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Failure to reconstitute completely is one of the major draw- 

backs of dehydrated green beans.    Shrivelled and flaccid beans are 

found in almost every reconstituted lot. 

In the present study an endeavour was made to locate the 

chemical factors responsible for the different rehydration charac- 

teristics of dehydrated green beans. 

Dehydrated green bean pieces were reconstituted according 

to a standard procedure.     The reconstituted pieces were visually 

graded into two lots of plump and shrivelled beans. 

The two lots from each sample,   termed plump and 

shrivelled lots,   were analysed for total solids,   total soluble solids, 

alcohol   insoluble solids,   ash,   calcium,   potassium,   water-soluble 

pectin,   calgon-soluble pectin,   NaOH-soluble pectin,  total pectin, 

starch,   total acid,   pH,   and cellulose by difference. 

The-results indicated the following relationships. 



1. On a total solids basis,   the plump beans contained 

significantly more total soluble solids,   ash,   calcium and acid and 

significantly less cellulose and AIS, 

2. On a wet weight basis,  the shrivelled beans showed 

significantly higher values for all the analyzed constituents except 

calcium.    Calcium values were approximately equal in the plump 

and shrivelled beans. 

3. On AIS basis,   the plump beans contained significantly 

more starch and acid and less cellulose. 

4. Cellulose/pectin ratios indicated that the plump beans 

with the smaller values contained less cellulose in the cell wall. 

It was proposed that the plump beans possess a flexible 

cell wall of a more hydrophylic nature  - a cell which is intact and 

capable of absorbing more water than its counterpart,  which may 

be either broken oil if intact,   lacks the permeability,   plasticity 

and flexibility to come out of its dehydrated state and assume full 

tumescence of the pre-dehydration structure. 
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THE EFFECT OF CHEMICAL COMPOSITION ON THE 
RECONSTITUTION CHARACTERISTICS OF DEHYDRATED 

BLUE LAKE GREEN BEANS 

INTRODUCTION 

The snap or green bean (Phaseolus vulgar is,   L. ) is an 

important commercial crop.    In the United States 470, 870 tons 

of green beans were produced for processing in 1963 with a value 

of over 46 million dollars to the grower (40,   p.   14, 15). 

Oregon is the leading state in production of green beans 

for processing.    Some  112, 500 tons of green beans were produced 

in 1962 in Oregon with an estimated value to the growers of 

approximately 13. 4 million dollars.    A record crop of 127, 800 

tons valued at $ 14, 825, 000 was produced in 1963 (40,   p.   15). 

Most of the green beans produced in Oregon are canned or 

frozen with only a small quantity being used for dehydration. 

Considerable interest in dehydration of beans was shown during 

the second World War primarily for reducing the weight of mili- 

tary rations.    The necessity of weight and bulk reduction is less 

forceful in peace time.    However,   if Oregon beans are to compete 

in far off markets,   dehydration may prove to be the most feasible 

answer. 

One of the major drawbacks of dehydrated products is the 

failure to reconstitute completely.    In case of green beans,  this 

is a pronounced defect in the conventionally dehydrated product. 

While most of the pieces from the same lot regain their former 



shape upon rehydration,   some fail to do so in various degrees. 

Shrivelled and flaccid beans are found in almost every reconstituted 

lot. 

By dividing the reconstituted green beans into two lots based 

on a visual examination of the degree of reconstitution and analysing 

each lot for chemical composition,   the chemical basis,   if any,   for 

the difference in reconstitution behavior might be elucidated. 

The present work is an endeavour to locate the factors 

responsible for the different rehydration characteristics of 

dehydrated green beans. 



LITERATURE REVIEW 

A number of factors affect the texture of vegetables and 

these factors differ in fresh material and in processed material. 

Isherwood (19) described these factors as morphological and 

chemical.    He further divided chemical composition into cell-wall 

constituents and non-cell-wall constituents and pointed out that 

In practice the complex morphological character of most 
tissue obscures the interpretation of the results,   and the 
same applies to the 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. 

Isherwood emphasized that the turgor of the live cells is accom- 

panied by the condition of dynamic equilibrium in which all cell 

constituents have roles; a situation radically different from that of 

the dead cell.    Changes in texture must be related to overall 

changes in cell composition and structure.    Isherwood (19)    has 

suggested that further study of the changes in the soluble material 

of cells may help considerably in understanding the mechanism in- 

volved in changes of tissue texture. 

The bulk of the edible tissue of fruits and vegetables is com- 

posed of parenchyma cells.     Parenchyma cells contain vacuoles 

which consist of a dilute aqueous solution of organic nutrients,   in- 

organic and organic salts,   pigments,   acids and cell wastes,   which 

are separated from the cell protoplasm by a thin vacuolar mefcn- 

brane.     The cell cytoplasm is bounded externally by the plasma 



membrane  - a double,   protein-lipid,   semipermeahle membrane - 

which controls the movement of materials in and out of each cell, 

as well as having a role in the mechanical properties of the cell 

(39). 

Most texture investigations have centered on the cell wall 

itself inasmuch as it is the cell wall which gives rigidity to the 

plant.    In the edible portion of vegetables,  the cell wall consists 

mainly of polysacharides,   such as cellulose,   xylan,   araban,   galac- 

tan,   polygalacturonic acids and mannan .    The changes in the 

amounts and properties of these polysacharides govern the changes 

in texture which occur during maturation and cooking of plant 

tissues (19). 

Meyer (28) divided the cell wall material into the primary 

wall,  the secondary wall and the middle lamella,  which is shared 

with adjacent cells.    The middle lamella consists of insoluble 

pectic substances which liold adjacent cells together.    In addition 

to the middle lamella,   pectic substances are found in the primary 

walls of many cells as protopectin,   and in the cell sap as colloidal 

pectins (29). 

The changes that take place in the texture of fruits and 

vegetables during ripening and storage    have been shown to be 

related to the changes in the pectic  substances by various workers 

(9,   33,   45).    As ripening progresses,   the insoluble protopectin in 

the primary cell wall is converted to soluble pectin and the cell 

wall becomes thinner.    As the cementing substances between the 



cells is changed,  the cells separate,   resulting in a softer fruit. 

