90) has concluded that "the cellulose sponge theory 

has only limited significance in explaining D.W. patterns. "   It can- 

not account for the increase in weight beyond the turning point, it 

cannot explain the role of syrup or brine concentration in the attain- 

ment of equilibrium D.W., and it seems to assign too important a 

place to the strength of the middle lamella in drained weight patterns. 

The wall elasticity hypothesis.    The D.W. attained at equilibrium 

has been ascribed by Hirst, Adam, Leonard, Luh, and Mrak (2,  36, 5 2) 

primarily to the elasticity of the cell wall,  from the common 

observation that overmature and/or overprocessed tissues have 

lower D.W. 's than firmer samples.    Heating has been shown to 

soften cell walls and to reduce their thickness (14), but at present 

the chemical changes involved are not clearly understood.    Changes 
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in pectic materials, from within cell walls and between cell walls have 

often been observed (30;, 39,  45,  51,  52,  53,  72). 

In some canned vegetables, the D.W.'s are often greater than the 

F.W.'s and Adam and Stanworth (2) have suggested that the weight 

increase might be due to sorption of water by starch and proteins in 

such tissues. 

Sterling (90) has pointed out that the properties of the primary cell 

wall are not due largely to cellulose, and that therefore breakdown of 

the wall must be due mostly to changes in non-cellulosic materials, 

probably pectins.    Isherwood (39, p.   141) has found that changes in 

hemi-celluloses predominate during the ripening of pears.    Sterling 

thinks that the cellulose network in walls is not likely to sustain the 

integrity of   the walls; a cellulose-pectin gel appears to be involved. 

He noted that the failure of plant materials under stress, occurred 

primarily,across cell walls in raw tissue, and between walls in pro- 

cessed tissue.    The wall elasticity theory appears to be inadequate to 

explain most D.W. phenomena. 

The sugar sorption theory.    Sterling (90) has proposed a theory 

to explain D.W. changes in processed tissues, particularly in fruits, 

which attributes a more important role to the polysaccharides of the 

cell wall.    He has summarized this hypothesis as follows:    "after 

canning, the movement of water and solutes proceeds according to 
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respective gradients of activity or concentration.    In sugar syrup, the 

fruit Shrinks because water leaves the fruit faster than syrup solutes 

can move in to equalize solute concentrations. . . The amount of 

shrinkage of the wall polysaccharides, will determine the amount of re- 

placement of polymer-water hydrogen bonding by polymer-polymer hydrogen 

bonding Abrupt cessation of water movement from the fruit and 

reversal of its direction of movement, is due to the uptake of sugars in 

the cell walls, probably by hydrogen bonding of the latter with cell 

wall polysaccharides.    The higher concentration of sugar in the walls 

permits water to move into them,  and produce a more hydrated con- 

dition there.    Thus cellular volume and drained weight will increase. " 

The evidence in support of preferential adsorption of sugars from 

syrup by cell wall constituents against a concentration gradient, was 

obtained from a close examination of peach materials used by Hughes, 

Chichester,  and Sterling (3 8), in a study of glucose diffusion rates into 

fruit during and after canning.    Sterling and Chichester (92) found a 

greater concentration of radioactive glucose in the parenchyma cell 

walls and in the vascular bundles, after samples had been frozen, 

lyophilized,  sectioned, mounted,  and radioautographs made.    The 

authors admitted that part of the sugar localized in insoluble cell 

structures could be due to physical deposition there during 

lyophilization, but felt that as similar levels of sugar were found in 
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walls of processed plant materials,  must be seriously questioned.    It 

seems more likely that the localized concentration of radioactive 

sugars which these authors found in the cell walls of peaches canned 

in radioactive sugar, were built up during the freeze-drying of 

relatively large radial sections (6 mm wide,  6 mm thick, and 2-3 cm 

long) at -22° F.    Tressler and Evers (98, p.  258) have pointed out 

that even at -30° F,  some water remains unfrozen in fruit,  so that it 

is possible that slow inward migration of the unfrozen syrup phase in 

the peach segments as the drying proceeded, tended to concentrate 

the radioactive sugar syrup in the slower drying cell solids, towards 

the center of the segments.    If such segments were to be sectioned 

near the geometric center, the results which Sterling and Chichester 

obtained might be expected. 

On theoretical grounds it seems unlikely that a low molecular 

weight sugar, which is present in a 25-50 percent solution in a solvent 

with which it can readily form hydrogen bonds, would migrate out of 

solution onto an amorphous or crystalline material of lower hydrogen 

bonding characteristics than the water solvent.    The process of forming 

jellies with high methoxyl pectins,  sugar and acid,  is usually inter- 

preted as a process involving partial neutralization of the charge on 

the colloid, plus a bringing together of the pectic molecules to form 

a hydrogen bonded polymer, through a dehydration reaction, per the 
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medium of sugar in high concentration (46, p.   193-194).    This also 

would suggest that sugar has a much greater affinity for water than for 

the pectic compounds, and similar polycarbohydrates. 

Possible roles of cell hydrophilic materials in drained weight 

phenomena.    Sterling (90) has recently reviewed this topic at length . 

These materials may permit partial re-establishment of original cell 

volumes, in the absence of turgor, and will restrict water activity in 

the fruit when sugars are present in higher concentration outside the 

fruit.    Beyond the turning point the hydrophilic materials are not likely 

to attract further water molecules, to reverse the D.W. trend.   Live 

cells are already at equilibrium with ample water, and so it seems 

likely that when processed tissues have D.W.'s greater than F.W. 's 

the increase in weight is probably due largely to increase in hydro- 

philic properties of the cells brought about by processing.    If 

Whittenberger's(104) concept of canned fruits as an open network is 

valid,  soluble solute concentrations throughout such products should 

soon equalize.    But concentration gradients would still exist between 

coagulated protoplasmic compounds inside cells and the surrounding 

liquid. 

Sterling (90) does not think that the cell lumina is likely to in- 

crease in dead cells, and attributes any weight increase to a com- 

bination of cell-wall swelling plus uptake of soluble solids from the 



36 

syrup.    Clingstone peaches packed in water also can have a higher 

D.W. than F.W.   (52), indicating that uptake of syrup constituents 

need not be important in D.W. increases»   Hirst and Adam (36) think 

that replacement of intercellular air spaces with syrup could account 

for such a D.W. change.    Reeve and Leinbach (72) have computed that 

20-27 percent of the volume of apple flesh is intercellular air space, 

and microscopic inspection of sections of fruits such as strawberries 

reveal the presence of a considerable amount of intercellular air.    But 

despite the removal of this air in canning,  D.W.'s of strawberries 

remain low. 

The properties of isolated processed fruit cells 

The consistency of fluid fruit products such as tomato juice, 

fruit nectars, apple sauce,  and topiato paste is dependent upon the 

concentration of cell materials, both soluble and insoluble, which are 

present.    Factors affecting the viscosity of tomato juice have been 

investigated by several workers (30, 45,  75,   105,   106).    The stability 

of the juice and the viscosity of the serum have been shown to be 

largely dependent on the amount and type of water soluble pectin pre- 

sent.    The contribution of the insoluble matter to overall juice vis- 

cosity, has been found to depend on the amount present, its state of 

subdivision, and the condition of the pectic substances present. 
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Whittenberger and Nutting (105)  showed that homogenization of 

the suspended cells in tomato juices greatly increased juice viscosity, 

and that the presence of undergraded pectic materials led to greater 

viscosity, whatever the condition of the insoluble solids.    They also 

showed that depectinization of either the serum or the solids, led to 

reduced viscosity, but that homogenization of the treated cellulosic 

solids could lead to restoration of viscosity equal to or greater than 

that of the original  juice.    Enzymatic digestion of the cellulose led to 

decreased viscosity.    They concluded that both pectic and cellulosic 

materials played important roles in determining the overall viscosity of 

tomato juice. 

In another study (106), the same workers characterized the role of 

the juice fractions in juice viscosity more clearly.    They found that 

the removal of soluble serum constituents from whole tomato juice re- 

versibly increased the viscosity,  at a constant concentration of in- 

soluble solids.    The addition of non-electrolytes--sugars,  glycerol, 

urea, and ethanol--to the suspension of washed insoluble solids, did 

not decrease viscosity appreciably, but electrolytes, particularly 

calcium chloride,  and even soluble pectin, markedly reduced the 

viscosity.    They showed that the concentration of electrolytes normally 

present in the juice was sufficient to keep the contribution of the in- 

solubles to overall juice viscosity very low. 
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Mechanical breakage of juice insolubles led to increased 

viscosity, especially if the serum constituents had been removed. 

Cell walls high in pectic materials were more difficult to homogenize, 

presumably because of the "cushioning effect" of the amorphous 

hydrated pectic compounds.    When all substances other than cell- 

ulose were removed from cell walls by extraction, the viscosity de- 

creased when compared to the whole juice on the same cellulose 

basis,  but the viscosity increased up to five times the whole juice 

viscosity, when the cellulose was homogenized.    The suspensions 

obtained were colorless, translucent and heat stable, and were more 

viscous per unit concentration than any of the commonly used thick- 

ening agents such as starches, pectins, gelatins, carboxymethyl cell- 

uloses or alginates. 

Whittenberger and Nutting (106) pointed out that tomato and other 

fruit celluloses differ qualitatively from cotton cellulose or wood 

cellulose, in being more amorphous than crystalline, and quanti- 

tatively, in forming relatively thick hydrophilic suspensions at low 

concentrations,  and these in turn can be made much more viscous by 

homogenization.    They explain the phenomenon described above, on 

a basis of the charge relationships of the wall carbohydrates, which 

presumably can form viscous highly-hydrated micelles, provided the 

surface area exposed and the effective charge are high enough. 
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Reeve,  Kaufman and Wong (75) have found that retention of wholeness 

of cells greatly assists the reconstitution of vacuum dried tomato juice 

powders.    Drying of broken cell walls leads to irreversible loss of 

hydrophilic properties particularly in the cellulosic materials (75,  94). 

Luh et al (5 3) clearly showed that fruit maturity is an important 

factor in the consistency of tomato juice, and did not attach as much 

importance to the role of cellulose as did Wiittenberger and Nutting. 

They concluded that the colloidal characteristics of cell walls were 

determined mainly by the manner in which cellulose is combined with 

pectins and other wall carbohydrates in a particular sample. 

The chemistry of celluloses 

Hermans (32, p. 1-35),  Stamm (89) and Roelofsen (77, p. 3-10) 

have reviewed this topic.    Cellulose is a glucose polysaccharide 

(Cs Hio O5) n, but its molecular weight characteristics vary widely 

between different plant sources. 

In industrial practice, the residue after extraction of wood pulp 

with cold 17.5 percent   NaOH,   is termed ©C  cellulose.    The precipitate 

obtained on acidification of the extract is called   8   cellulose, and 

the material in the non-precipitable extract is termed   b    cellulose. 

Estimates of molecular size of celluloses vary widely,depending on 

the raw materials and the methods used. A predominantly linear-polymer 
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with a chain length of 5,000-10,000 glucose units is preferred by 

Roelofsen (77, p. 5). 

Cellulose has been defined by Ott, Spurlin and Grafflin as "a 

family of copolymers of glucose" (64, p.   144).    These authors have 

also stated that "the properties of cellulose may be explained partly 

by its molecular formula,  and partly by the nature of its solid state: 

it is intermediate between crystalline and amorphous, and thus the 

structure and properties of cellulose fibers can vary widely"{64, p. 

144). 

There is no doubt that the chemical and physical processes in- 

volved in  isolating and purifying celluloses bring about changes in 

the cellulose chain (3 2, p. 4,  7,  8).    The most likely effects are 

mechanical breakage of chains and chemical alteration of basic struc- 

ture, largely by oxidation of some of the alcoholic groups to carboxy 

groups.    Extended treatment with hot water, particularly in the pre- 

sence of air, can produce profound changes in the properties of cell- 

ulosic materials. 

Schmidt_et _a]_ (79) postulated that all cellulose chains naturally 

have a terminal carboxyl grqup,  and claimed that cellulose,  irrespec- 

tive of the source, contained 0.28 percent carboxyl groups,  expressed 

as carbon dioxide.    Neale (60 p.  399) concluded that cellulose may 

be considered as a weak monobasic acid, with an ionization constant 
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of about 2.0 x 10 ~14 at 25° C.    Stamm (89, p. 55) thinks that the low 

ionization constant of cellulose would render Donnan equilibrium 

effects negligible in cellulose--aqueous salt systems. 

