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The purpose of this investigation was to study the role of pec- 

tin in protecting casein from coagulation by heat and acid during the 

preparation of tomato soup.    Three varieties of tomatoes were used 

for the study,  Ace,  Improved Garden State and Campbell 146,   and 

each variety was processed two ways,  by heating the tomatoes rap- 

idly to 100oC before juicing (hot break) and by holding the mascer- 

ated tomatoes for 30 minutes before heating (cold break). 

Juice of the Ace variety had the highest pH and Campbell 146 

the lowest by both processing methods.     In all cases,   cold break 

juice had lower pH values than did the hot break juice.     Proportion 

of serum to solids resulting from centrifugation of a sample of each 

juice was used as one index to the amount of degradation of the pec- 

tin.     The amount of solids in the cold break juice was   less than 

the amount of solids in the hot break juice.    Serums from juices 

prepared by the hot break method were more viscous than those by 

the cold break method.    Of the hot break juices.   Improved Garden 



State was the most viscous and Campbell 146 the least.    The con- 

centration of pectin in the serums of juices prepared by the cold 
/ 

break method was from one-third to one-half that in serums of 

juices by the hot break method. 

Juices of the three varieties of tomatoes by both methods of 

processing were combined with reconstituted non-fat milk and heated 

as for tomato soup.    Curdling was assessed by measuring the nitro- 

gen in.the filtrate by the micro-Kjeldahl method.    Juices of Ace, 

the low acid variety,   caused the least amount of curdling.    Of the 

four juices from the two more acid varieties,   Campbell 146 by the 

cold break method had the lowest concentration of pectin in the ser- 

um and the soup curdled most,  while Improved Garden State by the 

hot break method was highest in pectin and resulted in the least 

curdling of the soup.    Juice from Campbell 146 by the cold break 

method was the most acid of the four and that of Improved Garden 

State by the hot break method was the least acid.    When an amount 

of high-methoxy pectin equal to the difference between the concen- 

tration of pectin in the cold break and that in the hot break juices of 

the Improved Garden State variety was added to a sample of the 

juice before making soup,   curdling was less than when untreated 

juice was used,  and the pH was slightly higher.    Thus any protec- 

tive effect that pectin might have had. on the casein was clouded by 

differences in   the pH values of the juices. 



Pectin possibly has a role in protecting the casein,  but the 

acidity certainly is the determining factor in the coagulation of ca- 

sein in the preparation of tomato soup. 
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PECTIN IN TOMATOES AS A 
PROTECTIVE COLLOID FOR CASEIN 

INTRODUCTION 

There are many instances in food preparation where acid is 

introduced into milk.     The preparation of tomato soup is one out- 

standing example.     Tomatoes are fairly high in acid.     The fact that 

tomato soup is heated before it is served is a complicating factor. 

The combination of heat and acid makes perfect conditions for curd- 

ling of the milk.    However,   the tomato juice-milk mixture does not 

always curdle when it is heated. 

Because of this fact a number of techniques have been pr-o- 

posed for minimizing or preventing coagulation of tomato soup. 

These include having both the juice and the milk at the same temper- 

ature when they are combined,   adding the tomatoes to the milk 

slowly with stirring to avoid a sudden change in acidity of the milk 

and using binding or thickening agents to interfere with the curd for- 

mation.     Heating the tomato juice-milk mixture just prior to serving 

and heating no hotter than serving temperature are recommended 

also.    All these techniques,   and many others,   work at times but at 

other times curd formation occurs in tomato soup no matter what 

method is used to combine the ingredients nor how carefully the 

heating is controlled. 



The acidity of the tomato juice is a major factor in determin- 

ing whether or not the soup will curdle.     The addition of large quan- 

tities of tomato juice high in acid could easily overcome the natural 

buffering of the milk and cause coagulation of the milk proteins. 

Recently,   interest in this problem was expanded to include 

pectic substances in tomatoes which,   in addition to the acidity, 

might influence curdling.     These constituents in the tomatoes are 

subject to marked changes due to variations in processing.     Per- 

liminary work on the role of the pectic substances in the coagula- 

tion of milk proteins (casein) in tomato soup has been done on one 

variety of tomato   by     Lowry (33).        She prepared tomato juice in 

three ways,  by hot break resulting in high methoxy pectins and by 

cold break and by slow warm-up,   both resulting in low methoxy pec- 

tins.     She found that the way the juice was handled in processing 

seemed to have an effect on the extent of curdling of milk by acid 

and heat.     Of the soups prepared from these tomato juices, that made 

from the hot break juice had the fewest and smallest curds.    If 

acidity were the only factor involved in the coagulation of milk,  then 

the method of processing the tomatoes for juice should make no dif- 

ference in the extent of curdling. 

The present work reports a continuation of this preliminary 

study by Lowry.    As a background for study of the protective role of 



pectin in preventing coagulation in tomato soup,   or,   indeed,   inves- 

tigating whether it plays any role,   it was necessary to become fa- 

miliar with pectic substances and to know their location and function 

in the tomato fruit itself. 

It was necessary also to be familiar with the proteins of milk 

and their physical and/or chemical properties which are involved in 

the coagulation.    Milk,   and its major protein,   casein,   has been 

thoroughly studied for  many years.     From these studies we know 

that the milk proteins involved in the curdling of tomato soup are 

those known as casein,   rather than the serum proteins. 

While it would have been possible to approach the problem of 

the protective action of pectin on casein using purified casein and 

purified high methoxy pectin,   it was felt that using pectin and casein 

as they occur naturally in tomato juice and milk was a much more 

challenging problem.    Since curdling of tomato soup is of concern to 

homemakers as well as commercial canners,   it seemed much more 

practical to use milk and tomato juice rather than purified sub- 

stances. 



REVIEW OF LITERATURE 

Milk Proteins 

Serum proteins.    The whey or serum proteins represent about 

20 percent of the protein of milk.    Formerly these whey proteins 

were separated into two fractions which were called lactalbumin 

and lactoglobulin.    Newer techniques have shown that whey contains 

more than two protein entities.    In 1934 Palmer (45,   p.   214) crys- 

tallized a protein from a concentrated solution of lactalbumin which 

he called beta-lactoglobulin. This protein made up 50 to 75 percent 

of the total lactalbumin fraction.    Later work showed that the beta- 

lactoglobulin fraction was itself made up of two more fractions 

called beta-lactoglobulin A and beta-lactoglobulin B (24,  p.   118; 45, 

p.   217). 

After beta-lactoglobulin has been removed by crystallization, 

the whey can be fractionated to yield an albumin similar to that of 

bovine blood and called bovine "blood"  seruna albumin.    A different 

treatment of the whey will yield still another fraction called alpha- 

lactalbumin which makes up 15 to 20 percent of the lactalbumin (24, 

p.   119). 

Jenness and Patton (24,  p.   119) state that these three pro- 

teins,   beta-lactoglobulin,  blood serum albumin and alpha-lactalbu- 

bumin constitute the bulk of the lactalbumin fraction,  but a number 



of other proteins appear to be present in small quantities. 

The lactoglobulin portion of the whey proteins can be fraction- 

ated into two entities,   one of which is called euglobulin (meaning 

true globulin) and the other pseudoglobulin (meaning false globulin). 

These proteins also are called the "immune globulins"  since they 

carry the antibodies of milk (24,   p.   119; 45,  p.   210). 

When casein is precipitated from milk by acidification to pH 

4.7,   the isoelectric point,   the serum proteins remain in solution. 

Since these serum proteins are present in such small amounts,  and 

since they do not precipitate upon acidification as casein does,   they 

play but a minor role in the curdling of milk. 

Casein.    Casein,   the term used to identify the major proteins 

of milk,   is by definition,   those proteins precipitated frona skimmilk 

by acidification to pH 4. 6 to 4. 7  (24,  p.   115).     The precipitate may 

be redissolved in an alkali and reprecipitated to further purify it 

(46,   p.   40).     The casein so obtained has been studied for many 

years. 

More recently,   it has been demonstrated (24,  p.   117; 32,  p. 

304; 45,  p.   205; 46,   p.   140) that purified casein is a mixture of at 

least three fractions which have been designated alpha,  beta and 

gamma.    Hipp et al.   (22,  p.   4930) have fractioned casein by using 

the solubilities of the several fractions in aqueous ethanol and urea, 
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respectively.    From this work they estimate the three fractions of 

casein to be in the following concentration:   alpha-casein75 percent, 

beta-casein 22 percent and gamma-casein three percent.    These 

fractions differ from each other in their molecular weights,   their 

migration in an electric field and their phosphorus content (45,   p. 