Pectic substances are heterogeneous compounds which vary 

widely in plant tissue,   both qualitatively and quantitatively,   depend- 

ing largely on the maturity of the plant (21).    McCready and 

McComb (27) have reported that 80% of the carboxyl groups in 

fruit pectins are usually esterified with methanol and the remain- 

ing 20% are bound as salts,   particularly of calcium or magnesium. 

The distribution of molecular sizes in a mixture of pectin homo- 

loques also affects the texture of raw and processed plant 

materials. 

Addoms and Nightingale (1) have shown that the form and 

strength of cell walls are   due to cellulose and protopectin.   Bennet- 

Clark (4) has proposed that changes in cell wall plasticity follow 

the changes in the amount of cross linking between the carboxyl 

groups of the pectic compounds,  via divalent metal bridges.  Direct 

evidence in support of this theory is still lacking (32,  p.   39). 

Since the calcium levels in the cell walls are apparently unaffected 

by chelating agents,  the role of divalent cations is rather uncertain 

(8). 

Setterfield and Bayley (31) have shown from their studies 

on Avena coleoptiles,   onion roots and celery petioles that longi- 

tudinal ribs of microfibrils are present on the outer surfaces of 

parenchyma cells as part of the primary wall.    Thickened primary 

cell walls,   containing many layers of longitudinal microfibrils, 

are not distinct structures but are merely modifications of the 



primary wall.     The parenchyma walls show roughly an equal 

occurrence of transverse and longitudinal microfibrils in the main 

wall. 

Majumdar and Preston (26) in a study of Heracleum 

collenchyma.   showed that the thickened primary walls of collen- 

chyma cells are comprised primarily of longitudinally oriented 

cellulose.    Alternate cellulose rich and cellulose poor layers 

comprise the wall and these layers fall apart when pectin is re- 

moved from the wall by treatment with zinc chloride or sulphuric 

acid. 

Setterfield and Bayley (32,   p.   39) think that the physical 

properties of walls must depend largely on interactions between 

the various wall substances.    For high strength walls,   interactions 

must occur between microfibrils,   between matrix substances,   and 

between microfibrils and matrix.    The carboxyl groups of both the 

pectic substances and hemicelluloses,  which contam urcmic acid resi- 

dues,   possess an obvious capacity for reaction through ionic 

bridges and ester bonds.    It is possible,   but unproven,   that pectic 

substances are strategically dispersed throughout the wall and 

act as key bridging agents with the hemicelluloses.    Among the 

matrix polysacharides,   hemicelluloses probably make the main 

contribution to primary wall structure. 

The hemicelluloses are a heterogeneous group of com- 

pounds containing D-xylose,   L-arabinose,  D-galactose,   D-glucose, 

D-manose,   and D-glucuronic acid residues.    Considerable cross 



contamination between fractions usually designated as hemicellu- 

lose and pectin occurs due to non specific extraction procedures 

and analyses. 

Setterfield and Bayley (31),based on their difficulties in 

separating cells of the elongation zone of roots and coleoptiles, 

which required drastic treatments with E. D. T. A., concluded that 

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

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

localization. " 

Sterling (37) has pointed out that the properties of the pri- 

mary cell wall are due largely to the non-cellulose portion and 

therefore the breakdown of the cell wall must be due to changes in 

the non-cellulosic materials,  probably the pectins. 

Harvey (17,  p.   59, 61) has discussed the mechanisms of 

pectic gel formation.    The gels consist basically of a sparsely 

cross-linked,   polymeric network containing an entrapped liquid. 

The influence of calcium and magnesium on gel strength was 

markedly affected by their concentration relative to the pectin,   by 

pH value and by sugar concentration.    The sugar molecules prob- 

ably function in two ways in the promotion of gel formation;   with 

a plasticising action to give greater separation to the anhydro- 

galacturonic acid,   and by a reduction of the solubility of the pectin. 

Klein and Ginzburg (22) in an electron microscope study 

observed in the root tip cells of the pea that the structure of the 

cell wall becomes loosened after treatment with E.D. T. A.  and 
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that the distribution of "cell cementing" substance (s) throughout 

the whole wall is similar to that of cellulose.    By allowing 

E. D. T. A.,  treated roots to absorb the uranyl ion,   the E. D. T. A. 

effect was reversed and recementing took place,   confirming the 

above observation. 

Woodroof (43,   p.   17) found that most of the. water drawn 

from cells during freezing could be reabsorbed on thawing,   pro- 

vided the cell walls were not ruptured.    Woodroof (44,   p.   10, 11) 

pointed out that 

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. 

and also that 

Flabiness or loss of structure after thawing was due to 
breaking down of contents of cells which formerly gave 
support to their walls,   rather than to rupturing cell 
walls. 

All common methods of processing seem to lead to an irreversible 

precipitation of cell contents,   with a release of the vapuolar con- 

tents (44,   p.   11). 

Weier and Stocking (42,   p.   308, 309) have pointed out that 

Any food processing technique which alters the permeability 
of the protoplasm,  the ability of the solutes to be retained 
within the cell,  the elasticity of the cell wall,   or the 
colloidal nature of the cell contents,  will alter the water 
retaining power of the cell,   and possibly the crispness of 
the product. 



Meyer (28,   p.   225, 226) is of the opinion that in living cells 

water diffuses in greater amounts from a region in which it is high 

in concentration.    If the walls are relatively elastic,, a considerable 

increase in volume of the cell can occur before the cell ruptures. 

The cells simply become more turgid as water flows into the cell. 

However,   with shrinking cell volumes and highly elastic cell walls, 

a rapid loss of turgor for the tissues as a whole occurs as the cell 

adapts itself to the smaller volume.    A stronger,   but more rigid 

wall will maintain a firm texture even when the cell volume 

decreases. 