The tendency of like groups in hydroxy and other hydrophilic com- 

pounds to associate is usually attributed to "hydrogen bonding. "   The 

hydrogen in such compounds appears to behave as a bare proton, with 

no electron cloud preventing close association of the proton to a nega- 

tively charged atom of another molecule.    A high electrostatic energy 

of interaction results (64, p. 1073). 

A salient feature of the solubility behaviour of compounds con- 

taining hydroxyl groups, such as cellulose, is that they are prefer- 

entially soluble in solvents capable of hydrogen bonding. Water is 

held by cellulosic materials as water of constitution, surface adsorbed 

water and capillary condensed water. The lines of demarcation be- 

tween these are not sharp (89, p. 45). 

Solvation of the hydroxyl groups of cellulose by acids and bases 

will occur if the concentration is high enough.    Cellulose can be 

dissolved in water solutions of mineral acids and quaternary organic 

bases, if a concentration range is chosen where a stable, insoluble 

crystal lattice is not formed.    The hydroxyl group also forms stable 

complexes with several metallic ions,  especially copper    (64, p. 1075), 
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According to Ott,  Spurlin,and   Grafflin (64,p. 1076) "the ability to 

form hydrogen bonds between adjoining chains will,  from probability 

considerations,  increase as the square or a higher power of the 

hydroxyl content."   These authors have also pointed out that "to dis- 

solve cellulose , a salt, base, or acid must be very soluble in water. 

Otherwise the solvating ability of the ions involved is used up with 

water, leaving the hydroxyl groups of cellulose unsolvated.    If an acid 

or salt is soluble enough to depress the partial pressure of water to 

one-tenth of that of pure water,  a maximum of swelling action or solu- 

bility is observed" (64, p. 1079). 

The theories proposed to explain the swelling of cellulose, have 

been reviewed by Stamm (89, p. 55-57).    Cellulosic materials swell be- 

yond the normal water-swollen state, when placed in some concen- 

trated aqueous solutions.    Saturated electrolytes that tend to disperse 

cellulose at higher temperatures, cause it to swell at lower temper- 

atures .    Stamm found that the pH of a salt seemed to have a negligible 

effect upon its capacity to cause swelling (89, p. 55). 

Cellulose in the form of analytical grade filter paper is widely 

used for chromatographic analysis.    Pickering (67) has pointed out that 

the paper not only acts as a convenient support for the liquid phase, 

but may influence the distribution of ions by direct participation in the 
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long - chain cations. 

Yeo (111) reported that the sodium salt of 2-4 dichlorphenoxyacetic 

acid was adsorbed to cellulose to the extent of 16 80 ug per 0.25 g of 

cellulose after one min adsorption time.    Stamm (89, p. 38) has found 

that adsorption of salts from dilute solutions by wood, was very small. 

A slight positive adsorption of cations from B  Clo and AIGU was 

obtained and a negative adsorption of chloride ions from NaCl,  B  Cl0 a     z 

and AlClo. Optimum adsorption required about 30 hours. Briggs (11, 

p. 674) found that monovalent cations other than hydrogen increases 

the negative zeta potential on cellulose up to concentrations of I meq 

and then the potential decreases. The cation chlorides increased the 

zeta potential in the order Cs <K<Na<Li. Hydrogen ions caused a 

steady decrease in potential. The ability of cations to decrease zeta 

potential at a given concentration increased with valency. 

Dyeing data strongly suggests that no direct dye will dye cellulose 

in the absence of electrolytes (100, p. 231).   Adsorption of dye may be 

due to the existence of hydrogen bonding forces between fiber and dye, 

opposed by the electrical surface charge.    Removal of electrolytes 

greately. increases the surface charge,  and thus electrical repulsion 

forces might exceed the attraction forces around the fiber, and thus 
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lead to a complete lack of adsorption.   Electrolytes can cause dye 

adsorption by,   (a) increasing the activity of the dye in solution, 

(b) by increasing the total ion concentration in the solution, and 

(c) by screening the electrical charge on the particle surface,  so 

that a dye ion can approach more closely before any electrical repul- 

sion becomes evident (100, p.  194). 

Many factors can influence the properties of processed soft 

fruits.    The fresh materials are subject to wide variation in physico- 

chemical properties, but despite this variability, the processed pro- 

ducts show reasonably predictable properties, particularly in texture. 

Different processing procedures such as canning and freezing, pro- 

duce characteristic textural effects in soft fruits which are as yet 

little understood in chemical terms. 

In the case of soft fruits, many of the textural changes induced 

by sound processing methods are undesirable.    Before new pro- 

cedures can be developed to improve the texture of soft fruits, an 

understanding of the reactions involved in textural changes would 

be helpful.    For this reason, in the work undertaken for this thesis, 

two soft fruits, namely,  strawberries and tomatoes, were processed 

under controlled conditions, and some of the physicochemical pro- 

perties of these materials were studied at both the tissue and cellular 

levels. 
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MATERIALS AND METHODS 

The experimental work of this investigation consisted of studies 

of the effects of canning and freezing in sucrose syrup, upon some of 

the physicochemical properties of strawberries and tomatoes. 

The fruits were characterized at both the tissue and cell level be- 

fore and after processing, by methods chosen so as to delineate the 

major factors involved in any observed changes in textural and drained 

weight characteristics of the products. 

Source of fruits 

Northwest strawberries used for this study were commercially 

picked fruit grown on Mr.  G. Hathaway's farm near Corvallis.    The 

German Cherry tomatoes were donated by Dr. William A.    Frazier, of 

the  Horticulture   Department.    One replicate of each fruit was treated 

during each of the 1960 and 1961 seasons. 

Processing methods 

Strawberries.     The berries were washed in a McLauchlan   vibra- 

tory washer,  sorted on an Allen vibrating table and drained on 8 mesh 

stainless steel screens.    The berries, ranged, in weight from 6-10 g 

each, with the average weight of a mixed sample of 25 berries  being 

7.8 g.   A fill-in weight (F.W.) of 4.75  pounds of fruit was put in each 
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No.   10 fruit enamel can, vacuum filled with 60  B sucrose syrup in dis- 

tilled water at room temperature,  up to a net weight (N.W.) of 6.875 

pounds in a modified vacuum seamer (26, p. 4 2), and steam flow 

closed.    Units of four cans per treatment were frozen and heat pro- 

cessed. 

The fresh fruit treatment was examined promptly, then macerated 

by a procedure to be described shortly.    One lot of canned berries was 

spin cooked in a modified Roll-Thru Pasteurizer-Cooler (26, p.  43) 

at 204o-206o F and 5 0 r.p.m. for 6 minutes then spin cooled for 8 min- 

1 C 
utes,   (F   200~ O'?;    (heat   processes were calculated by Patashnik's 

method (66)). The fruits were stored for one month at room temperature 

(80?   5° F),  then stored at 35° F till examined 3-6 months later. 

A lot of syruped berries in cans  was frozen in a blast-freezer at 

-5° to -10° F, then stored at this temperature for 3-6 months, until 

thawed overnight in running water at 60° F.    Freezing and thawing 

rates at the centers of cans were recorded, using Ecklund thermo- 

couples attached to a Brown Electronik Recorder.    The rates were as 

on the next page. 
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Table 1.       Freezing and thawing rates in strawberry and tomato test 
 packs in No. 10 cans.  

Stage Strawberries Tomatoes  
Time Temperature* Time Temperature * 

(hr) OF (hr) oF 

Freezing 0 70 0 70 
(air blast at 4 32 3 32 
-5 to-10° F) 12 20 10 20 

14 1/2 0 14 0 
16 -5 16 -5 

Thawing 
(water 55° F) 0 -5 0 -10 

2 1/2 20 2 1/2 0 
8 32 8 1/2 32 

10 50 10 50 
*At can center 

Tomatoes. These were picked at firm, uniform, red maturity, the 

stalks   were removed, and the fruits were washed and drained as for 

the strawberries.    The fruits used ranged from 20-40 g in weight, with 

the average of a mixed sample being 35.3 g.    No.  10 fruit enamel cans 

were filled with 4.25i   0.025 pounds of fruit, the cans were vacuum 

filled with 60° B syrup to a N.W. of 6. 875 pounds and steam flow 

closed. 

The lots of cans for freezing were frozen and thawed as for the 

strawberries. 

The heat processed tomatoes were given a spin cook at 204°- 

206° F and 25 r.p.m. for 10 minutes,  followed by a 2 minute hold per- 

i f\ 
iod (F =1.7), then spin cooled for 10 minutes, and stored as for 

200 
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the strawberries. 

Product examination methods 

Drained weights (D.W.):    The standard procedure described in 

"The Almanac" (43, p.   161) was used. 

pH:   Measurements were made on a Beckman Zeromatic pH Meter, 

fitted with an extension arm to hold the electrodes away from the unit, 

so that acid-base titrations could be carried out in beakers supported 

on a magnetic stirrer. 

Soluble solids:    A Bausch and Lomb Abbe type Refractometer was 

used,  and values were expressed as 0 3rix at 25° C. 

Texture measurements:   A modified Lee-Kramer Shear Press, fitted 

with an x-y recorder was used (Figure 1).    One hundred gram samples 

of fresh material were taken for each run and amounts of drained fruit 

equal to 100 g x D.W./F.W. were taken for the processed samples. 

Two measurements were made /can.    Strawberries were tested whole 

and the tomatoes were quartered before sampling. 

Histological samples:    Using a sharp 8 mm i.d. corkborer, hori- 

zontal cores of tissue were taken centrally through each of 25 fruits 

from each lot, killed and fixed in 5 0 percent ethanolic F..A.A.  (form- 

alin-acetic acid-alcohol,  5:5: 90),  stored in 50 percent ethanol, 
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Figure 1.    Modified Lee-Kramer Shear Press.    (Department of Food 
Science and Technology,  Oregon State University) 
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dehydrated in an ethanol-tertiary butyl alcohol series and run up into 

paraffin blocks. Ribbons 12-15 u thick were cut, mounted on slides, 

stained with iron-haematoxylin and covered with resin and cover- 

glasses.    Cell suspensions were similarly stained, then photographed 

after mounting in water. 

Maceration of tissues:   A desirable maceration procedure would 

permit the preparation from raw and processed fruit tissues of suspen- 

sions consisting almost wholly of separate parenchyma cells, in a 

physical condition similar to that in which they were present in the 

whole fruits. 

Towards this end, test-runs were made using 0.4 percent w/w 

sodium hexametaphosphate at pH 4.7,  0.2 percent Versene at pH 6.0, 

1.6 percent ammonium oxalate plus 0.4 percent oxalic acid at pH 3.85, 

and 0.5 percent Pectinol M at pH 4.3,  as macerating agents, with the 

result that 0.4 percent sodium hexametaphosphate  was chosen for use 

in this investigation. 

The procedure used to prepare cell suspensions was as fellows: 

One part by weight of raw fruit or drained processed fruit was sliced in a 

McLauchlan rotary slicer with the blades set 1 cm  apart,  and quanti- 

tatively transferred to a wide mouth 5 gallon    capacity screw top glass 

vessel, by means of one part by weight of distilled water.    0.4 percent 

of sodium hexametaphosphate and 10 ml toluene were stirred in, and the 
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mixture was shaken twice daily while being held at 80° F for 72 hours. 

The material was then run through a small stainless   steel paddle fin- 

isher, using 0.045 in. screens.    Samples of puree were removed and 

stored at 35     F for analysis, and the remainder was measured volume- 

trically, and poured into double-walled calico bags, and allowed to 

drain for 2-3 hours over a sink.    The bag of puree was then immersed 

in a 6 liter tank of distilled water,  5 ml toluene   was added to the 

puree as a preservative, and the material mixed.    The water was 

changed three times during the first 24 hours, then twice during the 

next 24 hours, and then once during each of five more days.   At the 

end of this period, the washed puree was drained   again, washed out 

of the bag, and made up to half the volume of the unwashed puree 

which had been taken initially.    The suspension was then transferred 

in 500 ml aliquots to Visking No.  36 D.C. dialysis casings (1.734 in. 

flat width), 1 ml toluene was mixed in and the casings were hung in- 

side a 3 foot long,  6  in. dia   polythene cylinder by means of plastic 

pegs and covered with aluminum   foil.    Distilled water was fed into 

the bottom of the cylinder at the rate of 5 00 ml/hr, and stirring and 

preservation was achieved by blowing a slow stream of fine air 

bubbles saturated with toluene vapor into the lower part of the cyl - 

inder.    The casings were taken out daily over a period of one week, 

1 ml toluene was added to each, and then they were shaken and 
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returned to the cylinder.   After 4-5 days the conductivity of the sus- 

pensions was approximately equal to that of the distilled water. 

A dialysis time of 7 days was adequate to remove water soluble ceil 

constituents almost completely. 

