Mineral Composition of Fresh and Home-Canned Tomatoes'

ABSTRACT

Atomic absorption spectrometry was used to analyze
fresk and home-canned tomatoes for fourteen essential ele-
ments. The elemental content of fresh tomatoes was compar-
ed with that of home.canned tomatoes. Amounts of sodium,
chloride, calcium, cobalt and nickel were significantly higher
in canned tomatoes than in fresh tomatoes, Significantly
lower amounts of silicon, phosphorus, potassivm and
manganese were found in canned tomztoes than in fresh
ones. No significative differences in magnesium, iron, copper
and zine were observed between [resh and canned samples.
Each element content is compared with the established and
estimated Recommended Dietary  AHowances {(RDA).
Comparison shows that fresh tomatoes are a relatively good
source of potassium and iron, while only a fair sourec of
sodium and caleium: caaned tomatoes are a relatively good
source of sodium, potassium and iron. The lowest clement
reiention in the home-canned tomatoes was 65% for manpa-
nese and the highest was 7 455% for sodium.

INTRODUCTION

| he work previously done on determining ele-
ments present in tomatoes (Lycopersicon escu-
lenitum) did not inciude the effect of the fruis-
canning process on the element content of the fruit.
Adams {1). Rutherford (17) and Church and Church
(5) reported data on sodjum, phosphaorus, potassium,
cafcium, jron, cobalt, nickel and copper content in
fresh and canned tomatoes Lopez and Williams (14}
compared the content of 16 essential elements in
fresh and industrially-canned tomatoes. Using atomic
absorption spectophometry, they reported the
following values for fresh and canned tomatoes
respecitvely: 5.80-26.7 mg/100 g for calcivm: 30 0-
2347 mgf100 for chloride; 0.02-004 mg/100 g
for cobalt; 0.07-0.08 mg/100 g for copper; 0 57-
061 mg/1G0 g for iron; 113919 mg/100 g for
magnesium; 0.13-0 10 mg/100 g for manganese;
0.06-0.12 mg/100 g for nickel; 14 2-11.3 mg/100 g
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COMPENDIO

Se ha utilizado espectrometria de absorcion atdmica para
analizar ¢l contenido de 14 clementos en tomates frescos v
envasados en forma casera. El contenido elemental de los to-
mates {rescos se compard con el de los tomates envasados,
Los valores para sodio, cloruro, caicio, cobalto y aiquel
fueron significativamente mayores en los tomates envasados,
En los mismos se encontraron cantidades significativamente
menores de silicio, fésforo, potasio y manganeso que ¢n los
tomutes frescos. No se detectwron diferencias significativas
en manganeso, kierro, cobre ¥ cinc. El contenido de cada ele-
mento se compara con lag ingestas recomendadas ya estable-
cidas o estimadas en In literatura. La comparacidn muestra
que los tomates frescos son una bucns fuente de hierro y
potasio, mientras que son pobres en sodio y calcio: los toma-
tes envasados son una fuente relativamenie buena de sodio,
hierro y potasio. El elemento que mostrd menor retencion
en fos tomates envasados fue o manganeso, con §5% , mien-
tras que kx mixima retencion fue de 7 455% para ol sodio,

for phosphorus; 214 8-186.3 mg/109 g for potassium;
2.68-2.39 mg/100 g for silicon; 1.85-142.1 mg/100 g
for sodium; and 0 17-0.23 mg/100 g for zinc. Lopez
and Wiiliams (14) also reported trace amounts of
chromium, molybdenum and tin in both fresh and
canned tomatoes

No data are available refating to the effects of
home-canning (glass jars) on the elemental composi-
tion of tomatoes

The aim of this research was to evaluate and
compare the content of 14 essential elements in fresh
and home-canned tomatoes and to determine the
influence of the preservation process on the retention
of these elements.