Duckworth and Smith (13) observed that there was no de- 

pletion of glucose from the surface layers of carrot and potato 

strips scalded for three minutes in boiling water,   as could be seen 

from the uniform distribution of glucose in autora,diographs. 

Autoradiographic studies revealed that the predominant direction of 

diffusion of solutes during the dehydration of scalded strips of 

potato and carrots was towards the center of the piece. 

After studying the effect of chemical composition on the 

texture of peas,   Smithies (35) concluded that the texture of field- 

dried processed peas is determined by the state of pectin in the 

intercellular material.    In peas that soften slowly,   or not at all, 

with cooking,  the intercellular material was composed mainly of 

complex polysacharides and pectins which were not dissolved. 
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Smithies discussed Mattson's work in his review on texture 

of peas (35).    Mattson compared a hard-cooking sample of yellow 

peas with a soft-cooking sample and found that the soft-cooking 

was associated with (1) high ash content,   (2) high phosphate content, 

(3) low calcium content,   (4) high magnesium and potassium con- 

tents and (5) high nitrogen content.    Mattson separated each 

sample of hard- and soft-cooking yellow peas into two fractions 

which contained the harder and softer peas of each sample.    The 

same differences in composition between hard and soft peas were 

found as in the first samples. 

Stillman,   Watts and Morgan (38) found that upon recon- 

stituting dehydrated snap beans,   the unblanched product had an 

objectionably strong taste and woody texture,   but that the color 

was good.    When the bean pods were split lengthwise,   rehydration 

was improved. 

Litwiller and Pettit (25) found that prefreezing lowered the 

final moisture level of the dried beans,   increased the rehydration 

ratio by at least 20% if the dried beans were stored at normal 

temperatures and greatly improved the appearance and accept- 

ability of the product.    Freezing at 0  F (-17. 7  C) gave a signifi- 

cantly higher rehydration ratio and higher panel scores for flavor 

and texture than did freezing at -20  F (-28. 9  C).    Sulfiting at 

1,OOOppm increased the rehydration ratio and aided materially in 

maintaining the flavor and appearance of the rehydrated product 

while avoiding the objectionable sulfite residues and a tendency 
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towards softness in the reconstituted beans found at 3, 000 ppm of 

SO2.    A four-minute steam blanch was found sufficient for enzyme 

inactivation.    Bean grade Sizes 4 and 5 yielded a good rehydrated 

product both as to appearance and quality as judged by panel 

evaluation.    Blue lake beans were found to be suitable for pro- 

ducing satisfactory dehydrated green beans. 

Buston (6,   p.   212) showed that in green bean pods both 

hemicelluloses and pectins are present in similar quantities. 

Development of the two classes of compounds has been shown to 

proceed throughout the whole period of growth,   the young pods con- 

taining relatively less than the older pods.    Pectin was estimated 

by extracting samples of dried material with 0. 5% ammonium 

oxalate solution in a water bath at 95  C for six hours and precipi- 

tating the calcium pectate.    The material,   after removal of pectin, 

was treated once with dilute alcoholic sodium hydroxide (1% NaOH 

in 50% alcohol) and then exhaustively extracted with 4% sodium 

hydroxide.    The hemicelluloses were precipitated by acidification 

and the addition of excess alcohol.    After suitable washing,   the 

residue was weighed directly on a Gooch crucible (after drying) 

and corrections for ash and protein were made. 

Pectinic acids were used as a measure of deterioration in 

dehydrated fruit products by Baker and Murray (3).     Baker and 

Murray were able to show a linear relationship between texture 

and quality of dehydrated apples and peaches and a slightly curved 

line for apricots.    The texture,   subjectively evaluated,  was taken 
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as a measure of the grade of pectin.    The grade of pectin was 

calculated from the viscosities of equi-strength solutions. 

Lignin is found to a considerable extent in some portions of 

the cell wall.    Isherwood (20) has pointed out that lignin may 

considerably affect the properties of the other compounds in the 

cell wall even when it is present in small amounts.     Lignin is a 

reactive material which can polymerize and combine with a variety 

of compounds.     Lignin may render insoluble a cell wall consisting 

of carbohydrate thread-like polymers which would othewise 

diss-olve away.    The presence of lignin is therefore likely to compli- 

cate the interpretation of any changes occuring in the cell wall 

polysacharides and it is perhaps significant that most of the early 

investigations on the effect of ripening and cooking on the structure 

of the cell wall were made on tissues which contained little lignin. 

Isherwood (20,   p.   402) pointed out that. 

Runner beans provide a clear cut example of how lignin 
dramatically changes the texture of a vegetable.     Young 
beans will snap easily when bent,   whereas old beans 
commonly break to show a characteristic stringy 
("Parchment") layer consisting mainly of cellulose fibers 
laid at an angle to the main axis of the pod.     The same 
layer is present in the young beans but the adhesion be- 
tween the fibers is much weaker.    There is a suspicion 
that any drying of the bean pod,   either in the field or 
subsequently after picking,   tends to increase lignification. 
It is suggested that during the drying of the raw vegetables, 
the conditions are   favorable for the production of the pre- 
cursor of lignin (either by hydrolysis of a glyceride pre- 
cursor or by synthesis from fundamental intermediates) 
and that this polymerizes and locks the cell wall structure 
in such a position that it cannot imbibe water to give back 
the original shape of the cell.    A somewhat similar 
suggestion may well explain why runner beans which are 
allowed to wilt,   or dry partially,   become tougher. 
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Caldwell and Culpepper (7) have reported that there were 

unanticipated differences in texture between varieties even in like 

stages of maturity.    The length of the precooking period before 

drying,   or modifying the refreshing or cooking procedures,   had no 

appreciable effect on texture.    The texture of the pericarp is 

definitely correlated with the amount of water absorbed in the 

soaking and cooking of dried beans.    Water absorption in dried 

beans is lower in the tough varieties and intermediate in the older 

varieties which are also intermediate in texture.    Variation in 

method or length of presoaking,  did not materially increase water 

absorption,   or improve the texture of the tough varieties.   Differ- 

ences in water absorption,   and consequently in firmness and tex- 

ture appear to be due to inherent differences in the composition 

and character of the pericarp in different varieties at comparable 

stages of development. 