An attempt was made to use an electrodialysis apparatus for 

further deionizing the cells.    But migration of the negatively charged 

colloid to the cellophane sheet membranes nearest to the anode was 

relatively rapid, and redispersion of the coagulated material was 

found to be difficult, even though the polarity of the cell was reversed 

intermittently.    The procedure was not considered practicable for the 

volumes of suspensions being used. 

After dialysis, the suspensions were sampled for total solids con- 

tent,  and stored at 350F in 1 gallon glass jugs, which were previously 

washed in 4N HC1 and distilled water,  again using toluene    as a pre- 

servative.    The suspensions were adjusted to 0.5 percent, solids be- 

fore being used. 

Homogenization of cell suspensions 

The procedure used by Whittenberger and Nutting (106) was fol- 

lowed,  namely 2 minutes at full speed in a Waring Blender fitted with 

a new set of blades.    Homogenized suspensions, particularly of tomato 

cells, were obviously  aerated,  and were deaerated in a vacuum 
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dessicator, by applying and releasing the vacuum several times. 

Analytical procedures 

Total solids (T.S.):    10-25 g samples of the various materials 

were weighed into 6 cm dia aluminum foil dishes,  dried on a steam 

bath until apparently dry, then dried under 29 in. vacuum in 60° C for 

16 hours, allowed to cool in a dessicator for one hour, then weighed. 

Water insoluble solids (W.I.S.):   TheA.O.A.C. method (6, 

p.  265) was followed up to the final drying stage, when the vacuum 

oven procedure described above was used.    The wet volumes of the in- 

soluble solids in pureed samples were determined by centrifugation at 

2,500 r.p.m. for 10 minutes in graduated conical 50 ml tubes. 

Seed and skin fragments:   The seeds and skin fragments present 

in the W.I.S. were manually removed from the filter papers, and 

weighed. 

Alcohol insoluble solids (A.I.S.):   Four 200 g samples of sliced 

fruit from each treatment, were stirred into 800 ml of boiling 95 per- 

cent ethanol in a one liter beaker, and the mixture was quickly 

brought to the boil again, and then held in a water bath at 80° C for 

30 minutes.    Each sample was then chopped in a Waring Blender,  for 

1/2 minute    at half speed,  followed by 1 minute at full speed, washed 

back into the beaker with hot 70 percent ethanol and heated in the 
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water bath again for 30 minutes . 

The slurries were filtered through pre-dried, weighed,   12.5 cm 

No.  31 Whatman filter papers, washed with hot 70 percent ethanol till 

the filtrates were colorless, drained on the Buchner, and each filter 

cake was separted from its paper before air drying upside down on the 

paper, then vacuum dried as for the total solids estimation,and 

weighed.    The A.I.S. materials from each treatment were then mixed 

and ground in an F No. 4 Quaker City Mill Corn Grinder, and stored 

in screw top glass jars.    The ground samples were re-dried in vacuo 

just before subsequent analyses on these  materials were carried out. 

Fractionation of A.I..S. 

Removal of interfering substances:  Some seeds were broken dur- 

ing grinding of the A.I.S. , and small amounts of compounds which 

would interfere in subsequent pectin analyses, became extractable with 

hot 70 percent alcohol.   Accordingly,  ground samples were purified as 

below: 

0.2 g samples of ground A.I.S. were weighed into 5 0 ml conical 

centrifuge tubes, 10 ml of distilled water were added to each, and then 

the material was rehydrated by placing the tubes in a boiling water 

bath for 5 minutes, using a rubber tipped stirring rod to disperse the 

material.    30 ml of hot 95 percent ethanol, and 0.05 g Dicalite filter 
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Determination of water soluble pectin:    One ml aliquots of 

de-esferified pectin solution were pipetted into 6" x 1" Pyrex test 

tubes,  and 6 ml concentrated sulfuric acid were run into each tube. 

The contents were mixed and heated in a boiling water bath for 10 min- 

utes, then cooled in tap water for 5 minutes.    0.5 ml of 0.15 percent 

Carbazole in purified ethanol was pipetted into each tube, mixed, and 

absofbance measurements at 5 20 mu were made after 25 -3 0 minutes, 

on a Bausch and Lomb Spectronic 20 spectrophotometer.   A standard 

curve was run with vacuum dried Eastman Practical grade,    d-Galact- 

uronic Acid, by the same procedure . 

E.D.T..A.  soluble pectin:     25 ml water,   10 ml 2 percent solution 

of disodium ethylene diamine tetraacetic acid and 1.5 ml N NaOH 

were added to the residue in each tube from the previous determination 

and the mixture was stirred and allowed to sequester for 60 minutes. 

The tubes were centrifuged, and the residues washed once with 40 ml 

water.    The extracts were recombined and made up to 100 ml before 

pectin analysis. 

Determination of 2 percent sulfuric acid soluble material:   30 ml 

of hot 2 percent. f^SO^ were added to the solid residue,  and the 

tubes were heated with stirring in a boiling water bath for 30 minutes 

cooled,  centrifuged for 10 minutes at2,100r.p.m., and the liquid 
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fractions were poured into 100 ml volumetric flasks.    The residue was 

washed once in a similar manner with 4 0 ml hot water.    The extracts 

were combined,   10 small NaQH   pellets were added to each to bring 

the pH up to about 11.5,  and the flasks were made up to volume when 

cool.    Suitable aliquots were taken, and the extracted material was 

measured by the carbazole method for pectins, and expressed as 

anhydrogalacturonic acid. 

2 percent sodium hydroxide soluble material:    30 ml hot 2 per- 

cent Na OH were added to the residues, and   heated with stirring in 

a boiling water bath for 30 minutes, cooled and centrifuged.    The liq- 

uors were poured off into 25 0 ml flasks.    The residue was washed 

twice with 3 0 ml lots of water and the wash water decanted into 25 0 

ml flasks after centrifuging.    The extracts were made up to volume 

and the extracted material was determined and recorded   as 

anhydrogalacturonic acid. 

Determination of cellulose:     3 0 ml of acetone were added to the 

residue in each tube, heated in a water bath at 55° C for 30 minutes 

with stirring, and then centrifuged.    The lipid extracting procedure 

was repeated once more, and the residues were allowed to dry over- 

night at 25° C.   1 ml water was  added to each tube, and the tubes were 

heated in a warm water bath for 30 minutes with stirring to disperse the 

solids, and then allowed to cool.   25 rri of 60 percent H2SO4 were added 
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and the mixture was allowed to stand for 3 hours, with occasional 

stirring.    All the residue dissolved except for a few particles of skin 

and seeds.    The solutions were poured into 100 ml of water in 250 ml 

volumetric flasks, and the tubes were washed out into the flasks with 

water.    The solutions were cooled, made up to volume, and filtered 

through No.  31 Whatman papers.    Suitable aliquots of filtrate were 

taken, and the sugars present were determined by a modification of 

the method of Dubois et at (19).    2 ml aliquots of sugar solution 

(10-70 ug sugar / ml) were pipetted into 6" x 1" Pyrex test tubes, 1 ml 

of 5 percent phenol solution and 5 ml of concentrated   H2SO4 were 

added, mixed and the tubes were heated in a boiling water bath for 

5 minutes.   After cooling in running water, the color was measured in 

a Spectronic 20 spectrophotometer at 4 90 mu. 

Standard curves were run using cellulose extracted from dialysed 

cells from unprocessed samples of the two types of fruits which were 

under study. 

The method used was as follows:    200 ml of dialysed cells of 0.5 

percent solids content were evaporated to dryness in a large basin on 

a steam bath, then vacuum dried overnight as for total solids.    The 

residue was ground to pass a 20 mesh screen, then extracted overnight 

with ethyl ether in a Soxhlet apparatus.    The extract was recovered, 
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dried 1 hour in an air oven at 100° C, then vacuum dried overnight at 

60    C, cooled, weighed, and recorded as percentage of ether extract. 

On a dry basis,  3.4 percent of extract was obtained from strawberry- 

cells,  and 7.0 percent from tomato cells.    The insoluble residue was 

then purified and used for the preparation of a standard curve for cell- 

ulose.    The standard curves obtained for glucose and for the two cell- 

uloses were almost identical. 

Sugar estimation procedures 

Standard curves were run with vacuum dried reagent grade d- 

glucose and sucrose, using the phenol method. 

Mineral Assay methods 

Total ash:   5 0 ml Pyrex beakers were found to be equally 

satisfactory for ash determinations,  as the Vycor crucibles of the 

Association of Official Agricultural Chemists (A.O.A. C.) method (6, 

p. 265).   About 25 g of samples of blended unprocessed fruits were 

weighed into beakers which had been pre-heated at 5 00-5 25° C over- 

night, and cooled in a dessicator.   The samples were dried on a steam 

bath, charred carefully over a bunsen burner, and then they were 

ashed at 5 00-5 25° C overnight and cooled.    The ash was moistened 

with 2 ml   water,    and any   lumps were broken up   with a flattened 

glass rod   and   washed   off.       The  samples   were   re-dried. 
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re-ashed, cooled and weighed.    Samples of the dialysed purees up to 

250 g were dried to a small volume in porcelain dishes before being 

quantitatively transferred to 5 0 ml beakers for ashing. 

Acid insoluble ash:    10 ml 6N HC1 was pipetted slowly into each 

beaker containing ash, heated on a steam bath for 30 minutes with 

occasional stirring, and filtered through a 7 cm Whatman No. 4 0 ash- 

less paper into 100 ml volumetric flasks.   The beaker and paper were 

washed with hot water, the extracts were cooled, made up to volume, 

and retained for mineral assays.    The paper was returned to each 

beaker, and the samples were re-ashed, and weighed. In the case of the 

fresh fruit samples, negative values for acid-insoluble ash were found, 

equivalent to 3-5 percent of the total ash.    The beakers lost weight 

during the ashing of these materials presumably by a carbonate- 

silicate interaction.    The total ash contents were corrected accord- 

ingly. 

Sodium,  Potassium, and Calcium.  25 ml aliquots of ash extracts 

were evaporated to dryness in 5 0 ml beakers, and taken up in 5 ml hot 

0.1N HC1, transferred to 10 ml vol. flasks, cooled, and made up to 

volume.    Further dilutions of 1 : 10 and 1 : 100 were made for the 

determination of K and Na respectively.    An attempt to remove phos- 

phate from the original ash extracts by the procedure similar to that of 

Denson (16) gave erratic results, and hence it was decided to measure 
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the calcium in the presence of a surplus of phosphate.   Accordingly, 

1 drop of 5 0 percent H3PO4 was added to the 8 ml solutions for cal- 

cium assay.    The three metals were determined at 591 mu,  76 8 mu, 

and 554 mu respectively on a Beckman Model 2,4 00 D U spectrophoto- 

meter,  fitted with a Model No.  9215 flame attachment.   A hydrogen 

oxygen flame was used, and the results were read off from standard 

curves. 

Phosphorus determinations.   Up to 3 ml aliquots of the acid ex- 

tract of the ash samples were taken, and the phosphorus content    de- 

termined by the Fiske - Subbarow method (23) using a Beckman Model 

D.B. Spectrophotometer at 660 mu wavelength.   A standard curve 

covering the range 0-6 0  ug P / ml was run concurrently. 

Iron determination.  25 ml. aliquots of the acid extract from each 

ash were evaporated to dryness in 5 0 ml beakers on a steam bath. 

After 5 ml of N HC1   were added, the samples were heated for 15 min- 

utes on the bath, cooled, transferred to 25 ml vol flasks and made up 

to volume.    2 ml aliquots were removed and their iron contentt were 

determined by the A. O. A. C.    0-phenanthroline method (6, p.  74). 

The color measurements were made at 5 08 mu after 6 0 minutes delay, 

using a Spectronic 20 spectrophotometer.   A standard curve covering 

the range 0.25-30 ug   Fe/ml   was run concurrently. 
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Nitrogen determinations 

One to two grams of blended fruit, or up to 25 g  of dialysed cells, 

were weighed out and rinsed into 100 ml Kjeldahl flasks with standard 

taper joints.   About 1 g of "Kel-Pak" K2SO4 - CUS04    powder were 

added,    followed by 2 selenized "Hengar" granules.   4 ml of concen- 

trated H 2304   were run into each flask, the mixtures digested for 1 

hour after a pale green color had been attained, then allowed to cool. 

30 ml of H2O were added to each flask, mixed and cooled.    The flasks 

were transferred to a 6 unit distillation assembly,  20 ml of 5 0 percent 

NaOH  were added, plus  2 zinc chips, and the ammonia present was 

distilled off into 4 percent boric acid, and titrated with 0.01N HC1, 

using methyl red-bromocresol green indicator. 