Experiment methods

Sampling and sample preparation

The fresh and canned tomatoes were obtained
from a farmers’ cooperative. The tomatoes were
harvested at Rio Colorado, Argentina, in February,
1983 and home.canned within a few days of harvest-

ing
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Tomatoes for processing —only fruit with intense
red color and without defects are used in home-cann-
ing-— were washed with cold water and then dumped
into a 10% lye solution at a temperature of 75-
90°C for two minutes; then the tomatoes were peeled
manually and rinsed with tap water Tomatoes were
placed in boiled 900 cm® bottles; 6 g of sodium
chioride {common sait) and 1 g salicylic acid
{2-hydroxybenzoic acid) were added, and the bottles
topped off with tomato juice The botties were
placed in a boiling water bath for 15 min, then sealed
and hezted another 15 min in the same water bath

Five samples of fresh and preserved tomatoes were

taken at a time for element analysis; 10 fresh,

healthy tomatoes were randomly selected for each
fresh tomato sample, while five bottles of tomatoes
were mixed to provide each preserved sample.
Tomatoes of each fresh sample were peeled and
rinsed as described above, homegenized in a blender
and aliquot dried at 85°C to constant weight. The
samie procedure was carried out with the preserved
tomato boitles The dry samples were ground with a
mortar and pestle and ashed following the wet ashing
procedure according to Simpson and Blay (19). This
technique was used for atomic absorption spectro-
photometric analysis of all elements except chioride,
Quintuplicate 100 & 005 g dried fresh and bottled
tomato samples were analyzed (14) AOAC Method
of Analysis 3067 (AQAC,-4) was used to prepare
fresh and canned tomato samples for chloride
analysis; triplicate (.28 + 0.06 g dried samples were
moistened with 20 ml 5% Na, CO, solution, dried at
80°C for 4 hours and ignited at 450°C for 1 hout
After washing and filtering the ash with hot water,
the sumples were ashed at 450°C avernight. The ash
was dissolved in 3 ml of HNO, (1 + 4) and diluted
to 100 mi in a volumetric flask (14)

Reagents and materials

a. Hydrochloric acid, reagent analytical grade,
37.5% {Merck);

b Whatman No. | filter paper (Fisher);

¢. Atemic absorption standards {Fisher);

d Lanthanum sohition: dissolve pure lanthanum
oxide {Sigma) in distilled water ard hydrochloric
acid to obtain 2 5% {w/v) solution;

e Cesium solution: dissolve pure cesium chloride
(Baker} in distilled water for a 5% (w/v) solution;

f Phosphorus standard: dissolve analytical grade
potassium  dihydrogen phosphate (Sigma) in
distilled water to prepare a 500 ppm solution;

g Reagent for silicon: weigh 535 g amnonium
chloride (Merck), add 7 ml of 30% ammonium
hydroxide (Baker) znd dilute to 100 ml with
distilled water;

i Sedium carbonate solution: dissolve 50 g analy-
tical grade sodium carbonate (Merck) in distilled
water ard dilute to 1 000 ml to obtain a 5% {w/v)
solution;

i. Silver nitrate standard (Fisher) Make appropiate
dilution to obtain & 100 ppm standard solution;

i Nitric acid 70% {Erba);

k I-pentanol (Merck), reagent grade;
. Diethyl ether (Fisher), reagent grade

Analytical procedure

A Perkin-Elmer Model 403 atomic absorption
spectrophotometer with a four-inch burner head,
standard air-acetylene flame and single element
hollow cathode lamps was used to carry out the
elemental analysis of the samples Calibration of
the spectrophotometer and setting of all experimen-
tal conditions were made in accordance to specifica-
tions in the instrument’s users’ guide

According to Lopez and Willimas (14), appropiate
dilutions were used to determine sodium, magnesium,
potassium and calcium in all samples Dilutions for
magnesium and calcium analysis contained 1% (w/v)
lanthanum to prevent potential interferences of
certain anjons, while for sodium and potassium
analysis cesium chloride was added to the samples
before dilution to obtain 2 final concentration of
1 000 ppm cesium {14)

Indirect determination, according to the method
described by Parker (16), was used to evaluate the
chioride content in both fresh and canned sarmples

RESULTS AND DISCUSSION
Results are summarized in Tables 1, 2 and 3.
All data are presented on a wet tresh and wet can-

ned basis. The average vaier content of the fresh
tomatoes was 95 83%% v ith a standard deviation of
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= (.21, while the mean moisture content of the
bottled tomatoes was 95.33% (standard deviation
of £ 0.19),