Attempts by the same workers to dry "baby beans" of Sizes 

1 and 2 were in general disappointing.    Such young material has a 

water content in excess of 90%; it consequently becomes greatly 

shrivelled and distorted in drying.     Generally,   it absorbs less 

water in soaking and cooking than older stages and remains 

collapsed and shrivelled when cooked.    In consequence,   it is sur- 

prisingly tough.    Varying the length of the steaming period prior 

to drying over a range of 5 to 30 minutes had very little effect upon 

toughness or water absorption.    The young beans apparently do not 

contain substances capable of high water absorption. 
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Bennett (5) reported that string beans contained 24 to 35% 

soluble sugars,   5. 02% pectic materials and 9. 06% hemicelluloses 

on a dry weight basis.    The pectic materials together with the 

hemicelluloses,  may constitute about 5 to 19% of the dry matter in 

vegetables. 

Rowe and Bonney (30) studied methods of determining the 

maturity of canned snap beans and indicated that standard beans 

should contain not more than  0.08% fibrous material in the pods, 

6% seeds,   and 7% alcohol insoluble solids.    There should not be 

more than one tough string for each two ounces of drained weight. 

Gould (14,   p.   27, 28) pointed out that there were significant 

differences in the soluble solids,  total solids and easily hydroly- 

zable polysacharides of fresh bush beans at all stages of maturity. 

Gould (14,  p.   27, 28) could not find any significant differ- 

ences   in chemical composition between fresh and frozen bush 

beans except in the alcohol insoluble solids at the immature stage 

and cellulose content at the optimum stage of maturity.    The differ- 

ences in chemical composition between fresh and canned beans 

were significant at all stages of maturity in soluble solids,  total 

solids and easily hydrolyzable reserve polysacharides.    The 

alcohol insoluble solids were significantly lower in the canned 

beans than in the fresh beans at the immature stage.    The cellu- 

lose content remained constant in canned beans; otherwise, all the 

other constituents leached into the brine. 
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Guyer and Kramer (16) reported that as the beans matured, 

their moisture content decreased from 90. 7% at the 4% seed stage 

to 82. 7% at the 24% seed stage.    The percentage of seed increased 

with maturity from 4% to 24% over a period of two to three weeks 

for most varieties. 

VanBuren and Peck (41) found that the calcium concentration 

in bean pods was increased by increasing the calcium level in 

nutrient solutions and resulted in firnner canned pods that had less 

tendency to slough and split than did pods produced in the low 

calcium treatments. 

Kooiman (23) stated that in most wild leguminous plants the 

pod walls are parchmented. 

The parchment consists of fibers which run obliquely 
across the pod wall from suture to suture.   In young pods 
it is at first absent,   but develops gradually as the pod 
matures.    In beans this must have been the original 
condition.    There is,   however,   a wide range of variation 
in the development of this character.    Some are predomi- 
nantly parchmented,    others are tender,   developing no 
parchment at all or only late in their growth.    Between 
these extremes,   different stages occur. 

Stark and Mahoney (36) in a study of the development of the 

fibrous sheath in the side wall of the pericarp of two varieties of 

snap beans,   found that the sheath developed as a result of the 

multiplication of cell layers and a thickening of cell walls of the 

inner mesocarp. 

Holmes (18) reported that the texture of the reconstituted 

beans varied considerably and was due mainly to the variation in 

the stages of maturity of the samples as well as varietal 



16 

characteristics.    The rehydration percentage showed large 

varietal differences.    Thus,   rehydration differences may be due 

to varietal characteristics and to the stage of maturity of the 

samples. 
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MATERIALS AND METHODS 

Blue lake green beans,  FM-1 Strain,  from the University 

Farm were graded and Sieve Sizes 4 and 5 were mixed and cut into 

one-inch lengths.    The cut beans were blanched in steam for three 

minutes,   sulfited by soaking for five minutes in a 1,000 ppm sulfite 

solution prepared from sodium metabisulfite and spread on trays. 

The trayed beans were frozen and dehydrated using a re- 

circulating cabinet-type dehydrator,  preheated to a dry bulb temp- 

erature  of 190oF (87. 80C) .    The load of cold beans quickly lowered 

this temperature until after about one hour it was possible to hold 

the temperature at 145  F (62. 80C) where it was maintained until 

the end of the drying cycle.    Six to six and one-half hours were re- 

quired for drying to a 2. 6% moisture content. 

The dehydrated beans were rehydrated by the Standard 

QMC   procedure   and   rehydration   ratios   were   determined.     The 

specifications set forth by the U.S.  Army Quartermaster Corps for 

determining the rehydration ratio were followed. 

The QMC rehydration procedure is as follows: 

The product shall rehydrate and cook to approximately its 
original shape and size when 2. 0 avoirdupois ozs (56. 7 gm) 
of dehydrated product are added to 32 fluid ozs (946 ml) of 
water; brought slowly to boil in 20 minutes and boilied 
moderately for a period not to exceed 15 minutes.    The 
rehydration ratio when at 4% moisture shall not be less 
than 8 to 1 when tested as follows.    Distribute the cooked 
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beans evenly on a U.S.  Standard No.   8 Sieve (0. 094 inch 
openings) eight inches in diameter.    The sieve shall be 
placed in an inclined position to facilitate drainage and 
the product shall be allowed to drain for one minute. 
The material remaining on the sieve shall be weighed 
and the rehydration ratio calculated as follows. 

Weight of rehydrated material   =   Rehydration 
Weight of dehydrated sample ratio. 

The reconstituted beans were visually graded into two lots, 

plump and shrivelled, based on the appearance of the cut section. 

Samples were immediately frozen and held frozen until analysis. 

One hundred grams of distilled water were added to 50 

grams of frozen beans and the sample blended in a Waring blendor 

at half speed for one minute and at full speed for two minutes. 

Aliquot samples for analysis were taken from the resulting slurry. 