205; 46,   p.   140; 48,  p.   16-17). 

Recent work on alpha-casein shows that rather than being a 

single protein it actually is heterogeneous and should be designated 

as alpha-casein fractions (8,  p.   902).    Waugh and von Hippel (57, p. 

4576) were the first to report that alpha-casein could be separated 

into a calcium-sensitive fraction (alphas-casein) and a calcium- 

insensitive fraction (crude-K-casein).    The proportions of these 

components of alpha-casein vary depending on the procedure used 

for precipitating the casein.    McMeekin et al.(44) have reported the 

isolation of a calcium-insensitive alpha-casein fraction which they 

called alpha-z-casein.     This alpha-casein fractions seems to be 

similar to the K-casein reported by Waugh and von Hippel.     This 

calcium-in sensitive fraction is characterized by a low-phosphorus 

content,   0. 1 percent phosphorus in the fraction compared to 0. 85 

percent in the parent alpha-casein (55, p.  10).   And this protein, un- 

like the other milk proteins,   is not precipitated by small amounts of 

calcium (44,  p.   36).     This fact may be important in, stabilizing the 

calcium caseinate phosphate complex of milk (55). 

The development of electrophoresis has encouraged a very 

detailed study of the amino acid content of the various fractions of 



casein (22,   p.   533; 24,   p.   125).     Gordon et al.   (14) have published a 

complete analysis of the amino acid content of alpha- and beta- 

casein and a limited analysis of the amino acids of gamma-casein 

(15).     These fractions of casein differ chiefly in the content of tryp- 

tophan,   tyrosine and proline.     The proline content is of particular 

interest because it is high enough,   7. 47 percent in alpha-casein, 

15. 1 percent in beta-casein and 17 percent in gamma-casein (15,   p. 

4282),   to cause the molecules to assume the poly-L-proline helix 

(54).     Presumably this contributes to the fact that,   at the normal 

hydrogen ion concentration of milk,   pH 6. 6,   the caseins are not 

precipitated by heat. 

Whole casein,   all the milk proteins in fact,   contain large 

amounts of the di-carboxylic amino acid,   glutamic,   and considerable 

amounts of aspartic.     Jenness and Patton (24,   p.   126) say that part 

of the free carboxyl groups of these amino acids "are present in the 

form of amides,     -   C - NH?.     These groups are split with the re- 

lease of ammonia when the protein is hydrolyzed for analysis. " The 

di-amino carboxylic acid,   lysine,   contributes additional polar 

groups in the protein molecule. 

Alpha-casein,   according to Gordon et_al.   (14,   p.   3295),   con- 

5 
tains 548 polar and 341 non-polar groups per  10    grams,   and beta- 

casein contains 465 polar and 442 non-polar groups per 10    grams. 
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Values for gamma-casein are not yet complete but proline is high- 

est and phosphorus is lowest in this fraction.    Also gamma-casein 

probably has the fewest number of polar groups and the highest 

number of non-polar groups of the three proteins.    A high number 

of polar groups imparts to the molecule a great degree of solubility 

in water (32,  p.   6).    From this it can be assumed that alpha-casein 

is the most water-soluble of the three proteins,  beta-casein is only 

moderately soluble in water and gamma-casein is least water-sol- 

uble. 

As a result of the presence of these acidic and basic groups, 

casein has amphoteric properties and can function as an anion or a 

cation as the pH varies above or below pH 4. 6.    Pyne (49,  p.   536) 

suggests that the anionic salts of casein are the commonest and the 

most interesting salts because they parallel the biologically impor- 

tant pH range.     The salts in which casein is anionic are the casem- 

ates. 

Caseins of milk are,   in general,   high in phosphorus.    Some of 

this phosphorus forms an integral part of the protein molecules and 

some of it,   the colloidal inorganic phosphates,   is associated with 

the protein molecules although not an integral part of them.    The 

phosphorus of the alpha-,  beta- and gamma-casein fractions appears 

to derive from phosphoric acid esterified with the hydroxy-amino 



acids,   serine and threonine.     The linkage most commonly consider- 

ed is the simple monoester (24,  p.   123).    However,   Perlmann sug- 

gests that additional kinds of linkages may be present.   For instance, 

alpha-casein may have 40 percent of the phosphate bound as mono- 

esters,   40 percent as phosphamide and 20 percent as pyrophosphate 

(48,   p.   19-20).    According to Jenness and Patton (24,  p.   126),   the 

presence of esterified phosphate and the manner in which it is in- 

corporated in the alpha- and beta-caseins are very important in de- 

termining the properties of these proteins.     The inorganic phos- 

phate is an acid soluble fraction that is associated with casein (24, 

p.   306).    It is not known exactly how these inorganic phosphates are 

attached to the caseinate molecules. 

Casein exists in milk as complex particles or micelles. 

These micelles make up the calcium caseinate-phosphate complex, 

the term most commonly used to designate this system (24,  p.   305- 

306).     These colloidal particles or micelles are roughly spherical 

in shape,   the diameter ranging from 30 to 300 millimicrons.     The 

molecular weights are in the millions,  ranging from 10 to 3280. 

The calcium caseinate-phosphate particles are in an extremely 

sensitive equilibrium with the milk serum.    Any changes in the 

ionic concentration in the serum may precipitate the colloidal par- 

ticles.    This is true because the colloidally dispersed particles are 
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primarily stabilized by the charges they carry and because they 

bind divalent ions of calcium and magnesium (24,  p.   309). 

The salts of milk which are present in significant amounts and 

which have a vital role in the properties of milk proteins are sodi- 

um,  potassium,  calcium and magnesium chlorides,  carbonates, 

sulfates,   citrates and phosphates (24,  p.   161).    The concentration 

of salts in milk is variable just as the fat and protein contents of 

milk are variable,  and varies for a number of reasons,   including 

season of the year, breed of the stock and period of lactation. 

Certain of these salts,   calcium and magnesium citrates and 

phosphates,   are present in two phases,   as true solutions and as 

colloidal   particles.     These two phases of the salts are in equili- 

brium with each other.    Certain treatments of the milk,   i. e. ,   heat, 

may cause a shift in the equilibrium and a transfer of salts from 

one phase to the other.    Raising the temperature of the milk,  for 

example,  would cause a shift from the dissolved to the colloidal 

phase as the solubility of calcium phosphate decreases as the tem- 

perature increases.    In addition,   heat would bring about changes in 

the amount of the soluble salts ionized because dissociation con- 

stants depend to a large extent on temperature (24,  p.   175-176). 

Changes in the pH of milk may cause shifts in the salt equili- 

bria,   also.     The addition of acid to milk will cause a progressive 
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removal of the colloidal calcium phosphate from the calcium 

caseinate-phosphate micelles.    If acidification is continued so that 

the milk reaches pH 5. 2 or 5.3,   all the calcium and phosphate shifts 

to the soluble phase.    At this point the casein will become unstable 

enough to precipitate (24,   p.   309).    In fact the binding of calcium by 

caseinate is negligible below pH 5. 6 (49,   p.   537). 

While large increases in  the   acidity will upset the delicate 

equilibrium in the calcium caseinate-phosphate system and cause 

an aggregation of the protein molecules,   a small increase in acidity, 

although not large enough to cause aggregation,   will render the sys- 

tem extremely sensitive to heat (24,   p.   310).     This change in pH 

may be brought about in several "ways.    For instance,   thermal de- 

composition of lactose,  with the elimination of basic amino groups 

attached to the protein,   is thought by Grimbleby (18,  p.   208) to be 

an important cause of heat induced acidity in milk.     Gould (16,   p.   . 

374) suggests that there is an increase in volatile acids,  particular- 

ly the formation of formic acid during heating.    And Pyne and 

McHenry (50,  p.   64) also have reported that heat-induced displace- 

ment of milk phosphate equilibrium with precipitation of tri-calcium 

phosphate and a shift toward greater acidity is well established. 

Acidity from this source becomes effective early in the heating 

process (17,   p.   395).     Howat and Wright (23,   p.   1337) feel that the 
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liberation of phosphate from casein-ester combinations is probably 

a more important source of acidity. 

Pectic Substances and Acidity of Tomatoes 

Chemistry of the pectic substances.    Molecules of pectic sub- 

stances are basically polymers of anhydrogalacturonic acid in the 

pyranose ring.     These basic units are in the alpha form and are 

linked through carbons one and four in unbranched or so-called 

linear chains (7,  p.   100; 46,  p.   89).    Actually the bond angle be- 

tween the one and four carbons is such as to give the polymeric 

chain a screwlike configuration (46,  p.   89).    Such polymers of an- 

hydrogalacturonic acid are designated pectic acid to distinguish 

them from other forms of pectic substances.    While the primary 

linkage of the molecule is through carbons one and four,  there is a 

possibility that pectic substances from certain plant sources have at 

least part of their galacturonic acid residues linked through car- 

bons one and six,   causing a branched molecule. 