Table salt is, of course, the best source of sodium
Fresh tomatoes with 1.87-223 mg/100 g contain
more sodium than other fruits, like apples with 0 87
098 mg/100 g (21), and peaches and pears with
0.65 mg/100 g each (23). Canned tomatoes with
120-175 mg/100 g are a better source of sodium
than fresh tomatoes, supplying 16 4% of the estimat-
ed RDA. The statistically sipnificant difference
(P < 0.01) is due to salt addition in the canning
procedure, which is also responsible for the retention
value of 7 455% . The sodium content of fresh
tomatoes was comparable to the values reported by
Adams (1) and Furr er gl (8). Foods containing less
than 25 mg of magnesium/ 100 g are considered to be
a poor source, taking into account that the establish-
ed RDA value for magnesium is 300-350 mg/day
Fresh tomatoes with 11.25-13.37 mg/100 g and
canned tomatoes with 10938-1284 mg/i100 g
supply only 3.51% and 3.33%of the RDA for magne-
siurn, respectively. Compared with apples, with 2 43
-3 20 mgf/100 g (22), peaches with 4.88 mg/100g,
apricots with 6.08 mg/100 g, and pears with 5.25 mg/
100 g (23), tomatoes are z slightly better source of
magnesium. The retention value of 95% shows a
decrease in magnesium due fo processing Similar
results were reported by Church and Church (5}
Leveille et al (13) and Kpivistoinen er af (12)

Significant differences (P < 0.05) were observed
between the silicon content of fresh (1.97-3 14 mg/
100 g) and canned (1.83-2.50 mg/100 g) tomatoes.
The decreased amount yielded a retention value of
88% for silicon, for which the RDA has not yet been
established or estimated.

The amount of phosphorus is reported to be 11.39
-18.97 mg/100 g for fresh tomatoes and 10.03-
14.71 mg/i00 g for the processed ones Fresh
tomatoes supply 193% of the established RDA for
phosphorus, while canned tomatces supply only
1.56% of the RDA, significant decrease of the phos-
phorus content due to processing, with a retention
value of 81% . Similar results —14 2 mg/100 g of
phosphorus for {resh tomatoes and 11.3 mg/100 g for
canned tomatoes— were reported by Loper and
Williams (14). Compared with apples, supplying
2.5% of the established RDA (22), tomatces are a
fair source of phosphorus.

The amount of chloride is 24 89-35 27 mg/100 g
for fresh tomatoes and 203.29.289.77 mg/100 g
for canned tomatoes. Chloride significantly increased
in the processed samples, with a 824% retention
value. The statistically significant difference
(P <0.01) is due to sodium chloride utilization in the
canning procedure. Allen {2) and Lopez and Williams
(14) reported values of 34.0 mg/100 g and 300 mg/
100 g for chloride in fresh tomatoes respectively. No
recommended dietary allowance has been established
for chloride.

Table 1,

Element Fresh (mg/100 ) Canned (mg/100 g) Differences™

Sodium 203+018" 151 34 + 29 93 Pl

Magnesiam 1246079 1173+ 0 58 NS

Sificon 247 + 051 217+030 Ps

Phosphorus 1523+ 380 1229 £ 239 P5

Chioride 3018+ 521 24863 £ 4036 P

Potassium 204 60 =+ 18 39 18330+ 16 81 P35

Calcium 6.03 =113 879+ 190 P35

Chromium <0015 <0015° NA

Manganese 02004 013082 P1

Iron 061 +009 063010 NS

Cobait 0032001 0.04 = 0.0% Ps

Nicket 0.07+0M0 007 £ 0.02 P5

Copper 082002 009 +0.02 NS

Zinc 019004 021 £005 NS

a Statistical difference in paired “t” test; NA = not applicable: N§ = no difference at 1% and 5% lovel; PS5 = significant difference
at 5% level; P1 = significant difference a1 155 tevel

b Standard deviation

c Element below detection limit of the atomic absarption spectrophotometer
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Table 2

Percentage of retention in
Element canned tomatoes
Sodiun 7 455
Magnesium a5
Silicon 88
Phosphorus 81
Chicride 824
Potassium 90
Calcium 146
Chromium *
Manganese 63
Iron 103
Cobait 133
Nickel 128
Copper 112
Zinc 111

* Element below detection limit of the atomic absorption
spectrophotometer.

