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ABSTRACT

VITAMIN COMPOSITION OF TOMATO CULTIVARS
AND
COMPUTER SIMULATION OF ASCORBIC ACID
STABILITY IN CANNED TOMATO JUICE
by

Young C. Lee

The research consisted of two parts; vitamin composi-
tion of tomato cultivars and computer simulation of ascorbic
acid stability in canned tomato juice. The objectives of
this research were (1) to study the vitamin content of
tomatoes as affected by variety, ripening methods, harvesting
time, and ethephon treatment; (2) to predict the ascorbic
acid stability in tomato julce based on kinetics of ascorbic
acid degradation and computer-aided prediction models.
Reduced ascorblc acid was chosen as an index of nutritional
quality in tomato Juice.

The vitamin content of 24 tomato cultivars in 1973, 20
cultivars in 1974, and 19 cultivars in 1975 was determined.
Nine standard cultivars were used to compare the vitamin con-
tent of vine ripened with that in breaker ripened tomatoes
in both 1973 and 1974. Tomatoes of 9 standard cultivars in
1974 and 18 cultivars in 1975 were harvested in the early,
mid, and late seasons to study the effect of harvest time on
the vitamin composition of tomatoes. In 1973 and 1974, the

vitamin content in tomatoes treated with ethephon one week
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before harvest was compared with that in untreated tomatoes.

Highly significant differences in ascorbic acid and
carotene contents were found between the tomato cultivars
studled. Although there were some significant differences
in the thiamin and the riboflavin contents between the culti-
vars studied, these differences were not as great as those
noted with ascorbic acid and carotene.

Ascorbic acid and carotene contents in breaker ripened
tomatoes were at least equal to those in vine ripened toma-
toes. However, the results of the two years' study on
thiamin and riboflavin contents in breaker ripened and vine
ripened tomatoes, were inconsistent.

The ascorbic acid and the carotene contents in tomatoes
harvested in the late season were significantly higher than
those in the early season. The thiamin and the riboflavin
contents in tomatoes decreased as the season progressed.
Ethephon treatment a week before harvest did not adversely
affect the vitamin composition of treated tomatoes.

The relationships between the vitamin content and
organic and inorganic components of tomatoes were evaluated
by the multiple linear regression, and the results were dis-
cussed.

Tomato varieties, Campbell-1327 and Campbell-28, were
used to prepare tomato julce for experiments. The extracted
tomato juice was deaerated and divided into 4 batches.
Citrate buffer was added to each batch to adjust pH of Jjuice

to 3.53, 3.78, 4.06, and 4.36. Each batch of tomato juice
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was divided into 3 lots, and CuS0Oy.5H,0 was added to adjust
the copper level of julce to 2, 6, and 10 ppm. The treated
tomato Jjulce was processed at 265°F for 9 seconds, cooled to
200°F, filled in 8 oz. cans, closed, and cooled to 100°F.
The representative lots were stored in storage boxes at 10,
18.3, 29.4, and 37.8°C. Tomato Julce samples were analyzed
for ascorbic acid using 2,6-dichlorophenolindophenol colori-
metric method at 20 or 30 day intervals. The rate constants
and other parameters were calculated by the KINFIT computer
program.

The destruction of ascorbic acid under anaerobic condi-
tions was confirmed to be a first-order reaction. The effect
of storage temperature on the rate of ascorbic acid destruc-
tion was accounted for by the Arrhenius equation. The acti-
vation energy (Ea) for anaerobic destruction of ascorbic acid
changed with pH, reaching a minimum near pKal of ascorbic
acld.

The rate of ascorbic acid destruction was influenced by
pH, reaching a maximum near pKal of ascorbic acid. Based on
the changes in the rate of ascorbic acid destruction with pH,
the exlistence of the complex form of ascorbic acid was employed
to explain the kinetic results observed for ascorbic acid
destruction in tomato juice. A mathematical expression,
which required 4 parameters (kl, k2', k3, and Kal), was
derived to compute the first-order rate constant as a function
of pH. It appeared that changes in the rate of ascorbic acid

destruction and Ea with pH were mainly due to the quantity of
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the complex form of ascorbic acid formed at various pH's
and k2'.

The rate constant of ascorbic acid destruction in the
presence of copper (Kob) increased with the increase in copper
concentration, and Kob changed with pH. From the plots of Kob
versus copper concentration, the pseudo-first-order rate
constant (K') was computed. A mathematical expression
between Kob and K' was developed to compute Kob at various
pH's and copper concentrations.

Mathematical expressions derived to describe kinetics
of ascorbic acid destruction in tomato julce were used to
develop a mathematical model for each storage condition. From
the mathematical model, the computer program was developed
and used to test the model and to predict ascorbic acid his-
tory during storage. The Fourler Serles was employed to simu-
late the seasonal temperature fluctuation during storage of
tomato Juice. The three-factor model, which included expres-
sions for the seasonal temperature fluctuation, metal catalyst,
and pH was established and a computer program was developed.
The predicted results were compared with the results obtalned
from shelf-11fe tests, whenever possible. The difference
betweén predicted results and the shelf-1life tests was 1n a
range of + 0 to 3% retention of ascorbic acid.

The results obtalned in this study illustrate that the
ascorbic acid stability in canned tomato julce can be pre-
dicted with accuracy, i1f the kinetic information on the

ascorbic acid destruction is available.
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INTRODUCTION

There has been an increased interest in the nutritional
quality of foods over the past several years. More recently,
this concern over the nutritional quality of the food products
have given impetus to requirements for nutrition labeling of
food products. Recent federal regulations covering nutrition
labeling and tolerance for toxic substances in foods have
brought great concern to the food industry, the major problem
being variability in fresh and processed products.

The nutritional quality of fresh fruits and vegetables
can be improved by breeding better varieties, good cultural
practices, harvesting at right maturity, and proper post har-
vest handling. Many environmental factors also affect the
quality of products, but they are not controllable factors.

Nutritional quality of the processed products can be
improved by good processing practices and fortification of
nutrients. The quality of the processed products may deter-
iorate during storage. This results in degradation of‘
nutrients, development of off-flavor and off-color, and
texture changes. The deterioration of canned foods 1s
influenced by many factors, lncluding storage temperature,
pH, metal catalysts, type of container, dissolved oxygen,

and some components of foods. The overall emphasis in storage
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of any food product is on keeping the deterioration mech-
anisms at minimum rates.

The outstanding food value of tomatoes in the diet is
due to high vitamin content, especially ascorbic acid and
carotenes.) The reported results indicate that many factors
cause a wilde variation of vitamin composition in tomatoes.
The purpose of the study on the vitamin composition of
tomatoes were: (1) to determine effects of variety, ripen-
ing methods, and harvesting time on vitamin composition of
tomatoes; (2) to study effect of ethephon treatment upon
vitamin composition of fruits; (3) to determine relation-
ships between vitamin content and other organic and inorganic
components of tomatoes. The results may be used to provide
up to date data on vitamin composition of selected tomato
varieties to satisfy areas of concern, such as breeding
research and nutrition labeling. They may be also used to
provide basic information on effects of some cultural prac-
tices and handling methods on vitamin composition of tomatoes.

To study quality stablility of canned products during
storage, tomato juice was selected as a model system of acid
foods and reduced ascorbic acid was chosen as the quality
index of the study. Since canned foods maintaln anaerobic
condition soon after canning, storage temperature, pH, and
metal catalysts were studied as main factors which influence
degradation of ascorbilic acid in the system during storage.
In this study, a mathematical procedure for prediction of

the quality index history in a canned acid food during storage
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is developed. The mathematical functions and parameters

obtained in this study are specifically for ascorbilc acid
in tomato juice. However, the procedures should be appli-
cable to other canned acid foods, with minor modification.

The specific objectives of this study were: (1) to
investigate kinetics of ascorbic acid degradation in the
model system; (2) to develop theoretical mathematical
models to describe kinetics of the ascorbic acid degradation;
(3) to develop a computer-aided prediction of ascorbic acid
concentration during storage; (4) to verify the computer-
alded predictions of ascorbic acid history in tomato Jjulce
by comparison with the results obtained from the shelf-life
tests.

This approach can be used for selection of storage
environments best suited for the desired quality of canned
acid food. The capability of the simulation to predict the
nutrient concentration at any time during storage permits the

use of such information for nutrition labeling purposes.
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LITERATURE REVIEW

Ascorbic Acid in Fresh Tomatoes

The outstanding value of the tomato in nutrition 1s due
primarily to 1ts vitamin content. Among these vitamins,
ascorbic acid stands first in importance, based on the amount
supplied in relation to human needs. On the average fresh,
ripe, summer grown tomatoes contaln abouf{ 25 mg of ascorbic
acid per 100 g (Hamner and Maynard, 1942), and RDA of vitamin C
is 45 mg for adults.

The results reported in the literature indicate that the
ascorbic acid content of whole tomatoes varies considerably.
Maclinn and Fellers (1938) reviewed the literature on the
ascorbic acid content of tomato and reported concentrations
ranging from 5 mg to 60 mg per 100 g fresh weight for American
varieties. This variation is the result of a number of fac-
tors, such as the variety, the location grown, the season,
and the treatment which the frult receives before and after
placing them on the market.

One of the factors that doubtless contributes to the
variation in ascorbic acid content 1s the genetic constitu-
tion. Maclinn et al. (1938) found variations of 13 to 44 mg
per 100 g of fresh weight in a study of 98 different varieties
all grown in the same soil at the same time. Matthews et al.
(1973) reported an average ascorbic acid content of 41 tomato
varieties and breeding lines of 15.0 mg per 100 g fresh weight

with a range from 10.7 to 20.9 mg/100 g fresh weight. The

y






work of French (1939) indicated no difference in the ascorbic
acid content of so-called red- and pilnk-fleshed varieties.
Sansom and Zilva (1936) experimentally obtained tetraploid
tomato strains from diploid plants and found a resultant
doubling of ascorbic acid content in the juice of the fruit
from the tetraploid strain.

The effects of acidity, total solids, sugar content,
fruilt size, and frult portion on ascorbic acid content have
been investigated by a number of workers. Yarbrough and
Satterfield (1939) found no correlation between total acidity
and vitamin C. Likewise, Cultrera (1935) found no definite
relationship between acidity, reducing sugars, dry weight,
and vitamin C.

Seasonal variations in fresh fruit have been reported
by many investigators (Brown and Moser, 1941; Twomey and
Ridge, 1970). Variations in the values of canned juice from
year to year were considered by Hanning (1936) to be corre-
lated more with season than with canning methods.

Although the results are in general agreement, it is
impossible to Judge Jjust how much these variations, which
occur in the environments where tomatoes are grown commer-
clally, affect the ascorbic acid values of market tomatoes.
One of the environmental factors playing a part in seasonal
fluctuations and perhaps in locational differences is light
intensity. Many investigators (Somers et al., 1950; Hassan
and McCollum, 1954; Masui et al., 1953) reported that the

ascorbic acid content in tomatoes was affected by the amount






of sunlight falling upon the fruit. In mature tomatoes
grown outdoors in a rainy season, with low light intensity,
the concentration of dehydroascorbic acid was high, while
L-ascorbic acid was very low.

The effects of light on the ascorbic acid content are
interrelated with the temperature effects (Hamner and Maynard,
1942). 1In the temperature range 17 - 26°C, the higher tem-
perature induced a high content of ascorbic acid (Hamner et
al., 1945).

Data concerning the ascorbic acid content during the
development and the ripening of tomato fruit are inconsis-
tent. Some earlier investigators (Maclinn and Fellers, 1938;
Works and Organ, 1943; Kaski et al., 1944) reported little
changes, while more recent work has indicated an increase in
ascorbic acid concentrations during maturation (Georgiev and
Balzer, 1962; Kitagawa, 1973), with either a continuing rise
(Fryer et al., 1954; Dalal et al., 1965) or a slight fall
(Dalal et al., 1966; Malewski et al., 1971) during the final
stages of ripening. Judging from these reports, it appears
that immature green tomatoes are poorer in vitamin C than
ripe ones, but that after a fruit has reached its full size
and 1s in the so-called mature green stage, the increase 1in
vitamin C during subsequent ripening is relatively slight
(Hamner et al., 1942).

The effect of ripening method on the ascorbic acid con-
tent of tomatoes has been studied by numerous investigators,

but there 1s a lack of general agreement. Craft and Heinze
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(1954), Murneek et al. (1954), and Hamner et al. (1945)
reported that vitamin C content of artificially ripened
tomatoes was similar to that of vine ripe tomatoes, while
Scott and Kramer (1949), Pantos and Markakis (1973), and
Bakulina (1970) found vine ripe tomatoes contained more
ascorbic acid than artificially ripened tomatoes.

Ethylene 1s used for producing uniformity in the ripen-
ing of tomatoes. Jones and Nelson (1930) reported that the
ethylene treatment of the green tomatoes produced no signi-
ficant change 1n their vitamin C potency in all samples of
the green fruits tested, but ethylene-ripened tomatoes and
alr-ripened tomatoes were richer in vitamin C than the green
fruit (Hause et al., 1929).

There are some indications that soll type and cultural
practices could influence ascorbic acid content. Hester and
Kohman (1940) claimed a correlation between the vitamin C
content of tomatoes and the soll type upon which they were
grown. Hester (1940) found that the application of potassium
fertilizer to certain soils resulted in an increase in the
yield and vitamin C content of tomato fruits. However, Hamner
et al. (1942 and 1945) indicated that ascorbic acid concentra-
tion showed 1little or no correlation with the macro- and

micro-nutrients supply.
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Analysls of Ascorbic Acid

A large number of bloassays and chemical methods for
the determination of vitamin C have been reported, since
Sherman et al. (1922) described the first satisfactory bio-
assay using guinea pigs.

The chemical analysis of ascorbic acid generally calls
for the extraction of the vitamin into an acid medium.
Ponting (1943) investigated several acids for their suitabil-
ity as extractants, and metaphosphoric acid and oxalic acid
gave the lowest losses of ascorbic acid during extraction.

Chemical analysis for ascorbic acid and its derivatives
may be divided into two groups; the determination of the
reduced form and that of total vitamin C (Association of
Vitamin Chemists, Inc., 1966).

The former group of analyses are usually based on the
oxidation-reduction properties of ascorbic acid (Bessey and
King, 1933; Bessey, 1938) or upon its ability to couple with
dlazotized aniline derivatives to form colored hydrozides
(Schmall et al., 1953; Moor, 1957). In the oxidation-reduction
methods, the reducing capacity of the extract 1s measured by
treatment with a suitable oxidizing agent such as 2,6-dichoro-
phenolindophenol, iodine etc. Generally, 2,6-dichloropheno-
lindophenol has been found to be the most satisfactory.

The latter group of analyses 1is usually based upon the
oxldation of the vitamin C to diketogulonic acid and the sub-

sequent formatlion of a highly colored hydrazone. The most
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widely used methods for the determination of total vitamin C
is based on the reaction of diketogulonic acid with 2,4-
dinitrophenylhydrazine to form a characteristic osazone (Roe
et al., 1948).

More recently, a microfluorometric assay for vitamin C
was adopted officilally based on the formation of a fluorescent
complex between the oxidized ascorbic acid and o-phenylenedia-

mine (Deutsch and Weeks, 1964).

Destruction of Ascorbic Acid

Ascorbic acid 1n foods reversibly oxidized to dehydro-
ascorbic acid, which has vitamin C activity. However, the
oxidation reaction can continue to 2,3-diketogulonic acild
which does not have vitamin C activity and which cannot be
reversibly reduced to dehydroascorbic acid. A variety of
compounds will be produced by further oxidation which may be
enzymatic or nonenzymatic.

