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ACIDS OF TOMATOES 

The Separation of Organic and Inorganic 
Acid Anions in Filtered Tomato Puree by 
Partition Chromatography 

DONALD B. BRADLEY 

Agricultural Research Department, 
Campbell Soup Co., Riverton, N. J. 

A method, employing silicic acid partition chromatographic techniques, is  described for 
the separation of those organic and inorganic anions which contribute to the acidity of to- 
matoes. Acids were converted to the hydrogen form by passing filtered puree through the 
cation exchange resin, Dowex 50. Titratable and total acidity were determined by ti- 
trating an aliquot of filtered tomato puree before and after resin treatment, respectively, 
with 0.1N sodium hydroxide to a phenol red end point. Separation of acids was quan- 
titative and total recovery was approximately 94% of the total acidity. Ten acids (ace- 
tic, lactic, fumaric, malic, pyrrolidone carboxylic, citric, phosphoric, hydrochloric, sulfuric, 
and galacturonic) were found to be present in the filtered tomato puree. The phosphate, 
chloride, sulfate, and galacturonate ions had not previously been separated from tomato 
puree by partition chromatography or reported as constituents of the total acidity. 

ROCEDURES REPORTED for the separa- P tion of the organic acids of tomato 
fruits (2, 3, 7) were adaptations of the 
methods outlined by Isherwood ( 4 )  and 
Marvel and Rands (6). The Isherwood 
method, as employed by Bulen, Varner, 
and Burell (2) and Rice and Pederson 
(7) ,  to isolate the organic acids in toma- 
toes required the use of sulfuric acid in 
the initial extraction of the organic acids 
as well as in the preparation of the silicic 
acid partition column. The author 
found in preliminary studies that the 
sulfuric acid was eluted in sufficiently 
high concentrations to mask the pres- 
ence of acids eluted after citric acid. 

The purpose of this paper is to report 
analytical procedures found adaptable 
for the separation and identification of 
organic and inorganic acids present in 
tomatoes. The data as presented can be 
used as a general guide in determining 
the content of individual acids in other 
fruits. The ratio of chloroform to l-bu- 
tanol as well as the quantity of solvent 
may have to be modified to meet the 
specific requirement of the fruit. 

Experimental 

Preparation and Preservation of 
Tomato Purte Samples. Twenty-five 
pounds of freshly picked tomatoes were 
used for each sample. The fruits were 
washed, trimmed, macerated, and heated 

to 155 O F. in a steam-jacketed kettle and 
held at this temperature for 4 minutes 
with constant stirring. This material 
was then passed through a Langsenkamp 
laboratory pulper operating at approxi- 
mately 1600 r.p.m. and equipped with a 
0.027-inch finishing screen. This opera- 
tion removed skins and seeds and re- 
duced the pulp to a puree. The resultant 
puree was heated to 200’ F., placed in 
cans, sealed, processed in boiling water 
for 10 minutes, and then cooled immedi- 
ately with water. 

Removal of Cations by Ion Exchange. 
Approximately I50 ml. of canned purte 
were centrifuged to separate the red pulp 
from the clear amber liquid. The super- 
natant liquid was filtered to remove traces 
of pulp. Fifty milliliters of the filtrate 
were passed through a 30-ml. volume of 
the cation exchange resin, Dowex 50 in the 
hydrogen ion cycle, in a 17 X 0.75-inch 
glass tube. The eluent containing acids, 
sugars. and neutral material not at- 
tracted to cation exchange resin was col- 
lected in a 100-ml. volumetric flask at 
the bottom of the ion exchange tube. 
Five- to 10-ml. increments of distilled 
water were added to the top of the column 
to ensure a quantitative removal of the 
acids. Sugars present after cation ex- 
change did not hinder the separation of 
acids on the silicic acid partition column. 

The resin was regenerated by treat- 
ing with four bed volumes of 2.5.l’hydro- 

chloric acid and washing with distilled 
water (with occasional back flushing) un- 
til the eluent was free of chloride (silver 
nitrate test). 