Conductivity measurements 

A cell consisting of two platinum foil  electrodes mounted through 

1 mm i.d. glass capillaries, and positioned 1 inch apart in a rubber 

stopper resting inside the mouth of a 2 ounce glass jar, was used.   - 

The cell was clamped in a constant temperature water bath at 25— 

0. 1° C when necessary.   A Heathkit Model PS - 3 Variable Voltage 

regulated Power Supply (Range 0-5 00   V   D.C.,    0-200   ma   D.C.)was 

connected to the cell through alligator clips to twin copper wires, 

which dipped into mercury inside the capillaries.    The cell was 
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calibrated against O.OlNNaCl which had a resistance of 714 ohms at 

25° C. 

Viscosity measurements 

A simple viscometer, made from a 25 ml pipette with a 1 mm tip 

opening, mounted in a clamp at a fixed height, was used for deter- 

mining the flow characteristics of samples of cell suspensions.    The 

time required for each sample to flow between graduation marks above 

and below the bulb, was recorded three times and averaged.    Distilled 

water was used as a reference, at a temperature of 25 —  1° C. 

A Brookfield Synchroelectric viscosimeter was used initially, but 

the volume of sample needed precluded its general use in this study. 

Methods used to study interactions of dialysed cell suspensions with 
various compounds. 

Washing of stored dialysed cells:  After storage for several months 

at 35    F trace amounts of solutes were found to have diffused out of 

the dialysed cells into the surrounding liquor.    For some studies, 

such as in the sorption tests with   10~4 M sugar, it was found nec- 

essary to remove the interfering solutes, to keep low blanks.    This 

was achieved just prior to use by carrying out 4-5 times, a cycle con- 

sisting of diluting 100 ml of the suspensions 1 : 1 with water,  stir- 

ring, and centrifuging before restoring the suspensions to their 
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original volumes. 

Interaction of cell    suspensions with electrolytes:    Initially acid- 

base titration curves were run on each suspension, by slowly titrating 

either 0. IN   HC1   or 0. IN   NaOH 'into 50 g samples in 150 ml 

beakers, using a magnetic stirrer and a pH Meter.    Control samples 

were run concurrently using water as diluent and all liquors were 

centrifuged for 10 minutes at 2,500 r.p.m. restored to 50 ml,  stirred, 

then re-centrifuged and the volume of insoluble solids in each tube 

was   noted.    The solids were then redispersed and viscosities and 

pH's were determined. 

Amounts of acids , alkali and salt solutions or solids up to 10 per- 

percent   w/w   were added to 25 g samples of each suspension in 5 0 ml 

graduated centrifuge tubes, the volumes were made up to 3 0 ml with 

water after stirring, and then the suspensions were centrifuged as 

above. 

The volumes of the insoluble solids were noted, and the tube con- 

tents were then mixed and examined for viscosity, and pH.    Ir, some 

cases,  duplicate sets of treated samples were allowed to stand over- 

night before examination, to determine the "lag" effect. 

Interaction of    unhomogenized    suspensions with sugars.    In pre- 

liminary work, when gross effects were of interest,   1 : 1 mixtures by 

volume were made of each 0.5 percent solids cell suspension with 
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water,  0.125 M,   0.25 M,  0.5 M,   1 M, and 2 M sucrose solutions, 

and finally enough sucrose was added to make a 2 M concentration of 

sugar with 0.25 percent cells to complete the series.    Initial samples 

were taken promptly,  squeezed through a fine nylon cloth, and the Brix 

of each solution was determined.    The mixtures were shaken gently on 

a machine and sampled at intervals up to  24 hours.    The suspensions 

were then centrifuged, washed twice with water to remove most of the 

added sugar,  made up to volume again and returned to the shaker. 

Several samples were removed at intervals up to 24 hours, to study 

the rates of elution of sugar from the cells. 

Agitation of the cell suspensions in a mechanical shaker was 

found to be undesirable,  as it gradually broke up the cells, leading 

to the release of cytoplasmic materials which caused interference in 

the sugar estimation method.    The suspensions remained sufficiently 

uniformly dispersed during standing. 

When small differences were under study,  5 ml of 0.5 percent 

solids suspension and 5 ml of each reagent, including a water blank, 

were run into 15 ml glass vials, a drop of toluene was added to each 

and the contents were mixed.    Sugar plus water blanks were included. 

5 ml of each solution were promptly pipetted into 15 ml tapered centrifuge 

tubes, and the vials were stoppered and stored at 25° C for 24 hours 

before being sampled again.    The tubes were centrifuged for 10 
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minutes at 3, 000 r.p.m., and the slightly opalescent supernatant liq- 

uors were poured into vials.    2 ml samples were pipetted into 15 ml 

centrifuge tubes,  2 ml 95 percent ethanol and 0.05 g Dicalite filter 

aid were added, the mixture stirred well with a glass rod, and cen- 

trifuged.    The clear serum was poured off into stoppered vials and 0.5- 

1.0 ml samples were taken for sugar determinations by the phenol 

method.   A reagent blank was run concurrently, with very low values 

being obtained for commercial grade 95 % ethanol. Recoveries of glucose 

and sucrose over the range of 10-25 ug / ml were 100—   3 percent by 

this procedure. 

Interaction of homogenized suspensions with sugars:    Homogen- 

ization made all cell suspensions difficult to clarify.    Some flotation 

occurred despite centrifugation.    These problems were overcome by 

stirring 0.25 g filter aid into each 5 ml of aqueous sample, and then 

centrifuging.    The serums were than clarified with 1 : 1 ethanol and 

centrifuged.    Sugar recoveries remained at 100±   3 percent. 

Interaction of suspensions with pectins:  5 ml of 0. 1 percent 

solutions of the strawberry and tomato pectins prepared as below, and 

1 drop of toluene, were added to each 5 ml of cell suspension,    and 

5 ml samples were pipetted into 15 ml centrifuge tubes. 0.25 g filter 

aid was added to each tube, centrifuged, and the liquors were 
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decanted into vials.    1 ml samples were pipetted into 25 ml vol flasks, 

made up to about 20 ml, 1.25 ml   N   NaOH   were added, and the sol- 

utions were made up to volume.   After standing 60 minutes,   1 ml 

aliquots were taken for pectin analysis. 

Extraction and purification of fruit pectins 

Small quantities of total pectins from unprocessed tomatoes and 

strawberries were required for part of the investigation.    They were 

prepared as follows:   6 g ground A.I.S.    from the raw samples of each 

fruit, were blended into 45 0 ml water at 150° F for 3 minutes at full 

speed, and cooled.    0.4 percent sodium hexametaphosphate was added 

and the pH's were adjusted to 4.0 for the strawberry material and 4.5 

for the tomato.    A few drops of toluene were added, and the mixture 

was shaken gently on a machine for 4 8 hours.    30 g Dicalite filter aid 

were added and the slurries were centrifuged in 250 ml bottles for 20 min- 

utes at 2,000 r.p.m.    The supernatant was poured off, and the residue 

was extracted with 15 0 ml H2O, re-centrifuged, and the liquors com- 

bined. 

The pectins were precipitated with acid alcohol, washed and dried 

as per the procedure of Owens et al (65, p. 5).    The yields obtained 

were 20 percent of pectin from the strawberry A.I. S. and 15 percent 

from the tomato A.I.S. 
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RESULTS AND DISCUSSION 

The work will be described in two parts, respectively covering 

the physicochemical changes which were observed (I) in fruits when 

processed, and (II) in cell suspensions made from such fruits. 

Part   I 

The effects of processing on the properties 
of the fruits were as described below: 

Texture 

The data obtained on test packs with the Shear-Press are shown in 

Table 2.   Statistical treatment by analysis of variance, indicated that 

the only differences which were significant at P = 0.05 level were the 

means of the maximum force readings for the unprocessed versus the 

processed samples of tomatoes, and the means of the work area values 

for the unprocessed versus processed samples of both fruits.    The 

maximum force values of strawberries were relatively constant, as 

would be expected, since the amount of insoluble solids consisting 

of skin,  seeds and vascular tissues are little affected by processing. 

Loosening and tearing of the epidermis, and some softening of the 

vascular tissues, brought about by processing, probably accounted for 

most of the drop in maximum force values which occurred when the 

tomatoes were processed. 



Table   2.    Texture Measurements on Strawberries and Tomatoes 

Fruit 

Texture 
Measure- 
ment * 

Unprocessed 
Rep. I Rep. II 

Frozen 
Rep.    I Rep. II 

Canned 
Rep.    I Rep. II 

37.4 32.7 29.7 37,3 Meana       40.3 
Strawberries,   Maximum    n=8 

whole Force Range   36.2-44.0   32.3-42.5    29.5-37.4    26.4-32.4   33.1-41.6 
(p. s . i.) 

5.50 2.20 1.85 1.65 Work Mean 5.5 7 
area in 
(sq. in.)     Range   5.35-5,90   3.90-6,60   2.10-2,30   1,60-2.00   1.42-2.05 

Tomatoes, Maximum Mean'3     157.0 164.0 
quartered      Force 

Range      147-173        160-166 

Work 
area 

Mean 0.91 2.62 

107,8 

80-136 

0.38 

98.3 

86-105 

0.39 

109,5 

90-128 

0.41 

Range   0,75-1.05   2.40-2,80   0,30-0.46   0.28-0.48   0.30-0.53 

31,5 

28.3-35,7 

2,05 

1.80-2.42 

112.8 

98-125 

0.39 

0,31-0.48 

*    All samples on 100 g fresh fruit basis, 
a) L.S,D.QO05  = 4.0 

b) L.S.D.o.05   =14.6 

o 



Figure 2.   Effects of processing on parenchyma tissue,     (x 70) 

Unprocessed B.   Frozen C.   Canned 

71 
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The work area diagrams of the samples were of similar shape, 

consisting of a gradual rise from the base line,  followed by a sharp 

rise to a peak and then an almost vertical return to the base line. 

Loss of trugidity and outflow of water were the major changes affect- 

ing the texture of the tissues, as a result of processing. 

Histology. 

The gross structural changes brought about in the tissues by pro- 

cessing were determined by examining 10-15microns thick cross sec- 

tions of paraffin mounts of mesophyll tissue cores from each treat- 

ment.    The region 1 mm to 3 mm below the epidermis, which contained 

mostly large parenchyma cells, was of major interest.    No attempt was 

made to measure changes in the thickness of cell walls, because of 

the changes in this characteristic caused by the paraffin technique, 

as reported by Weier and Stocking (102, p.  113),    The unprocessed 

samples were found to be almost free of broken or separated cells, as 

shown in Figure 2A. 

The frozen tissues showed moderate to severe breakage of walls 

and cell separation (Figure 2B)-, with the condition generally more severe 

in1-strawberries than in tomatoes.    The resistance to freezing damage 

of the small parenchyma cells which surround the vascular bundles, 
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and of the vascular elements themselves, may readily be seen from 

Figure 2B. 

Canning caused more cell shrinkage than cell breakage or separ- 

ation, as can be seen from Figure 2C.    The canned tissues,  especially 

the strawberry samples were more difficult to macerate indicating that 

the heat processing caused the cells to bind together more firmly.   A 

polymerization of phenolic materials, of the type mentioned by 

Isherwood (39, p.   138-14 0) may have been involved.     The larger the 

cells, the greater were the undesirable effects of processing. 

The histological changes observed were generally similar to 

those noted previously by other workers (72,  73,  74,  86,   102,   105, 

106,   109,   110.) 

The large parenchyma cells with highly elastic walls were 

distended and of high water content when in turgor before processing. 

As expected, processing led to a large outflow of water and other cell 

materials, especially when the walls were heavily perforated as a 

result of freezing.    The textural role played by the small amount of 

vascular materials present, became more pronounced when the tissues 

were processed.    Most of the bundles which were joined to the base of 

each seed in the strawberries, remained connected to the seeds after 

the tissues had been macerated and screened. 
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Drained weights:   The data shown in Table 3 show that the D.-W. 

recovery in canned strawberries was considerably less than in the fro- 

zen packs.    The Rep. 2 canned tomato series contained a considerable 

amount of burst fruit.    The observed difference in drained weight could 

have been caused by this bursting. 

Table 3.    Effects of processing on drained weights of strawberries and 
 tomatoes.  

Treatment means (n = 4) in lbs./No.   10 cans 

Unprocessed Frozen Canned 
Fruit Rep .        D. W. D- W-/F. W.   D. W.       D- W/F.W.   D. W. D-W/F.W. 