Barron and co-workers (1936) investigated the reaction
of ascorbic acid with oxygen in the absence of cupric ion,
and found that the oxidation of ascorbic acid at an immeasur-
ably slow rate in acid and neutral solutions up to pH 7.0.
Above pH 7.0, the rate of autoxidation increased considerably.
Weissberger et al. (1943) studied the kinetics of the auto-
oxidation of ascorbic acid and reported that both the mono-
valent and the divalent ion of ascorbic acid participated in

the reaction; the divalent ion reacting 10° times faster than
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the monovalent ion. In the pH range below 6, the undissoci-
ated and the monovalent forms of ascorbic acid are the main
species in solution (Khan and Martell, 1967). Recently Blaug
and Hajratwala (1972), studying the effect of pH on the ascor-
bic aclid oxidation using acetate and phosphate buffer, found
that the pH-log rate profile showed a maximum near pKgy of
ascorbic acid.

Metal catalyzed autoxidation of ascorbic acid has been
extensively studied by many workers (Kellie and Zilva, 1935;
Barron and Klemperer, 1936; Dekker and Dickinson, 1940;
Peterson and Walton, 1943; Khan and Martell, 1967). Among
the metallic salts tested (Mn, Ni, Fe, Co, Ca, and Cu)
copper was the most effective catalyst for the oxidation of
ascorbic acld. Its catalytic action was observed in concen-
trations as low as 46 ug of Cu/l (Barron et al., 1936). Khan
and Martell (1967) reported that the rate of the ferric and
cupric ion catalyzed oxidation were found to be first order
with respect to the concentration of molecular oxygen and
that the rate showed an inverse dependence on the hydrogen
ion concentration. They also observed that down to a partial
pressure of 0.4 atm. of oxygen, the rate of oxidation was
directly proportional to the partial pressure, but below 0.4
atm. linearity was not observed.

Several workers (Clegg, 1964; Curl, 1949; Harper et al.,
1969; Reynold, 1965; Tatum et al., 1969), investigating the
anaerobic destruction of ascorbic acid in model systems and

natural food products, found that at temperatures above 30°C,
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11

ascorbic acid loss is followed by carbon dioxide formation
and the development of brown pigments. In canned foods free
oxygen 1s present in restricted amounts at the time of seal-
ing and disappears entirely within one month of canning
(Huelin, 1953). Nevertheless, ascorbic acid loss in canned
foods continues at a steady rate throughout the storage life.
This continued loss must be due to an anaerobic destruction
of ascorbic acid. Finholt et al. (1963) reported that the
disappearance of ascorbic acid from the model solutions found
to be first order with respect to ascorbic acid at pH values
from 0.4 up to 11.4.

Steinman and Dawson (1942) studied the enzymatic oxida-
tion of ascorbic acid using an ascorbic acid oxidase prepara-
tion. The molecular weight of this enzyme was 150,000 and it
contained 0.25% copper (Dawson and Magee, 1955). The pH
optimum for enzyme activity in citrate-phosphate buffer was
about 5.6 and the enzyme rapidly and irreversibly lost activity
at pH below 4.

Thermal inactivation of ascorbic aclid oxidase proceeds
in two stages, the first of which 1s reversible, and the
second 1irreversible. The copper 1s lost at the same rate as
activity in the first stage, and more slowly in the second
stage (Wilson, 1966).

Oxidation of ascorbic acid is temperature cdependent.
Barron et al. (1936) reported Qi for oxidation of 1.0M-
ascorbic acid to be 1.65 at 37 to 27°C. Wanninger (1972)

indicated that Arrhenius expression could be used to account
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for the temperature dependence of reaction rate constant.
Blaug and Hajratwala (1972) studied the effect of pH and
temperature on the rate of oxidation of ascorbic acid. The
activation energy (Ea) varied from 12.2 Kcal/mole at pH 3.52
to 7.8 Kcal/mole at pH 6.60. Different values of Ea at
various pH indicated the possibility that a different reac-
tion is dominant at different pH. Thermodynamic values
reported by Blaug and Hajratwala (1972) compare favorably
with those reported by Khan and Martell (1967) and Kato and
Sugiura (1956).

The literature on the order of the reaction with respect
to ascorbic acld concentration 1s conflicting. Barron et al.
(1936) described the reaction as zero order; Schuemmer (1940)
reported the reaction to be pseudo-unimolecular; Weissberger
et al. (1943) expressed their results as first order con-
stants; Peterson and Walton (1943) reported the reaction to
be first order for 50 to 80% of the reaction below pH 7 and
above pH 11. Dekker and Dickinson (1940) used first order
constants, but noted a drift in the constant. Joslyn and
Miller (1949) indicated that the reaction was first order.

Timberlake (1960) studied the stability of ascorbic acid
in black currant juilce and reported that the reaction appeared
to be first order and this was confirmed by the independence
of the half l1life period on the initial ascorbic acid concen-
tration. Khan and Martell (1967), and Blaug and Hajratwala
(1972), respectively, reported that the oxidation of ascorbic
acid followed first order reaction. Singh (1974) stated that
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the overall reaction of ascorbic acid degradation and oxygen
uptake was assumed and confirmed to be a second-order reaction

under limited dissolved oxygen pressure in the infant formula.

Stabllity of Ascorbic Acid in Tomato Juilce

The ascorbic acid content in tomato julce depends upon
both the inherent concentration in the fresh tomato fruit
and the losses due to handling, processing and storage (Pope,
1972).

Numerous investigators have followed the variations in
the ascorbic acid content of tomatoes during the canning process
and the production of julces. If proper precautions are taken,
little loss of ascorbic acid occurs during processing (Daggs
and Eaton, 1934; Kohman et al., 1933; Robinson et al., 1970).
The desirability of avolding any treatment that permits oxi-
dation is emphasized (Hussemann, 1935; Sanborn, 1938). With
use of efficient processing procedures at least 80% of the
original raw product ascorbic acid can be retained after proc-
essing the juice (Robinson et al., 1970).

When tomato juice is held at U40°F or less, there are
very small losses of vitamin C from Julce even after 12 months
of storage (Guerrant et al., 1945; Feaster et al., 1949; Sheft
et al., 1949; Kramer, 1974). Guerrant et al. (1945) held
tomato Juice continuously at 85°F and 110°F and found T4%
retention of ascorbic acid at 85°F after 1 years and 19% reten-

tion at 110°F after 1 year.
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Fluctuation of temperature was evaluated by Feaster
(1949). His results showed retention of ascorbic acid
decreased with time and loss was most rapid at high tempera-
tures. He did not find the apparent altered effect on ascor-
bic aclid retention due to intermittent temperature changes.

Considerable research has been conducted to predict the
retention of ascorbic acid in food products (Bauernfeind and
Pinkert, 1970). Lamb (1946) reviewed several shelf-life
studies and stated loss would be 1 per cent per month for
Jjulce stored at 70°F or below, and 2 to 5 per cent per month
if storage was at 80 to 85°F.

Kwolek and Bookwatter (1971) presented a discussion on
predicting food quality characteristics' storage stability
from time-temperature data. They showed concentration at any

time in storage could be expressed by:

Y=a+t £(TL) + U

£
o g
o
2]
o
<

"

a measure of the product quality

oV}
n

initial quality measurement

t = storage time

[}

£(T1) the slope of the change in Y versus
temperature at time t = 1
U = random error associated with the deviation

of observed Y.

Wanninger (1972) developed a mathematical model to pre-

dict stability of ascorbic acid in food products. He found
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the most acceptable expression of the loss of ascorbic acid

to be the Arrhenius equation:

K = pAe-E/RT

where = the rate of loss of ascorblc acid

pre-exponential constant

gas constant (1.987 cal/%K.mole)

K
A
E = activation energy (cal/mole)
R
T

= absolute temperature, ©K.

Wanninger (1972) implied concentration effects and tempera-
ture effects were accounted for completely by the Arrhenlus
equation, while Kwolek and Bookwalter (1971) suggested high
temperature could cause deviation from their prediction
equation. Singh (1974) simulated ascorbic acid stability

in infant formula, using the parameters obtained from second

order reactilons.

Carotene

Fresh, ripe tomatoes or Jjulce contain 1,000 International
‘ units of vitamin A per 100 g (Munsell, 1940). On the basis

of this figure, a small tomato or glass of Jjuice would supply
20% or more of the recommended dietary adult allowance of
5,000 IU. The major carotenoid found in tomato is lycopene,
which comprises 75% of the total carotenoids present (Mallia,

1967).
The published data indicate that the carotene content of
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tomatoes 1s subject to wide variation. Several 1ndividual
workers have provided relative figures for carotene that
reveal variations according to degree of ripeness, variety,
and exposure to light (Hamner and Maynard, 1942).

Many researchers reported that the carotene content of
tomatoes increased during ripening (Kirsauva, 1938; Morgan
and Smith, 1928; Shivrina, 1937; Sadana and Ahmad, 1948).
Some reports (Ellis and Hamner, 1943; Sadana and Ahmad, 1948;
Jones and Nelson, 1930) indicated that vine-ripened fruits
are more potent sources than frults detached whille partially
green and ripened in ailr or ethylene, and that ripe fruits
are richer than green frults regardless of method of ripening.

The carotene potency also varies markedly with variety,
red varieties belng much more potent than so-called pink
varieties (Shivrina, 1937). Variations in pigment content
such as these have frequently been noted as a consequence of
varietal differences (Kramer and Smith, 1946).

McCollum (1954) showed that lycopene and carotene was
increased in ripe fruit by illumination at any stage durilng
maturation. Shewfelt and Halpin (1967) concluded that the
quality of the light received influenced the rate of color
development of picked fruit. Boe and Salunkhe (1967)
reaffirmed that light increased the amount of beta-carotene
and lycopene. Tomatoes ripened at 38°C by day, and 29°C by
night, never developed sufficient lycopene to make them red
enough for U.S. No. 2; they turned yellow or orange when

fully ripe.
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Scheunert and Wagner (1939) found the vitamin A value
was not affected by fertilizer treatment, except under condi-
tions of extreme depletion of mineral supply. Trudel and
Ozbun (1971) indicated that most of the caroteniods, especially
lycopene, was 1increased with 1lncreasing K; beta-carotene

decreased with increasing K concentration.

Thiamin

Baker and Wright (1935) reported that tomato pulp con-
tained 40 IU of thiamin per 100 g. Secomska (1971) indicated
that fresh tomatoes contained 42 ug of thiamin per 100 g and
fresh juice 48 ug/100 g.

Lefebure and Leclerc (1973) found that fertilizer treat-
ment and variety had no effect on thiamin content of tomatoes
from plants of similar age. Thiamin content of tomatoes
increased between May and June from 40 to 80 ug/100 g fresh
welght.

Riboflavin

Early studies indicated the riboflavin content of toma-
toes to be rather low. A study by Hodson (1940) using the
fluorometric method showed value of 52 ug per 100 g. Using
rat assay, Lanford et al. (1941) found a value of 37.7 ug per
100 g. Secomska et al. (1971) showed fresh tomatoes contained
27 ug/100 g of riboflavin and tomato juice 34 ug/100 g.

Fertilizer treatment and variety have no effect on
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riboflavin content of tomatoes (Lefebure and Leclerc, 1973).
Riboflavin content of tomatoes 1lncreased between May and

June 26 to 36 pg per 100 g.

MATERIAL AND METHODS

Effects of variety, ripening method, ethephon (2-chlorc-
ethylphosphonic acid) treatment, and harvest time on the
vitamin and other composition in fresh tomatoes were studiled
in the 1973 and 1974 seasons. A part of this experiment,
especially variety and harvest time factors, was repeated in
the 1975 season. Since the experimental design of the 1974
season was developed based on the results obtained in 1973,
the two designs were not the same.

Studies on kinetics of ascorbic acid destruction in

tomato juice were conducted in 1974 and 1975.

Raw Material

Fresh material used in this study was obtained from the
Sodus Horticultural Experimental Station, Michigan State
University. The fruits were harvested randomly to provide
a representative sample of the experimental plots. Each

sample composed of 8 or more typical fruits of the variety.
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In the 1973 and 1974 seasons, the effect of variety and ripen-
ing methods (vine ripened versus breaker ripened) upon the
nutrient composition of fresh tomatoes was studied.

Three replications of 24 cultivars were used for each
study in the 1973 season. The cultivars used 1ncluded Springset,
Setmore, Caravelle, Jet Star, Calmart, Campbell 1327, Florida
MH-1, Burpee VF, Campbell 721, Walter, Packmor, New Yorker,
71-301-2-1, 71-301-1-1, 71-302-2-1, 71-304-1-1, 71-304-2-1,
71-306-1-1, 71-307-1-1, 71-915-4-1, 71-915-5-1, T71-915-9-1,
71-915-10-11, and 71-915-11-1. The breeding lines were inbred
lines developed at Michigan State University to serve as stable
bases from which breeding could be accomplished.

In the 1974 season, four replications of 20 cultivars
were used for each study. The 20 cultivars were Setmore,
Campbell 1327, W2HF, OFHF, 33HF, Jet Star, Springset, 6718VF,
Campbell 721, Ace 55VF, Redpak, Royal Flush, Prime Beefsteak,
Experimental Hybrid No. 2, and No. 4 (Ferry-Morse Seed Co.),
6343 VF, 306-1-1, 307-1-1. 915-4-1, and 915-5-1. Campbell 1327
was used as check variety, serving as a basis for comparing
the other varieties.

Campbell 1327 and Setmore were used to study the effect
of ethephon treatment upon the nutrient composition of fresh
tomatoes in 1973, while only Campbell 1327 was used in 1974.
Ethephon was applied to the tomato plants at two rates,

0.375 1bs/acre and 0.75 1lbs/acre, one week before harvest.

In 1974 season, tomatoes of 9 cultivars were harvested

at 3 different times (Aug. 22, Aug. 30, Sept. 10) to study
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effect of harvest time on nutrient content of tomatoes. The
9 cultivars were Setmore, Campbell 1327, Jet Star, Springset,
Campbell 721, 71-306-1-1, 71-915-4-1,71-915-5-1, and 71-307-1-1.

Three replications of 19 cultlivars were studied in the
1975 season. They are Setmore, Campbell 1327, Jet Star,
Campbell 721, Royal Flush, 6718 VF, Bigset, PSX 17573,

PSX 17673, Red Pak, OCNF, Rampo, Veebrite, Veeset, Vision,
Ace 55VF, and Hybrid No. 9, No. 15, and No. 16 (Ferry-Morse
Seed Co.).

The harvested ripe fruits were placed 1in perforated
polyethylene bags and transported to the Food Science Build-
ing, Michigan State University. The frults were stored in a
controlled temperature cubicle maintained at 55°F and 90%
relative humidity (RH). Storage time was kept at a minimum
so that assay would reflect nutrient levels 1in the freshly
harvested frults as closely as possible. Green-mature toma-

toes (breakers) were ripened at 65°F and 90% RH for a week.

Sample Handling

The fruits were removed from the storage cubicle,
washed, dried, and divided 1into two groups, one for freezing
and the other for analysis. Tomatoes for freezing were cut
into quarters and frozen at -10°F in moving air.

Samples for ascorbic acid analysis were obtalned from
4 randomly selected fruits. Vertical wedges were sliced

from the fruits for duplicated analysis. The rest of fruits
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for assay were cut into quarters, and pooled. About 600 g
of quarters were weighed and blended in a Waring blender jar
at a high speed for 3 minutes. The slurry obtalined was
used for thiamin, riboflavin, carotene, and other analyses.
The frozen samples were crushed and 100 g of samples
were welghed into tared aluminum dishes. These samples were
freeze-dried at 124°F for 38 hours. The dried samples were
welghed, and placed in tightly capped glass jars. These
were ground to pass a 20 mesh sieve using a Wiley Laboratory
Mill and the ground samples were held in well capped glass

Jars for mineral analysis.