The number of anhydrogalacturonic acid residues,  and con- 

sequently the chain length of the molecule,   varies.     Joseph and 

Havighorst (25,  p.   161) give the molecular weight of pectin as 

200, 000 to 300, 000.    Myers (46,   p.   88) points out that the method 

used to determine the molecular weight influences the results.    For 
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instance, end group analysis indicates a range of molecular weights 

from 2500 to 7500 while measurements of molecular weights by os- 

motic pressure indicates a range from 30,000 to 100, 000. 

The molecules of pectic substances,   in addition to varying 

greatly in size,  vary also in the number of methyl groups which are 

esterified to the carboxyl groups along the chain.    Such polymers of 

anhydrogalacturonic acid are called pectinic acid to distinguish 

them from the unmethylated polymers.     Pectinic acids thus have 

fewer free carboxyl groups and a lower negative charge density than 

do pectic acids (6,  p.   481).     When over half of the carboxyl groups 

are esterified with methoxyl groups the resulting pectinic acids are 
v 

designated as pectin.    The methoxyl groups may be positioned in a 

regular or a random manner.    Some of the properties exhibited by 

pectic substances are the result of the positioning of the methoxyl 

groups on the molecule as well as the number of methoxyl groups 

in the molecule (29,  p.   90; 32,  p.   154-156). 

The pectic substances are by definition,   as well as actual fact, 

colloidal in nature (5).    The colloidal properties of the pectin mole- 

cule are related to the length of the polygalacturonic acid residue 

chains.    There is no conclusive evidence as to the number of resi- 

dues that must be linked to give a polygalacturonic acid colloidal 

properties.    However,  polymers of four units or less will probably 
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be crystallizable instead of colloidal (29,   p.   52).     When pectic sub- 

stances are subjected to hydrolysis there is an accompanying de- 

crease in the colloidal properties (29,  p.   89).    Bonner (6,  p.   52) 

summarizes the colloidal characteristics of pectins by saying "they 

are hydrophilic colloids of high negative charge,   a charge which 

varies with the number of free carboxyl groups". 

Early workers reported that the viscosity of a pectinic acid 

solution decreased with progressive demethylation.    It is now known 

that the viscosity is not related to the methyl ester content but to 

the molecular size of the pectinic acid molecule.     The viscosity of 

a pectinic acid solution is affected by the concentration of the pectin, 

by the changes in pH,   and by changes in temperature of the solution 

(29,  p.   163-167). 

Pectic constituents in tomatoes.    During the development of 

the fruit,  pectic substances are laid down in the primary cell walls. 

In the immature fruit the pectic substances are in an insoluble form 

called protopectin,  the precise nature of which is unknown.    As the 

fruit matures this insoluble protopectin is converted to the more 

soluble pectin,   the change being brought about by the enzyme proto- 

pectinase.    When conversion of the protopectin is complete,   the 

fruit has reached the peak of its maturity. 

At the same time that the protopectin is forming in the 
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primary cell walls,  the middle lamella is accumulating pectic ma- 

terial    which is not protopectin since it is not affected by hot, dilute 

acid,   the treatment used for solution of protopectin.     The pectic 

material of the middle lamella appears to be a mixture of calcium 

and magnesium pectates formed when the free carboxyl groups of 

the anhydrogalacturonic acid residues react with metallic ions to 

form salts (46,  p.   90).     These compounds dissolve in hot alkali or 

in a solution of ammonium oxalate which sequesters the calcium 

ions (7,  p.   102).    The pectates of the middle lamella gradually de- 

crease during the maturation just as the protopectins of the primary 

cell walls gradually decrease (7,  p.   102-103).    The enzyme which 

brings about the changes in the pectates of the middle lamella is 

probably a pectinase,   rather than a protopectinase,   although the end 

products of this degradation are not fully known.    Carre and Home 

(11,  p.   199),  working with the enzymes of apples,  particularly 

stress the differences between the enzymes which degrade proto- 

pectin and those which degrade the middle lamella.     The latter en- 

zyme previously was called,   among other names,  middle lamella 

protopectinase but Bonner (7,  p.   106) indicates that it more closely 

resembles a pectinase than a protopectinase.     Unlike protopectin, 

which has been completely converted to pectin by the time the fruit 

reaches maturity,   the middle lamella pectates change more slowly 
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and are undergoing this change for the entire life of the fruit (7,  p. 

104-105). 

As colloidal pectin develops in,the maturing fruit as a result 

of the action of protopectinase on insoluble protopectin,   the pectin 

molecules are subject to    deesterification.    This demethylation is 

catalyzed by an enzyme (6,  p.   487).     The older term pectase to 

designate this enzyme has now been abandoned in favor of the more 

specific names pectin-methylesterase (PM) or pectinesterase (PE). 

These two names are used interchangeably (29,  p.   361). 

A further change that takes place in the pectic constituents as 

fruit matures is hydrolysis of the polygalacturonic acid chain or de- 

polymerization.     This depolymerization is brought about by pecti- 

nase,  which is a complex of at least two enzymes.    Besides pecti- 

nase this enzyme contains pectin-polygalacturonase,   often abbrevi- 

ated PG.     The enzyme PG uses pectic acid as its substrate,  where- 

as pectinase,  the term reserved for a mixture of the two enzymes of 

the complex,   acts upon pectin,  pectinic acid and pectic acid (29,   p. 

337). 

Pectic enzymes in tomatoes.     The main enzymes in tomatoes 

are similar to the pectic enzymes in other fruit.    Aside from pro- 

topectinase,   tomatoes contain pectin-methylesterase (PM) which 

demethylates the pectins to pectinic acids and tomato pectic 
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acid-depolymerase (DP),   similar in action to the enzyme PG,   which 

acts on the pectic acid to produce cleavage in the molecule (40,  p. 

693).     There is some difference of opinion as to the nature of toma- 

to DP.     Kertesz (29,  p.   358) and McColloch and Kertesz (40,   p.   95) 

report that this enzyme is peculiar to tomatoes and that it differs 

from other pectin polygalacturonase enzymes in that it is active 

over a limited range in pH and it acts only on pectic acid.     However, 

McCready,   McComb and Jansen (43,  p.   187) found no justification 

for placing the DP of tomatoes in a separate category.    In their 

work with tomatoes and avocados they found evidence of just one 

polygalacturonide-splitting enzyme and it was similar to the en- 

zymes from fungal preparations which can hydrolyze pectic acids to 

galacturonic acid. 

McColloch and Kertesz (40,  p.   96) point out that tomato DP 

will not attack highly methylated pectin.     Rather,   degradation of the 

pectic constituents of the tomato is the result of a cooperative ac- 

tion of the two groups of enzymes.    Demethylation of pectins by to- 

mato PM prepares a substrate for the action of tomato DP,   and this 

enzyme depolymerizes pectic acid (47,   p.   96). 

McCollach et_al.   (37) have investigated the location of the 

pectic enzymes in fresh tomato fruit.     They dissected the fruit and 

determined the enzyme content of each part.     They found that the 
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pericarp,   consisting of the epidermis,   epicarp and mesocarp,   al- 

ways contained a larger percent of enzymes than did the other tis- 

sues of the fruit,   the radial walls,   the core or the locular cavities 

containing jelly-like parenchyma tissues.    Of the three distinct sec- 

tions of the pericarp,   the epicarp always contained a higher propor- 

tion of the enzyme than any of the other tissues of the tomato fruit. 

The distribution of the pectic enzymes was closely related to the 

distribution of the pigment lycopene,  the redder tomatoes having a 

higher total pectic enzyme content than did the paler ones. 

Activity of the tomato pectic enzymes.     The enzyme tomato 

pectin-methylesterase (PM)    is significantly more active than the 

PM from other sources,   i. e. ,   from apples or alfalfa (38,   p.   220). 

The pH of the substrate affects the activity of PM.    McCollo.ch and 

Kertesz (40,   p.   94) report an optimum pH of 6. 5 to 7. 5 for this en- 

zyme.     However,   there is some disagreement among workers as to 

whether PM of plant origin possesses a true optimum.    Kertesz (29, 

p.   370) says,   "the activity of pectin-methylesterase of plant origin 

increases as the pH is elevated from pH 4. 0 to 7. 0 and that the pic- 

ture above pH 7. 0 is still confused". 