Strawberry 1 4.75 1.0 3.76       0.793 2.70    0.569 
2 4.75 1.0 3.32       0.699 2.71    0.570 

L.S.D.Q  05 D.W.  Means = 0.34 

Tomato 1 4.25       1.0 3.11       0.732 3.13    0.736 
2 4.25       1.0 3.50       0.824 2.95    0.695 

L.S.D D.W.  Means - 0.60 

Distribution of fruit solids:   If the data in Table 3 are compared to 

those in Table 4,  the major effects of drained weight changes during 

processing can be seen.   Loss of water from the processed strawberry 

samples largely accounted for the increase in water insoluble solids 

contents which were found in the processed cell suspensions.   In com- 

paring the W.I.S. of the whole fruit with the W.I.S. of the unprocessed 

cell suspensions,  it is apparent that 55-60 percent of the total W.I.S. 



Table 4. Distribution of solids in fruit    materials (percent). 

Unprocessed                      Frozen Canned 
Fruit Types of solids               Rep. 1          Rep. 2         Rep. 1          Rep. 2 Rep. 1         Rep. 2 

Strawberry 

Tomato 

a) Total fruit solids 
b) W.I.S. in fruits 
c) W.I.S. in 1:1 

suspensions 
2c  x 100 

F d) 
e)A.I.S. in fruits 
f) A.I. S. in syrups 
g) A.I.S. in 1: 1 

suspensions 
h) 2q x 100 

e 

a) Total fruit solids 
b) W.I.S. in fruits 
c) W.I.S. in 1:1 

suspensions 
d) 2c  x 100 

b 
e) A.I.S. in fruits 
f) A. I.S. in syrups 
g) A.I.S. in 1:1 

suspensions 
h) 2g x 3 00 

e 

7.62 
1.40 

0.57 
40.7.1 

2.00 

0.71 

9.39 
1.25 

0.56 
45. 11 

2.37 

0.57 

5.26 

0.63 

2.71 
0.21 

0.85 

6.48 

0.45 

3.17 
0. 15 

0.87 

5.26 

0.71 

3.66 
0.34 

1.22 

6.48 

0.65 

3.54 
0.23 

0,95 

71.50 48.35 62.85 54.66 66.90 53.46 

7.63 6.77 4.71 4.18 4.70 4. 17 
1.63 1.47 

0.37 0.36 0.46 0.48 0.48 0,47 
45.58 48.53 

2.06 1.86 2.70 2.38 2.85 2,56 
0. 13 0.15 0.27 0.25 

0.50 0.49 0.64 0.55 0.86 0.82 
48.54 53.26 47.42 46. 15 60.26 63.96 

en 
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of strawberries,  and 50-55 percent of that in tomatoes consisted of the 

seeds, vascular tissues and skins which were removed by screening. 

(The strawberry cell suspensions contained from 0.01-0.03 percent 

seeds, and the tomato suspensionshad less than 0.01 percent seeds 

plus skin fragments).    The A.I.S. data showed a similar loss.    Differ- 

ences between lots of raw material were obvious,  especially in the 

strawberries.    For instance,  Rep. 2 strawberries were lower in soluble 

solids, and A.I.S. than Rep. 1,  yet a higher proportion of the A.I.S. 

were retained in the cell suspensions from Rep. 1.    This was probably 

due to a higher proportion of the pectins being present in the water 

soluble form. 

Effects of processing on pectins 

The data are shown in Tables 5 and 6.    The water soluble pectins 

consisted of highly methylated pectins in both fruits, with greater 

amounts being present in the strawberries than in the tomatoes, on a 

fresh basis.    The susceptibility of these materials to extraction from 

fruits during processing can be seen from the strawberry series, where 

losses of water soluble pectin accounted for most of the total change 

in pectins,  irrespective of processing method.    In contrast, the tomato 

series showed only a slight overall loss in pectins from the fruits, but 

there was a definite conversion of water soluble pectins into versene 



Table   5.     Effects of processing on pectins InMorthwest strawberries.  
Unprocessed Frozen Canned 

Factor Units Rep. I      Rep. II       Rep. I      Rep. II      Rep. I       Rep. II 

Water soluble pectin 
Free acidity m. e. q. COOH/g 

A.I.S. 0.01 0.04 0.03 0.03 0.05 0.03 
Total acidity m.e.q.  COOH/g 

A.I.S. 0.48 0.10 0.42 0.14 0.26 0.16 

Degree of esterification % 97 58 93 80 80 76 
Anhydrogalacturonic        % in 

2.22 
0.05 

0.00 0.00 -0.06       -0.07 -0.10 -0.11 

8.38 7.90 7.61 7.90 7.82 6.23 
0.17 0.19 0.16 0.18 0.16 0.13 

0.00 0.00 -0.01       -0.01 -0.01 -0.06 

acid (A. CA.) A.I.S. 
% f.w.b.* 

Change due to pro- 
cessing % f.w.b. 

Versene soluble pectin 
A.G.A. % in 

A.I.S. 
% f.w.b. 

Change due to pro- 
cessing % f.w.b. 

Total pectin 
A.G.A. % in 

A.I.S. 
% f.w.b. 

Change due to pro- 
cessing % f.w.b. 

0.48 0.10 0.42 0. 14 0.26 

97 58 93 80 80 

10.97 6.75 7.64 4.24 5.51 
0.22 0.16 0.16 0.09 0.12 

19.35 14.65 15.25 12.14 13.33 8.45 
0..3 9 0.35 0.32 0.27 0.28 0.18 

0.00 0.00 -0.07       -0.08 -0.11 -0.17 

*   fresh weight basis. 



Table   6.   Effects of processing.on pectins in tomatoes, 
Unprocessed Frozen Canned 

Factor Units Rep. I       Rep. II      Rep. I      Rep. II      Rep. I Rep. II 
Water soluble pectin 
Free acidity m. e. q. COOH/g 

A.I.S. 0.03 0.01 <0.01 0.01 <0.01 <0.01 
Total acidity irue.q. COOH/g 

A.I.S. 
Degree of esterification% 
A.G.A. % in 

A.I.S. 
% f.w.b. 

Change due to pro- 
cessing % f.w.b. 

Versene soluble pectin 
A.G.A. % in 

A.I.S. 
% f.w.b. 

Change due to pro- 
cessing % f.w.b. 

Total pectin 
A.G.A. % in 

A.I.S. 
% f.w.b. 

Change due to pro- 
cessing % f.w.b. 

0.27 0.12 0.10 0.08 0.10 0.13 
90 99 99 89 99 99 

7.32 6.65 2.47 2.85 2.99 4.49 
0.15 0.12 0.05 0.05 0.06 0.09 

0.00 0.00 -0.10       -0.07 -0.09 -0.03 

6.06 6.60 11.04 9.44 7.71 6.94 
0.13 0.12 0.22 0.18 0.16 0.12 

0.00 0.00 0.09 0.06 0.03 0.00 

15.99 15.80 15.91 14.75 13.20 14.15 
0.33 0.29 0.31 0.29 0.28 0.25 

0.00 0.00 -0.02 0.00 -0.05 -0.04 

CD 
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soluble pectin within the fruits during processing.    The mechanism 

involved was probably a demethylation reaction, predominantly 

enzymic in the case of the frozen samples, followed by metal pect- 

inate formation with the abundant amounts of cations, particularly 

calcium, which were present.    The texture data (Table 2)   shows 

that these pectic changes did not have any appreciable effect  on the 

gross textural characteristics of the tomatoes. 

Other fractions of A.I. S. 

Tables 7 and 8 show that on an A.I.S. basis, considerable 

differences may be found in the amounts of the three fractions present 

between fruits, within fruits, and between treatments.   When such 

comparisons are made on a fresh weight basis, the quantitative 

differences become negligible, i.e. these fractions were constant in 

amount and were unaffected by processing.   Luh et_ al_.   (53) have 

recently reported that the cellulose content of early season tomato 

juices was slightly higher than in late season juices, on a fresh 

weight basis. 

Some qualitative differences may have occurred concurrently (e.g. 

degree of surface area exposed), to change the physico-chemical re- 

activity of the water insoluble tissue components which mostly make 

up the cell wall, and the work done in investigating such changes will 

be described in a later section. 
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Table 7.    Effects of processing on fractions of■ A..I.S. in strawberries. 

Unprocessed Frozen            Canned 
Factor                                  Units      Rep. I    Rep. II Rep. I    Rep. II Rep. I  Rep. II 

2 % H2S04 soluble        % in 
fraction, as A. G.. A.      A.I.S.        2.58     1.54 1.85     1.31 2.24    1.45 

%f.w.b.   0.05     0.04 0.04     0.03 0.05    0.03 

2% NaOH soluble % in 
fraction, as A. G. A.      A.I.S.        1.59     1.90 1.18     2.07 1.59   2.18 

% f.w.b.  0.03     0.05 0.03     0.05 0.03   0.04 

Cellulose % in 
A.I.S.        8.01     8.23 9.16     9.05 8.63   9.44 

% f.w.b.  0.16     0.20 0.20     0.20 0.18   0.19 

Table 8.    Effects of processing on fractions of A.I.S. in tomatoes.  

Unprocessed Frozen Canned 
Factor Units      Rep. I   Rep. II Rep. I    Rep. II Rep. I Rep. II 

2% H2S04 soluble % in 
fraction, as A. G. A.      A.I.S.        2.13     2.08 1.73     1.91     1.91   2.16 

% f.w.b.  0.04     0.04 0.03     0.04     0.04   0.04 

2% NaOH soluble % in 
fraction, as A. G. A.      A.I.S.        0.49     0.47 0.68     0.54     0.59   0.56 

% f.w.b.  0.01     0.01 0.01     0.01     0.01   0.01 

Cellulose % in 
A.I.S.        9.68   11.37 10.88   11.23   10.86 10.97 

% f.w.b.  0.20     0.21 0.22     0.22     0.23   0.20 
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Ultimate composition of raw fruits. 

The amounts of the major elements, other than carbon, 

hydrogen and chlorine which were present in the raw fruits used for 

this investigation, are shown in Table 9.    The values obtained were 

similar to those quoted by Watt   et_ _al. (101, p. 47, 48), and 

Rockland (76, p. 561-595).    The variability between replicates was 

found to be greater in tomatoes than in strawberries. 

Part II 

Effects of processing on the physicochemical 
properties of cell suspensions derived from 
strawberry and tomato fruits. 

Histology 

Samples of the cell suspensions made from each lot of material 

were examined microscopically before and after staining. 

The suspensions from the unprocessed fruits were found to con- 

sist mostly of single parenchyma cells, with unbroken walls 

(Figure 3A)' With some clusters of 2-7 cells, and small amounts of 

cell wall fragments and protoplasmic granules. 

In contrast,  suspensions prepared from frozen tissues contained 

only, a small proportion of unbroken cells (Figure 3B). 



Table 9.    Composition of raw strawberries and tomatoes, 

Material Rep. 

Total 
Ash 
 2L_ 

Sodium    Potassium    Calcium    Phosphorus     Iron    Nitrogen 
% % % %     PPm % 

Strawberries, wet 
basis 1 0.26 0.05 0.06 

2 0.30 0.05 0.09 

Strawberries, dry- 
basis 1 3.41 0.62 0.73 

2 3.23 0.52 0.95 

Strawberries, ash 
basis 1 - 18.08 21.38 

2 - 16.19 29.41 

Tomatoes, wet 
basis 1 0.37 0.04 0.14 

2 0.51 0.02 0.23 

Tomatoes, dry- 
basis 1 4.79 0.57 1.85 

2 7.46 0.32 3.35 

Tomatoes, ash 
basis 1 - 11.84 38.60 

2 - 4.37 45.6:5 

0.01 
0.01 

0.14 
0.14 

4.21 
4. 18 

0.01 
0.01 

0.18 
0.15 

3.86 
2.00 

0.23 11 0.14 
0.27 41 0.09 

0.30 138 1.81 
0.28 442 0.96 

8.70 4260 _ 

8.81 13670 — 

0.23 13 0.16 
0.36 12 0.11 

0.31 174 2.10 
0.54 180 1.67 

6.41 3640 _ 

5.96 2450 - 
00 



Figure   3.   Effects of processing on parenchyma cells.    (x70) 

A. Unprocessed B. Frozen C.  Canned 
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The suspensions made from canned materials were similar to 

those from unprocessed materials, except that cell clusters were 

more common (Figure 30.   Overall shrinkage of heated cells seemed 

indicated, and breakage of cells was greater than in the unprocessed 

material. 

The cells obtained from the fresh and processed materials, 

closely resembled those described previously by other workers (14, 

17,  21, 41,  72,  73,  74,  82,   102,   105,   106,   109,   110). 