The analytical scheme is shown in Figure  1. 

The soluble solids (SS) were determined as degrees Brix 

of the slurry,   using a Bausch & Lomb,  Abbe-type refractometer 

and converting the readings to percentage soluble solids on a wet 

and dry matter basis. 

The pH was measured with a Beckman Zeromatic pH meter. 

For total acids,   10. 00 g of the slurry were weighed,   diluted 

with 20 ml of distilled water and titrated with 0. 05 N NaOH to pH 

8.3 using a magnetic stirrer and the Zeromatic pH meter.    The 

results were reported as percentages of wet weight,  dry weight 

and AIS. 
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Figure  1.       Schematic representation of analysis. 
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Duplicate  10 g samples of the slurry were weighed into 

tared 50 ml pyrex beakers on an analytical balance and dried for 

18 hours at 60  C    and 30 in.  vacuum.    The dried residue was 

weighed and the results calculated as the percentage of total solids. 

For the alcohol insoluble solids,   duplicate  10 gram samples 

were weighed and transferred to 50 ml centrifuge tubes.    Thirty ml 

of 95% ethyl alcohol were added to each of the tubes.    The tubes 

were placed in a water bath and heated at 80  C for ten minutes. 

The samples were centrifuged at 2500 rpm in a International 

centrifuge,   Model UV,   and the supernatant decanted.    This pro- 

cedure was repeated twice with 70% alcohol; the sediment being 

stirred each time before heating.    The final residue was nearly 

white.     The residues from the centrifuge tubes were transferred 

to tared aluminum cups and dried at 60  C and 30 inches of vacuum 

for  18 hours,   cooled in a desiccator and weighed.    Sistrunk (34, 

p.   3 7) has concluded that this method for determining AIS repre- 

sented quite a saving in time and materials as well as being equal 

to the A.O.A.C.  method in accuracy. 

The colorimetric carbazole method of Dietz and Rouse (11) 

was used with some modifications to determine the pectic sub- 

stances.     Ten g:     samples of bean slurry weighed to the nearest 

.01 gram were transferred to 50 ml centrifuge tubes and 30 ml of 

95% ethyl alcohol were added.    About l/8 teaspoon of HyfloSupercel 

was added to each of the tubes and stirred.    The tubes were heated 

for ten minutes at 80  C,   centrifuged for ten minutes at 2500 rpm 
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and the supernatant decanted.    Heating,   centrifuging and decanting 

were repeated twice with 70% ethyl alcohol. 

The three pectin fractions were extracted from the ethanol 

insoluble residue by the following procedure. 

1. Water-soluble pectin.    Forty ml of distilled water were 

added to each tube,   stirred and allowed to stand for 30 minutes 

before centrifuging for ten minutes at 2500 rpm.    The supernatant 

was decanted into 200 ml volumetric flasks.    A second extraction 

was made with 40 ml of distilled water for 15 minutes and the 

extracts combined.    Ten ml of 0. 1 N NaOH were added and the 

flasks made up to volume. 

2. Calgon-soluble pectin.    Forty ml of 0. 4% calgon solution 

were added to each tube,   stirred and allowed to stand for  15 

minutes.     The tubes were centrifuged at 2500 rpm for ten minutes 

and the supernatant decanted into 200 ml volumetric flasks.    A 

second extraction was made with 40 ml of 0.4% calgon solution for 

ten minutes and the decanted extracts combined.    Ten ml of 0. 1 N 

NaOH Were added and the flasks made up to volume. 

3. Sodium Hydroxide-soluble pectin.    Forty ml of 0. 05 N 

NaOH were added to the tubes and the mixture allowed to stand for 

30 minutes.    The tubes were centrifuged for ten minutes at 2500 

rpm and decanted into 200 ml volumetric flasks.    A second extract- 

ion was made with 40 ml of 0, 05 N NaOH for 15 minutes,  the ex- 

tracts combined and made up to 200 ml. 
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One ml aliquots of the pectin extracts were pipetted into 

6" x 1" pyrex test tubes,   one ml of 0. 1% carbazole solution added, 

and six ml of concentrated sulphuric acid were r\in into each tube. 

The contents were mixed by shaking and the tubes allowed to stand 

for  15 minutes.    The color was re&d in a Bausch  & Lomb 

Spectronic-20 Colorimeter at 520 rn/U.. 

For the starch determination,   duplicate ten-gram samples 

in 50 ml centrifuge tubes were extracted four times with 70% 

ethanol,   centrifuging and decanting each time,   thereby removing 

the sugars.    The residue was transferred to 250 ml Erlenmeyer 

flasks,   ten ml con.  HC1 and 100 ml of distilled water were added, 

the flasks covered with aluminum foil and boiled for two and one- 

half hours in a water bath.    Following neutralization with 10% 

NaOH,  the volume was made up to 500 ml.    After standing for 

two to three hours,   50 ml of the supernatant liquid was withdrawn 

and made up to 200 ml.    Preliminary trials using lead acetate and 

potassium oxalate as clarifying agents showed clarification to be 

unnecessary.. 

The glucose in solution was estimated by a modification of 

the method of Dubois et al.   (12).    One ml of the sugar solution was 

pipetted into a 6" x 1" pyrex test tube and 1 ml of 5% phenol 

solution was added to the tube.    Five ml of con.   sulphuric acid 

were run into the tube,  the contents mixed by shaking,   and heated 

in a boiling water bath for five minutes.    After cooling in running 

water,  the color was measured in a B & L Spectronic-20 
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Statistical methods; 
"W^^^^^^"^ 

Data was analysed by the t test as given by Li (24, p. 87- 

99) based on the differences between the plump and the shrivelled 

beans. 



25 

RESULTS AND DISCUSSION 

The chemical compositions of the plump and shrivelled 

beans are presented as percentages on a dry weight and wet weight 

basis for all the constituents and also as percentages of AIS in the 

case of starch,acid and the pectic fractions and as percentages of 

total ash for potassium and calcium.    The term wet weight is used 

when referring to the weight of the reconstituted beans in the 

following discussion and in the tables. 