Tomato PM activity is affected by the presence of salts (39, 

p.   198).    In general,  the effect of the salts is to lower the pH at 

which maximum activity is attained and to extend the activity into 
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lower pH regions (29.   p.   370).    Salts of divalent cations have their 

maximum activity at a lower pH and in lower concentrations than 

salts of monovalent cations.    According to Lineweaver and Ballou 

(31,  p.   375),the salts prevent the inhibition of the enzyme by free 

carboxyl groups present in the pectinic acid substrate and formed 

during the reaction.    The cations are assumed to form cation-car- 

boxyl complexes thus eliminating the inhibitory effect. 

To maintain the colloidal properties of the pectic substances, 

and thereby retain high viscosity in processed tomato juice,   this 

enzyme,   tomato PM,   must be inactivated quickly.    But the enzyme 

has proved to be particularly resistant to inactivation by heat. 

McColloch and Kertesz (38,   p.   226) held the enzyme at 60° C    for 

one hour at pH 4. 2 and found the enzyme to be unchanged.    Above 

60    C    the enzyme was gradually inactivated (29,  p.   372).   Kertesz 

reports that the "critical inactivation temperature" of this enzyme, 

at which 50 percent of the activity is lost in one hour,   is between 

60    and 65    C,   (28,  p.   115).    He also found that the enzyme is com- 

pletely inactivated in 45 seconds by heating to 80oC.     This fact has 

been substantiated by other workers (37,   p.   198; 41,   p.   340).    As 

the pH is lowered below 4. 4 the enzyme becomes more sensitive to 

heat and may be inactivated at lower temperatures.    At pH 2. 5 PM 

was found to be inactivated at 55° C    in two minutes (28,   p.   115). 
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At pH 4. 4 the PM remained active after being heated at 55° C.   for 

two minutes. 

Aside from heat and acid.tomato PM is resistant to inactiva- 

tion by many chemical reagents in low concentrations.    From this 

observation McColloch and Kertesz (38,   p.   227) have postulated the 

theory that the activity of PM depends on general physical proper- 

ties of the surface of the molecules rather than on any functional 

group.     This theory is supported by the fact that the only materials 

which can inactivate the enzyme are surface active agents and all 

surface active agents investigated show this ability. 

Tomato DP is not easily inactivated by heat.    In fact it was 

found to be still active in commercially packed canned tomatoes and 

tomato juice (29,   p.   359).     However,   since DP is essentially de- 

pendent on the action of PM to form its substrate,   rapid inactiva- 

tion of PM by heat will have an inhibitory effect on DP (41,   p.   341). 

However,   to the extent that pectic acid is formed,   the DP will 

cleave the polymer.     The first 25 to 30 percent of the hydrolysis of 

pectic acid by DP proceeds rapidly with random cleavage along the 

chain and the production of oligouronides,  but no free galacturonic 

acid (35,   p.   454).     The reaction slows down progressively and at 

50 percent hydrolysis tri-,   di- and galacturonic acids are the prod- 

ucts.     When 80 percent of the pectic material is hydrolyzed,   di- and 
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monogalacturonic acids are all that are left of the original polymer. 

Patel and Phaff (47,  p.   694) say that tomato DP cannot attack di- 

galacturonic acids. 

As the hydrolysis or depolymerization proceeds along the 

linear chain there are marked changes in the colloidal properties of 

the pectic substances which influence the quality of the tomato juice. 

These changes may be catalyzed by enzyme action or by heat  and 

acid during processing.    Alteration of the colloidal properties,   re- 

gardless of the cause,   results in increased separation of the solids 

of the tomato juice from the serum.     Extensive separation of the 

solids indicates excessive degradation of the pectic substances. 

Acidity in tomatoes.     The organic acids of tomatoes are fairly 

well known.     The chief ones are citric,   malic and succinic acids (36, 

p.   25).    Hartmann and Hillig (19,  p.   525) reported the presence in 

tomatoes of 0. 47 percent citric acid and 0. 05 percent malic acid. 

Villarreal et al.   (58,  p.   178) reported that citric acid accounted for 

7 3. 2 to 80. 1 percent of the total organic acid content of tomatoes. 

Other organic acids have been found in tomatoes in small 

amounts.    Kohman (30,   p.   236) and Andrews and Viser (3,   p.   308) 

found oxalic acid at a concentration of 0. 01 percent or less.    Hillig 

and Ramsey (20,  p.   527) found small amounts of acetic and lactic 

acids in tomato juice.    Other investigators have identified aconitic 
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and formic acids in some tomato juice samples but not in all sam- 

ples analyzed (51,   p.   107).     Carangal et al.   (9,   p.   357) found that 

the aconitic acid present in tomatoes is in the trans form and so 

added trans-aconitic acid to the list of organic acids present in to- 

matoes.     The same workers also found that some of the organic 

acids,   in addition to being present in the free form,   may be present 

in the form of their salts. 

The amino acid content of tomatoes has been investigated by 

several groups of workers.    Saravocos et al.   (53) and Carangal et 

al.    (9) found that the amino acids are present in both the free form 

and combined forms,  with the majority present in the combined 

form.     Of the amino acids found in the free form,   locular juice has 

a higher content than has the flesh of the tomato (9,  p.   357). 

Glutamic acid is the major free and the major combined amino 

acid of tomato juice.    Saravocos et al.   (53,  p.   330) found 348 milli- 

grams of glutamic acid per     100 milliliters of tomato    juice of 

which 150 milligrams was in the free form and 198 milligrams in 

the combined form.    These same workers found aspartic acid,   gly- 

cine,   leucine,   serine and threonine present in appreciable amounts 

and other amino acids and some amines in small amounts.    Although 

Saravocos et al-were not able to find tryptophan in any of the sam- 

ples they worked with, Cara'iagal et al.   (9,   p.   358) reported finding 
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the pH of the locular juice was found to be lower than that of the 

flesh.    Apparently this difference is due to higher concentrations of 

citric and malic acids in locular juice than in the flesh of the tomato 

(1,  p.   17). 

While the pH of tomatoes varies with variety and stage of 

ripeness,   the average pH reported for fresh tomatoes is 4. 4 to 4. 6 

(32,  p.   132).    As a pH of 4.4 (2,   p.   54) is the highest that is safe 

for processing food in a water bath at 100    C   ,   those tomatoes with 

a pH of 4. 5 or higher would be difficult to   process      At this pH heat 

processing     at 100    C    cannot be depended upon to destroy all an- 

aerobic,   thermophilic,   spore-forming bacteria (34,   p.   148). 

The average pH of processed tomatoes has been reported as 

4. 23,   and that of fresh tomatoes as 4. 41 (1,   p.   18).     Thus pH drops 

as the result of processing. 
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EXPERIMENTAL 

Obtaining Tomato Juice for Subsequent Tests 

Growing and harvesting the tomatoes.    In selecting the seeds 

for the tomatoes to be used in this study the object was to have va- 

rieties which -would provide a range in concentration of hydrogen 

ion and/or pectin.    Of the seeds obtained from four sources,   six 

varieties were chosen to be grown from which the final selection of 

varieties for the experimental work could be made.     Three of the 

varieties,  Improved Garden State,   Campbell 146 and C1475-Gil, 

were donated by the Campbell Soup Company of New Jersey.     The 

reported pH values of these varieties were 4. 45,   4. 37 and 4. 20, 

respectively.     The other three varieties included Red Top,   a pear- 

shaped variety noted for its high content of pectin,   obtained from 

the University of California at Davis,   VF 36 obtained from the 

Campbell Soup Company of California,  and Ace,   a variety known to 

have a high pH value,   obtained from the Oregon State University 

stock seed supply. 

The six varieties were grown by the horticulture department 

of Oregon State University under the direction of Dr.   William 

Frazier.    The tomatoes were started from seeds in the greenhouse 

and set out in the field in early May 1961.     The tomato plants were 
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given the same routine care provided for the other farm crops. They 

received fertilizer,   eight percent nitrogen,   24 percent potassium 

and eight percent phosphorus,  by the band method in the amount of 

200 pounds per acre and were irrigated at two week intervals.    The 

field was cultivated and kept free of weeds. 

The tomatoes were harvested by hand during the second week 

of October.    The weather was cool and wet and the tomatoes ripened 

slowly making it difficult to find enough well-ripened tomatoes which 

were free from defects.    However,   sufficient tomatoes of each va- 

riety were available so that from each picking six pints of juice 

could be prepared for each of the six varieties,   a total of 36 pints of 

juice.    The entire picking of each day was processed that day, mak- 

ing up the juice for one replication. 