Cell suspensions of predominantly parenchyma cells were ob- 

tained, which were physically similar to the parenchyma cells in 

the tissues from which they were derived. 

Composition of dialysed cells. 

The washed, dialysed, cell suspensions made from the various 

fruit samples were analysed for the same constituents as the raw 

fruit,  and the results are given in Tables 10 and 11.    These figures 

when divided by 200 give the concentrations present in a 0.5% 

solids cell suspension.    The analyses were carried out;  (a) to char- 

acterize the materials which were to be used for later studies; and 

(b) to show effects of processing on the cells,  such as leaching of 

constituents from cells,  fixation of materials within the cells, and 

changes in cell hydration.    For many of the factors, the replication 

differences equalled the treatment differences. 



Table 10.    Composition of washed,  dialysed cell suspensions from strawberries 
Unprocessed Fro, zen Ca: nned 

Factor (dry basis) Unit; 5 Rep. I Rep. II Rep. I Rep. II Rep. I Rep. II 

Pectins 
Versene soluble fraction % A .G. A. 7.70 3.10 3.90 0.80 6.20 9.50 
2% H2S04 soluble 

fraction % A .G. A. 0.90 0.40 1.00 1.00 1.60 0.80 
2% NaOH   soluble 

fraction % A .G. A. 0.60 0.50 2.00 0.80 0.50 0.60 

Cellulose % 11.20 13.65 13.45 12.40 11.05 11.85 

Ash 

Total ash % 2.94 1.53 1.82 1.50 1.85 1.36 
Acid insoluble ash % 0.31 0.66 0.68 0.59 0.61 0.71 
Acid insoluble ash/ 
Total ash % 10.40 43.00 37.00 39.20 32.90 52.30 
Acid soluble sodium 
in ash % 5.58 20.31 9.09 12.96 10.80 16.00 

Acid soluble potassium . 
in ash % 0.04 0.19 1.09 0.22 1. 10 0.33 

Acid soluble calcium 
in ash % 22.62 14.06 7.08 7.10 5.56 4.00 

Acid soluble iron in ash % 1.08 0.25 0.59 0.61 0.82 0.38 
Acid soluble phosphorus 

in ash % 0.62 0.30 0.46 0.24 0.45 0.40 

Nitrogen % 4.11 4.64 4.37 4.70 4.36 4.21 

00 
cn 



Table 11.   Composition of washed, dialysed cell suspensions from tomatoes. 
Unprocessed Fro zen Ca nned 

Factor (dry basis) Units Rep. I Rep. II Rep. I Rep. II Rep. I Rep. II 

Pectins 
Versene soluble fraction %A.G. .A. 5.10 2.00 2.30 3.00 2.80 7.30 
2 % H2S04 soluble 
fraction 7oA.G. A. 0.20 0.20 0.50 0.40 0.10 0.30 

2 % NaOH soluble 
fraction %A.G. A. 0.00 0.00 0.00 0.00 0.00 0.80 

Cellulose 27.90 26.57 24.30 26.50 23.40 18.80 

Ash 
Total ash % 1.16 0.95 0.86 1.01 1.35 1.76 
Acid insoluble ash % <0.0i < 0.01 0.23 0.50 0.36 0.38 

Acid insoluble ash/ 
Total ash % < 0.01 <  0.01 26.10 49.70 22.90 21.80 
Acid soluble sodium 
in ash % 10.. 10 26.87 20.00 12.90 12.95 15.45 

Acid soluble potassium 
in ash % 0.20 < 0.01 0.03 <0.01 < 0.01 0.69 

Acid soluble calcium 
in ash % 28.28 18.13 12.99 11.16 26.86 8.73 

Acid soluble iron in 
ash % 0.36 0.06 0.77 0.67 <0.01 0.22 

Acid soluble phosphorus 
in ash % 0.11 0.24 0.23 0.21 0.36 0.50 

Nitrogen % 3.40 3.18 4.07 3.99 3.60 4.54 00 
CT1 
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It has been shown previously (Tables 7 and 8.) that the cellulose 

fraction was not rendered soluble in water by any of the processing 

treatments.   The amount of cellulose in a given volume of each cell 

suspension would remain constant during washing and dialysis,  so 

that the percentage change found in the cellulose fraction should 

serve as an indicator of change in other cell constituents. 

The versene extractable fraction was unexpectedly high in all 

cell suspensions.    It seemed unlikely that the material removed by 

versene was pectic in nature,  since the cells had previously been 

extracted for 72 hours at pH 4.0 - 4„5 with 0.4% sodium hexameta- 

phosphate, a reagent generally regarded as being capable of removing 

all metal pectinates from plant materials. 

The versene at pH 6.0 would sequester the considerable amounts 

of nondialysable calcium which were present, probably in combin- 

ation with non pectic compounds,  such as cytoplasmic proteins and 

organic phosphate complexes.   The release of carbazole reactive 

materials into the extract would be expected to follow.   Some pentose 

sugars from the nucleic acid residues may have been released 

simultaneously. 

In the case of the strawberry series, an appreciable amount of 

non-dialysable anthocyanin pigment was removed from the interior of 

the cells, by the versene, the 2 % H^SC^and the 2 %  NaOH reagents, 
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necessitating the use of appropriate blanks in the carbazole 

method. 

Surprisingly, the ash analyses indicated a high proportion 

(e.g.  20-5 0%) of acid insoluble ash in the total ash of most samples 

of the processed fruit cell suspensions, and a small percentage in 

the raw fruit samples.    This ash consisted of a fine white powder, 

which would not dissolve in boiling 10 N HC1.   A phospho-silicate 

complex, possibly of calcium, seemed indicated. 

The high retention of sodium and calcium in the dialysed cells, 

and in contrast the low retention of potassium, as compared to the 

fresh tissues (Table 9) in which potassium was by far the major 

cation present, indicated that the former two cations were strongly 

bonded in the dialysed cells. 

No pattern appeared evident in the effects of processing on the 

levels of iron and phosphorus found in the samples. 

The dialysed cells mostly contained 3. 5% - 4. 5% N, irrespective 

of fruit or processing procedure.    It was assumed that this consisted 

mostly of coagulated cytoplasmic proteins and nucleic acid bases. 

Sorption - desorption properties of dialysed cells. 

Sterling's (90) theory of preferential adsorption of sugars by cell 

wall constitutents,  seemed to offer a promising means of interpreting 
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D. W. phenomena in processed fruits.    It assigned an active role to 

the wall carbohydrates in the attainment of equilibrium D. W.    But 

it was not clear how each major group of wall carbohydrates, par- 

ticularly pectin and cellulose, might be involved. 

Accordingly,  a series of experiments were carried out to study 

the reactions between cell walls and the major soluble constituents 

which would be present in processed fruit products.    The use of 

dialysed cell suspensions offerred a means of carrying out such 

work,  since dialyses freed the suspension of the soluble con- 

stituents  nprmally present in whole tissue systems.    In addition, 

the impediments to rapid cell to cell diffusion normally present in 

tissue, would be largely absent in cell suspensions,  so that the 

reactions of interest should be clearly indicated promptly under the 

conditions used. 

Reactions of sugars with cell wall constituents.     Initially, the 

uptake of sucrose, the major sugar used in fruit canning,  from sol- 

utions of 0o-55o   B sucrose,by dialysed parenchyma cells of canned 

tomatoes was studied.    The cell suspensions were centrifuged, 

washed with water and centrifuged again.   This cycle was repeated 

once more to remove most of the sugar that may not have been 

absorbed.    It was hoped that the slow desorption of small amounts 
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of sugar would thus be readily detected, if it were to occur. 

Table 12 indicates that no appreciable bonding of sugar by cell 

constituents occurred in 24 hours.    The possibility of a fast uptake 

of sugar by wall constituents,  followed by an equally rapid attainment 

of osmotic equilibrium by movement of water from the external 

solution into the sugar-enriched walls, could not be entirely ruled 

out.    This phenomenon seemed unlikely.    The sugar concentration in 

the solution was unchanged 15 minutes after the sugar solution and 

the cells had been mixed.    The cells were completely hydrated when 

used, and their permeability to aqueous solutions was high. But,  no 

special affinity between the wall constituents and sugar was found. 

Table 12. Sorption-deqorption of sucrose by dialysed cells from 
cannecL tomatoes. 

Sucrose con- 
centration 

^1x25 
Molar 

Time of Delay (hours) 
1/4 1 6 18 24 

Stage Soluble sol ids (^rlx25) 

Sorption 0 0 0.2 0.2 0.2 0.2 0.2 
1/8 4.3 4.3 4.3 4.0 4.4 4.5 
1/4 8.5 8.4 8.3 8.5 8.5 8.5 
1/2 16.3 16.3 16.2 16.2 16.3 16.8 

1 30.9 30.9 30.9 30.9 31.0 31.1 
2 54.5 54.4 54.5 53.8 54.2 54.7 

Desorption 0 - 0.1 0.12 0.2 0.1 0.1 
1/8 - 0.6 0.4 0.2 0.4 0.3 
1/4 - 0.8 0.6 0.5 0.6 0.7 
1/2 - 1.6 1.4 1.5 1.5 1.5 

1 - 2.8 2.6 2.8 2.8 2.9 
.2 - 6.8 6.6 6.5 6.6 6.6 
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Next, to see if either the processing or the maceration pro- 

cedure had rendered the cell walls unreactive with sugars, three 

series of cell suspensions were made from tomatoes.    The fruits 

were washed,  sliced,  and diluted 1 :  1 with water.   Lot A was 

screened, toluene was added and the suspension was drained, 

washed,  dialysed and stored at 350F.    Lot B was heated rapidly to 

boiling in a stainless steel steam pan, held 1 minute, then cooled to 

about 100oF quickly.    The weight of the pulp was restored to the 

initial weight, then it was screened, and prepared like Lot A.   Lot C 

was macerated by the 0.4% hexametaphosphate procedure,  and pre- 

pared as for Lot A.   Sorption-desorption studies were run on these 

suspensions, using 10   TV1 sucrose and 10    M glucose as solutions by 

the procedure described on pages 65-67. 

Table 13.    Sorption of sucrose by dialysed tomato cells.  
Sucrose concentration(ug/ml) 

Lot A Lot   B Lot' C 
After After After 

Sugar Initial     24 hr.   Initial      24 hr.      -Initial   24 hr. 

Glucose 12.0      11.2       13.0 12.1 10.1      10.0 

Sucrose 20.3       19.9      21.0 20.2 19.5       19.7 

The variation in sugar concentrations was approximately equal to 

the error of the method at such low levels (Table 13).    The ratio of 

cell wall solids to sugar was at least 50/1,  so that any tendency 

that the sugars might have had to migrate out of solution and form a 
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complex with wall carbohydrates,  should have been indicated by the 

removal of sugar from solution.    The concentration of each solute 

used in all the micro-sorption studies, was kept as low as possible, 

such that 0.5-1.0 ml aliquots could be taken   and, analysed without 

further dilution by the phenol-H  SO   procedure.     This avoided the 

amplification of small differences through large dilution factors, 

and provided a high ratio of adsorbent to solute concentration, which 

is desirable for studies of this kind. 

The data so far indicated that sugars were not adsorbed by the 

cell materials to any appreciable extent. 

The effect of time on adsorption was studied for periods up to 

4 8 hours using the cell suspensions from one replication of both 

strawberries and tomatoes, with both sugar solutions.    The results 

are shown in Table 14.    In most treatments the variation found was 

greater than usual with the procedure.    Some fermentation may have 

occurred,  especially in the glucose series.    The choice of a 24 hour 

delay time seemed satisfactory.    The results showed that the sugars 

were not prone to complex with the insoluble matter present to a 

measurable extent. 



93 

Table 14.    Sorption of sugars by dialysed fruit cells, 

-4 
Material (0.5x10    M)    Treatment 

Time of delay (hours) 
1/4       12           24          4 8 

*Corrected sugar content 
jug/ml).       

Strawberry      Sucrose 

Tomato 

Strawberry      Glucose 

Tomato 

Unprocessed 
Frozen 
Canned 

Unprocessed 
Frozen 
Canned 

Unprocessed 
Frozen 
Canned 

Unprocessed 
Frozen 
Canned 

19.0 19.4 
21.9 21.7 
17.6 19.7 

15.9 20.1 
15.8 22.5 
21.0 20.2 

20.5 15.2 
20.2 21.2 
20.8 18.9 

21.1 21.1 
20.6 15-3 
20.4 19.1 

12.8 13.2 12.6 4.4 
9.3 13.8 13.9 11.0 
7.6 11.8 13.7 11.2 

7.9 12.3 16.1 10.0 
8.7 15.0 14.9 18.6 

13.3 13.8 9.8 13.0 
*   Gross sugar content of treated sample minus apparent sugar content 

of cell suspension and water blank. 