Analytical Procedure

Ascorbic Acid

Ascorbic acid was determined using a modification of
the method reported by Loeffler and Ponting (1942). Ponting
(1943) reported that both metaphosphoric acid and oxalic
acid provided equal recovery of ascorbic acid from the
systems under study. Therefore, a 0.5% oxalic acid solution
was substituted for the 1% metaphosphoric acid solution as
an extracting media.

Fifty grams of freshly sliced tomatoes blended for 3
minutes in a Waring blender with 450 ml of 0.5% oxalic acid
solution. After blending, the slurry was filtered through

Whatman No. 5 filter paper to clarify.
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One ml portions of the extract were pipetted into 3
matched colorimeter tubes. Nine ml of water were added to
one tube which was used to adjust the colorimeter (Bausch
and Lomb Spectronic 70, Bausch and Lomb, Rochester, N.Y.)
to read 100% T. To each of the other tubes, 9 ml of work-
ing dye solution was added. The reading on each tube was
taken within 10 seconds from the beginning of the dye solu-
tion.

Ascorbic acid content 1n the tomato was calculated

using the following formula:

Ascorbic acid (mg/100 g) = 10.0 (Lj - L) ml acid + g sample
g sample R

where L; 1s the average absorbance of dye blanks and L, 1s
the average absorbance of sample tubes. The factor 10.0 was
determined as the slope of a standard curve using solutions

of ascorbic acid.

Carotenes

Two 10 g samples of tomato slurry were weighed into
250 ml beakers. To each beaker was added 140 ml of an
ethanol (95%) - hexane solution (2:1 v/v), and then the
sample was stirred on a magnetic stirrer for 5 minutes at
a rate to prevent layer separation. The samples were
filtered through a coarse fritted glass filter under suc-
tion. The resldue on the filter was washed with two 25 ml
of 95% ethanol followed by one 25 ml of hexane.

The liquid was transferred to a 500 ml separatory
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funnel. The filter flask was rinsed with 50 ml of a 1% solu-
tion of sodium sulfate which was added to the contents of the
separatory funnel. The contents of the separatory funnel
were gently shaken and the layers allowed to separate.

The lower water layer was drawn off into a second sepa-
ratory funnel. This fraction was then washed with three 25 ml
volumes of hexane to extract any remaining pligments. Each
hexane wash was added to the hexane fraction 1in the first
separatory funnel. The water layer was then discarded.

The hexane fraction was washed with five 100 ml of dis-
tilled water followed by one 50 ml of distilled water. The
distilled water wash was discarded. The hexane extract was
then flltered through anhydrous sodium sulfate into a 250 ml
volumetric flask, using Whatman No. 2 filter paper. The
separatory funnel, fllter paper, and sodium sulfate were
rinsed with hexane untill free of pigment. The flask was
made to volume with hexane. This extract represented the
total carotene fraction and an aliquot of this extract was
transferred to a colorimeter tube for measurement of total
carotenes at 436 nm.

A 100 ml of carotene were placed 1n a 150 ml beaker for
further purification and separation of the alpha- and beta-
carotene fraction. This allquot was evaporated by air to a
volume of 10 ml in preparation for column chromatography.

Column chromatography was accomplished using a 1 + 2
mixture (weight basis) activated magnesium oxide and diato-

maceous earth. The column was packed to a depth of 10 - 15 cm
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using the method described in Methods of Vitamin Assay
(Association of Vitamin Chemists, Inc., 1966).

The column was wetted with hexane before the extract
was poured on. Alpha- and beta-carotenes were then eluted
as a single band with acetone-hexane (1 + 9) following the
procedure outlined in Official Methods of Analysis (AOAC,
1965).

The elute was collected in a 100 ml volumetric flask
and diluted to volume with hexane. The absorbance was
measured at 436 nm.

Both total carotene and beta-carotene elute were calcu-
lated as beta-carotene by comparison to a beta-carotene
standard curve. Table 1 shows the value obtained 1n deter-
mining the beta-carotene standard curve. Pure crystalline

beta-carotene was dissolved in hexane for the determinations.

Extraction of Thiamin and Riboflavin

Two 75 g of tomato slurry were weighed into a 400 ml
beaker. Sixty-five ml of 2.5N-HCl was added, and the sample
was mixed by shaking. The beaker was covered with aluminum
foil and held in a boiling water bath for 30 minutes with
occasional swirling. After the digestion, the beaker was
placed in a 359°F refrigerator to cool. After cooling, the
sample was adjusted to pH 4.5 with 10N-sodium hydroxide and
2.5M-sodium acetate using a pH meter.

The digest was then quantitatively transferred to a



Tanle 1.

Stand:
teta-cal
(ug/m:




25

Table 1. Beta-carotene standard curve.

befgfggiggene Optical Density

(ug/ml) Sample A Sample B Sample C
0.2 .0611 .0593 .0602
0.4 .1207 L1214 .1210
0.6 1797 .1805 .1801
0.8 .2u22 .2451 .2436
1.0 . 3000 .3010 . 3005
1.2 .3580 .3640 .3610
1.4 .4115 .4215 .4165
1.6 .4850 . 4885 .1868
1.8 .5400 .5510 .5455
2.0 .6020 .6065 .6042

Regression Equation: 0.D. = 302.24(x mg/ml), r = 0.999



"oy
v =
[3+)

e
vha

"
[SPe

!

e

wir
Pas

Ak
v

o

cr

3



26

200 ml volumetric flask which contained several mg of
fungal pectinase (Nutritional Biochemicals Corp.). The
flask was swirled and allowed to 1lncubate at room tempera-
ture for 3 to 4 hours or in a 35°F refrigerator overnight.
After incubation, the flask was made to volume with
water and fliltered through Whatman No. 5 filter paper into a
brown glass bottle. The extract was stored under refrigera-
tion and was subsequently used for analysis of thiamin and
riboflavin.
All these steps were carried out under reduced light as

both thiamin and riboflavin are destroyed bty visible light.

Thiamin

Twenty-five ml of the vitamin extract were added to
50 ml of isbutanol in a 125 ml separatory funnel. The mix-
ture was then shaken for 2 minutes and allowed to separate
for at least 30 minutes. The lower aqueous layer was used
for thiamin analysis. This procedure was employed to elimin-
ate interfering substances in the sample.

An automated method (Kirk, 1974) was used for the analy-
Sis of thiamin. This method is basically an automation of
the thiochrome methods (AOAC, 1965). Thiamin was oxidized
to thiochrome with alkaline potassium ferricyanide. The
thiochrome was then extracted into isobutanol and the fluor-
€Scence of this extract was measured at 436 nm using a

Technicon Autoanalyzer (Technicon Instrument Corp., New York).
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Riboflavin

The vitamin extract contalned high level of substances
which interfered with riboflavin analysis. Therefore, the
sample was treated to remove the interfering substances
following the procedure outlined 1n Methods of Vitamin Assay
(Association of Vitamin Chemists, Inc., 1966).

Ten ml of the extract were placed into a test tube. A
drop of concentrated HCl and 0.5 ml of 3% KMnOy were added to
it. The contents were mixed, and allowed to stand exactly
2 minutes. Then, 0.5 ml of 3% Hp0p was added and mixed. The
red color disappeared within 10 seconds. This solution was
ready for analysis.

Technlicon Autoanalyzer system was used for the ribo-
flavin analyslis and the automated procedure reported by Kirk
(1974) was followed. The prepared sample was pumped into
the machine and dialyzed against dilute sodium chloride
before the fluorescence of the sample was measured. The
sample was excited with 436nm 1light and the fluorescence was
measured at 510nm. Sample blanks were measured by quenching

fluorescence with Na)S;0y.

Acidity

pH of the tomato samples was obtalned by measuring a
pH of the tomato slurry using a Beckman Zeromatic pH Meter

(Beckman Instruments, Inc., Fullerton, California).
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Two 10 g samples of the slurry were placed into 250 ml
beakers and 75 ml of water were added to each beaker to
determine total acidity. Using magnetic stirrer, the mix-

ture was titrated with 0.1N-NaOH to pH 8.0.

Miscellaneous Analysis

Total Solids

One hundred grams of tomatoes were freeze-dried and
weighed to obtain total sollds of the sample. The proce-

dure was described in Sample Handling.

Soluble Solids

Tomato slurry was filtered through Whatman No. 1 fil-
ter paper to provide a sample for soluble solids determina-
tion. Soluble solids were then read with an Abbe Refracto-

meter (Precision Model, Valentine and Co., Vista, California).

Potassium

The samples for potassium analysis were weighed into a
glass Jjar followed by 50 ml of water. The jar was capped
and agitated at every 30 minutes for 2 hours. The samples
were then filltered through Whatman No. 1 filter paper.

The water extract was used for potassium analysis.

Flame photometry was used for the determination on a Beckman
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Model B Flame Photometer (Beckman Instruments, Fullerton,

California) adjusted to 755nm.

Other Milnerals

Phosphorous, sodium, calcium, magnesium, manganese,
iron, copper, boron, zinc, and aluminum were determined using
an Applied Research Laboratory Quantograph (Applied Research
Laboratory, Division of Bausch and Lomb, Glendale, California).
One-half gram of sample of the ground freeze-dried samples
was ashed at 500°F for 10 hours. The ash was dissolved in a
nitric acid solution and analyzed. Levels of the elements

in the sample were determined by comparison to standard curve.

Tomato Julce

Campbell 1327 and Campbell 28 were used for studies on
tomato Juice. Campbell 1327 was grown at Sodus Horticultural
Experimental Station and Campbell 28 at Horticultural Research
Center, Michigan State University. The harvested fruits were
placed in wooden boxes and transported to Food Science Builld-
ing, Michigan State University. They were held at 50°F and

95% RH until used for processing.

Canning Procedure

The tomatoes were sorted, washed in water, and drailned.

The washed tomatoes were cut into quarters and heated to
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180 - 190°F with stirring in a steam jacketed kettle. The
heated material was placed into the stainless steel buckets
and let stand for 5 minutes. The hot pulp was then put
through a pulper to extract tomato juice. Salt was added
at a rate of 0.5% to the extracted julce and mixed. The
Juice was deaerated by pulling vacuum and let nitrogen gas
flow through the juice with agitation. The deaerated Jjuilce
was kept 1n a holding tank with a nitrogen gas distributing
device.

Weighed portions of tomato Julce were treated according
to the experimental deslgns. The treated juice was processed
through a Laboratory Model Spiratherm (Cherry-Burrell Corp.,
Newport, California) at 265°F for 9 seconds and cooled to
200°F. The tomato juice received from the cooling coil was
put into 8 oz. cans with minimum head space and closed. The
sealed cans were inverted, let stand for 1 minute, and then
cooled to 100°F in a cooling tank. The cooled cans were
kept for a few hours at room temperature to dry the surface

of the can, and then stored at the desired temperatures.

Treatments

The extracted tomato juice was treated according to the

purposes of various experiments. The detalls of the treat-
ments for each experiment were described in each section of
Results and Discussion 1n an effort to clarify data presen-

tatlion.
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Statistical Analyslis

Significance of each factor in various observations of
samples was determined by analysis of variance. Mean separa-
tion was made by Duncan's Multiple Range test wherever sig-
nificant differences at the 5% level were found by analysis
of variance.

Relationships between variables were evaluated by calcu-
lating correlation coefficients and multiple linear regression
equations.

Analysis of variance, correlation coefficients, and mul-
tiple linear regression equations were computed using MSU
State System Version 3. Duncan's Multiple Range test was
accomplished using DMRT, MSU Stat System. All calculations
for statistical analysis were made using a CDC 6500 computer
located in the Computer Laboratory of Michigan State University.

All calculations for kinetics of ascorbic acid destruction
were made by a computer program, KINFIT (Dye and Nicely, 1973).
This program differs from the usual least-square techniques,
as it does not "Linearize" the problem; however, it uses the
numerical integration procedures to provide a fit to the
desired differential equation. This program 1is useful in
plotting the data to the best fit and calculating standard
deviations on the calculated parameters. This approach assists
in accounting for the internal errors of vitamin assay and
small varilations in storage durations. The program 1s spec-
ially written for chemical reactions and for evaluating kinetic

parameters of the reactilon.
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RESULTS AND DISCUSSION

Vitamin Composition of Tomato Cultivars

Although tomato cultivars studied in the 1973 season
were different from those studied in the 1974 season, nine
"standard cultivars" were maintained in both seasons for
comparisons.

All results were expressed on fresh weight basis,
except the minerals which are expressed on a dry weight
basis. Miscellaneous data are contained in the Appendix

for reference.

Ascorbic Acid Content in Tomatoes

The ascorbic acid content of the cultivars of vine
ripened tomatoes in 1973, 1974, and 1975 seasons are con-
tained in Table 2.

The average ascorbic acid content of the 9 standard
cultivars in 1973 was 17.9 mg/l00 g and that in 1974 17.4 mg/
100 g with similar standard deviations. The overall average
ascorbic acid content of the varieties studied were 18.0,
16.9, and 14.0 mg/100 g in 1973, 1974 and 1975 seasons,
respectively (Table 2). The differences among the overall
averages of the 3 seasons might be due to different cultivars
studied in each season.

There were significant differences 1in ascorbic acid con-
tent among cultivars studied in the three years. The varietal
32
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difference in ascorbic acid content was evaluated by Duncan's
Multiple Range test. The results of the statistical analysis
are included in Table 2. It was found that Campbell-1327,
915-4-1 and Campbell 721 were significantly lower than other
cultivars, while Jet Star, 307-1-1], and 306-1-1 were consid-
erably higher 1in ascorbic acld content than other cultivars
in 1973 and 1974 seasons (Table 2). In the 1975 season,
Vision and Ace 55 VF were significantly higher in ascorbic
acid content than other cultivars, while Campbell-1327,
Redpak, 6718VF, and PSX 17673 were significantly lower in
ascorblc acid content than other cultivars.

Maclinn and Fellers (1938), and Matthews et al. (1973)
have reported that they observed significant variations 1in
ascorbic acid content among varlietles. Maclinn and Fellers
(1938) found a variation from 15 to 22 mg/100 g of different
varietlies grown side by slide on the same soll. The results
obtained from this study are 1in agreement with the findings
of earlier workers.

Yearly variation in the ascorbic acid content of the 9
standard cultivars was studied by analysis of variance, and
the results indicated that there was no significant variation
in ascorbic acid content between 1973 and 1974 seasons.

The ascorbic acid content in vine ripened tomatoes and
in breaker ripened tomatoes was studied in 1973 and 1974
Seasons, and the results are summarized in Table 3. The
ascorbic acid content was significantly higher in the breaker

ripened tomatoes than in the vine ripened tomatoes, and this
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Table 3. Ascorbic acid content of tomatoes - Comparison of
vine ripened and breaker ripened tomatoes in 1973

and 1974.
Harvested on Harvested on
Aug. 14, 1973 Aug. 30, 1974
Cultivars Vine Breaker Vine Breaker

ripened ripened ripened ripened

mg/100 g
Setmore 21.7 <3.9 15.2 19.9
Campbell-1327 12.6 14.4 13.9 15.9
Jet Star 19.7 19.8 19.0 20.9
Springset 20.5 23.4 19.5 21.6
Campbell-721 15.3 15.0 17.6 16.8
306-1-1 19.1 17.7 19.7 19.0
915-4-1 15.8 17.5 15.3 20.8
915-5-1 16.7 15.7 14.7 19.1
307-1-1 20.1 24,2 19.2 20.7
Mean#* 17.9 19.1 17.1 19.4
Significance 5% 1%

* Number of samples each year: 36.
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trend was consistent in both seasons (Table 3).