Separation of Acids by Partition 
Chromatography. The partition col- 
umn was set up in a manner similar to 
that reported by Marvel and Rands (6). 
Only the coarser fraction of the silicic 
acid was used for the partition column. 
Six samples were run at  one time using a 
battery of six ion exchange tubes and 
six partition chromatographic tubes. 

Resin-treated filtrate, containing ap- 
proximately 1 meq. of total acid (deter- 
mined by titrating to phenol red end 
point) was pipetted into a 50-ml. beaker 
and concentrated on a water bath to 1.5 
to 2 ml. a t  temperatures below 40” C. 
Two grams of oven-dried silicic acid 
were mixed thoroughly with the sample 
in a manner similar to that reported by 
Wise (9) until a free-flowing powder 
was obtained. The mixture was placed 
on top of the column in a dry form. Five 
milliliters of chloroform were used to re- 
move any residue in the beaker and to 
suspend the sample at the top of the 
tube. A wad of cotton was placed on 
top of the sample to prcvent disturbance 
of the sample or partition column as 
solvents were added. 

The nine solvents used to elute the 
acids were composed of different con- 
centrations of 1-butanol and chloroform 
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saturated with distilled water, with the 
exception of the last solvent which was 
methanol. Techniques employing a 
continuously changing mixture of sol- 
vents were not adopted because of prob- 
lems involved in saturating the solvent 
mixture with water. I t  also appeared 
simpler to add the desired quantity of 
each specific solvent directly to each 
column. The sequence, composition, 
and quantity of each of the solvents used 
are shown in the following table. 

~ _ _ _ ~  Volume, % rota\ sol- 
Sequence Chloroform I -Butonol vent, MI. 

1 85 15 250 
2 75 25 50 
3 65 35 200 
4 50 50 150 
5 40 60 50 
6 35 65 150 
7 30 70 100 
8 20 80 100 
9 0 100 200 

10 lOOyo methanol 200 

Air pressure up to 20 p.s.i. was required 
to force the solvents through the silicic 
acid column. 

Eluted fractions were collected man- 
ually from the partition column in 10- 
or 50-ml. portions, into 50- or 125.ml. 
Erlenmeyer flasks, respectively. The 10- 
ml. fractions were collected between the 
elution of acids to determine complete- 
ness of separation. Prcliminary studies 
had shown that each acid was eluted 
consistently Lvithin specific fractions of 
the total volume. The citric acid was 
eluted by this system at elution volumes 
from 540 to 850 ml. Peak elution of 
this acid occurred at  610 ml. (Figure 1) .  
Pure samples of each acid were used for 
qualitative comparisons except for pyr- 
rolidone carboxylic acid which was un- 
available commercially. Identification 
of pyrrolidone carboxylic acid was as- 
sumed to be as reported by Rice and 
Pederson ( 7 ) .  The phosphate? chloride: 
and sulfate from the pur& were identified 
by standard inorganic nicthods. 

Eluted fractions were titrated with 
standard 0.02.Y sodium hydroxide using 
a phenol red indicator. Titer and indi- 
cator were blended with the nonaqueous 
organic solvent through addition of 10 
to 25 ml. of acid-free methanol with vig- 
orous stirring of the sample during titra- 
tion. Blank corrections were required 
for each solution volume, because of im- 
purities in the organic solvents. 

Where the concentration of chloride 
exceeded 8 meq. per liter of filtered 
pur&, there was danger of incomplete 
separation of the phosphate and chloride 
ions. When concentrations were too 
high, fractions containing these acids 
were combined and separated by other 
means. For routine samples, phospho- 
rus was determined colorimetrically by 
the method of Sherman (8) and the 
chloride determined by difference. 
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Figure 1. Titration of acids from tomato purke as eluted from the partition column 

Identification of Acids by Paper 
Chromatography. The organic acids 
were separated and identified by paper 
chromatographic techniques employing 
the method described by Lugg and Over- 
ell ( 5 )  and Buch: Montgomery, and 
Porter ( 7 ) .  The developing solvent, 1- 
pentanol saturated with an equal volume 
of 5.W formic acid, was used in the de- 
scending technique. The papers were 
sprayed with bromophenol blue, ammo- 
niacal silver nitrate, acetic anhl-dride 
in pyridine, ammonium vanadate, or 
ceric ammonium nitrate. Papers were 
viewed both in daylight and ultraviolet 
light. 