The possibility of a small amount of binding of the sugar mole- 

cules into the cell wall materials present was checked with a wider 

range of material.    Three replications of the strawberry and tomato 

cell suspensions, both  unhomogenized and homogenized, were mixed 

with the sugars, and allowed to stand 24 hours before being analysed. 

The results obtained are summarized in Table 15. 

Most of the 0.5% solids suspensions became viscous when 

homogenized,  and were difficult to pipette.    The homogenized mater- 

ials were also difficult to clarify.    To control these problems, the 

homogenized solutions were diluted to 0.25% solids before use. 
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Table 15.    Sorption of sugars by dialysed cell materials, 

Material Sugar Means (n=3) of corrected changes in 
(0.5 x 10     M)       sugar levels (ug/ml) after 24 hr. delay 

Unprocessed       Frozen       Canned 

Strawberry Glucose -3.5 -0.5 0.8 
Sucrose -1.4 -1.3 -2.9 

Strawberry, Glucose 0.1 -0.6 0.4 
homogenized Sucrose 0.3 0.7 0.9 

Tomato Glucose 1.3 4.0 -1.4 
Sucrose 0.2 -1.8 -1.0 

Tomato, homo- Glucose 1.5 -2.2 0.9 
genized Sucrose -0.6 -4.4 0.1 

The results showed some variation in sugar levels after 24 hours 

delay, with the values obtained being either slightly above or below 

the original levels before delay.    Blank values showed that a slow 

extraction from the cells of materials which reacted with phenol- 

H2SO4     occurred during prolonged standing of dialysed cell suspen- 

sions.    The possibility of a slight amount of fermentation taking place 

during the 24 hour delay at 25° C, leading to hydrolysis of the 

sucrose and partial destruction of glucose or formation of interfering 

substances could not be entirely eliminated. 

It was concluded that none of the cell materials adsorbed 

sugars to an extent sufficient to assign a sugar-adsorbing role to the 

dialysed cell components, particularly of the wall.   As far as sugar 
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solutions are concerned, the walls of separated cells were acting 

as a cellulose sponge,  in accord with the views of Whittenberger 

(104).   If cells were massed in tissues, the sponge effect would be 

expected to be increased by the presence of intercellular spaces and 

hollow vascular bundles. 

Reactions of pectins with non-pectic cell wall constituents'. 

Sterling and Chichester (92), have proposed that less highly 

crystalline polysaccharides such as pectins,  should have a greater 

sorptive capacity for sugars than cellulose, and should have some 

adsorption affinity for cellulose.    To see if such were the case with 

strawberry and tomato cellulose,  an experiment was carried out in 

which 0.05% solutions of the pectins extracted and purified as 

described on page 68 ,  from unprocessed samples of each fruit, were 

exposed to the depectinized dialysed fruit cells for 24 hours at 25 — 

1° C,  sampled, and analysed by the method described on page 57 . 

Cell suspensions were exposed to the pectins before and after homo- 

genization. 

The analyses of the pectins used are shown in Table 16. 
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Table 16.    Characteristics of fruit pectins, 
Free          Total      Esterifi-   Equivalent 

Pectin Acidity    Acidity    cation      weight A.G.A.     A.G.A. 
(meq/g)     (meq/g) % 

Strawberry       1.03        3.5 0 70.6 

Tomato 0.80        3.36 76.2 

(based on       (Titra-      (Carba- 
total acicD      tion zole 

g method)   method) 
% % 

63.6 503 

524 

61.6 

59.2 49.6 

The data confirm   that a considerable amount of non-polyuronide 

material, probably sugars such as arabinose, galactose and xylose, 

was present in combination with the uronic acid residues in the above 

materials, a phenomenon which commonly occurs in pectins (65, p. 8). 

The results of the sorption series with strawberry and tomato 

cell materials plus pectins were similar,  irrespective of material or 

treatment.    The overall means and standard deviations were as below. 

Table 17.   Sorption of pectins by cell materials.  
Initial concentration of pectin        Change in pectin concentration 
 (ug/ml) after 24 hours at 25° C  

Mean Standard 
deviation 

Mean Standard 
deviation 

11.76 0.79 0.01 1. 11 
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The ratio of depectinized cell materials to pectin used was from 

2.5-5.0/1, whereas the ratio in the fresh tissue (minus seeds,  skins 

and vascular elements), was about 2/1.   Any affinity between the puri- 

fied cell materials and the isolated pectins should have been indicated 

by the method used. 

Pectins were not adsorbed back into the insoluble solids of cells 

from which they had been previously extracted,  as judged from the data 

in Table 17.   An unsuccessful attempt was made to precipitate the 

pectins on the cells as pectinates, before sugar sorption tests, by pre- 

soaking the solids in 0.1% calcium chloride solution,  followed by 

immersion in the pectin solutions.    The pectins were too highly 

methoxylated to form gels with calcium ions under the conditions used. 

Sorption of sugars by cell materials,  in the presence of added 
fruit pectins 

A series of mixtures containing either 0.25% unhomogenized dia- 

lysed solids, or 0. 125% of homogenized dialysed solids from tomatoes 

and strawberries, plus 0.05% of the appropriate fruit pectin,  plus about 

4 0  ug /ml of either glucose or sucrose and a drop of toluene, were pre- 

pared,  sampled,  and clarified as described on page 67.    The mixtures 

were sampled again 24 hours later, clarified and analysed.     Sugars 

were  determined by the phenol  method.    The  clarified extracts 

gave values  for  sugars  which  varied by  ± 3.5    ug  /40ug, 
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even in the blanks.   An investigation showed that the sugar values ob- 

tained declined by up to 25% when the alcoholic extracts were stored 

for 24 hours at 35    F in stoppered vials.    This problem occurred only 

with the solutions containing added pectin.   Sorption of sugars under the 

conditions used seemed unlikely. 

The series of experiments in this section did not yield any evidence 

that either glucose,  sucrose or any similar sugars, or fruit pectins, 

would become preferentially adsorbed from cover syrups onto the cell 

walls of canned and frozen fruits at any stage in the preparation and 

storage of such products. 

While the foregoing studies indicated that sorption of sugars by the 

predominantly cellulosic fraction of cell walls, would not be an impor- 

tant factor in causing the drained weight of fruits to increase after the 

turning point phase, the evidence of Whittenberger and Nutting (105, 

106),  showed that the colloidal properties of fruit cellulose were greatly 

affected by electrolytes.    These authors found that the viscosity of 

tomato juices greatly increased when electrolytes were removed, and 

correspondingly decreased again when such constituents were cdded 

back.    Their work indicated that alkali metal salts,  such as sodium 

chloride, and acids,  such as citric acid, were probably the major elec- 

trolytes responsible for this phenomenon in tomato juice.    The cell wall 

fraction of the juice was the component most affected by the electro- 

lytes . 
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on a dry basis. 

In order to delineate wall surface effects from effects due to 

residual cytoplasmic material within the cells, each series of cells 

was titrated before and after homogenization.    Another series was 

allowed to stand with various amounts of acid and alkali for 24 hours 

before the pH's were determined.    Figure 5 shows that the surface 

acidity effects were quite distinct from the effects of the materials 

within the cell; the pH responses in the first instance were rapid, 

even with whole cells, but there was a noticeable lag in response 

at the alkaline end, unless the cells were homogenized.    The data 

in Figures 4 and 5    indicated considerable buffer capacity at both 

ends of the curve, particularly in the homogenized cell series, 

which was most likely due to purine-phosphate compounds contained 

in the coagulated protoplasmic residues within the cells.    The 

strongly bound sodium and calcium in the cells may exchange 

slowly with hydrogen at low pH's. 

The titration curves for the cells from both fruits were similar 

irrespective of treatment.    The differences found were slight and 

were located mostly at the extremes of the pH range, due to var- 

iations, in the amount and in the composition of the residual cell 

contents.    In all cases, homogenization of cells approximately 

doubled the amounts of acid or alkali needed to bring the pH to 
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Figure   5.   Titration curves of cells from frozen tomatoes 
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either extreme, as can be seen from Figures 5 and 9. 

In view of the uniformity found between the cells from different 

fruits,  and between those from different processing treatments, the 

data were pooled to more clearly illustrate the effects of homogen- 

ization on the acid-base titration curves of the cells.    Table 18 

shows that homogenization does not greatly affect the relatively 

constant,  readily titratable groups on the cells, over the range pH 

3 . 0 to 9.0. 

Table 18,   Pooled means of acid-base titration data on cell 
 suspensions.  
Treatment Initial Ml 0. IN HCl/lOOg,    Ml 0. IN NaOH/lOOg, 

pH to lower pH as to raise pH as 
below below 

2.1      2.5 3.0 7.0        9.0      11.0 

Unprocessed      4.22 

Unprocessed,    4.23 
homogenized 

15.7       5.9        1.9 

Frozen 4.00 

33.2    11.4 

17.9      6.4 

2.6 

1.7 

1.2 

1.3 

1..1 

2.4      11.1 

3.3      25.2 

2.2      13.6 

Frozen, homo- 3.81 
genized 

Canned 3.76 

40.0    13.7 2.1 

16.7      6.2 1.6 

1.4 3.1      23.7 

1.7 3.8      17.4 

Canned,  homo-3.72 
genized 

33.1    12.3 2.0 2.1 4.1      20.1 
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Reactions of dialysed cells with electrolytes 

The presence of   2—4   meq of free carboxyl groups / g dry cells 

would indicate that the properties of the cells could be expected to 

be sensitive to the presence of cations, particularly polyvalent ones. 

The negatively-charged dialysed cells formed slight to moder- 

ately viscous suspensions at 0.5 percent solids (Figure 10), which 

became more viscous on being homogenized,  especially in the case 

of the tomato cells.   Apparently the particles were held in suspension 

in a highly hydrated form, stabilized by an electrical double layer 

phenomenon. 

It was felt that the cell suspensions would therefore be greatly 

affected by the presence of any ions of opposite charge, which 

could reduce, neutralize or reverse the charge on the colloid by 

depressing the ionization of the -COOH group(.or by forming a salt with 

the qicid groups of the colloid. 

The extent to which these phenomena might affect the volume 

and dispersion properties of dialysed cells was investigated.    Known 

amounts of HC1,  NaOH,  NaCl,  CaCl,,  and AlClo were added to cell 

suspensions as described on page 65,  and the changes in the 

volume of insoluble solids, viscosity and pH were noted. 
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Effects of HCl and NaQH 

Data in Figure 6 indicated some major differences in the effect of 

pH on the volume of centrifuged solids from strawberry cells as 

compared to tomato cells at a constant solids content by weight. 

Both fruits showed a rapid drop in solids volume upon slight addition 

of acid (original pH 3.5-4.3).    The strawberry cells reached a mini- 

mum volume when the pH was dropped to that of the HCl,  namely pH 

2. 1 but the tomato cells had a minimum volume at pH 2.7-3,0 and 

then began to swell again, presumably because of charge reversal 

on the colloid.   Within fruits,  the shapes and limits of the curves 

obtained were similar,but the relative positions of the curves for 

each treatment varied. 

The state of division of the insoluble cellular matter, which 

would primarily determine its "packing behaviour" appeared to 

largely determine the volume of each material when precipitated. 

Suspensions containing a lot of broken cells,  such as the frozen 

series,  in most cases centrifuged down to a lower volume thvin the 

other treatments.   When all suspensions were homogenized, the 

centrifuged volumes usually increased by 50-100%.    Dispersion 

of the dense cytoplasmic   residues, and smaller mean size of wall 

particles, could account for the different responses to centrifug- 

ation of the homogenized and unhomogenized cell suspensions. 
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Figure 6.    Influence of pH on the volume of insoluble solids in 
dialysed cell suspensions. 
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Figure   7.    Effects of HCl and NaCl on volume of insoluble solids in 
32r tomato cell suspensions. 
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Figure   8.    Effects of CaC^and AICI3 on volume of insoluble solids 
32 jsr in tomato cell suspensions. 
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Figure 9.    Titration curves of unhomogenized and homogenized 
strawberry cells. 
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The high degree of swelling of the fruit cellulose in the presence of 

alkali, was consistent with the behaviour of other plant celluloses. 

Salt formation at pH 6.0-8.0 may partly explain the shapes of the 

curves obtained. 

Typical effects of pH changes on the viscosity of the dialysed 

cell suspensions from strawberries and tomatoes, can be seen in 

Figure 10.    The tomato cells were much more responsive to changes 

in pH than the strawberry cells. 