Preparing the tomato juice.    Immediately after harvest the to- 

matoes were washed in cold water and drained.    They were handled 

carefully at all times to prevent bruises or other damage to the 

fruit in order to minimize activating the pectic enzymes.     To make 

sure that the differences in the juices prepared by the three methods 

were not due to differences in the tomatoes,   each tomato was cut in- 

to thirds and one third placed into each of three sub-lots.    Enough 
0 

tomatoes were prepared in this way to make two pounds of raw to- 

mato fruit for each sub-lot. 
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For each variety,  the tomatoes in one sub-lot were converted 

into juice by heating to a boil in ten minutes      (hot break) prior to 

juicing to minimize changes in the pectic constituents; those in the 

second sub-lot,  by holding the tomatoes between 55° and 60° C    for 

30 minutes before juicing to simulate a slow warm-up; and those in 

the third sub-lot,  by juicing the unheated tomatoes and allowing the 

juice to stand for 30 minutes prior to heating (cold break) to en- 

courage maximum activity of the pectic enzymes. 

After the appropriate treatment the juice was brought rapidly 

to a boil,   sealed in pint jars with vacuum closures and processed in 

a boiling water bath for ten minutes.     The jars of tomato juice were 

cooled and stored in a cool,   dark room. 

Tests on the Tomato Juice 

Before deciding which of the six varieties to use for subse- 

quent tests,   the pH of the juice of each variety was measured.   Ace 

variety had the highest pH,   followed by Improved Garden State and 

Gil,   with essentially the same pH.     The three varieties lowest in 

pH were Red Top,   VF 36 and Campbell 146,   in that order.    Even 

though Red Top is reputedly a high-pectin tomato it was not used 

because it did not mature normally.     Three varieties were selected 

for further work,   Ace for the low acid tomato,   Improved Garden 
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State for the medium acid tomato and Campbell 146 for the high acid 

tomato.    For the subsequent tests the two pints of tomato juice of 

each variety and processing method in each replication were pooled. 

Although the tomatoes of each variety were processed into 

juice by three methods,  the hot break,  the slow warm-up and the 

cold break,   reading and reflection led to the conclusion that the 

slow warm-up and the cold break methods of preparing the juice 

would have a similar effect on the pectic constituents.    In both these 

methods the juice was held for 30 minutes within a temperature 

range favorable for maximum pectic enzyme    activity before the 

juice was heated to 80° C.   or beyond,  a temperature at which the 

pectic enzymes are inactivated (28,  p.   116).    Tomato juice prepared 

by the cold break method was selected as representative of these 

two methods of processing.    The juice prepared by the hot break 

method presumably had a minimum of degradation of the pectic con- 

stituents due to rapid heating above 80    C    and inactivation of the 

pectic enzymes. 

All the following analyses in this study were done on samples 

of both hot and cold break tomato juice or tomato juice serum. 

These included measurement of the pH and tests to determine dif- 

ferences in pectin content due to methods of processing as well as 

those due to variety,  measurement of the amount of solids in the 
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juice,   relative viscosity of the serum and determination of the pec- 

tin content. 

Hydrogen ion concentration.    The pH of the tomato juice was 

measured with a pH meter    equipped with a glass electrode.    The 

instrument was adjusted to pH 3. 57 with the use of a 0.4 percent 

cream of tartar solution (21,  p.   382). 

Measuring the amount of solids.     The amount of solids or the 

extent of settling of the tomato juice was considered one index to 

either the amount of pectin present in the variety and/or the extent 

of degradation of the pectin brought about by processing. 

For this test three 40-gram aliquots of tomato juice were 

weighed and placed in centrifuge tubes.    The aliquots were centri- 

fuged at 2, 400 rpm for 15 minutes.     The tomato    serum so obtained 

was decanted into graduated cylinders to measure the volume. 

Relative viscosity of the serum.    In the investigation of the 

tomato juice no   satisfactory method was evolved for the whole to- 

mato juice because of its heterogeneous nature and its tendency to 

settle.    Instead,  the relative  viscosity   of the serum was measured. 

This is a ratio of the flow time of the test liquid to the flow time of 

a liquid the viscosity of which is known,   in this case distilled water. 

To obtain the serum three aliquots of each tomato juice were 

*   Beckman Glass Electrode pH Meter,   Model G.    National Techni- 
cal Laboratories,  South Pasadena,   California. 
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filtered in funnels plugged with glass wool,   and four milliliters of 

each aliquot of the filtered serum were pipetted into each of three 

Ostwald pipettes.    For the test,   the Ostwald pipettes containing the 

serum were placed in a water bath    at 24    C.     The time required 

for a unit volume of the serum to flow through the pipettes was 

noted.     Previously the time of flow of distilled water had been de- 

termined for each of the Ostwald pipettes used.     The relative vis- 

cosity of the serum was calculated as follows: 

 flow time of serum in seconds 
flow time of distilled water in seconds 

Pectin content of the serum.    For determining the pectic 

substances of tomato juice serum the colorimetric method of Dietz 

and Rouse (12,   p.   2-6) was used.     This method is a modified and 

simplified version of the method developed by Dische (13).     The 

colorimetric determination of pectic substances is based on the 

carbazole-hexuronic acid-sulfuric acid reaction.     The mechanism 

whereby the red complex is formed is not completely clear.     How- 

ever,   furfural and hydroxy-methyl furfural are formed from carbo- 

hydrates under the action of heat and acid,   and these products then 

react with carbazole to give the characteristic red color of the test 

(12,   p.   8).     This method measures the pectic constituents in ternas 

1    Blue M Magni Whirl Visibility Jar Bath 
Blue M Electric Company,   Blue Island,   Illinois 
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of the galacturonic acid content of the sample.    Dietz and Rouse 

were able to show that this method gave good agreement with the 

calcium pectate method of analysis of Carre (10; 42,  p.   1631). 

For the pectin analysis,   measured amounts of serum,   four 

milliliters from the hot break and ten milliliters from the cold 

break tomato juice,  were pipetted into each of two centrifuge tubes. 

Filter aid,   0. 2 grams of celite,  was added to each tube to obtain 

good separation during centrifuging.    The pectic substances were 

precipitated with 30 milliliters of 95 percent alcohol.    In accordance 

with a suggestion by Kertesz (29,   p-   114),   the alcohol was added to 

the serum slowly with vigorous stirring so that ten minutes were 

required to add the 30 milliliters of alcohol.     This method of pre- 

cipitating the pectic substances will cause fewer non-pectic sub- 

stances to precipitate at the same time.    The serum-alcohol mixture 

was allowed to stand at room temperature for one hour.    At the 

end of this time the centrifuge tubes were placed in a water bath at 

85° C    and held there for ten minutes to facilitate removal of such 

interfering    substances as pigments as well as sugars and hemicel- 

luloses,   which under the conditions of this experiment react with 

the carbazole.    The tubes were centrifuged at 2,400 rpm for ten 

minutes and the supernatant liquid decanted and discarded.     The 

precipitation of the pectic substances,   the subsequent washings of 

the pectin and the resolution of the pectin was done in the same 
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centrifuge tube to prevent loss of the pectin during transfer. 

To insure complete removal of interfering    substances a 

second alcohol wash was used,   this one with 30 milliliters of 60 per- 

cent alcohol.    The centrifuge tubes were placed in a water bath at 

85    C    and held there for ten minutes,   centrifuged for ten minutes 

and the supernatant liquid again discarded.     The pectin precipitated 

in the centrifuge tube was given two washes with purified alcohol 

(12,   p.   2),   ten milliliters each,   to remove any traces of impurities 

in the alcohol used to precipitate the pectic constituents and which 

might interfere with the carbazole test.     The precipitate was not 

heated for these purified alcohol washes but was centrifuged for ten 

minutes after each wash.    After the second wash,   a carbazole test 

was run on the decanted alcohol to be sure the pectic material was 

free of all traces of interfering    substances. 

The precipitated pectin was solubilized with 80 milliliters 

of 0. 05 N sodium hydroxide.     The solution was held for 15 minutes 

at room temperature to insure complete solution.    At the end of the 

holding period the tubes were centrifuged for ten minutes and the 

supernatant was decanted into 100 milliliter volumetric flasks.    The 

pectin solution was made to volume with 0. 05 N sodium hydroxide. 