Hamner et al. (1945) stored green mature tomatoes at
65, 70, 75, 80, and 90°F analyzing the ripened fruit at the
end of 1, 2, and 3 weeks. They found 2 weeks' storage at
the 3 lower temperatures did not appreciably affect the
ascorbic acid content. Similar results were reported by
Craft and Heinze (1954). However, Pantos and Markakis (1973)
stated that tomatoes of 2 cultivars which were harvested and
ripened at 55, 60, 65, and 70°F contained one-fourth to one-
third less ascorbic acid than when ripened on the vine. Scott
and Kramer (1949) also reported loss of ascorbic acid during
storage of green-mature tomatoes at 70°F. The environmental
differences affecting vine ripened tomatoes and breaker
ripened tomatoes are mainly light intensity and temperature.
Somers et al. (1948) reported that high temperature and CO,
affect the accumulation of ascorbic acid in plants. Although
light is not essential for ascorbic acid synthesis (Reid, 1941;
Mapson et al., 1949), variation in light intensity and tempera-
ture (Harris and Loesecke, 1973) may change the rate of pre-
cursors production without affecting theilr conversion to
ascorbic acid. Bisogni and Armbruster (1976) indicated that
depending upon harvest time and cultivar, breaker ripened
tomatoes could have equal amounts or only U41% of the reduced
ascorbic acid content 1n vine ripened tomatoes. It appeared
that varliety and harvest time should be considered together,
when ascorbic acid contents 1n vine ripened and breaker

ripened tomatoes were compared.
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In 1974 and 1975 the relationship between harvest time
and ascorbic acid content was determined. In 1974 represen-
tative samples were harvested on August 22, 30 and September
10 and 1n 1975 August 13, 20 and 27, representing early,
middle and late season.

The results indicated that the ascorbic acid content in
the early harvested tomatoes was slignificantly lower than
that of the mid or late season harvested tomatoes (Table 4).
In 1974 the difference in the ascorbic acid content between
mid season and late season was not significant but in 1975 the
late season harvest was significantly higher.

Twomey and Ridge (1970) studied the ascorbic acid con-
tent of English early tomatoes harvested in the spring and
early summer. They found that the ascorblc acid content
increased from 12.3 mg/100 g in May to 22.1 mg/100 g in July.
Brown and Maser (1941), Somers et al. (1950), and Masui et al.
(1953) indicated that light intensity and temperature (Hamner
and Maynard, 1942) affected the ascorbic acid content in
tomatoes. It appears that high ascorbic acid content 1in the
mid and the late season may be partlally due to an increase
in sunlight falling on frulits and higher temperatures.

Ethephon has been used for uniform ripening of tomatoes
for once-over mehcanical harvesting or for early ripening of
fresh market frults. The effect of ethephon treatment on
the ascorbic acid content of tomatoes for the 1973 and 1974
seasons 1s given in Table 5.

No significant dose effect was observed in the two years.



38

. N PN T e T STegT €n- . $T 3® 9s93 a3uey
¢'9T "TUET "9rel h7AT TTTLT “0°ST "aT1dTaTnu s,ueoung
02°'2+2°9T G6'T+T°ET £9°T1+9°2T EEE+T LT 02°E+7°LT 96°2+0°ST Sa + uesy
€°€1 £°G1 8 11 ANOO
G°91 1T 9°11 €L9LT Xsd
8°8T 62T L2t €LGLT XSd
g 2t 0°'TT 8 11 JA 8TL9
6°LT L 4T G €1 9T PTJIQLH
9°G1 €°€1 T2t GT PTIQ4H
G:q1 0°€1 6°€T 6 PTJIQAH
£-02 L°LT 8°9T1 UOTSTA
9°9T1 0°GT “0°G1 39899/
€°hT €T 22t 93TJQqasp L't T°L1 T°6T T-6-616
€°LT 0°6T £°€1 oduey £°GT £°61 T°4#1 T-(4-G16
T°GT L°0T 96 Hedpay 2°61 6°6T €°LT T-T1-L0€E
8°9T g-2t 2et 39s31gd L' 61 86T 6°8T T-T-90¢€
6°9T 9°2tT 2 ¢t ysnid TeLOY G 6T G LT G691 38s3utads
T°9T FARAL 9°1T Jde3S 39p 0°6T 6°6T L4t Je3s 3ap
8T heat L2t agow3ag 261 L*ST 6°21 aJ0uqag
G°9T 0°€T 9°2T T2L-1T19qdwe) 9°LT 9°9T €41 T12.-112qdue)
g 2t h°0T T°1TT LZET-T192qdwe) 6°€T B A 0°1T L2ET-1T9qdue)
3 00T/3uw
L2 *3my 02 *8ny €T *3ny SIBAT3TIND 0T °*3deg 0f °*3ny gz °3ny SJIBATITIND
(GL6T) 23B8a@ 3saadeq (#L6T) °3BQ 3s8Aaey
*GL6T pue

6T UT SWT3 3S9AJBY JO 309JJH =~ S303BWO} Pauadyd SUTA JO 3U33U0D PTOB OFQJOd8Sy °f 3Tqe]



39

Table 5. Effect of ethephon treatment -
Ascorbic acid content in tomatoes.

Ethephon Year

treatment 1973 1974
Control 13.0 14.4
0.375 1b/acre 15.5 14.7
0.70 1b/acre 17.1 13.3
Significance N.S. N.S.

In 1973 the ethephon treated tomatoes were slightly higher
in ascorbic acld than the control. However, no significant
effect was detected by analysis of variance, due to large
error term.

Jones and Nelson (1930) studied the effect of ethylene
treatment of the green tomatoes on the ascorbic acid content
of ethylene-ripened tomatoes. They found no significant
changes in the ascorbic acid potency 1in all green fruits
tested. Based on these observations, it can be concluded
that ethephon treatment of the green fruits does not signi-
ficantly change ascorbic acid content of tomatoes.

The relationships between the ascorblc acid content and
other components of tomatoes (organic and mineral components)
were evaluated by the multiple linear regression, and the
results are summarized in Tables 6 and 7. The ascorbic acid

content had a negative relationship with pH and a positive
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Table 6. Multiple linear regression equation between ascorbic
acld and organic components of tomatoes.

No. of yapiaple Regression  poiyay weight Significance

cases Coefficients
Constant 33.92 0.00 0.2 %
80 pH -6.18 -0.26 1.5 %
80 Tot. Solids 1.34 0.35 0.1 %

Ascorbic acid (mg/100 g) = -6.18(pH)+1.34(Tot. solids)+33.92

Standard error of estimate = 3.00

Multiple Correlation Coefficient = 0.411 (Sig. at 0.1% level)

Table 7. Multiple linear regression equation between
ascorbic acid and minerals of tomatoes.

No. of y.niap1e Regresslon  poio weionht Significance

cases Coefficients

Constant 25.67 0.00 0.05 %
80 Potassium -4.18 -0.57 0.05 %
80 Magnesium 28.24 0.26 3.7 %

Ascorbic acid (mg/100 g) = -4.18 (K) + 28.24 (mg) + 25.67
Standard error of estimate = 2.90

Multiple correlation coefficient = 0.473 (Sig. at 0.05%
level).
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relationship with total solids. The calculated multiple
correlation coefficient was 0.411 with a high significance
(0.1% level). The beta weight indicated that total solids
influenced ascorbic acid content more than pH did.

Yarbrough and Satterfield (1937) found no correlation
between total acidity and ascorbic acid content. Cultrera
(1935) found no definite relationship between acidity,
reducing sugars, dry weight, and ascorbic acid content. A
part of the results reported by Cultrera (1935) (correlation
between dry weight and ascorbic acid) was not in agreement
with the results of this study. The fruits with high total
solids have more precursors of ascorbic acid (the simple
correlation between total solids and soluble solids was 0.69,
and total solids and reducing sugars was 0.68, respectively).
Therefore, the frults with high total solids could have higher
ascorbic acid content.

The relationship between ascorbic acid content and
mineral composition was evaluated. Among the 11 minerals
tested, only potassium and magnesium content could be corre-
lated to the ascorbic acid content. It had a negative
correlation with the potassium content and a positive rela-
tionship with the magnesium content. The multiple correlation
coefficient was 0.473 with very high significance (0.05%).
Judging from the beta weights, the ascorbic acid content
was affected more by the potassium content than by the magne-

sium content.
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Carotene Content in Tomatoes

The carotene content in tomato fruits was studied in the
1973, 1974, and 1975 seasons. The carotene content of the
cultivars studied are summarized in Table 8.

It was found that the carotene content varied signifi-
cantly between cultivars. Duncan's Multliple Range test was
employed to compare the carotene content of different culti-
vars. In the 1973 season, Florida MH-1, Jet Star, 301-1-1,
304-2-1, and Springset had the higher carotene content, while
915-4-1, 915-9-1, 915-5-1, 915-10-1, and Campbell-T21 con-
tained less carotene than the other cultivars. 1In the 1974
season, Springset, Jet Star, 6718 VF, and Setmore had the
higher carotene content and Hybrid 2, Royal Flush, 307-1-1,
and Hybrid U4 the less carotene content than the other culti-
vars. In the 1975 season, Veeset, Vision, and Jet Star con-
tained significantly more carotene and Rampo, Royal Flush, and
Redpak less carotene than other cultivars (Table 8).

Early researchers (Peragallo, 1936; Shivrina, 1937) indi-
cated that vitamin A potency varied markedly with tomato
variety. Hoffman et al. (1938) reported that the total pig-
ment content of 50 varieties of mature tomato fruits variled
from 1.8 to 97.0 ug/g, while Bohart (1940), in studies on the
composition of 12 tomato varietles, recorded a range of
values from 72 to 140 ug/g with an average of 104 pg lycopene/g
fruit. Goodwin (1952) summarized the results of many workers

with the limits of total carotene content a range from 1 to
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to 191 ug/g fresh weight. The average carotene contents of
tomatoes studied in 1973, 1974, and 1975 were 0.61, 0.76,
and 0.76 mg/100 g, respectively.

The yearly variation in the carotene content of the 9
standard cultivars between 1973 and 1974 seasons was evaluated
by analysis of variance. It was found that the total caroten-
oids content changed significantly with season, while the
carotene content did not. This might indicate that the total
carotenolids content, mostly lycopene, was mainly affected by
the environmental factors, such as light intensity and temper-
ature. McCollum (1954) demonstrated that lycopene and caro-
tene were increased in ripe fruit by illumination at any
stage. Shewfelt and Holpin (1967) indicated that the light
intensity received influenced the rate of color development
of picked tomatoes.

The carotene content of tomatoes harvested at breaker
ripe stage and ripened was not significantly different from
that of the vine ripened tomatoes in either year (Table 9).
Morgan and Smith (1928) reported that ethylene or air ripened
fruits were equivalent to vine ripened fruits in vitamin A
potency. Sayre et al. (1953) and Matthews et al. (1973)
showed that tomatoes picked at either breaker or pink stage
and ripened did not differ significantly in beta-carotene
content from tomatoes picked at the ripe stage. However,
Sadana and Ahmad (1948) and Jones and Nelson (1930) reported
that vine ripened fruits were more potent sources of vitamin

A than fruits detached while partially green and ripened in

air or ethylene.
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Table 9. Carotene content of tomatoes - Comparison of
vine ripened and breaker ripened tomatoes.

1973 1974

Cultivars Vine Breaker Vine Breaker

ripened ripened ripened ripened

mg/100 g

Setmore 0.66 0.66 1.06 1.09
Campbell-1327 0.66 0.80 1.04 1.06
Jet Star 0.7k 0.72 1.15 1.14
Springset 0.77 0.58 1.14 0.93
Campbell-T21 0.55 0.64 0.93 1.03
306-1-1 0.63 0.64 0.98 0.94
915-4-1 0.49 0.50 0.93 0.84
915-5-1 0.53 0.40 0.78 0.82
307-1-1 0.56 0.59 0.88 0.89
Mean® 0.62 0.61 0.99 0.97
Significance N.S. N.S.
* Number of samples each year: 36.
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Changes in the carotene content of tomatoes with har-
vest time were studied in 1974 and 1975 seasons. It was
found that there was no significant difference in carotene
content of tomatoes harvested on August 22 and August 30,
but it was significantly higher on September 10 in 1974
(Table 10). 1In 1975, there was significant difference only
between tomatoes harvested on Aug. 13 and Aug. 27.

The marked effect of the environmental temperature upon
carotenogenesis in ripening tomatoes was noted by Vogele
(1973), Rosa (1926), and MacGillivray (1934). They indicated
that fruits stored at temperatures lower than 20°C and higher
than 37°C showed little lycopene formation. They stated that
24°Cc was the optimum temperature for lycopene formation.
Although not essential for carotenogenesis in normal tomatoes,
light was claimed to have a stimulatory effect. However, the
thermal effect is quantitatively of greater importance than
the light effect (Edwards and Reuter, 1965). The significant
increase 1n carotene content of tomatoes harvested on
September 10, 1974 and August 27, 1975 could be due to opti-
mum environmental factors around the harvest time.

Tomato fruits, treated with ethephon one week before
harvesting, were subjected to carotene analysis to see whether
ethephon treatment affected the carotene content. The study
was conducted in the 1973 and 1974 seasons, and the results
are contained in Table 11. It was found that there 1s no
significant effect of ethephon treatment on the carotene

content in either year. In the case of total carotenoids,
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Table 11. Effect of ethephon treatment on carotene content
of tomatoes.

Ethephon Total =203 Total 19738

reatment carotenoids Caroteéne ,.ngtenoigs Carotene
mg/100 g

Control 5.0 al 0.87 a 7.75 a 1.08 a

0.375 1b/acre 6.0 b 0.99 a 7.55 a 1.17 a

0.750 1b/acre 6.3 b 1.04 a T.43 a 1.01 a

1

Means within columns followed by the same letter are not
significantly different at the 0.05 level.

the results were not conclusive. The control tomatoes had a
significantly lower total carotenolds content than the treated
tomatoes in the 1973 season, while no considerable differences
were observed in total carotenoilds content between the control
and ethephon treated tomatoes in the 1974 season.

Morgan and Smith (1928) reported that ethylene - ripened
frults were equivalent to vine ripened fruits in vitamin A
potency. The results of Salunkhe et al. (1971) indicated no
significant difference in color between the control frults and
those treated with 1000 ppm ethephon. Based on the experi-
mental results, 1t appears that ethephon treatment a week
before harvest does not adversely affect carotene content of
the treated tomatoes.

The relationships between carotene and pH, total acidity,

soluble solids, reducing sugar, total carotenoids, ascorbic
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acld, and total sollds were evaluated by multiple linear
regression. It was observed that there was no significant
relationship between the carotene content and the above
mentioned components, including total carotenoids.

When the relationships between carotene content and K,
P, Na, Ca, Mg, Fe, and Cu were tested, significant correla-
tions between carotene and Cu, P, Na, and Fe was obtained. The
multiple linear regression equation and its statistics are

shown in Table 12.

Table 12. Multiple linear regression between carotene and
minerals of tomatoes.

No. of wyariaple Regression  poi, yeight Significance

Cases Coefficients
Constant 0.710 0.00 0.05 %
80 Cu -0.029 -0.30 2.6 %
80 P -0.531 -0.34 0.6 %
80 Na 0.00042 0.36 1.2 %
80 Fe 0.0226 0.28 2.4 %

Carotene (mg/100 g)= -0.029(Cu) - 0.531(P) + 0.00042(Na) +
0.0226(Fe) + 0.710.

Standard error of estimate = 0.117

Multiple correlation coefficient = 0.454 (Sig. at 0.2% level).