Table  1  shows that the temperature of freezing had little 

effect on the dehydration and rehydration ratios of the green beans. 

Since the differences in freezing temperatures had no primary 

bearing on the present study,  the sample data were analyzed as a 

common lot by a pared comparison test (24,  p.   97). 

As shown in Table 2 the total solids of the plump and 

shrivelled lots were significantly different.    The plump beans had 

less total solids and a higher moisture content compared to the 

shrivelled bean samples.    The visual separation of the beans into 

two lots appeared to be effective.    High moisture and low moisture 

containing beans for purposes of the present work may be consider- 

ed as  "plump" and "shrivelled",   based on appearance. 

The total soluble solids which may be taken as being com- 

prised of sugars in most part,   were significantly higher in the 

plump beans when expressed as percentage of dry weight (Table 2). 

However,   this pattern was reversed when the results were 
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Table  1.    Freezing temperatures,   dehydration ratios and re- 
hydration ratios for FM-1 Blue Lake green beans. 

Freezing No of Dehydration Ratio       Rehydration Ratio 
temp. Samples 

n X R X R 

20OF 3 12. 11 0.86 6. 87 1. 18 

10OF 3 12.29 0. 16 6.44 0.99 

0OF 3 12.29 0. 16 7. 58 0. 73 

-10oF 4 11.88 2. 01 6.65 0.37 

-20OF 3 12. 06 1. 82 6.49 0.25 

Total n 16 

Mean,   X 12. 11 6.80 

Range,R 2. 24 1.92 

Range,R 1.06 0.66 
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expressed as percentage of wet weight. 

The alcohol insoluble solids (AIS) were higher in the 

shrivelled beans than in the plump beans,   both on dry weight and 

wet weight basis (Table 2). 

The total ash was significantly higher in the plump beans 

on a dry weight basis.    This was the case with calcium also.   How- 

ever,   potassium was higher in the shrivelled beans both on a wet 

weight and dry weight basis.    Ash,   calcium and potassium values 

are presented in Table 3.    The higher ash and calcium in the plump 

beans and the higher potassium values in the shrivelled beans seem 

to reflect a complex solubility balance within the ash components. 

Contrary to what might be expected,  the three pectic com- 

ponents- the water-soluble pectin,   calgon-soluble pectin and the 

alkali-soluble pectin (also the total pectin) did not show significant 

differences when expressed as percentages on a dry weight basis. 

However,   when these fractions were expressed as percentages   of 

wet weight,  highly significant differences were observed.    The 

three fractions and the total pectins were higher in the shrivelled 

beans (Table 4). 

The starch content likewise did not show a significant 

difference when expressed as a percentage of dry weight but was 

highly significant on an alcohol insoluble solids basis and on a wet 

weight basis (Table 5).    The starch content was higher in the 

shrivelled beans on a wet weight basis and higher in the plump 

beans onaAIS basis.  When expressed as a percentage of AIS, 
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Table 2.     Total solids,   total soluble solids,   and alcohol in- 
soluble solids content of plump and shrivelled 
green beans. 

Means of individual values (X) N = 16 

Tot al Solids Total Soluble Alcohol insoluble 
Solids Solids 

% of Dry Weight 

Plump 100 33. 11 64.25 
Shrivelled 100 29.87 68. 87 

7   3. 24 4.62 
t   calc. 2.82 ** 3.00*** 

% of Wet Weight 

Plump 9.34 3. 11 5.99 
Shrivelled 12. 14 3.62 8.34 

7 2. 79 0. 51 2.35 
t   calc. 10.84*** y   13*** 10.67*** 

t from table 

99% 2.947 
95% 2. 131 
90% 1. 753 

***   Highly significant   (99%) 

**   Significant   (95%) 

*   Indicative    (90%) 
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starch comprised about 25% of this fraction,  while on a dry weight 

basis, starch was about 17% of the total solids. 

The pectins and starch,   to which changes in texture have 

often been attributed (4,   33,   35,   45)^ showed no significant differ- 

ences on a dry weight basis.    The role of pectin in the cell wall 

and the middle lamella has often been emphasized (5,   6,   22,   31). 

Interpretation of the results was complicated by the fact 

that the significance is altered in several of the chemical con- 

stituents when expressed on different bases.    Initially,   all the 

dehydrated beans had approximately equal moisture levels.  During 

reconstitution beans absorb moisture differently.    This difference 

in behavior seems to be inherent in the individual pieces by virtue 

of their physical and chemical structure. 

The effect of dilution on the rehydration ability of green 

beans is not clear.    Thus,   if a higher total acid content in the dry 

beans was taken as an index of the ability to reconstitute,   this acid 

difference soon changediwith the shrivelled beans having the higher 

acid content on a wet weight basis as seen in Table 5.    The plump 

beans,which absorbed more moisture,would have less acid than 

the shrivelled ones,  due to dilution differences.    Similar reversals 

were observed in total soluble solids,   ash,   calcium and starch. 

This seems to point towards a complex equilibrium between 

several of the components wherein their relative amounts are im- 

portant.    Better reconstitution may then be associated with a state 

in which several components exist in the required proportions. 
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Table 3.    Ash,   calcium and potassium contents of plump and 
shrivelled beans. 

Means of individual values (X) N = 16 

Ash Ca Icium Potassium 

% of Dry Weight 

Plump 
Shrivelled 
y 
t   calc. 

5.446 
5. 052 
0. 394 
2.764** 

0. 
0. 
0. 
5. 

.268 
,233 
,035 

1. 676 
1. 749 
0. 073 
1.863* 

% of Wet Weight 

Plump 
Shrivelled 
y 
t   calc. 

0. 503 
0. 611 
0. 108 
7. 121*** 

0. 
0. 
0. 
0. 

025 
028 
003 
278 

0. 156 
0. 212 
0. 056 

10.768*** 

% of Total Ash 

Plump 
Shrivelled 
7 
t   calc. 

100 
100 

4. 
4. 
0. 
1. 