Fresh tomatoes are a good source of potassium;
many investigators have reported potassium values
between 210-245 mg/100 g for fresh tomatoes (13,
14, 15); and values from 186 mg/100 g to 217 mg/
100 g in canned tomatoes (1, 5, 14} Fresh tomatoes,
with 18541-221.19 mg/100 g of potassium, are a
better source of this element when compared with
other fruits like apples with 907 mg/100 g, peaches
with 154 mg/100 g and pears with 111 mg/100 g
(22, 23). Canned tomatoes showed a potassium
content of 168 87-20029 mg/100 g; there was a
sipnificant decrease in the potassium content of can-
ned tomatoes due to processing, with a retention
value of 90%  Although no RDA has been established
for potassium, an amount of 2.5 g/day is considered
to be the daily need {10} Fresh tomatoes and canned
tomatoes supply about 11% and 9% of the require-
ment for potassium respectively.

Fresh and canned tomatoes are a relatively poor
source of calcium because they supply only
0.73% and 107% of the established RDA for
calciom {800 mg/day), but show amounts compar-
able to other fruits such as peaches with 10 mg/
100 g, apricots with 12.5 mg/100 g, pears with
14 mg/100 g and apples with 5 mg/100 g (14, 22,
23). Other investigators like Furr er af (7, 8), Koivis.
teinen ef 2l {12) and Lopez and Williams (14) have
reported calcium values of 3.75-10.6 mg/i00 g in
fresh tomatoes. Calcium values in literature on can-
ned tomatoes have a wide range because many cann-
ing procedures invoive addition of variable quantities

of calcium chloride together with the sodium
chloride; canned tomatoes with as much as 26.7 mg/
100 g have been reported (22). The chromium
content of fresh and canned tomatoes was less than
0.015 mg/100 g, the minimum detection limit of the
atomic absorption spectrophotometer. Values of
0.016-0.037 mg/100 g for fresh tomatoes and
0.002-0.004 mg/100 g for canned tomatoes were
reported by Thomas, Roughan and Watters (20).
With this values the chromium amount in fresh
tomatoes is comparable to that reported by Toepfer
et al (21) and Cochran, Maxwell and Zucker (6)
for apples (0.020-0 027 mg/100 g).

A retention value of 65% reflects the significant
decrease in the amount of manganese found in cann-
ed tomatees {0.13 mg/100 g) when compared to that
found in fresh tomatoes (0.20 mg/100 g). Manganese
contents of $.10-0.14 mg/100 g were reported by
Allen (2), Koivistoinen er al (12), Leveille et al (14)
and Lopez and Williams (14) for fresh tomatoes
Compared with apples with 003 mg/100 g, citrus
fruits with 0.02 mg/100 g, pears with 0.06 mg/100 g
and peaches with 011 mg/100 g, tomatoes are a
better source of manganese No recommended dietary
allowance has been set for manganese, but 5 mg/day
is recongnized to be z good amount (NAS, 3).

Table 3

Element Fresh tomatoes Canned tomatoes
Sodium 0.22% 16.40
Magnesium 3518 333
Silicon ¢ c
Phosphorus 1.93% 1.56
Chloride ¢ 5 c
Potassium 10.19 917
Calcium 0.73% 1.07
Chromium d b d
Manganese 4.09 266
Iron 6.167 6.28
Cobalt 100 400
Nickel c b [
Copper 4.00 448
Zine 1.23% 1.37

a RDA as set by Food & Nutrition Board, Nationad Re-
search Council (NAS, 1974) %% RDA in 100 g serving
for adult male.

b RDA estimated by Sarett (1974).