Positive relationships were observed between carotene
content and Na and Fe content of tomatoes, while negative

correlations were found between carotene content and P and Cu



50

content of tomatoes. The multiple correlation coefficient,
0.454, was highly significant (P<0.002).

The relationships between the total carotenoids content
and organic components, and the mineral content were evaluated
in the same manner. Only potassium content had a significant
correlation with total carotenoids content.

Total carotenoids (mg/100 g) = 0.222 (K) + 3.266
The regression and the correlation coefficient were signifi-
cant at 0.6% level. This finding was in agreement with the
report by Trudel and Ozbeen (1971). They indicated that most
of the carotenoids, especially lycopene, was increased with

increasing K concentration.

Thiamin and Riboflavin in Tomatoes

The thiamin and riboflavin contents of tomatoes are low
in terms of human need, in contrast to ascorbic acid and caro-
tene in tomatoes. The literature avallable on thiamin and
riboflavin in tomatoes 1s limited. Thiamin and riboflavin
contents of tomato cultivars studied in 1973 and 1974 are
shown in Table 13.

The average thiamin and riboflavin contents of all
cultivars studied were 0.050 and 0.053 mg/100 g in 1973 and
0.051 and 0.046 mg/100 g in 1974, respectively. Bedford et al.
(1972) found thiamin and riboflavin contents of 42 tomato
cultivars in 1972 were 0.048+0.008 and 0.048+40.015 mg/100 g,

respectively. These values were in agreement with the reports
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by earlier researchers (Hodson, 1940; Lanford et al., 1941;
Secomska et al., 1971; Bedford et al., 1972). Even though
the average values of thiamin and riboflavin contents varied
slightly from year to year, this variation was not stasti-
cally significant.

There were significant differences in both thiamin and
riboflavin contents between cultivars. However, the degree
of difference was much less than that obtained for ascorbic
aclid and carotene contents and of little effect in terms of
human nutrition based on percentage of the RDA supplied. The
results obtained from the 2 years of this study were in dis-
agreement with the results of Lefebure and Leclerc (1973)
who reported that variety had no effect upon the thiamin and
riboflavin contents of tomatoes.

The thiamin content in vine ripened tomatoes was signi-
ficantly higher, averaging 18% more, than in breaker ripened
tomatoes in the 1973 season (p<0.006). However, in the 1974
season, breaker ripened tomatoes had significantly higher
thaimin content, averaging 25% more, than vine ripened toma-
toes (Table 14). Because of these conflicting results, it
was not possible to evaluate the effect of ripening method
upon the thiamin content of tomatoes.

Johns and Nelson (1930) observed that mature, green,
full-grown tomatoes were equivalent to immature ones 1n
thiamin and contained less than vine ripened fruits. But
they did not study the difference in the thiamin content

between the vine ripened and artificially ripened tomatoes.



53

Table 14. Thiamin content of tomatoes - Comparison of vine
ripened and breaker ripened tomatoes.

1973 1974
Cultivars Vine Breaker Vine Breaker
ripened ripened ripened ripened

mg/100 g
Setmore 0.053 0.042 0.048 0.051
Campbell-1327 0.068 0.045 0.039 0.055
Jet Star 0.050 0.046 0.042 0.050
Springset 0.066 0.0L46 0.047 0.061
Campbell-T721 0.061 0.057 0.053 0.058
306-1-1 0.065 0.067 0.057 0.064
915-4-1 0.050 0.041 0.034 0.051
915-5-1 0.048 0.046 0.033 0.046
307-1-1 0.068 0.063 0.045 0.060
Mean® 0.059 0.050 0.044 0.055
Significance 0.6 % 0.05 %

# Number of samples each year: 36.
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In the 1973 season, the riboflavin content 1n vine
ripened tomatoes was very significantly higher than in
breaker ripened tomatoes (p<0.0005). However, in 1974
no significant difference in the riboflavin content was
obtained between the vine ripened tomatoes and breaker
ripened tomatoes (Table 15). Judging from the results
obtained, 1t appears that more work is requlired to evaluate
the effect of ripening upon the riboflavin content of toma-
toes.

The thiamin and riboflavin contents in the vine ripened
tomatoes decreased considerably as the season progressed
(Table 16). The thiamin contents in tomatoes harvested at
different times were significantly different from each other.
Although the thiamin content 1n tomatoes decreased between
the August 30 and September 10 harvests, the rate of decrease
was less than that between the August 22 and August 30 har-
vests. The riboflavin content in the vine ripened tomatoes
harvested on August 22 was significantly higher than those
harvested on August 30 and September 10 (Table 16). There
was no significant difference in the riboflavin content
between tomatoes harvested on August 30 and September 10.

Although there is a lack of literature available on
this subject, the results obtained from this study indicated
that the thiamin and riboflavin content in vine ripened
tomatoes decreased considerably as the season progressed.

Ethephon has been used for uniform ripening of tomatoes,

but the effect of the ethephon treatment on the thlamin and
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Table 15. Riboflavin content of tomatoes - Comparison
of vine ripened and breaker ripened tomatoes.

1973 1974

Cultivars Vine Breaker Vine Breaker
ripened ripened ripened ripened

mg/100 g

Setmore 0.036 0.032 0.039 0.040
Campbell-1327 0.043 0.031 0.030 0.037
Jet Star 0.052 0.030 0.031 0.033
Springset 0.053 0.031 0.033 0.040
Campbell-T21 0.060 0.034 0.038 0.043
306-1-1 0.058 0.033 0.048 0.046
915-4-1 0.058 0.043 0.043 0.037
915-5-1 0.038 0.023 0.032 0.033
307-1-1 0.048 0.029 0.041 0.041
Mean®* 0.050 0.033 0.037 0.039
Significance 0.05 % N.S.

¥ Number of samples each year: 36.
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riboflavin contents has not been studied. It was found
that the thiamin and riboflavin contents in tomatoes were
not significantly affected by ethephon treatment, and these

results were observed in two consecutive years (Table 17).

Table 17. Effect of ethephon treatment on thiamin and
riboflavin content of tomatoes.

Ethephon 1973 1974

treatment Thiamin Riboflavin Thiamin Riboflavin
mg/100 g

Control 0.073 0.028 0.064 0.057

0.375 1b/acre 0.085 0.029 0.065 0.053

0.75 1b/acre 0.085 0.030 0.073 0.0u48

Significance N.S. N.S. N.S. N.S.

The relationships between the thiamin content and pH,
total acidity, soluble solids, reducing sugars, carotenoids,
ascorblic acid, and total solids were evaluated by the multiple
linear regression, and the results are shown in Table 18.

The positive relationships were observed between the
thiamin content and pH, total acidity, and total solids.

The multiple correlation coefficient, 0.453, was highly sig-
nificant (p<0.001). The multiple linear regression equation
indicated that the thiamin content increased as pH, total
acldity, and total solids contents in tomatoes 1ncreased.

Judging from beta-weight, pH and total acidity of tomatoes
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Table 18. Multiple linear regression equation between
thiamin and organic components of tomatoes.

No. of Variable Regression Beta

Cases Coefficlents Weight Significance
Constant -0.075 0.00 6.9%

80 pH 0.022 0.34 1.9%

80 Total acidity 0.039 0.36 1.5%

80 Total solids 0.002 0.24 3.3%

Thiamin (mg/100 g) = 0.022(pH) + 0.039(T.A.) + 0.002 (T.S.)
- 0.075.

Standard error of estimate = 0.0078.

Multiple correlation coefficient = 0.453 (Sig. at 0.1
level).
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affected the thiamin content more than total solids did.
Since pH and total acidity are closely related to the buffer-
ing system of tomatoes, it appears that the buffering property
of tomato fruits has a relationship with the thiamin content
of tomatoes.

In a similar manner, the relationships between the
thiamin content and K, P, Na, Ca, Mg, Fe, and Cu were tested
by the multiple linear regression, and the results are con-

tailned in Table 19.

Table 19. Multiple linear regression equation between thiamin
and minerals in tomatoes.

No. of Variabl Regression Beta
Cases ariabl€  coefficient Weight  Significance

Constant 0.059 0.00 0.05 %
80 Cu -0.002 -0.27 1.7 %
80 Ca -0.055% -0.29 1.0 ¢%

Thiamin (mg/100 g) = -0.002(Cu) - 0.055(Ca) + 0.059

Standard error of estimate = 0.0082

Multiple correlation coefficient = 0.345 (Sig. at 0.8% level)

It was found that there were negative correlations
between the thiamin content and copper, and calcium contents
of tomatoes. The multiple correlation coefficient was 0.345

which was highly significant (p<0.008). The multiple linear
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regression equation indicated that the thiamin content
decreased as copper and calclium contents in tomatoes
increased.

The relationships between the riboflavin content and
organic components and between the riboflavin content and
mineral components of tomatoes were also studied by the
multiple linear regression. The components studied were
the same as the cases of thiamin. The results obtained
are shown in Tables 20 and 21.

There were positive correlations between the riboflavin
content and total carotenolds, total acidity, and soluble
solids contents of tomatoes. According to beta-weight,
soluble solids content was the most important factor which

influenced the riboflavin content of tomatoes. The equation

Table 20. Multiple linear regression equation between
riboflavin and organic components of tomatoes.

ggéegf Variable gzggiiiiggt wgigit Significance
Constant -0.008 0.00 2.5 %
80 Total
carotenoids 0.002 0.26 0.4 %
80 Total acidity 0.022 0.23 1.4 %
80 Soluble solids 0.006 0.60 0.05 %

Riboflavin (mg/100 g) = 0.002(tot. carotenoids) + 0.022(T.A.)
+ 0.006(S.S.) -0.008

Standard error of estimate = 0.0054
Multiple correlation of coefficient = 0.69(sig. at 0.05% level)



Table 21. Multiple linear regression equation between
riboflavin and mineral content of tomatoes.

No. of Variable Regression Beta

Cases Coefficient Weight Significance
Constant 0.049 0.00 0.05 %
80 K -0.005 -0.28 2.5 %
80 Fe 0.001 0.26 3.3 %

Riboflavin (mg/100 g) = -0.005(K) + 0.001(Fe) + 0.049
Standard error of estimate = 0.0071

Multiple correlation coefficient = 0.29(Sig. at 3.5% level)

indicated that the riboflavin content increased as total
carotenoids, total acidity, and soluble solids contents in
tomatoes increased (Table 20). The multiple correlation
coefficient calculated was very highly significant (p<0.0005).
Potassium had a negative correlation with the riboflavin con-
tent, and iron a positive correlation. The multiple correla-
tion coefficient calculated was 0.29 and significant at 3.5%
level (Table 21).

Based on the multiple correlation coefficients and signi-
ficances of the statistical parameters, it appears that the
riboflavin content has a closer relationship with total
carotenolds, total acidity, and soluble solids than with K

and Fe.
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Acidity in Tomatoes

Acidity of tomatoes is important for taste, processing,
and quality stability of tomato products. Acidity of toma-
toes was studied in 1973, 1974 and 1975 (Table 22).

The average pH and total acidity for all cultivars studied
were 4.3 and 0.41 in 1973, 4.2 and 0.43 in 1974, and 4.4 and
0.43 1in 1975. When the average pH and total acidity for 9
standard cultivars in 1973 and 1974 were compared, the
statistical analysis indicated that the average pH values
had no significant difference, while total acidity in 1974
was significantly higher than that in 1973 (p<0.05).

There was significant varietal difference in pH and total
acidity in all seasons. Springset and Campbell-T721 were the
popular cultivars which had markedly lower pH than the other
cultivars, while Campbell-1327 which is the most popular
variety in Michigan, had considerably higher pH than other
cultivars in all seasons.

Saywell and Cruess (1932), Lambeth et al. (1964), and
Koch (1960) indicated that the acidity of tomatoes varied
significantly between the varieties they studied. Bradley
(1962) reported that changes in total acidity were attribu-
table to the changes in the citric acid content alone, while
Davies (1964) indicated that it was attributed to changes 1in

both citric and malic acid content.
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CONCLUSION

The purposes of this study were to determine
1) effects of variety, ripening methods, harvesting time,
and ethephon treatment on the vitamin composition of toma-
toes; and 2) relationships between the vitamin content and
other components of tomatoes.

The effect of variety on the ascorbic acid and the
carotene contents was highly significant. This significant
varietal effect was observed 1n all three seasons. Although
there were some significant differences in the thiamin and
riboflavin contents among the cultlvars studied, these
differences were not as great as those noted with ascorbic
acld and carotene.

The ascorbic acid and the carotene contents in breaker
ripened tomatoes were at least equal to those in vine ripened
tomatoes. The effect of ripening methods on the thiamin
and the riboflavin contents was inconsistent.

It was found that the ascorbic acid content in toma-
toes harvested in the mid or late season was significantly
higher than that in the early season. The carotene content
in tomatoes harvested in the late season was also signifi-
cantly higher than that in tomatoes harvested in either
early or mid season. However, it was observed that the
thiamin and the riboflavin contents of tomatoes decreased
as the season progressed.

Ethephon treatment a week before harvest did not

6u



adversely affect the vitamin composition of treated toma-
toes. These results were consistent in both years.

The relationships between the vitamin content and other
components of tomatoes were evaluated by the multiple linear
regression. The ascorbic acid content had positive correla-
tions with total solids and magnesium content, while it had
negative correlations with pH and potassium content. The
carotene content did not show any correlation with organic
components. But it had significant positive correlations
with Na and Fe, and significant negative correlations with
Cu and P contents of tomatoes. )

There were significant positive correlations between
the thiamin content and pH, total acidity, and total solids
in tomatoes and negative correlations between the thiamin
content and Cu and Ca. Since both pH and total acidity had
significant correlations with the thiamin content, 1t
appeared that the buffering property of tomatoes has a
relationship with the thiamin content. The riboflavin con-
tent had significant positive correlations with total caro-

tenolds, total acidity, soluble solids and Fe, while it had

significant negative correlation with potassium.
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Computer Simulation of Ascorbic Acid

Stability in Canned Tomato Juice

The quality of the processed products may deterior-
ate durlng storage. This results in degradation of
nutrients, development of off-flavor and off-color, and
other quality changes. The deterioration of canned foods 1is
influenced by many factors, including storage temperature,
pH, metal catalysts, dissolved oxygen, type of container,
light, and some components of foods.

Tomato julce was selected as a model system of acid
foods and reduced ascorbic acid was chosen as a quality
index to study quality stability of canned acid foods during
storage. Since canned acid foods maintain anaerobic condi-
tion soon after canning, storage temperature, pH, and metal
catalysts were studlied as main factors which influenced the
degradation of ascorbic acid in the system during storage.

In this study, mathematical models were developed
based on kinetics of ascorbilc acid degradation. The mathe-
matical models and parameters obtained were used for computer
simulation to predict ascorbic acid stability in canned

tomato Juice under various storage conditions.

Order of Reaction with Respect to Ascorbic Acid

The half-1ife (tj/p) of a reaction 1s the time required
for half of a substance to react (oxidation of reduced ascor-

bic acid in this case). For a first-order reaction the half-
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life 1s dependent of the initial concentration of the
reactant, and this fact 1is often used to verify a first-
order reaction.

Canned tomato Juice with two initial ascorbic acid
concentrations was stored at 37.8°C for 140 days, and
samples were analyzed for ascorbilic acid at 20 day inter-
vals. The half-life of ascorbic acid was calculated
using the equation: tj/p = 94%23 , where K is a rate con-
stant for ascorbic acid destruction. The plot of logarithem
of ascorbic acid versus storage time gave straight lines
(Fig. 1) which indicated a first-order reaction. The half-
lives calculated from rate constants were almost identical
(290 days) within reasonable experimental error.