One milliliter aliquots of the sodium hydroxide solution of 

pectin were placed into each of three test tubes and 0. 5 milliliter of 
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alcoholic carbazole (0.1 gram    of carbazole in 100 milliliters of puri- 

fied 95 percent ethanol) was added to each tube.    A white flocculent 

precipitate of unknown origin formed which dissolved immediately 

when six milliliters of concentrated sulfuric acid was added from an 

automatic pipette.    A blank was prepared the same way,   but,   in- 

stead of alcoholic carbazole,   0. 5 milliliter of purified alcohol was 

used.    As soon as the sulfuric acid was added,   the unstoppered test 

tubes were placed in an ice water bath to cool and held there for ten 

minutes after the last test tube was added. 

At the end of this time the test tubes were stoppered, shaken 

vigorously,   and placed in a water bath at 85° C    where they re- 

mained for ten minutes.     The test tubes were shaken vigorously 

again when removed from the hot water bath    and were returned to 

the ice water bath to cool for ten minutes.     When the samples in the 

test tubes were cooled,   the solution was transferred to cuvettes and 

1 
the optical density was read with a colorimeter.       The optical densi- 

ty reading was corrected by subtracting the reading of the blank and 

the anhydrogalacturonic acid concentration in micrograms per milli- 

liter of serum was determined by referring to a standard curve 

based on anhydrogalacturonic acid. 

*    Klett Summerson Photoelectric Colorimeter,   Model 3935 
Klett Mfg.   Company,   New York,   N.   Y.   Green filter, 500-560 mji. 
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Data for the standard curve was obtained as follows:    120. 5 

milligrams of galacturonic acid monohydrate,   which had been dried 

in a vacuum oven at 30    C for five hours,   was weighed accurately 

and transferred to a liter volumetric flask.     Ten milliliters of 0. 05 

N sodium hydroxide were added to dissolve the sample,   and this so- 

lution was made to volume with more of the sodium hydroxide.     The 

contents of the liter flask were mixed thoroughly and allowed to stand 

overnights.     This primary standard solution contained 100 micro- 

grams of anhydrogalacturonic acid per milliliter. 

Working standards were prepared with concentrations covering 

the range of ten to 70 micrograms of anhydrogalacturonic acid per 

milliliter.     The color standards were developed as described for 

the pectin solution using one milliliter aliquots of each working stand- 

ard.     The optical density was read and the reading was plotted 

against the concentration of anhydrogalacturonic acid in micro- 

grams (See Figure 1).     This curve should be a straight line (12, 

p.   3; 52,   p.   10-11). 

Testing the Protective Action of Pectin and Casein 

Precipitating the casein.     To test the protective action on ca- 

sein of the pectic substances in the tomato juice serum,   the whole 

juice was combined with reconstituted non-fat dried milk and heated 
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Figure 1 

Standard Curve for Galacturonic Acid 
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to serving temperature as in the preparation of tomato soup.    The 

non-fat dried milk solids had been prepared by the Dairy Department 

of Oregon State University at low temperature to minimize altera- 

tions in the calcium caseinate system.     The milk solids in the ratio 

of one gram of solids to nine milliliters of distilled water were re- 

constituted in a blender. 

For each test two 60-gram lots of each tomato juice were 

weighed.    One lot,   at room temperature,  was added to 60 milliliters 

of reconstituted milk which had been heated to 85    C    in a water 

bath.     The tpmato juice-milk mixture was placed in a boiling water 

bath and heated to 85    C   ,   at which time it was set aside for 15 min- 

utes.     During this holding time it was stirred at intervals.     The sec- 

ond aliquot of tomato juice was combined with 60 milliliters of un- 

heated reconstituted milk and also held for 15 minutes,  with occa- 

sional stirring.     The unheated mixture was included to provide data 

with which to compare the amount of coagulation in the heated tomato 

juice-milk naixture. 

At the end of the 15 minute    holding period both th£ heated and 

the unheated mixes were filtered through funnels plugged with glass 

wool into 250 milliliter volumetric flasks.     The pulp and curds in 

the funnel were washed with 20 milliliters of distilled water and al- 

lowed to drip till dry.    The two filtrates were then made to volume 
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with distilled water. 

Determining the protein in the filtrate.    As an index to the ex- 

tent of curdling of the casein the concentration of nitrogen remaining 

in the filtrate was measured by the micro-Kjeldahl method as out- 

lined by the Association of Official Agricultural Chemists (4,  p.   643- 

644).     This analysis measures the total nitrogen of the sample which, 

in milk,   includes about five percent from low molecular weight non- 

protein nitrogen sources (24,   p.   152).    The reaction involves an oxi- 

dation of nitrogenous compounds by sulfuric acid and a catalyst to 

form carbon dioxide and water and the release of the nitrogen as 

ammonia (46,   p.   131).     The selection of the proper catalyst to 

speed up the decomposition of the sample is important in obtaining 

satisfactory results.    Mercuric oxide is recommended for this pur- 

pose.     This catalyst has been shown to be most effective for the 

Kjeldahl determination of the nitrogen in milk.    Potassium sulfate is 

used to elevate the boiling point of the sample during digestion (24, 

p.   152).    After the digest is made alkaline,  the ammonia is distilled 

off into a flask containing acid and is then titrated (24,  p.   152).    The 

use of boric acid to collect the ammonia as it is distilled from the 

digested sample simplifies the method because just one reagent,   the 

acid for titrating,   needs to be standardized and measured with a 

burette (56,  p.   771). 
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For the actual determination of nitrogen in the filtrate one 

milliliter aliquots of the filtrate were pipetted into each of three 

micro-Kjeldahl flasks and 0. 5 gram of catalyst and two and a half 

milliliters of concentrated sulfuric acid were added to each flask. 

In the blank one milliliter of distilled water was used instead of the 

filtrate,    The samples were digested in a fume cabinet for one hour 

after clearing or approximately four hours. 

When digestion was completed the samples were transferred 

quantitatively to a micro-Kjeldahl reaction still with the aid of ten 

milliliters of distilled water.    To the sample in the still,  ten milli- 

liters of sodium hydroxide-sodium thiosulfate solution were added. 

The distillate from the reaction still was collected in five milliliters 

of saturated boric acid to which two drops of mixed indicator had 

been added.    The distillation was carried on for five minutes from 

the time the boric acid solution turned from pink to blue.     The boric 

acid solution containing the ammonia was then titrated with 0. 02 N 

hydrochloric acid to a grey-pink end point.    The milligrams of nitro- 

gen per milliliter of filtrate were calculated as follows: 

(ml. 0. 02NHCL - blank) x normality of HCL 
x molecular weight of nitrogen. 
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RESULTS AND DISCUSSION 

Tests on the Tomato Juice 

Hydrogen ion concentration of tomato juice.     The pH values of 

the three varieties of tomatoes used for this study.   Ace,   Improved 

Garden State and Campbell 146,   are given in Table 1. 

Table 1 

pH Values    of Processed Tomato Juice 

Variety Method 1 2 3 4        Mean 

Ace 

Improved 

Campbell 146      cold break 4.19 4.26      4.19 4.19      4.21 
hot break 4. 27 4. 32       4. 29 4. 27       4. 29 

Each value an average of three determinations 

Ace variety,   which had the highest pH value,  when juiced cold 

had an average pH of 4. 57; that juiced hot had an average pH of 4. 63. 

Improved Garden State, which was intermediate in pH,  when juiced 

cold had a pH value of 4. 31,   and when juiced hot had a pH value of 

4.41.     Campbell 146,  which was the most acid variety,  when juiced 

cold had a pH value of 4. 21 and when juiced hot had a pH value of 

4.29. 

cold break 4.78 4.52 4. 53 4.45 4. 57 
hot break 4. 75   4. 59 4. 56 4. 63 

cold break 4. 35 4. 35 4. 31 4.23 4. 31 
hot break 4.45 4. 46 4.41 4. 32 4. 41 
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It was known from a review of the literature that processed 

tomato juice has a lower pH value than the unprocessed juice (1,  p. 

18).    But the data in Table 1 show that the method of processing 

made a difference in the pH value of the juice,   too.    In all three 

varieties the cold break juice had a lower pH value than the hot 

break juice.     This result was not anticipated and the reason for it is 

not immediately evident.    Liberation of galacturonic acid might be a 

contributing factor in the lower pH of the cold break juice, 

Campbell 146 showed less variation in pH from replication to 

replication.    For Ace and Improved Garden State the pH values 

tended to decrease from replications one to four.    For these two 

varieties the last tomatoes were not as well-ripened as those in the 

first replication.    As Villarreal  etal.   (58,  p.   179) point out,  the to- 

tal acids decrease and the pH values increase with ripening of toma- 

toes.     This probably accounts for the fact that the tomatoes of repli- 

cation four,  which were the least ripe,   had the lowest pH values. 