Results 

The procedure as developed proved 
to have great utility. Acid constituents 
in over 100 samples of tomato pur& 
were determined. Differences in the 
content of acid constituents between 
various tomato varieties were deter- 
mined, as well as those induced in the 

content of individual acids by potassium 
fertilization. Recovery of acids aver- 
aged 94Yo of the total acidity. 

Ten acids were determined qualita- 
tively. The group included seven or- 
ganic acids (lactic, fumaric, acetic, 
pyrrolidone carboxylic. malic. citric, 
and galacturonic) and three inorganic 
acids (phosphoric, h>-drochloric, and 

Table 1. Volumes of Solvent Re- 
quired to Elute Acid Constituents 

from Partition Column 

Successive Volumes 
Required for Complete 
Elution of Acids, MI .  

Acid or Acids Confoined 
in Eluted Fractions 

0-250 Acetic. fumaric. lactic 
250-400 Pyrrolidone carboxylic 
400-540 Malic 
540-850 Citric 
850-1020 Phosphoric 

1020--1135 Hvdrochloric 
1135-1250 Sulfuric 
1250- 1350 Galacturonic 

Table II. Acid Composition Determined by Partition Chromatography, 
Titratable and Total Acidity, and Percentage Acid Recovery of Three 

Tomato Puree Samples 
Acids Concentration, Meq. / l i te r  Percentoge of Total Acidity 

. .- 
Sample - Sample 

1 2 3 I 2 3 
.-lcetic, lactic, fumaric 
Pyrrolidone carbouvlic 
Malic 
Citric 
Phosphoric 
Hydrochloric 
Sulfuric 
Galacturonic 
Titratable acidity 
Total aciditv 
Recovery, yo 

1 . 1  3 . 2  2 . 1  1 . 2  2 . 7  1 7  
6 . 4  6 . 5  8 . 6  6 .7  5 . 5  6 . 7  
8 . 3  6 . 3  5 .6  8 . 8  5 . 2  4 . 4  

52.5 62 7 65.8 55.5 52 9 51 5 
9 4  6 3  5 6  8 9  5 3  4 4  
2 3  14 9 20 3 2 4  12 6 15 8 
4 4  7 3  7 1  4 6  6 2  5 7  
6 8  5 5  4 7  7 1  4 6  3 7  

44.lCl 54.1 58.1 
95 l a  118.5 127 8 
96 95 94 

~Milliequivalents/liter of titratable and total acidity based on titration of 10 ml. of filtered 
puree to a phenol red end point before and after resin treatment, respectively. 



sulfuric). All acids except lactic, 
fumaric, and acetic were separated 
quantitatively by silicic acid partition 
chromatography. These three acids 
were eluted and titrated as a group and 
together comprised 1 to 3% of the 
total acidity. 

Analyses of some tomato purte samples 
not shown in this paper indicated that 
the sulfate ion was absent entirely, or 
present only in trace amounts. 

The successive volumes of solvent re- 
quired for the elution of each acid or 
acids are listed in Table I. 

Figure 1 is a titration curve of a typi- 
cal tomato puree sample showing the 
volume of 0.02.1’ sodium hydroxide re- 
quired to neutralize each fraction as it 
was eluted from the partition column. 

The concentrations (milliequivalents 
per liter and percentage) of the indivi- 
dual acids from three typical tomato 
puree samples having a relatively wide 
range in titratable acidity are given in 
Table 11. The titratable acidity, total 
acidity, and per cent recovery are also 
shown. 