It was found that the initial ascorbic acid concentra-
tion obtained from experiment was greater than the one calcu-
lated from the intercept of the plot (Fig. 1). This result
indicated that the degradation of ascorbic acid in canned
tomato Juice during the first 20 days did not follow a first-
order reaction. Kahn and Martell (1967) and Singh (1974)
reported the dependence of ascorbic acid destruction on
dissolved oxygen, the rate of ascorbic acid destruction
decreased as the concentration of dissolved oxygen reduced.
Horner (1933) stated that in canned acid foods oxygen was
present in restricted amounts at the time of sealing and
disappeared entirely within 2 to 4 weeks of canning. Based
on these results reported, it appeared that the destruction

of ascorbic acid in canned tomato Jjuice followed a second-
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order reaction for the first 20 days when a small amount
of oxygen was avallable, and then followed a first-order

reaction under the anaerobic condition.

Effect of Temperature on Anaerobic

Degradation of Ascorbic Acid

Canned tomato juice was stored at 10, 18.3, 29.4, and
37.8°C, and representative samples were taken at 30 day
intervals (20 day intervals for the samples held at 37.8°¢)
for ascorbic acid analysis in order to study the temperature
dependence of ascorbic acid destruction. First-order rate
constants calculated using the KINFIT program are contalned

in Table 25, and the Arrhenius plot is shown in Fig. 2.

Table 25. Pirst-order rate constants determined at various
storage temperatures (pH = 4.06).

Storage Temperature Rate Constants (K x 10'3day'1)
10.0 + 0.8%% 1.4575 + 0.1510
18.3 1.7366 + 0.0589
29.4 2.1228 + 0.0346

37.8 2.4788 + 0.0682
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A number of methods are available for quantitatively
expressing the effect of temperature on the rate of reaction.
Of the methods available, Q3 and the Arrhenius equation are
often used in biology and related areas. Wanninger (1972)
developed a model to specifically predict the stability of
ascorbic acid in food products. He found the most acceptable
expression to predict the loss of ascorbic acid was the
Arrhenius equation. Filgure 2 shows the dependence of the
rate of ascorbic acid destruction in tomato Julce on storage
temperature. The estimated activation energy for the anaer-
obic degradation of ascorbic acid was 3.295 Kcal/mole.

There 1is no reported Ea for the anaeroblc degradation of
ascorbic acid in food systems. Blaug and Hajratwala (1972)
reported an Ea for the aeroblc oxidation of ascorbic acid in
a pure system (an acetate buffer solution with ionic strength
0.4) would correspond to 10.9 Kcal/mole at pH 4.55.

Pope and Gould (1973) investigated the storage stability
of ascorbic acld in canned tomato Julice. The rate constants
reported were 0.0024/month at 35°F, 0.0112 at 55°F, 0.040 at
68°F, and 0.228 at 88°F. These results indicated that the
temperature dependence of the rate constant was much greater
than that observed in this study. This might be due to
insensitive analytical method and low storage temperatures

used for his experiment.



Prediction of Ascorbic Acid Stability in Tomato Juilce

Based on Temperature Dependence of the Rate Constants

In this model, temperature was the only factor taken into
consideration for the prediction of ascorbic acld stability
in the stored tomato Juice. A mathematical model was devel-
oped based on the information that the destruction of ascorbic
acid followed a first-order reaction (equation 2) and effect
of temperature upon the reaction rate constants could be

accounted for by the Arrhenius equation (equation 1).

Arrhenius equation; K = A EXP (-Ea/RT), or log %g =
1

TH-T
Ea 271
773038 (Toxmy ) (D)

where Ea activation energy (cal/mole)

T = absolute temperature (°K)
R = 1.987 (cal/®K-mole)

A = pre-exponential constant (time'l)

=
n
(]

rate constant at temperature T,

Kl = rate constant at temperature Tl

The degradation of ascorbic acid can be expressed:

AH2 ——> product. The rate of this reaction can be

d(AH>)
expressed: —3t = - Kkt. Integration of this equation
gives: C¢ = COo/EXP(Kt) ==--ommmmmmm o (2)
where AHp = ascorbic acid

Ct = concentration of ascorbic acid at time t

Co initial concentration of ascorbic acid.
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Equation 3 may be used for calculation of % retention at
time t and can be derived from equation 2: &% retention =

EXP(-Kt) x 100 -- —————————— (3).

A flowchart of the temperature-model is shown in
Figure 15 in Appendix. The model calculates the reaction
rate constants at the storage temperatures selected using
the Arrhenlus equation. The calculated rate constants are
used for the computation of the ascorbic acid concentration
at various storage times. The calculations are repeated
within each loop, and the calculated information is printed
out.

The history of the ascorbic acid concentration in tomato
Juice during storage was predicted using this simple computer
program. The results of the shelf-1life tests and the compu-
ter-aided predictions at selected temperatures were compared
in Figure 3.

It was found that the results of shelf-1ife tests were
very close to the prediction by the computer program. The
difference between the results of the shelf-1life tests and
those of prediction was in the range of + 0 to 2.5% reten-
tion with a mean difference of 1.06% retention. These results
indicated that the temperature dependence of the rate con-
stants could be accounted for by the Arrhenius equation, and
the degradation of ascorbic acid in tomato juice during stor-
age followed a first-order reaction.

It was known in the 1940's that oxidation of ascorbic

acid followed a first-order reaction. However, this fact was
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not taken into consideration to calculate the retention of
ascorbic acid in foods. Cameron (1955) and Siemers (1960)

in their review articles concluded that tomato Julice held at
room temperature would lose 1% of its ascorbic acid per month.
This conclusion has been widely quoted and has appeared in
consumer oriented magazines and surveys of food processor.

In the survey of New Jersey food processors, the Rutgers
University Food Science Department (1971) found food processors
used the following procedure to determine shelf-l1life; 12 weeks
at 120°F provides acceleration 10:1 over T70°F storage and

18 months at 100°F provides acceleration of 2 to 3:1 over

70°F storage. Pope and Gould (1973) investigated the storage
stability of ascorbic acid in tomato juice. They found the
loss of ascorbic acid from the anaerobic food system followed
a first-order reaction. However, they reported that ascorbic
acid concentration decreased at each storage temperature at a
constant rate during the nine months storage, and that the

rate constant did not fit the Arrhenius equation.

Effect of pH on Anaerobic Degradation of Ascorbic Acid

Calculated amounts of citrate buffer were added to tomato
juice to adjust pH of tomato juice to 3.53, 3.78, U4.06, and
4.36 (pH of natural tomato juice was 4.06). The canned tomato
Julce was stored at 37.8°C and representative samples were
analyzed for ascorbic acid at 20 day intervals. The reac-

tion rate constants calculated by the KINFIT program are

shown in Table 26.
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Table 26. A comparison of the predicted and the experi-
mentally determined rate constants at 37.8°C.
pH Predicted rate Rate constants from
constants shelf-1ife tests
3.53 1.86L42 x 10”3day~! 1.8408 x 10~ 3gay-1
3.78 2.2742 x 10-3 2.2793 x lO"3
4.06 2.4797 x 1073 2.4788 x 1073
4. 36 2.2410 x 1073 2.2749 x 1073

increased until pH 4.06, and then decreased.
indicated that the overall reaction rate represented a summa-
tion of several separate reactions.

several possible reactions to account for the overall degrada-

tion of ascorbic acid:

- ky -
AH > product
k
AH,.AH™ ———3———9»product
k
AH2 3 —> product
+ Ky
AH, + HY ———> product
k
A= 2 —> product
- kg
AH2 + AH ——> product
where AHp
AH™
A = ascorbate ion
AH>.AH™ =

Finholt (1963) suggested

(reaction
(reaction
(reaction
(reaction
(reaction

(reaction

= undissociated ascorbic acid

= monohydrogen ascorbate ion

and monohydrogen ascorbate 1ion.

It was found that the rate constants increased as pH

These results

1)
2)
3)
4)
5)
6)

a complex of undissociated ascorbic acid
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In an acidic system, AT does not practically exist, and
early experimental results indicated that the rate constants
actually decreased as HY concentration increased. Therefore,
reactions 4 and 5 could be ignored in acid food systems.

The formation of a complex of undissociated ascorbic acid
and monohydrogen ascorbate ion can be expressed:

AHp + aH- KT AHo.AH™ (reaction T7)

where Kf is a formation constant. Considering all of these
reactions, there are three probable reactions involved 1in

the degradation of ascorbic acid:

AH™ _El_a.product; - gééﬂ—l = kq (AH7)
aHy + an- X5 amy A~ ¥25 product; - LBH2-AHD)_ o (ay an-)
dt
k d(AH»)
AH, ——3>.product; - —ag—g— = k3(AH2)
(AH,.AH™)
From reaction 7, Kf = (AHG) (A=)~~~ TTTTTTTTTTTTee- (4)
and k2' = k2 x Kf 00000 e (5)

The rate of ascorbic acid degradation is the sum of the 3
reactions:

d(At)
at

where (At) = (AH,) + (AH")

= k1(AHT) + k2(AH,.AH”) + k3(AHy) --==-=====e=—e (6)

Combining equations 5 and 6 gives:

d(At)
at

= k1(AH™) + k2'(AH,) (AH7) + k3(AH;) ---————-——- (7)

Because of the overall first-order character of the reaction:

d(At) _
- 4t = K(At) - e (8)
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The dissociation constant of ascorbic acid:

_ Y aET)
(AH)

From equations 7 and 8:

Ka,

K(At) = k1(AHT) + k2'(AHp) (AHT) + k3(AH,) ------=--- (10)

From equatlons 9 and 10:

k = k1 Kai + k3 (#") k2' Ka; At (HY)
Ka;, + (H') Y T (Kap + (HT) )2

Equation 11 indicates that an overall rate constant, K, can
be calculated when k1, k2', k3, Ka;, and (%) are known.

Estimation of kl, k2', and k3 can be made by graphical
method or by using the KINFIT program. In acidic solution,
where H+:§>Kal, equation 11 reduces to:

k1l Kaj + k2' Kaj At

K = k3 + = e

L s (12)
For solutions where H*<<CKa;, equation 11 reduces to:

+ +
K = k1 + k3 (H ) + kz'(H )At ______________________ (13)

Kaj;

From equation 12, the plot of K versus 1/(H+) at pH values

much less than pKa; gives a straight line, and the intercept

is k3. From equation 13, the plot of K versus (H+) gives a
straight line whose intercept is kl. Knowing kl and k3, k2'
can be calculated from either equation 12 or 13. This graphic
method is theoretically sound. However, when pH of a food
system is adJusted too high or too low, chemical activities

of other components in a food system (anthocyanin, sugars,
organic acids, and catalysts), which may directly or indirectly
affect the rate of ascorbic acid degradation, are signifi-

cantly changed. Therefore, the estimated rate constants may
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not change as a function of (H+).

This problem can be avoided by using the KINFIT pro-
gram. The pH of a food can be adjusted to the desired
range, and the rate constants at different pH's are esti-
mated. With equation 11 and the approximate kl, k2', and k3,
which can be obtained from the literature or by approximate
calculation, the KINFIT program determines kl, k2', and k3
which best fit the experimental data. The calculated kl,
k2', and k3 using the KINFIT program are contalned in Table 27.
It was found that k2' was inversely proportional to total con-

centration of ascorbic acid (At) in the system.

Table 27. Specific rate constants: kl, k2', and k3 calcu-
lated by the KINFIT program.

Parameters Calculated values Standard deviation
k1 0.21062 x 1073 0.311 x 10~"
k2' 0.0085625/A¢t
X3 0.46372 x 1073 0.101 x 1073

The Ka1 of ascorbic acid was determined from the titra-
tion curve by measuring pH using glass and calomel electrodes
on a pH meter (Corning Digital 110 pH meter). A solution
containing 0.003 mole of ascorbic acid was prepared and a

calculated amount of NaCl was added to give an ionic strength

of 0.23, which was an estimated ionic strength in tomato
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Juice. The solution was titrated with 0.1N-NaOH at 37.8°C
and the average of 3 measurements gave a pKaj; = 4.087

(Ka; = 8.185 x 10-5). A titration curve of the ascorbic
acid solution is shown in Figure 4. Using the Henderson-
Hasselbach equation, the fractlion of ascorbic acid species
as a function of pH was calculated, and the species profile
is shown in Figure 5.

The pKa,; values reported for ascorbic acid were 3.98
at 67°C and u=0.4 (Blaug and Hajratwala, 1972), 3.94 at 96°C
and w=0.5 (Finholt et al., 1963), and 4.04 at 25°C and u=0.1.
The result obtalned in this research was 1in agreement with
the reported values.

The reaction rate constants at the selected pH values
were predicted using calculated kl, k2', k3 and Kaj. The
predicted rate constants and the rate constants obtained from
shelf-1ife tests are contained in Table 26 for comparison.

The predicted rate constants from equation 11 at 4
selected pH's were very close to those determined from the
shelf-1ife tests. These results indicated that the reaction
mechanism of the overall degradation of ascorbic acid in
tomato juice was a sum of 3 separate reactions (reactions 1,
2, and 3), and k1, k2', and k3 calculated by the KINFIT pro-
gram were accurate and acceptable.

Based on equations 11 and 2, a computer simulation
program was developed to predict ascorbic acid stability in
tomato Juice at different pH's. A flowchart of the computer

program is given in Figure 16 in Appendix. The program
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Equivalent of NaOH/mole of Ascorbic Acid

1.0 o /

0.5
pKa1 = 4,087
0.0 1 [} '] [ A ']
3.0 4.0 5.0 6.0 7.0 8.0 9.0
pH

Figure 4.-- Potentiometric titration curve of ascorbic acid
(3 x 10" 3mole) at 37.8°C and p= 0.23.
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requires initial concentration of ascorbic acid, k1, k3,
and Kaj. The rate constants at the selected pH's are calcu-
lated using equation 11, and the ascorbic acid concentration
at the selected storage time 1s then computed by equation 2.
The percent retention of ascorbic acid 1s also computed at
the same time by equation 3. The ascorbic acid history and
the necessary information are printed out. These calcula-
tions may be repeated as many times as required within each
loop of the program. The rate constants predicted by this
program are given in Table 26, and the history of ascorbic
acid concentration obtalned from the shelf-life tests and
predicted by the program are compared in Figure 6.

It was found that the results of the shelf-1life tests
were very close to the computer-alded prediction at pH 3.53
to 4.36. The difference between the predicted results and
the shelf-1life tests was 1n a range of + 0 to 2.5% retention
with a mean difference of 0.95% retention. These results
indicated that the ascorblc acid stability in tomato juice
at different pH's could be predicted with accuracy using this

pH-model.

Combined Effects of pH and Temperature on Ascorbic

Acid Stability in Tomato Julce

In the previous experiments, temperature and pH were
conslidered separately as factors affecting the degradation of

ascorbic acid in tomato julice. 1In this model, temperature



O pIuD Ay Y

Hoyauazay

Ure

(el
fae



84

100
80
60 P
c
)
el
)
& computer-aided prediction
ES)
o 40
o O 0 O O results of shelf-life test
20F
1 1 A i 1
100
80
z 60
t5)
ol
&
]
v
&
()]
5
20}
1 | [ 1 L
0 40 80 120 160 200

Storage Time in Days

Figure 6.--% retention of ascorbic acid in tomato juice

during storage at 37.8°C.
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and pH were conslidered together in order to more realisti-
cally simulate the storage condition.

The pH of tomato Julce was adjusted to 3.53, 3.78, 4.06,
and 4.36 with the citrate buffer, and canned tomato juice was
stored at 10, 18.3, 29.4, and 37.8°C. Representative samples
were analyzed for ascorbic acid concentration at 30 day inter-
vals (20 day intervals at 37.8°C). The rate constants of
ascorbic acid destruction and Ea determined using the KINFIT
program are shown in Table 28.