In the second replication the juice from Ace variety prepared 

by the hot break method was not used as it showed evidence of spoil- 

age.       Considering the pH of this variety and the fact that the jars 

of juice were processed at 100° C,   spoilage in one lot out of eight 

is not surprising. 

Amount of solids in tomato juice.     The volume of serum from 



41 

40 grams of centrifuged tomato juice is shown in Table 2.    Measure- 

ment of the volume of serum was an indirect method of arriving at 

the amount of solids in the tomato juice,   the greater the volume of 

serum the smaller the amount of solids that settled as the result of 

centrifuging. 

Table 2 

Amount    of Serum in Tomato Juice 
(as  an index to solids) 

Variety                     Method                   1                  2              3                 4 Mean 

Ace                           cold break 28.8 30.0 30.3 30.0 29.8 
hot break 27.5 --^- 28.2 28.0 27.9 

Improved               cold break 29. 0 28. 7 29. 0 29. 2 29. 0 
Garden State        hot break 27.0 27.7 25.5 26.8 26.8 

Campbell 146      cold break 29-5 29-8 30.0 31.7 30.2 
hot break 29.2 28.5 28.5 29.2 28.9 

Each value an average of three determinations 

The volume of serum from juices prepared by the cold break 

method averaged 29. 8,   29- 0 and 30. 2 milliliters for Ace,   Improved 

Garden State and Campbell 146,   respectively.     The volume of serum 

from juices prepared by the hot break method averaged 27. 9,   26. 8 

and 28. 9 milliliters for Ace,   Improved Garden State and Campbell 

146,   respectively.    Thus by either method of preparing the juice, 

Campbell 146 had the least solids and Improved Garden State had the 
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most.    Assuming the extent to which the solids packed was influenced 

by the amount of pectin originally present in the raw tomato as well 

as by the extent to which this pectin had been degraded during the 

preparation of the tomato juice,   Campbell 146 either had the least 

amount of pectin originally or the pectin was degraded most during 

preparation of the tomato juice while Improved Garden State had the 

highest concentration of pectin and/or it was degraded least.    In all 

three varieties,  the volume of solids was greater for juices pre- 

pared by the hot break method,  presumably reflecting less degrada- 

tion of the pectic constituents. 

Relative viscosity of tomato juice serums.     The values for the 

relative viscosity of the serums of the tomato juices used in this 

study are shown in Table 3. 

Table 3 

Relative Viscosity    of Tomato Serums 

Variety Method 1 2 3 4        Mean 

Ace 

Improved 

Campbell 146       cold break 1.22 1.23       1.20 1.20       1.21 
hot break 1.92 2.18      2.13 2.23      2.11 

Each value is an average of three determinations 

cold break 1. 23 1.23 1. 20 1.20 1. 21 
hot break 1. 93   2. 08 2.45 2. 15 

cold break 1. 22 1. 21 1. 20 1.21 1. 21 
hot break 2. 68 2. 63 3. 02 3. 26 2. 90 
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The serums from the juices prepared by the cold break meth- 

od had an identical average relative viscosity of 1.21.     The serums 

of the juices prepared by the hot break method had values for rela- 

tive viscosity of 2. 15,   2. 90 and 2. 11 for Ace,   Improved Garden 

State and Campbell 146,   respectively.    Thus Campbell 146 had the 

lowest relative viscosity,   followed closely by Ace,   and Improved 

Garden State had the highest relative viscosity.     The data in Table 

3 show that the relative viscosity of the serums of the juices made 

by the hot break method was considerably higher than the values for 

the juices of the cold break method for all three varieties. 

The relative viscosity of a pectin sol is an index to the pectin 

content,   with high relative viscosity values indicating high concen- 

trations of pectin.    In addition,   Kertesz (29,   p.   163) says that the 

viscosity of a pectin sol is related to the molecular size of the pec- 

tinic acid molecule.    Greater degradation of the pectinic acid mole- 

cule would be reflected in lower relative viscosity values.     The high- 

er relative viscosity values of the serums of the juices prepared by 

the hot break method again point up the fact that the method of proc- 

essing the tomato juice was of primary importance in maintaining the 

colloidal properties of the pectin.    Rapid.heating of the tomatoes 

prior to juicing to inactivate the enzynes which degrade the pectin 

resulted in high viscosity of the serum while juicing the tomatoes 
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cold favored maximum enzymatic degradation of the pectin. 

The larger volume of solids in juices prepared by the hot 

break method was probably a reflection of the higher relative vis- 

cosity of the serum of these juices. 

Pectin content of tomato juice serums.     The pectin content of 

the tomato juice serums is given in Table 4.     The missing value for 

Ace in replication two was duetto spoilage of the tomato juice.    Be- 

cause of manipulative error,   the value for Improved Garden State 

in replication one is missing. 

Table 4 

Pectin Content    of Tomato Juice Serums 
(micrograms per milliliter) 

Variety Method 1 2 3 4        Mean 

Ace 

Improved 

Campbell 146      cold break 364 230 296 227 279 
hot break 730 582 658 818 697 

Expressed as anhydrogalacturonic acid 
Each value an average of three determinations on each of two 

sub samples    (* one sub-sample only) 

The pectin content of the serums from juices by the cold break 

method averaged 424,   313,   and 279 micrograms per milliliter for 

cold break 419'" 459 350 469 424 
hot break 910   779 922 870 

cold break 231 468 233 320 313 
hot break   956 831 985 924 
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Ace,   Improved Garden State and Campbell 146,   respectively.    For 

serums from juices by the hot break method the pectin content av- 

eraged 870,   924    and  697 micrograms per milliliter for Ace,   Im- 

proved Garden State and Campbell 146,   respectively.    By both meth- 

ods of processing Campbell 146 had the least  amount of pectin.   Ace 

had the most pectin when the juice was processed by the cold break 

method and Improved Garden State had the most pectin when the 

juice was processed by the hot break method. 

For each variety the tomato juice prepared by the cold break 

method contained less alcohol-insoluble pectin than did that by the 

hot break method.    Masceration of the tomato and the 30 minute 

holding period of the tomato juice prior to processing liberated the 

pectic enzynaes and permitted them to demethylate and depolymer- 

ize part of the pectin to the extent that it was no longer precipitated 

by the alcohol.     The concentration of pectin in the cold break tomato 

juice was from one third to one half the concentration of that in the 

hot break juice. 

The concentration of pectin in the juice of any one variety 

varied from replication to replication with no consistent trend. 

This variation could have been the result of varying concentrations 

of pectin in the raw tomatoes or it could be an indication of the la- 

bility of the pectin. 
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Tests on the Tomato Soup 

Nitrogen in the tomato juice-milk filtrates.  The amount of ni- 

trogen in the filtrates of both heated and unheated tomato soup,  which 

was made from tomato juice and reconstituted non-fat dried milk, 

is shown in Table 5.    The unheated soup was included as a point of 

reference with which to compare results from the heated soup. 

When juice prepared by the cold break method was used,  the 

concentration of nitrogen in the filtrate from the unheated tomato 

juice-milk mixture averaged 1. 34,   1. 37 and 1. 23 milligrams per 

milliliter for Ace,   Improved Garden State and Campbell 146,   re- 

spectively.    When tomato juice prepared by the hot break method 

was used,  the concentration of nitrogen in the filtrate averaged 1. 19, 

1. 29 and 1. 19 milligrams per milliliter for Ace,  Improved Garden 

State and Campbell 146,   respectively.    In all cases the filtrate from 

the hot break juice had slightly less nitrogen than that of the cold 

break juice.    And the hot break juice had lower acidity than the cold 

break juice. 