999 
655 
344 
656 

31.360 
35. 118 

3. 758 
2.319** 

t from table 

99% 
95% 
90% 

2.947 
2. 131 
1. 753 

***   Highly significant   (99%) 

**   Significant   (95%) 

*   Indicative    (90%) 
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The component termed cellulose (Table 6) is a calculated 

value comprising the remainder of AIS from which starch and 

pectins are subtracted. 

Cellulose  = AIS - (Total pectin   +   Starch) 

Chemically,  the fraction includes cellulose,   hemicelluloses and 

lignin.    The cellulose component was lower in the plump beans on 

the wet weight,   dry weight and alcohol insoluble solids bases 

(Table 6). 

On a wet weight basis,   the shrivelled beans showed signifi- 

cantly higher values for  11 of the  12 analyzed constituents.    The 

single exception was the calcium content.    The calcium values 

were approximately equal in the plump and shrivelled beans on a 

wet weight basis (Table 3). 

The highly significant differences found between the plump 

and shrivelled beans in the wet samples (Table 2) indicated the 

proficiency of the visual separation of the beans into the two lots. 

However,   the equivalent values for calcium-seem to be an import- 

ant exception to the general trend.    Since calcium is a relative 

non-mobile ion,   the calcium values probably reflect a major differ- 

ence in the dehydrated beans.    The role of calcium becomes more 

apparent when the results are calculated on a total solids basis. 

On a total solids basis,   the plump beans contained more 

sugars,   ash,   calcium and citric acid,  with the differences in both 

calcium and citric acid being highly significant. 
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Table 4. Water-soluble pectin, calgon-soluble pectin, NaOH- 
soluble pectin and total pectin contents of plump and 
shrivelled beans. 

M. eans of individual values (X) N = 16 

Water-soluble Calg on-soluble NaOH-soluble   Total 
pectin pectin pectin i         pectins 

% of Dry Weight 

Plump 2.43 3.23 2. 79 8.45 
Shrivelled 2.56 3.25 2.94 8.75 
y 0. 13 0.02 0. 15 0.30 
t   calc. 0. 72 0.32 1.04 0.91 

% of Wet Weight 

Plump 0.23 0.31 0.26 0.81 
Shrivelled 0.31 0.39 0.34 1. 04 
y 0.08 0.08 0.08 0.23 
t   calc. 3.98*** 9.26*** 6.09* **   6. 86*** 

% of A.I, S. 

Plump 3.82 5.04 4.38 13. 23 
Shrivelled 3. 74 4. 74 4.30 12. 71 
y 0.08 0.30 0.08 0. 52 
t   calc. 0.27 1. 95* 0.27 0. 86 

t from table 

99% 2.947 
90% 1. 753 

***   Highly significant (99%) 

*   Indicative    (90%) 
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From the total solids data (Table 2),  the moisture ratios 

may be calculated.    The moisture ratios were  10. 1 for the plump 

beans and 7,3 for the shrivelled beans.    For each gram of total 

solids,   the plump beans picked up 2. 8 g more water than the 

shrivelled beans.    The reasons for this greater water absorption 

by the plump beans must lie in the higher proportion of sugars,   ash 

and citric acid found in the total solids of the plump beans.   Corres- 

pondingly,   significantly lesser amounts of AIS and cellulose were 

present in the plump cells (Table 6) and these constituents would 

tend to decrease the hydrophilic nature of the cells.    These con- 

clusions are further substantiated by the distribution of the com- 

ponents of the AIS. 

The higher calcium values of the plump beans on a dry 

weight basis probably arise from the association of this cation with 

the citric acid,  with the low methoxyl pectinates and also to differ- 

ent initial calcium values between the plump and shrivelled beans 

in the dry state.    The higher value for potassium found in the 

shrivelled beans (Table 3) on a total solids basis suggests a hindered 

diffusion of this highly-soluble cation from the shrivelled beans. 

This slow diffusion rate would be compatible with the compact, 

wrinkled shape of the shrivelled beans and is confirmed by the 

significantly higher values found for potassium based in   its distri- 

bution in the total ash (Table 3). 
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Table 5.    Starch,   citric acid and pH of plump and shrivelled 
beans. 

Means of individual values (X) N  r  16 

Starch Total acid as pH^ 
citric of slurry 

% of Dry Weight 

Plump 
Shrivelled 

t   calc. 

17. 55 
17. 12 
0.43 
0. 55 

2. 
1. 
0. 
3. 

06 
78 
28 
74*** 

% of Wet Weight 

Plump 
Shrivelled 
y 
t   calc. 

1.63 
2. 04 
0.41 
3.52*** 

0. 
0. 
0. 
3. 

19 
22 
03 
36*** 

% of A.I.S. 

Plump 
Shrivelled 
y 
t   calc. 

27. 51 
25. 12 
2.39 
3.28*** 

3. 
2. 

3. 

25 
61 

85*** 

t from table 

99% 2.947 

Not statistically analysed 

*** Highly significant (99%) 

5. 52 
5. 54 
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On an AIS basis,   the plump beans contain more starch, 

citric acid and calgon-soluble pectin and less cellulose.    This 

distribution is indicative of two relationships.    One is the hydro- 

philic-hydrophobic relationship of the constituents and the second 

is the relationship between these constituents and the structure of 

the cell. 

The high starch and citric acid values for the plump beans 

would increase the water absorption capacity of these beans re- 

sulting in a plump bean upon rehydration.    The high cellulose con- 

tent in the shrivelled beans would arise from a basic structural 

difference between the cells of the plump and shrivelled beans. 

Caldwell and Culpepper (7) reported that small "baby" beans 

of Sizes 2 and 3 became greatly shrivelled and distorted in drying 

and absorbed less water in soaking and cooking than older stages. 

Caldwell and Culpepper concluded that the young beans "do not con- 

tain substances capable of high absorption of water. "   As the bean 

pods develop,   sugars,   minerals and pectins increase and an in- 

crease in these constituents seemed to help in reconstitution. 