¢ RDA not established or estimated.

d Element below detection limit of the atomic absorption
spectrophotometer,
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One of the richest source of iron is liver with
& mg/I00 g Fresh tomatoes with 0.51-0.70 mg/
100 g and canned tomatoes with (.53-0.72 mgf
100 g, as well as apples with 0.10-0 14 mg/100 g,
apricots with 0.42 mg/100 g and pears with 0 22 mg/
100 g are all considered to be poor sources (2, 3)
No significant difference (retention value of 103% )
was observed between the amounts of iron found in
fresh and canned tomatoes. These values are compar-
able with those reported by Lopez and Williams (14),
Guthrie (10), Church and Church (5) and Leveille er
al. (13) The RDA for iron has been established as
10-18 mg/day (NAS, 3); fresh can canned tomatoes
supply respectively 6.10%  and 6 28%  of the
established RDA in 2 100 g serving

A significant difference (P < 0.05), with a reten-
tion value of 133% , was detected between the cobalt
content of fresh (002-0.04 mg/100 g) and canned
(0.03-0.05 mg/100 g) tomatoes. The increase in the
canned samples may have originated in some imple-
ments used while processing. Similar results were
obtained by Lopez and Williams (14), reporting a
cobalt content of 0.02 mg/100 g for fresh tomatoes
and 0.04 mg/100 g for canned tomatoes. Compared
with apples with ifess than 001 mg/100 g (22),
tomatoes are a better source of cobalt RDA for
cobalt was estimated by Sarett {18) to be 1 mp/day;
with this value, fresh and canned tomatoes supply
3% and 4% of the RDA respectively

A slight increase was observed in the nickel
content —fresh tomatoes with 0 06-0.08 mg/100 g
and canned tomatoes with 0.08-0.10 mg/100 g~
due to processing This signilicant differences
(P < 0.05) may be attributed to some nicke! pick-up
from implements during processing, Lopez and
Williams (14) found values of 0.06 mg/100 g and
0.12 mg/100 g for nickel content in fresh and canned
tomatoes respectively; Thomas, Roughan and Watters
(20) reported nickel values of 0.002-0.025 mg/100 ¢
for fresh and 0.004-0.121 mg/100 g for canned
tomatoes

Fresh tomatoes with a copper content of 006
008 mg/100 g and canned tomatoes with 007
.11 mg/100 g are poor sources of copper, sup-
plying 400% and 4 48% of the RDA estimated by
Sarett (18} and Guthrie (10} -2 mg/day— respecti-
vely. Lopez and Williams (14}, Leveille er ¢l (13) and
Allen (2) reported similar copper values Other fruits
like apples with 0.04 mp/100 g, pears with 0 063 mg/
100 g, apricots with 0054 mg/i100 g and peaches
with 0.046 mg/100 g have comparable amounts (23).
No significant difference was observed in the amount
of zine in fresch and canned tomatoes. Fresh toma-
toes with 0.14-0.22 mg/100 g and canned tomatoes

with 0.16-0.25 mg/100 g have more zinc than
apples with 006 mg/100 g (22} and a comparable
amount with peaches —0 20 mg/100 g (15}, Compar-
able amounts of zinc in tomatoes were reported by
Lopez and Williams (14), Furr ef al (8), Koivistoinen
et afl {12) and Johnson, Strauss and Fvans {11) A
RDA wvalue of 10-15 mg/day has been established
for zinc. Fresh and canned tomatoes, in 100 g
servings, supply about I 23% and 1 37%of the RDA,
respectively

Sodium, chioride, calciumn, cobalt and nickel
showed significantly increased values as a result of
processing. There were significantly lower amounts
of silicon, phosphorus, potassium and manganese in
the canned samples as compared to the fresh ones
No significant differences in magnesium, iron, copper
and zinc were detected between {resh and canned
tomatoes Chromium was below the detection limit
of the atomic absorption spectrophotometer in both
fresh and canned tomatoes.

REAS have been established for five of the fourt-
teen elements determined. Fresh tomatoes supply up
to 10.19% (potassium) of the RDAs, while canned
tomatoes supply up to 1640% (sodium) When
compared to several other fruits like apples, peaches,
pears and apricots, tomatoes have a higher content
of most of the essential elements determined

The results given here {or fresh and canmed toma-
toes are comparable to those cited by Lopez and
Williams (13} Any deviations from previous results
are probably due to the method of analysis, dif-
ferences in the canning procedures, and the effect
of geographical location.
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