The results in Table 28 showed that the first-order rate
constants increased as pH increased to pH 4.06, and then
decreased with 1lncreasing pH. Thils trend was observed at
each storage temperature but was more obvious at the higher
storage temperatures. Finholt et al. (1963) reported that
the rate of disappearance of ascorbic acid from aqueous solu-
tion under anaerobic conditions showed an apparent maximum at
pH= pKa; of ascorbic acid. Blaug and Hajratwala (1972)
observed similar results under the aeroblc conditions. The
pH dependence of the rate constants shown in Table 28 was in
agreement with the reports by Finholt et al. (1963) and Blaug
and Hajratwala (1972). The maximum rate constants of ascor-
bic acid destruction at pH 4.06 appeared to be due to the
facts that maximum quantity of the complex form of ascorbic
acid could be formed at pH near pKaj; of ascorbic acid and k2'
was greater than kl and k3 (Table 27).

This finding indicated that the rate of ascorbic acid

degradation might increase when foods are acidified to avoid
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microbial spoilage. Tomato julce and other tomato products
whose pH's are higher than 4.3, are often acidified with
citrate buffer to avoid the flat sour spoilage. If pH of

a product is lowered to about 4.1, which 1s often practiced,
the rate of ascorbic acid destruction would increase signifi-
cantly.

The first-order rate constants determined from shelf-
life tests at each pH increased as the storage temperature
increased. The activation energy calculated at each pH
decreased as pH increased to pH 4.06, and then increased at
pH over 4.06. The relationship between pH and activation
energy 1s shown 1n Figure 7. The change of Ea with pH
might be due to the facts that conversion of the complex form
of ascorbic acld to degradated product required less Ea than
that of dissoclated and undissociated forms of ascorbic acid,
and amount of the complex form might reach maximum at pH
near pKa; of ascorbic acid.

A mathematical model as functions of pH and storage
temperature was developed, based on equations 11, 1, and 2.
Equation 11 was used to calculate the first-order rate con-
stants as a function of pH at a reference temperature where
kl, k2', and k3 were determined. The effect of storage
temperature on the rate ccnstants was then considered using
equation 1. As shown in Figure 7, activation energy changed
with pH change, and the linear régression equations were
developed to calculate activation energy at various pH's.

The calculated Ea at the selected pH's was used for computation
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Figure 7. -- Relationship between pH and activation energy.
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in equation 1. Using the rate constants calculated, the
ascorbic acld concentration in tomato juilce at various stor-
age times could be calculated by equation 2.

A computer program based on this mathematical model was
developed to predict the ascorbic acid concentration in tomato
Juice during storage at various pH's and storage temperatures.
A flowchart of the program is shown in Figure 17 in Appendix.
The main program reads all parameters required for calcula-
tions and calls three subroutines for various computations.
The computed results, including percent loss and percent
retention of ascorbic acid, are printed out.

The first-order rate constants predicted by this program
at selected pH's and storage temperatures are contained in
Table 29. The determined rate constants from shelf-life
tests (Table 28) and the predicted rate constants (Table 29)
are compared at different pH's and storage temperatures, and
the results are shown in Figure 8.

It was found that the determined and predicted rate
constants for ascorbic acid degradation were in close agree-
ment at all pH's and the storage temperatures. The difference
between the determined and predicted rate constants was in a

range of + 0 to 1.3% (Fig. 8).
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Effect of Metal Catalyst on Anaerobic Degradation

of Ascorbic Acid in Tomato Julce

Barron et al. (1936) and Kato and Sugiura (1957)
reported that copper and iron were found to be effective
catalysts for the oxidation of ascorbic acid. They also
indicated that the catalytic effect of copper was stronger
than that of iron.

Copper was chosen as a catalyst in the model system.
A calculated amount of CuSOj,.5H,0 was added to the extracted
tomato Jjuice, whose pH was adjusted to 3.53, 3.78, 4.06, and
4,36, to modify copper levels; natural (2ppm), level 1 (6ppm),
and level 2 (10ppm). The canned tomato Jjuice was stored at
37.8°C and representative samples were analyzed for ascorbic
acid at 20 day intervals. The concentration of copper in
tomato julce was determined by atomic absorption spectography.

The rate constants of ascorbic acild destruction increased
as the copper concentration increased. This trend was
observed at all 4 pH's, although maximum copper effect was
found at pH 4.06 (Table 30). Dekker and Dickinson (1940)
postulated the following copper-catalyzed oxidation scheme
for ascorbic acid: Cu't? + At —>CuA —>Dehydroascorbic

acia + Cu+2. The rate of this reaction can be expressed:
- dd%t—)- =K' (At) (cu*?) —m (16).

As the concentration of copper does not change during the
course of the reaction, the reaction was referred to as a

pseudo-first-order reaction.
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The rate constants (Table 30) versus the copper concen-
trations at 4 different pH's were plotted in Figure 9, and
a linear relationship was found between the rate constants
determined and the copper concentrations at each pH. The
plots also demonstrated effect of pH on the copper-catalyzed
degradation of ascorbic acid in canned tomato Juilce.

Kob = K' (Cut®) + KO =—mmmmmmmmmommmmmmemmm (17),

where Kob the rate consant determined at the constant
copper concentration

Ko

1}

the rate constant at zero copper concentration

K'

the pseudo-first-order rate constant.
The Ko and K' values at the 4 different pH values were calcu-

lated by the KINFIT program and are given in Table 31.

Table 31. Pseudo-first-order rate constants (K')
and Ko calculated by the KINFIT pro-
gram (at 37.8°C).

pH X' ox 10"3day'l Ko x 10~ 3day-1
3.53 0.11220 + .0116 1.6402 + .0660
3.78 0.12303 + .0103 2.0005 + .0591
4.06 0.14203 + .0087 2.1584 + .0256
4,36 0.13217 + .0066 1.9624 + .0456
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It was found that the pseudo-first-order rate constants
(K') and Ko were pH dependent with a small but apparent maxi-
mum at pH 4.06 (Table 31). The relationship between pH and
the pseudo-first-order rate constants is i1llustrated 1n
Figure 10. Two exponential functions, one for pH less than
4.06 and the other for pH greater than or equal to 4.06, were
developed based on the results shown in Table 31.

Ko as a function of pH could be calculated using
equation 11. The parameters (kl, k2', and k3) necessary
for the calculation were computed by the KINFIT program,
based on Ko values given in Table 31. The parameters esti-

mated by this method are contained in Table 32.

Table 32. k1, k2', and k3 estimated to calculate Ko as
a function of pH (at 37.8°C).

Parameters Estimated values Standard deviation
k1 0.3503 x 10" 0.2430 x 107"
k2' 0.0076547/At
K3 0.44561 x 107 0.0716 x 1073

Having parameters (kl, k2', and k3) calculated to
compute Ko and the relationships between pH and pseudo-
first-order rate constants (Fig. 10), Kob at various Cu

concentrations could be predicted by equation 17. The rate
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constants of ascorbic acid degradation (K) predicted by this
method were compared with those obtalned from shelf-1ife
tests in Table 30.

It was found that the rate constants predicted by equa-
tions 11, 18 or 19, and 17 were in close agreement with the
rate constants obtained from the shelf-1ife tests at varilous
Cu concentrations and pH's. These results indicated that
equations 11, 18 or 19, and 17 could be used as a mathemati-
cal model to describe the Cu catalyzed oxidation of ascorbic

acid in tomato juice.

pH, Metal Catalyst, and Temperature Model

Oxygen, pH, temperature, and metal catalyst are the most
important factors affecting the ascorbic acid degradation in
food systems. Because of the anaerobic condition in the
canned foods, pH, temperature, and metal catalyst are the
main factors which control the rate of the ascorbic acid
degradation in the canned foods. These three factors were
studied elther separately or as a combination of two factors,
so far. In this model, the three factors were combined to
simulate the real storage condition of acid foods.

The limitations of this system are:

1) acid food system - when pH of a system was over 5, the
predicted rate constants by equation 11 deviated significantly
from the determined ones.

2) canned food system - since oxygen was not included as a
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factor, this model would simulate only canned food systems.
3) foods with high water content - since water activity was
not taken into consideration for ascorbic acid stability,
thls system would be restricted to those canned foods in
which the moisture content might be so high that it would not
affect the reaction rate. Most canned fruit and vegetable
products belong to this category.

4) packaging material - the container of the canned foods
should be an absolute barrier to gas and vapor permeability.
Metal and glass containers would meet thils requirement.

5) other factors - there could be some other minor factors
in the food system which might affect stability of ascorbic
acid during storage. It was assumed that these minor factors
would not significantly effect the reactlon rate of ascorbic
acid degradation.

The mathematical model developed for this system was:

k2' Kal At (HY)
(Kal + (HY) )<

ko = k1 Kal + k3(H%)
Kal + (HT)

(parameters; Table 32)

1) equation 11; +

2) equation 18 or 19;

log K'

0.20186 (pH) - U4.6684, when pH<4.06;

log K' -0.10408 (pH) - 3.4251, when pHz4.06.
3) equation 17; Kob = K (Cu+2) + Ko

4) equation 14 or 15;

Ea - 2266.6 (pH) + 12524.6, when pH<4.06;

Ea 1840.4 (pH) - 4177.9, when pH24.06.

Ko Ea
gy - 2303 ® (2- 11
T2XT1

5) equation 1; 1log )
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6) equation 2; Ct = Co / EXP (K t)

Equation 11 was used to calculate the rate constant at zero
copper concentration (Ko) at the selected pH. Either equa-
tion 18 or 19 was employed to compute the pseudo-first-order
rate constant (K') at the selected pH. These results were
combined to calculate the observed rate constant (Kob) by
equation 17. Therefore, Kob depended upon pH and the copper
concentration of the food system. Equation 14 or 15 was used
to calculate activation energy at different pH's. The calcu-
lated activation energy was used in equation 1 which accounted
for the effect of storage temperature on the rate of ascorbic
acid destruction. With the rate constant calculated as
functions of pH, copper catalyst, and storage temperature,
the ascorbic acid destruction at various storage times could
be calculated by equation 2.

A flowchart of the computer program based on this mathe-
matical model to predict the storage stability of ascorbic
acid in tomato juice is shown in Figure 18 in Appendix. The
main program reads all parameters necessary for the various
calculations. Then, it calls a subroutine PHRATE which cal-
culates the rate constant (Ko) as a function of pH using
equation 11. The main program calls a subroutine CURATE
which computes Kob using equations 18 or 19 and 17. If the
storage temperature is a constant, the program calls a sub-
routine THERMO which computes the rate constant as a function
of temperature using equations 14 or 15 and 1. When the

final rate constant as functions of pH, copper catalyst, and
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temperature 1s calculated, the program calls a subroutine
COMPUTE which calculates ascorbic acid concentrations,
percent loss of ascorbic acid, percent retention of ascorbic
acid at various storage times. If the storage temperature

is a function of time, the main program calls a subroutine
CHANGE. The subroutine CHANGE calculates the storage tempera-
ture at the selected storage time. The rate constant at that
temperature 1s then calculated by equation 1 and the ascorbic
acid stability at the storage time 1s calculated by equation
2. All calculations in this program are repeated with each
loop.

The results predicted by the program at selected pH's,
temperatures, and Cu concentrations are shown in Figure 11.
The determined percent retentions at 37.8°C were included
in Figure 11 to compare with the predicted results. The
determined results were very close to the predicted results
at all pH's and copper concentrations. The difference between
the determined results and the predicted values was in a
range of + 0 to 3% retention with a mean difference of
0.78% retention. The good agreement between the predicted
and the estimated results 1indicated that the model could pre-
dict the ascorbic acid stability in canned tomato juice with
good accuracy, as functions of storage temperature, metal

catalyst, and pH.
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Temperature Fluctuation During Storage

Unless canned foods are stored under the controlled
temperature conditions, the product temperature will fluc-
tuate with changes in environmental temperature. The
product temperature will also change during transportation
and in the marketing channel.

The temperature changes during storage could be a con-
tinuous cycle, like a seasonal temperature change, or a
discontinuous function of storage time. To study effect
of temperature changes as a step function of storage time
on the destruction of ascorbic acid, canned tomato julice was
stored at 50°F for one month, and then storage temperature
was changed to 65, 85, 100, 85, 65, and 50°F after one month
storage at each temperature. Tomato juice samples were taken
at 20 day intervals for the determination of ascorbic acid
concentration. Percent retention of ascorbic acid obtained
from shelf-1ife test and that predicted by the simulation
program are shown in Figure 12.

The retention of ascorbic acid predicted by the simula-
tion program was affected by the temperature fluctuation
during storage. The percent retentilon of ascorbic acid
determined by shelf-1life test was close to that predicted
by the simulation program. The difference between the
experimentally determined and the predicted percent retentions
of ascorbic acid was in a range of + 0.2 to 3.5% retention
with a mean difference of 2.1% retention. The correlation

coefficlent between the determined and the predicted values
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was 0.99.

The seasonal temperature change throughout a year 1s a
continuous cycle with considerable daily temperature fluctua-
tion. An attempt was made to simulate the seasonal tempera-

ture change by using the Fourier Serles.

Fourier Series:

f(X) = ?_(_)_ + z (an CcoS nmx + bn SIN nmx ) __________ (20)
2 n=1 L L

where ap = % fLL f(x) COS E%L dx, n = 0,1,2,3, ----
b, = & fL £(x) SIN XX d4x, n = 1,2,3, —————-
n oL “-L L

L = 1limit of cycle

x = time in days

A computer program was developed to simulate the seasonal
temperature change using the Fourier Series. A flowchart of
the computer program is given in Figure 19 in Appendix. The
program was designed to calculate the coefficients, a, and
b,, through numerical integration procedure. After the coeffi-
cients were calculated, the program computed temperatures at
any time (x) using equation 20. The number of terms, n, to
be used for calculation could be determined by the accuracy
needed.

The maximum daily temperature 1n Lansing area reported
by Weather Bureau in 1974 was used to test the program. The

maximum dailly temperature was used because it fluctuated

more than the average daily temperature and was more difficult
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to simulate. The reported temperature was compared with
the calculated temperature by the Fourier Series at 10 day
intervals, and the results are shown in Figure 13.

The temperature calculated by the Fourler Series simu-
lated the seasonal temperature change with good accuracy,
when ten terms were used for calculation (correlation
coefficient between input temperature data and the calculated
data was 0.94). These results indicated that the Fourier
Series could be used to simulate the seasonal temperature
change of the canned food during storage with accuracy.

The computer program described in Figure 18 in Appendix
was modified to accomodate the Fourier Series, which was
used to calculate the storage temperature as a function of
time. The maln program and the subroutine CHANGE were modi-
fied and the subroutine FOURIER was added. Flowcharts of
subroutine FOURIER and subroutine CHANGE are shown in
Figure 20 in Appendix.

The added functions of the main program are:

(1) to read temperature data to be used for simulation of
temperature changes (statement added at connector 1 in
Figure 18 in Appendix).

(2) to call subroutine FOURIER (statement added at connector
2 in Figure 18).

The function of the subroutine FOURIER 1s to compute
coefficients of the Fourler Series. These coefficlents are
then used for the calculation of temperature as a function

of storage time in the subroutine CHANGE. The subroutine
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CHANGE also computes and prints ascorbic acid history
during storage.

The stablility of ascorbic acid in tomato juice during
storage was predicted using the simulation model with the
Fourler Series, and the results are shown in Figure 14. The
temperature history used for the simulation was the maximum
daily temperature in Lansing area in 1974.