The data indicate that increases in the 
titratable and total acidity were accom- 
panied by increases in the content of the 
citrate and chloride ions. Major in- 
creases in the titratable acidity are due 
to increases in the citric acid content. 
The p H  of tomato purtes is 4.5; there- 
fore, the chloride ion would be present 

as a salt and would contribute little to 
the titratable acidity. In  spite of the 
substantial differences in the titratable 
and total acidity, the content of citric 
acid for the three samples remained at ap- 
proximately 53% of the total. The dif- 
ference in the citric acid content between 
samples 1 and 3 was 13.3 meq. per liter. 
On a percentage basis, the difference 
was only 4.1y6. The data indicate that 
regardless of changes in either the ti- 
tratable acidity, total acidity, or in the 
concentration of the chloride ion, the ci- 
trate ion consistently made up  approxi- 
mately 53% of the total acidity. The  
difference in the chloride ion content 
between samples 1 and 3 was 17.9 meq. 
per liter. 

This was the first time, as far as could 
be determined from the literature, that 
the three inorganic acids (phosphoric, 
hydrochloric, and sulfuric) and galac- 
turonic acid have been separated from 
tomato purte by silicic acid partition 
chromatography. These acids were re- 
sponsible for 20 to 30y6 of the total acid- 
ity of the tomato. As a result, a greater 
percentage of the total acidity was recov- 
ered than heretofore. The three tomato 
puree samples listed in Table I1 show a 
total recovery of 95.8, 95.0, and 93.976 of 
the total acidity. 

A primary advantage of this proced- 
ure was the ability to convert the acid 
salts in the tomato purte to their respec- 

tive acids through ion exchange tech- 
niques without the addition of foreign 
materials. Procedures employing adap- 
tations of the Isherwood method ( 4 )  re- 
quired the addition of sulfuric acid to 
the plant material in order to lower the 
pH value to 2 for conversion of the acid 
salts to acids. As the added sulfuric 
acid was eluted from the partition col- 
umn it masked the presence of the inor- 
ganic acids normally present in tomatoes. 
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Determination of Average Equivalent 
Weight and Total Weight of Plant Acids 
by Ion Exchange Resins Applied to 
Sugar Beet Molasses 

I J. 9. STARK 

Western Regional Research Labora- 
tory, Agricultural Research Service, 
U. S. Department of Agriculture, 
Albany, Calif. 

Ion exchange resins can be used to separate the anions in plant extracts and determine the 
average equivalent weight and total weight present. The equivalent weight of a 
California straight house sugar beet molasses was determined to be 82.1, with a standard 
deviation of 0.4. 

s A CONTRIBUTION to increased A knowledge of plant composition, 
a method is presented for the con- 
comitant determination of average equiv- 
alent weight and total weight per cent 
of free and,’or combined acids. The 
method has been applied to sugar beet 
molasses but should be applicable to 
other plant extracts with little or no modi- 
fication. The procedure requires only 
the determination of the equivalents of 
anions as sodium or potassium salts. 

Preparation of Ion Exchange Columns 

The cation exchanger, Dowex 50-X8 

(Dow Chemical Co., Midland: Mich.), 
is regenerated in large lots in a column 
with 3 liters of 5% hydrochloric acid 
per liter of wet resin. After regenera- 
tion, the resin is washed with distilled 
water until the effluent is chloride-free. 

Initially the lot of anion exchanger, 
Duolite A-4 (Chemical Process Co., Red- 
wood City, Calif.), is regenerated in a 
column with 3 liters of 47, sodium 
hydroxide per liter of wet resin and 
washed with distilled water until the 
effluent is colorless to phenolphthalein. 
The anion resin column used in the 
equivalent weight determinations is re- 
generated during use by the passage of 

ammonium hydroxide used to elute the 
acids and is ready for re-use after washing 
with 9 to 12 liters of distilled water. 

Three different ion exchange columns 
are used for the separation of the acids 
in molasses from the remainder of the 
compounds. Two of the columns are 
glass tubes 60 cm. long and 4 cm. in 
diameter. One end is stoppered with a 
one-hole rubber stopper containing an  
outlet tube which can be closed with a 
screw clamp. A circle of fine-mesh 
nylon bolting cloth held in by the stopper 
is used to cover the outlet tube to prevent 
loss of resin. The columns are loaded 
to contain 400 ml. of wet resin, one col- 
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