Higher ash,   soluble solids and calcium contents in the 

plump beans and lower values of potassium (dry weight basis) seem 

to be in agreement with the concept that relative values and not the 

absolute values may be important. 

Isherwood's (19) explanation that texture of a cell is largely 

governed by a dynamic equilibrium of the cell contents can be ex- 

tended to tissues undergoing reconstitution and emphasizes the inter 
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Table 6.    Cellulose and cellulose/total pectin ratios in plump and 
shrivelled beans. 

Means of individual values (X) N =  16 

Cellulose Cellulose/Pectin 

% of Dry Weight 

Plump 38. 26 
Shrivelled 43. 00 

y 4. 74 
t   calc. 4.94*** 

4. 59 

4.99 

0.40 

1.82 = 

% of A IS 

Plump 59. 28 

Shrivelled 62. 12 

y 2. 84 

t   calc. 7. 04*** 

4. 59 

5. 02 

0.43 

1. 94* 

t from table 

99% 2.947 

90% 1.753 

***   Highly significant   (99%) 

**   Significant   (95%) 

*   Indicative   (90%) 
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relationships of the cell components. 

In the presence of small quantities of sugars,  minerals and 

acids,   a flexible wall would return to the normal position,   absorbing 

water by diffusion through the cell wall.    The diffusion would be 

governed by the concentration gradient,   by the hydrophilic nature 

of the cellular compounds and by the porosity of the tissue. 

In case of the soluble constituents,   i.e. ,   total ash,   calcium, 

potassium,   citric acid,   total soluble solids and water-soluble 

pectins,   loss into the surrounding water during reconstitution 

might be expected.    Similarly movement of these soluble constit- 

uents in the opposite direction,   i.e.   from the water into the beans 

would also occur as indicated by the concentration gradient between 

the plump and shrivelled beans.    The acid values showed a gradient 

of   . 0. 19% to 0. 22%, respectively, for plump and shrivelled beans 

(wet weight basis) and the water-soluble pectins showed a similar 

gradient of 0. 23% to 0. 3 1% for plump and shrivelled beans. 

The distribution of calcium and potassium within the ash 

retained the pattern exhibited on the dry weight basis.    The calcium 

was lower in the shrivelled beans while potassium was lower in the 

plump beans.    This is indicative of maintenance of a balance within 

the minerals. 

The cellulose was higher in the shrivelled beans (Table 6), 

which indicates that the cells have thicker,   more rigid walls,   in- 

capable of the great flexibility required to adapt to the situation that 

has developed as a result of dehydration and rehydration.    As a 
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result,   it may be assumed that there was more cell rupture,   de- 

rangement and damage to the cell walls by the stress-strain re- 

lationships occuring during dehydration. 

During dehydration^water is withdrawn from the different 

facets of the cell and this withdrawl cannot be uniform.    With- 

drawl of moisture from the different facets of the cell and from 

different points on the same facet cannot proceed in phase and with 

perfect synchronization.    Even if,   in the initial stages of dehydrat- 

ion,   considerable movement of moisture takes place which com- 

pensates for any excessive loss of moisture at any given point, 

such a situation cannot continue for long,   and at low moisture levels 

considerable moisture variation may exist.    The differential with- 

drawl and consequently the existence of forces that bring tremend- 

ous pressures on cell walls    makes them twist and warp and in 

extreme cases rupture. 

Observations of Majundar and Preston (26) that alternate 

cellulose rich and cellulose poor layers comprise the wall further 

lend support to fhe hypothesis that higher pectin content in the wall 

makes it more flexible. 

Earlier observations by Caldwell and Culpepper (7) that 

tender varieties reconstitute better,   support this view if it is 

assumed that the tender varieties have less cell wall material in 

them than the tougher types.    Assuming that increased percentages 

of cell wall material and higher lignin content are correlated,   since 

both of these constituents have been shown to increase with 
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maturity (6,   19),   Isherwood's observation that a high lignin con- 

tent results in a poorer reconstitution,   is supported. 

The cellulose/pectin ratio was lower in the plump beans. 

Pectin and cellulose may be dispersed uniformly throughout and a 

middle lamella may not exist (22) or alternate layers of cellulose 

and pectin may be present in the cell wall (26). 

The greater flexibility of the cell wall may be due to the 

higher pectin values and the thinness of the cell wall.    The lower 

cellulose/pectin values and the thinner cell walls,   may result in a 

flexible,   elastic wall as compared to a high cellulose,  thick,   rigid 

wall. 

In essence,  the plump beans possess a flexible cell wall of 

a more hydrophylic nature  - a cell which is intact and capable of 

absorbing more water than its counterpart,   which is either broken 

or if intact,   lacks the permeability,   plasticity and flexibility to 

come out of its dehydrated state and assume the full tumescence 

of pre-dehydration structure. 
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SUMMARY AND CONCLUSIONS 

A study was made of the chemical constituents of dehydrated 

Blue Lake green beans,   visually graded into plump and shrivelled 

lots after reconstitution.     The following conclusions were indicated. 

1. On a total solids basis,  the plump beans contained 

significantly more total soluble solids,   ash,   calcium and titratable 

acid and significantly less cellulose and AIS. 

2. On a wet   weight basis,   the shrivelled beans contained 

significantly higher total soluble solids,   alcohol insoluble solids, 

ash,   potassium,  water-soluble pectin,   calgon-soluble pectin, 

NaOH-soluble pectin,  total pectins,   starch,   cellulose,   total acid 

and pH and approximately equal values for calcium. 

3. On an AIS basis,   the plump beans contained more starch 

and titratable   acid and significantly less cellulose. 

4. Cellulose/pectin ratios were different with plump beans 

showing the smaller values,   indicating a smaller content of 

cellulose. 

It was proposed that the plump beans possess a flexible cell 

wall of a more hydrophobic nature  - a cell wall which is intact and 

capable of absorbing more water than its counterpart,   which is 

either broken or if intact,   lacks the permeability,   elasticity and 

flexibility to come out of its dehydrated state and assume full 

tumescence of the pre-dehydration structure. 
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