The relationships between pH and the changes in viscosity and 

the changes in volume of insoluble solids, may be seen by compar- 

ing Figure 6 and Figure 10. 

Strawberry cells increased slowly in viscosity, and more 

rapidly in volume of insoluble solids, as the pH was raised, and 

each treatment retained its position relative to the others.    Both 

viscosity and volume of insoluble solids were at a minimum at pH 

2.0,  and no evidence was obtained to indicate that strawberry cells 

would swell and become redispersed, as occurred with the tomato 

material. 

It is interesting to note that rapid increases and decreases in 

viscosity were found in the tomato cells at pH 3.5-4.5 and pH 9.0- 

10.0, while at the same pH's the volume of the insoluble solids in- 

creased greatly.    Between these ranges, both the viscosity and 
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volume of insoluble solids were relatively constant.    It appeared 

that the zeta potential of the colloid was reduced to about zero at 

pH 3 . 0, when small amounts of hydrogen ions were added.    However, 

the viscosity did not drop rapidly at first and then slowly with each 

further addition of electrolyte,  as required by the electroviscous 

effect theory.   Around pH 4, the particles were visibly coagulated 

in a coarse gel and were apparently maintained in viscous suspen- 

sion by hydration effects, rather than by zeta potential effects. 

The finer state of division of the frozen tomato cells, as 

compared to that of the other treatments may have been responsible 

for the low viscosity of this series .     At the alkaline end of the 

pH scale,  differences between the strawberry cells and tomato cells 

were again evident, but the significance of these effects to textural 

problems in foods is not known. 

The coagulation effects produced in cell suspensions by the 

addition of small amounts (e.g. 0.2 meq/g dry cell basis) of 

hydrochloric acid were also produced by equivalent amounts of acetic 

and citric acids,  showing that neutralization of the charge on the 

colloidal suspension was the major mechanism involved in precip- 

itation of the cell material.    But buffer effects, made it difficult to 

lower the pH's of cell suspensions by more than one pH unit, with 
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0. IN solutions of acetic and citric acids 

Effects of metal chlorides 

The effects of mono,  di,and trivalent metal chlorides,  namely 

NaCl, CaClo, and'AICI3, on the volume of the insoluble solids in cell 

suspensions may be seen from Figures 7 and 8.    The order of effec- 

tiveness of allcations used was Na+ < <   Ca++ <  Al+++<    H+, cal- 

culated on a basis of a constant concentration of chloride ion. 

Approximately 2    meq   of     HC1, AlCl^ or CaCl? / g cells (dry 

basis), and 1.0  meq   of     NaCl / g, were found sufficient to destroy 

the colloidal system which maintained the cells in a swollen,  stable 

and somewhat viscous suspension.    Ir. all cases,  it was concluded 

that the primary mechanism involved was a rapid reduction of the zeta 

potential on the colloid, when ions of opposite charge were added. 

In the case of the HC1,  suppression of the ionization of the carboxyl 

groups appeared to be involved simultaneously, leading to a reduc- 

tion in the hydrophilic   characteristics of the   cell   materials, until 

enough acid was added to reverse the sign of the original surface 

charge, and the material began to swell again. 

AlClo and to a lesser extent CaC^/ were found to rapidly pre- 

cipitate cell suspensions, presumably as insoluble salts, which then 

did not redisperse with further addition of electrolyte..       The addition 



114 

of the divalent and trivalent chlorides caused a slight increase in 

viscosity initially in the tomato series but not in the strawberry 

series,  followed by a rapid descent to a low value in all cases. 

The work which has just been described highlights the practical 

consequences which may arise from variation in the levels of acids or 

other highly ionized electrolytes in fruit products.    If for any reason, 

the pH of products such as tomato juice,  fruit purees, and even whole 

canned or frozen fruits should change in the range of pH 2.5-3.5, 

marked changes in the degree of swelling,  and the stability of 

suspended particles might be expected.    Cultural factors during 

growth of a crop, variations in maturity when processed,  and con- 

centration of constituents during processing,  are some phenomena 

which could change the pH of a processed fruit product sufficiently 

to bring about changes in the properties of the cell walls present. 

The texture and drained weight would,  in turn,  be governed by the 

cell wall properties. 

A new hypothesis regarding changes in texture and draii ed 

weights of processed foods of plant origin,  might be proposed from 

these data. 

The cell walls in healthy living tissue prior to killing during 

processing, are highly hydrated, and under tension due to turgor 

pressure..   The volume of the cells is pormally at its highest at this 
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stage.    The cell walls are probably at pH 5.0-6.0,  and are separated 

by membranes from the'buffered cytoplasm,  and the vacuole which is 

normally high in acid.    Under these conditions the cell materials 

which might be called non-pectic under current terminology, would be 

in a swollen, . hydrophilic condition. 

During processing of the tissue by heat or freezing,  destruction 

of the selectively permeable barriers of the cell would occur, with a 

concurrent rapid mixture of most of the cell constituents previously 

separated from each other.   Assuming that the 1-2 percent of citric 

acid and most of the mineral salts which commonly occur in whole 

fruits were localized in the vacuoles,  the concentration of acid and 

salt in the vacuoles would be greater than the concentration on a 

whole fruit basis.    Rupture of the cell membranes would release the 

vacuolar contents,  and this would change the system which kept the 

walls  swollen and distended.    The mean pH of pureed fruits ranges 

from 2.5 to 4.5,  so that it seems likely that cell walls are often 

subjected to varying hydrogen ion concentration when cells are killed 

in processing.    The data obtained for this thesis indicated that the 

shrinkage in cell volumes is brought about by a decrease in the de- 

gree of swelling of the parenchyma cell walls,  due largely to the 

influence of locally high concentrations of electrolytes on the cell 

walls. 
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The author (26, p.  88) found that the fruit to syrup ratio in can- 

ned strawberries was inverted when about one third of the cook, time 

had elapsed,    The fruit temperature at this stage was 120°-14 0° F 

(26,  p.  81).    The drained weights were minimal at the end of the pro- 

cess (26,  p. 95) as shown in Figure 11. 

The chemical composition of canned fruits is not uniform through- 

out the can immediately after processing (26,  36,  52,  78,  90),  but 

chemical equilibrium may be reached after two weeks to several 

months common storage..    Stratification phenomena such as those 

mentioned by Townsend (§7) and Gallop (26, p. 5 1) cause the. fruit phase 

to be localized in the upper part of the can, resulting in a higher con- 

centration of electrolytes in the fluid within and around the fruits, 

than in the syrup phase below.    The stratification is obvious in No. 

10 cans of still-processed berry fruits. 

The rapid loss of water from canned fruits during processing have 

never been adequately explained.    It occurs even in water packs, 

where the osmotic effects of high sugar concentration in the syrup are 

absent.    Increase in cell permeability after cell death would permit 

rapid diffusion of water soluble molecules out of the dead cells into a 

water medium,  especially when hot,  but the large movement of water 

out of fruits into the aqueous cover fluid in which they were killed, 

seems greater than one might expect from simple diffusion. Reduction 

of the degree of hydration of the cell colloids,  under the influence of 
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high concentrations of strong electrolytes,  particularly acids released 

from the vacuole,  may be partly responsible.    The same phenomenon, 

resulting in cell swelling,  may take place during storage of the can- 

ned fruits,    to help explain the turning point on the D.W. curve 

(Figure 11). 

During storage of syrup-pack fruit the diffusion inwards of sugar 

and water molecules,  coupled with the outflow of electrolytes,  would 

tend to reduce the concentration of acids and salts in the dead cells, 

until equilibrium was reached throughout the can.   Adam (1) has il- 

lustrated that the acidity of the syrup from canned strawberries, 

doubles after five days storage. Cell pH's may also rise in storage. 

A decrease in electrolyte concentration inside the cell would be 

expected to permit re-hydration of the cell wall,  leading to a swel- 

ling of the entire cell.    The fluid holding capacity of cells would rise, 

leading to increasing D.W.'s until equilibrium was reached,    In the 

absence of a high concentration of osmotically active sugar,  a higher 

degree of hydration of the cells may be maintained,  thus explaining 

the higher D.W.'s which are usually found in water-packed products. 

The D.W.'s of canned vegetable products are usually much high- 

er than fruits (2).    This is partly due to gross structural differences, 

such as high starch concentrations in cells, heavier walls in cells, 

and more vascular tissues.   In addition, vegetables are usually 
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Figure 11.    Drained weight patterns in canned strawberries 
(303 cans). 

300* 

3 
H 

o 

Q 
w 

Q 

25 0-1 

200- 

150 

x   Spin processed at 206-208° F 

©   Still processed at 212° F 

Equilibrium D.W. 

A/V- - - 
90 

STORAGE TIME (Days) 



119 

blanched before canning,  and receive considerably greater cooks than 

fruits. 

Assuming that the parenchyma cells of vegetables would be 

chemically similar to those in fruits, the higher pH of these products 

may also be important in their D.W. patterns.    Figures 6 and 10 in- 

dicate that in the pH range 5.0-6.5,  within which the pH's of most 

low acid vegetable packs occur,  the cells are likely to remain swel- 

led during and after processing. Any free acid.that might be released 

from cell vacuoles presumably would not drop the cell pH's near the 

pH range where the cell walls  were  affected.       Some amounts 

of sodium chloride,  and sometimes calcium chloride are added to 

vegetable packs to improve the flavor and the texture.    The effect 

which such salts might have on the hydration of cells at the higher 

pH's is not known,    But it seems unlikely that they would greatly 

affect the cell wall properties at these concentrations. 

Concentration   of acids and electrolytes when foods are evapo- 

rated (e.g. tomato paste), or dried (e.g. prunes), or frozen (e.g. 

frozen strawberries),  may be responsible to a considerable extent for 

the loss in hydrophilic properties of such products .    The high concen- 

tration of electrolytes present at some processing stage may lead to 

irreversible changes in the colloidal properties of the cell constitu- 

ents .    Some of the quality problems of many fruit products may be 

explained on this basis. 
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SUMMARY AND CONCLUSIONS 

In this thesis, the effects of processing strawberries and toma- 

toes by freezing and canning in sugar syrup, were studied at both the 

tissue and cell levels.    The following conclusions were indicated: 

1) Both canning and freezing caused a loss of desirable texture 

in the two fruits, but there was no statistically significant difference 

between the two treatments when the texture was determined by the 

Shear Press. 

2) Drained weights were more adversely affected by canning than 

by freezing,  especially in the strawberries. 

3) Histological changes brought about by the treatments were 

more marked in the frozen than in the canned fruits.    Freezing caused 

severe breakage of cell walls, plus some cell separation, whereas can- 

ning tended to cause more shrinkage of cells without much breakage or 

separation.  Adhesion between cells was increased in the heated packs. 

Damage to cells increased as cell size increased.   The study showed 

that more emphasis should be placed on selecting varieties of fruits for 

processing which have a smaller mean cell size, and thicker cell walls. 

4) Strawberries contained slightly more pectic materials than 

tomatoes.   Loss of water soluble pectin was marked in strawberries, 

while conversion of water soluble pectin into versene soluble pectin 

was the major change which occurred in the pectic components of 
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tomatoes when processed.    The pectic changes involved could not be 

correlated with the textural changes which were noted, 

5) The hemicellulosic components of the fruits were constant in 

amount within and between fruits,  and were not appreciably affected by 

processing. 

6) Raw and processed tissues, which had been macerated with 0.4 

percent sodium hexametaphosphate,  gave suspensions in which the 

cells had properties indicative   of the treatment which the tissues had 

received.    Cell suspensions were found to be a useful means of study- 

ing some of the phenomena involved in textural and drained weight 

changes. 

7) No sorption affinity was found between dialysed,  depectinized 

parenchyma cells and sucrose or glucose,   or between depectinized 

cells and the pectins which had been extracted from them. 

8) Dialysed cells were found to be negatively charged, highly 

hydrated, and capable of forming viscous suspensions at low concen- 

trations.    The colloid system involved was found to be sensitive to 

small amounts of cations, particularly H    ion and Al        ion.    The col- 

loidal charge was thought to be due primarily to the presence of 2-4 

meq carboxyl groups/g dry cells. 

The addition of cations could precipitate colloidal suspensions of 

cells,  by a) suppression of the ionization of the carboxyl group,  and 
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b) by salt formation. 

9)   A new hypothesis was proposed, which assigned an important 

role to the acids and other highly ionized electrolytes of fruits,  in the 

textural and drained weight characteristics of such products, and in the 

physical stability of colloidal suspensions made from fruits.    It was 

proposed that the localized release of acids and other electrolytes from 

cell vacuoles during processing,  caused a reduction of cell hydration, 

which could be partially reversed under conditions of storage. 
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