The results indicated that the rate of ascorbic acid
destruction varied with temperature changes. Among the three
pH values tested, ascorbic acid was most stable at pH 3.53
and least stable at pH 4.10. Effect of pH on the stability
of ascorbic acid became more obvious as the storage tempera-
ture and time increased. Due to the complicated temperature
fluctuation, experimental shelf-life tests to verify the com-

puter predicted stabllity of ascorbic acid was not attempted.

CONCLUSION

The objectives of this research were to study kinetics
of ascorbic acid destruction as affected by storage tempera-
ture, pH, and metal catalyst; to develop mathematical models
which describe kinetics of ascorbic acid destruction; and to
develop the computer simulation program to predict ascorbic
acid stability in canned tomato juice as affected by seasonal
temperature fluctuation, pH, and metal catalyst. Tomato juice

was chosen as a model system of high acid foods, and ascorbic
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acid was selected as an index of nutritional quality in
this study.

The ascorbic acid destruction under anaerobic condi-
tions was confirmed to be a first-order reaction with respect
to unreacted ascorbic acid concentration.

The effect of storage temperature on the rate of
ascorbic acid destruction was accounted for by the Arrhenius
equation. The calculated activation energy (Ea) for the
anaerobic degradation of ascorbic acid was 3.295 Kcal/mole
at pH 4.06. Ea changed with changes in pHE, reaching a mini-
mum near pKal of ascorbic acid which was 4.09 at 37.8°cC
and p=0.23.

The rate of ascorbic acid destruction was significantly
influenced by pH, reaching a maximum near pKal of ascorbic
acid. Based on the changes in the rate of ascorbic acid
degradation with pH, existence of a complex form of ascorbic
acid was employed to explain the kinetic results observed
for ascorblc acid destruction in tomato juice. A mathemati-
cal expression, which required 3 specific rate constants
(kl, k2', and k3) and Kal, was derived to calculate the
first-order rate constant as a function of pH. It was found
that k2' was significantly greater than kl and k3 and
inversely proportional to ascorbic acid concentration. The
maximum rate of ascorbic acid destruction and the minimum Ea
for ascorbic acid destruction near pKal of ascorbic acid
could be explained by the facts that the formation of the

complex form of ascorbic acid could reach a maximum at pKal
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of ascorbic acid and k2' would require less Ea than kl and

k3. The inverse relationship of k2' with ascorbic acid con-
centration implied that the rate of ascorbic acid destruction
would change with significant changes in 1initial concentration
of ascorbic acid.

The rate constant of ascorbic acid destruction in the
presence of copper (Kob) increased with increase in copper
concentration, and Kob changed with pH. Based on the results,
the pseudo-first-order rate constant (K') and the rate con-
stant of ascorbic acid destruction in the absence of copper
(Ko) were computed. A mathematical expression between Kob
and K' and Ko was developed to calculate Kob at various pH's
and copper concentrations.

A computer program employlng the Fourier Series was used
to describe the seasonal temperature fluctuation during stor-
age of tomato Jjuice. The predicted results showed the effect
of temperature fluctuation on the ascorbic acid stability in
tomato Julce.

Mathematical expressions derived to describe kinetics
of ascorbic acid destruction 1n tomato juice were used to
develop a mathematical model for each storage condition.

From the mathematical model, the computer program was developed
and used to test the model and to predict ascorbic acid his-
tory during storage. The three-factor model, which 1ncluded
expressions for seasonal temperature fluctuation, metal cata-
lyst, and pH was established and a computer simulation pro-

gram was developed. The predicted results using each computer



113

program were compared with the results obtalned from shelf-
life tests, whenever possible. The difference between
predicted results and the shelf-1ife tests was in a range
of + 0 to 3% retention of ascorbic acid with a mean differ-
ence of 1.3% retention.

The rate constants of ascorbic acid destruction and
the parameters obtained in this study might be different in
other canned high acid foods. However, the mathematical
expressions and the procedures should be applicable to other
canned high acld foods for prediction of ascorbic acid
stability.

The results obtained 1in this study illustrate that the
ascorbic acid stabilify in canned tomato juice can be pre-
dicted with accuracy, if the kilnetic information on the

ascorbic acild destruction 1s avallable.
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START

NUM is No. of Co to be tested

[ READ NUM, IT /-- - - -|IT is No. of temperature to be
* tested.
DO NNN = 1, NUM >
/PRINT HEADINGS / CO = initial conc. of vitamin C
DT = time interval between cal-
A{EAD CO,DT,EA,N,ST,T(I) /- -- culation |
EA = activation energy ‘
N = No. of calculation at temp. ;
R = 1,987 (1) '
T1 = 300.00 -3 ST = storage time at which the
Kl = 2,0118 x 10 .
* calculation begins i
T(I) = storage temperature ‘
DO I =1, IT > I
v

_ _EA T(1)-T1
log K2= 503k ( T(Dwr) + log K1

XKT = 10**(K2) , NT(I) = ST

v

DO J=1, N )

v

is conc. of vitamin C
BB = NT(I), PRET =EXP(-K x BB) x 100 ____lat a selected storage time
CT = CO / EXP(XKT x BB) PRET is 7% retention of
vitamin C

/PRINT T(1),NT(I), KZ,XKT,CT,PRE‘T/

NT(I) = NT(I) + DT
-

Figure 15.-- A flowchart of the temperature model.
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START

//’ READ NUM, IH

DO NNN = 1, NUM

//gEAD CO,AT,DT,CKl,CK3,N,ST,CKA};Z"

/  READ PH(D) /
v

DO I =1, IH ;:>

/ PRINT HEADINGS /

CH = 10 ** (-PH(I))
CK2 = 0.0085625 / AT

//f---- !NUM is No. of Co to be tested
|IH is No. of pH to be tested
—

CO= initial conc. of vitamin C
(mg/100g)

AT= conc. of vitamin C in mole

DT= storage time interval between
calculations

CKl=kl, CK3= k3, CKAl= Ka;
N= No, of calculation at PH(I)

IST= storage time at which the
first calculation begins

----|CH is hydrogeh'zbn conc,

v CK2 = k2 L

XK = CK1(CKA1)+(CK3)CH + CK2(CKAL) (AT) (CH)
CKAl + CH ( CKAL + CH )4

NT(I) = ST

v

DOJ=1, N >
v
BB = NT(I)

CT = CO / EXP ( XK x BB)
PRET = EXP (-XK x BB) x 100

_EiéT«;>Z retentiaﬁvéf—
vitamin C

CT = conc. of vitamin C

v

at selected storage

‘ZékINT PH(I),NT(I), CT, XK, PRET

/;7 time

NT(I)= NT(I) + DT

ONT

Figure 16. -- A flowchart of the pH model,
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START
Z READ NUM, IT, m/

Z//READ CO(K), AT(K), PH(I), T(D), TOJ// TO is reference temp

at which CK1l, CK3, and
DT, CKAl, CK3, CKl, N, ST CKAl are determined

DO N3 = 1, NUM >
v
DO I =1, IH >
_ v
CALL EQNPH (PH(I),AT(N3),CK1,CK3,CKAl)
L 4

[ PRINT HEADINGS /
v

DO J=1, IT >

v

CALL THERMO (PH(I), TO, T(J), XK)

v

DO K=1, N )
v

CALL COMPUTE (XKT, CO(K), ST) ‘

v

Zé;INT PH(I),T(J),NT(J),XK,XKT,CT,LOSS,PRET <j/£
v

LOSS = % loss of
vitamin C

>ONT

(1) Main Program

Figure 17. -- A flowchart of temperature and pH model.
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START

CH = 10 ** (-PH(I))

R

CK2 = 0.0085625/AT (N3)

. CK1(CKAl) + CK3(CH) + CK2(CKA1)AT(N3) CH
CKAl + CH (CKA1 + CH)*¢

v

RETURN TO MAIN
PROGRAM

XK

(2) Subroutine EQNPH

START

YES

!

EA(I) =-2266.6 PH(I) - 12534.6 J

S ——

R = 1.987

EA(I) T(J) - TO
2.303 R X T(J) x TO + log (XK)

EA(I) = 1840.4 PH(I) - 4177.9

A =

XKT = 10 ** (A)

RETURN TO MAIN )
_ __PROGRAM

(3) Subroutine THERMO

Figure 17. -- Continued.
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START

CA = CO (N3)

v

{ NT(J) = ST -

BB = NT(J)

e

CT = CA / EXP (XKT x BB)
PRET = EXP (-XKT x BB ) x 100

v

| w@ =w@ x|
v
RETURN TO MAIN |
PROGRAM |

(4) Subroutine COMPUTE

Figure 17. -- Continued.
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READ NUM,IT,IH,CO(K),AT(K),PH(I),T(J),CU(L) ~--- |NCU is No.of
Cu level to
TO,DT,CK1,CK3,CKA1l,N,ST, NCU e_tested,

s O
DO N3 = 1, NUM >

o S (»)

DO I =1, IH o o o
v .Statements to be added when
"the Fourier Series is used

‘. |
[ PRINT HEADINGS / j AEAD DATA, KK,M ;»@.

v :
DO L =1, NCU > CALL FOURIER(KK,M) }-»@

CALL CURATE ( XK, PH(I), CU )

-———— = -

NO

v
CALL CHANGE (PH(I),CUXK, ST, CO(N3))

DO J =1, IT >

v
CALL THERMO (CUXK, PH(I), TO, T(J) )

v

DO K = 1, N >
v

CALL COMPUTE (XKT, CO(K), ST )

/anr I’H(I),T(J),NI?J) ,XK,XKT, CT, CU, LOSS, PRET ) /

<
(1) Main Program

Figure 18. -- A flowchart of pH, temperature, and metal catalyst model.
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START

CH = 10 ** (-PH(I))
CK2= 0.0076547 / AT (N3)

xg = CKL (CKAL) + CK3(CH) , (CK2) chlgA'rgmazcn
CKALl + CH (CKAl + CH )

( RETURN TO MAIN )

PROGRAM

(2) Subroutine PHRATE

START

NO

CUXK = XK + (10** (-0.104077 PH(I)-3.4251)) CU

CUXK = XK + (10%*(0,20186 PH(I)- 4.6684)) CU J

RETURN TO MAIN
PROGRAM

(3) Subroutine CURATE

Figure 18. -- Continued.
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BH(I) < 4.06_- Mo
. | EA(D)= 1840.4 x PH(T) - 4177.9

EA(I)= - 2266.6 x PH(I) - 12524.6

v
R = 1,987

J_EA()  _T()) - TO
2.303 R © " T(J) x TO

v

XKT = 10 ** (A)

v

('RETURN TO MAIN )

A + log (CUXK)

PROGRAM

(4) Subroutine THERMO

CA = CO(N3)
NT(J) = ST
BB = NT(J)

v
CT = CA/ (EXP(XKT x BB))
PRET = EXP(-XKT x BB) x 100
NT(J) = NT(J) + DT

v

RETURN TO MAIN )

PROGRAM

(5) Subroutine COMPUTE

Figure 18. -- Continued.
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NO

i

EA(I) = 1840.4 PH(I) - 4177.9

EA(I) = - 2266.6 PH(I) - 12524.6

v

NT(I) = ST, R = 1,987
DELTA=0.0, PLOSS=0.0, CA=CO(N3)

2
TR
v
TEMP = f ( storage time)
v
EA(1) TEMP - TO + log (CUXK)

A=7303rR * TEMP % TO

XKT = 10 ** A

v

CT = CA / EXP (XKT x DT)
PERCENT = (1- EXP (-XKT x DT)) x 100
PLOSS = PLOSS + PERCENT
PRET = 100 - PLOS3
v
Z{;RINT PH(I), TEMP, NT(J), XK, XKT, CT, CU, PLOSS, PRE?AJ//

v
NT(I) = NT(I) + DT

DELTA = DELTA + (CA - CT)
CA = CO(N3) - DELTA

v

{EEE?—” RETURN TO MAIN
PROGRAM

(6) Subroutine CHANGE

Figure 18, -- Continued.
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// READ KK, M, DATA )Z ------ [M = No. of data points ]
L 4 IKK = No. of coefficients to be i
DO N =1, 20 ::> | calculated ;
v i DATA = array name for temperature :
A(N) = B(N) = 0.0 L data S !
v
AA = 0.0, Z = 3.14159, TT = M
v
DOI =1, M i::>
L 4
AA = AA + (DATA(I) x I - (DATA(I) x (I- 1))) --- | AA = ag
L 4
AA = AA / TT

v
Do J = 1, KK ::>
. 2

n_ D

DO N = 1
v
X = (2.0 x2J) / TT
A(J) = A(J) + DATA(N) x SIN (X N)
A(J) = A(J) - DATA(N) x SIN (X (N-1))
B(J) = B(J) + DATA(N) x COS (X N)
B(J) = B(J) - DATA(N) x COS (X (N-1))
v
B(J) =B(J) / (- J2)
, 2
A(D) = AQD) / (3 2)
[ 2

CONST = 2.0 x 3.14159 / 365

Figure 19. -- A flowchart to compute the Fourier Series.
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|
DO JK =1, M >

v

w00 |
2

DO J =1, KK >

2

AX = AX + A(J) COS ( CONST x J x JK)
AX = AX + B(J) SIN ( CONST x J x JK )
AX = AX + AA

v

/mmr AX+ DATA(JK) /
| v

Figure 19. -- Continued.
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DO N =1,20 >

A(J) =AQJ) / JZ)

4
L1 am =B = 0.0
v
AA =0.0, Z =3.14159, TT = M
v
DO I =1, M ::>
*’ AA is a,
AA = AA + (DATA(I) x I-(DATA(I) x (I-1)))| DATA(I) is
v array name
AA = AA / TT for temp.
v
po J = 1, KK ;:>
v
DO N= 1, M >
v
X=(2.0x2xJ)/TT
A(J) =A(J) + DATA(N) x SIN (X N)
A(J) = A(J)- DATA(N) x SIN (X (N-1))
B(J) = B(J) + DATA(N) x COS (X N)
B(J) = B(J) - DATA(N) x COS (X (N-1))
€g§E>
B(I) =B / (-32) .. A(J) 1s an |
B(J) is by |

S

RETURN TO MAIN
PROGRAM

(1) Subroutine FOURIER

Figure 20.

-- Fowcharts of subroutine FOURIER and CHANGE,
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NO

'

EA(I) = - 2266.6 PH(I)-12524,

:4 I EA(I) = 1840.4 PH(I) - 4177.9

¢,<
NT(I) = ST, R = 1.987
DELTA = 0.0, PLOSS = 0.0

CA = CO (N3)
v
<:::}_»w DO K =1, N ;:>
v L 4
CONST = 2.0 x 3.14159 / 365.0
JK = NT(I)
AX = 0.0
v
DO J = 1, KK j:>
* 1
AX = AX + A(J) % COS( CONST(J) JK)
v
— AX = AX + B(J) x SIN( CONST(J) szj
; = JK
AX = AX + AA , TEMP = AX |
v

r

T = 5./9. (TEMP - 32,) + 273,

P = EA(I)/(2.303R) x (T - TO)/(TO x T) + LOG (CUXK)
XKT = 10%*P, CT = CA / EXP(XKT x DT)

PERCENT = (1 - EXP (- XKT x DT) x 100.

PLOSS = PLOSS + PERCENT

PRET = 100. - PLOSS

!
®

(2) Subroutine CHANGE

Figure 20, -- Continued.
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Z/ PRINT PH(I), TEMP, NT(J), XK, XKT, CT, CU, PLOSS, PRET J//
NT(I) = NT(I) + DT

DELTA = DELTA + (CA - CT)
CA = CO (N3) - DELTA

TURN TO MAIN
PROGRAM

Figure 20. -- Continued.
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