Concentration of nitrogen in the filtrate of heated soup was 

much lower than that from the unheated tomato juice-milk mixture, 

as was anticipated.    When juice prepared by the cold break method 

was used,  the concentration of nitrogen in the filtrate was 0. 81, 

0. 39 and 0. 11 milligrams per milliliter for Ace,   Improved Garden 

State and Campbell 146,   respectively.    When the juice from the hot 



47 

Table 5 

Nitrogen Content    of Tomato Soup Filtrates 
(milligrams per milliliter) 

Nitrogen 
Variety- Method Replication Unheated 

soup 
Heated 

soup 

Ace cold break 1 1. 24 0.55 
2 1.43 0. 96 
3 1.46 1.04 
4 1.22 0.71 

Mean 1. 34 0.81 

hot break 1 
2 
3 

. 1.02 1. 08 

1.25 0. 31 
4 1.40 0. 64 

Mean 1. 19 0. 62 

Improved cold break 1 1. 50 0. 75 
Garden State 2 1.45 0. 39 

3 1. 17 0.27 
4 1. 38 0. 14 

Mean 1. 37 0. 39 

hot break 1 1.46 0. 69 
2 1.22 0.71 
3 1. 22 0. 32 
4 1.27 0. 25 

Mean 1.29 0.49 

Campbell 146 cold break 1 1. 19 0. 17 
2 1.23 0. 04 
3 1. 23 0. 10 
4 1.27 0. 14 

Mean 1.23 0. 11 

hot break 1 1. 18 0. 33 
2 1.05 0. 21 
3 1.41 0. 17 
4 1. 12 0. 21 

Mean 1. 19 0. 23 

Each value an average of three determinations 
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break method was used the concentration of nitrogen in the filtrate 

was 0.62,.   0.4 9 and 0. 23 milligrams per milliliter for Ace,   Im- 

proved Garden State and Campbell 146,   respectively.    With Ace vari- 

ety the average concentration of nitrogen in the filtrate was greater 

for the cold break juice than for hot break juice,   indicating less 

curdling with the former.     With the other two varieties the concen- 

tration of nitrogen in.the filtrate from the hot break juice was great- 

er than the concentration of nitrogen from the cold break juice,   indi- 

cating greater curdling with the latter. 

Assessing the protective action of pectin on casein.    In order 

to assess the protective action of pectin on the casein of milk in the 

preparation of tomato soup,  the pH values and the data for the con- 

centration of pectin in the serum and for the concentration of nitro- 

gen in the filtrate of the heated soup are summarized in Table 6. 

Table 6 

Summary of Factors Related to Curdling 
of Casein in Tomato Soup 

Variety of 
Tomato 

Method pH Pectin Nitrogen 

mcg/ml mg/ml 
Ace cold break 

hot break 
4. 57 
4.63 

424 
870 

0.81 
0. 62 

Improved 
Garden State 

cold break 
hot break 

4. 31 
4.41 

313 
924 

0. 39 
0.49 

Campbell 146 cold break 
hot break 

4.21 
4. 29 

279 
697 

0. 11 
0.23 
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Juices from Ace variety prepared by both methods of process- 

ing were lowest in acid and their soups had the least amount of cur- 

dling.     Juices from Campbell 146 prepared by both methods of proc- 

cessing were highest in acid and had the greatest amount of curdling. 

Juices of Improved Garden State prepared by both methods of proc- 

essing were intermediate in acid content and in} the anaount of cur- 

dling. 

Comparing the two juices of the Ace variety,   that from the hot 

break method,   which had the higher amount of pectin,   had the larger 

amount of curdling.    Thus pectin in the juice from this variety did 

not have a protective effect on the casein.    However,  for the two 

more acid varieties where greater curdling would be expected,   and 

was in fact observed,   the higher concentration of pectin in the juices 

from the hot break method appeared to cause less coagulation as 

evidenced by the higher concentration of nitrogen remaining in the 

filtrate.    Data for these two varieties seemed to suggest that pec- 

tin had some protective action on the coagulation of casein by heat 

and acid. 

Of the four juices from the two more acid varieties,   Campbell 

146 by the cold break method had the lowest concentration of pectin 

in the serum,   and the soup curdled most,  while Improved Garden 

State by the hot break method was highest in pectin and resulted in 

the least curdling of the soup.     Here again the pectin seemed to have 
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a protective action on the casein.    But the juice from Campbell 146 

by the cold break method was the most acid of the four and that of 

Improved Garden State by the hot break method was the least acid. 

Thus any protective effect that pectin might have had on the casein 

was clouded by differences in the pH values of the juices. 

Of the two remaining juices with similar pH values,   the con- 

centration of pectin in the serum from Campbell 146 by the hot 

break method was twice that of the pectin in the serum of Improved 

Garden State by the cold break method.     Yet the curdling injthe soup 

made from Campbell 146 by the hot break method was greater. 

To help clarify the issue as to the extent to which pectin pro- 

tects casein a further test was devised.    For this test,   juice from 

Improved Garden State variety was used,   a composite sample of 

which had a pH of 4. 34.    Before combining the juice and the milk, 

600 micrograms of high methoxy pectin per milliliter of juice,   an 

amount equal to the difference found between the cold break and the 

hot break juices of this variety,  were dispersed in half of the toma- 

to juice.    Using both the untreated juice and that with added pectin, 

three lots each of tomato soup were prepared as previously de- 

scribed.    In this test the pH values of all six soups were determined. 

The average pH for the soups made from juice without added pectin 

was 5. 36 while the average pH for the soups made from juice with 
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added pectin was 5. 39.     The concentration of the nitrogen in the fil- 
i 

trate from each of the six soups was determined in duplicate.     The 

filtrate from the soup made from juice without added pectin had an 

average concentration of nitrogen of 0. 50 milligrams per milliliter 

while that of the soup made from the juice with added pectin had 

0. 55 milligrams of nitrogen per milliliter of filtrate.     Thus,   in this 

test,   the added pectin appeared to have some protective action on 

the casein.    It also raised the pH slightly. 

The role of pectin in protecting casein from coagulation during 

the preparation of tomato soup is.not entirely clear.     The data ob- 

tained from this study appears to indicate a minor role for the pro- 

tective action of pectin and a major role for the acidity of the toma- 

to juice.     Certainly,   the acidity of the tomato juice has the most ob- 

vious effect while the effect of pectin,   if any,   is much more subtle. 
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SUMMARY 

1. Three varieties of tomatoes,   Ace,   Improved Garden State and 

Campbell 146,  were processed in two ways as follows:    heating 

the fruit rapidly to a boil prior to juicing (thereby destroying 

the enzymes and preventing demethylation of the pectin) for 

the hot break method and by juicing the unheated tomatoes and 

allowing them to stand for 30 minutes prior to heating (thereby 
I 

allowing the enzymes to cause degradation of the pectin) for 

the cold break method. 

2. The pH was determined on the whole juice.     The juice from 

the cold break method,  for each of the three varieties,  had 

lower pH values than that of the hot break method.    Ace vari- 

ety had the highest pH,   Improved Garden State was intermedi- 

ate,   and Campbell 146 had the lowest pH by both methods. 

3. Juice from Campbell 146 had the least amount of solids, Ace 

was intermediate, and Improved Garden State had the largest 

volume of solids (least serum) by both processing methods. 

4. The relative viscosity as determined on the serums of juices 

prepared by the cold break method was the same for all vari- 

eties.     Compared to the cold break method,   the serums from 

the hot break method were more viscous.     Of the three 
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varieties,   serum from Campbell 146 was least viscouis,   that 

from Ace was intermediate,  while that from Improved Garden 

State was most viscous. 

The pectin in the tomato juice serum was precipitated by al- 

cohol and the amount was determined colorimetrically.    For 

the cold break juices mean values of 424,   313 and 279 micro- 

grams per milliliter were found for Ace,   Improved Garden 

State and Campbell 146,   respectively.    Mean values for the 

serums of the hot break juices were 870,   924 and 697 micro- 

grams per milliliter for Ace,   Improved Garden State and 

Campbell 146,   respectively.     Thus the serums of the cold 

break juices had lower mean values for the concentration of 

pectin than did those of the hot break juices.    Campbell 146 had 

the lowest concentration of pectin by either method of proces- 

sing. 

Soup was prepared by combining each of the two kinds of to- 

mato juice of each of the three varieties of tomatoes with re- 

constituted non-fat milk.     The concentration of nitrogen in the 

filtrate of the heated soup,   determined by the micro-Kjeldahl 

method,   was used as an index to the amount of coagulation 

which had taken place.     Of the six different juices used in this 

study,   that of Campbell 146 by the cold break method caused 
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the most curdling in the soup.     This juice had the lowest con- 

centration of pectin in.the serum and was the most acid. 

Juices of Ace,  the low acid variety,   caused the least amount 

of curdling in the soup.     Thus any protective effect the pectin 

had on casein was complicated by variations in the pH of the 

juices.    Of the two most acid varieties,   Campbell 146 and Im- 

proved Garden State,   juices from the hot break method which 

were higher in pectin caused less curdling than did those from 

the cold break method,   indicating some protective action for 

the casein.    However,   soup from juices of Campbell 146 by 

the hot break method had more curdling than did that 'with Im- 

proved Garden State by the cold break method even though the 

former variety had twice as much pectin.     The acid content of 

these varieties was very close.    And,  the hot break juice of 

Ace which was higher in pectin caused more curdling than did 

the cold break juice. 

7. Pectin possibly has a role in protecting the casein,  but the 

acidity certainly is the determining factor in the coagulation 

of casein in the preparation of tomato soup. 
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