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ABSTRACT

EFFECT OF LIGHT ON THE ASCORBIC ACID CONTENT

OF TOMATOES RIPENED ARTIFICIALLY

BY

Mojtaba Boloorforooshan

Tomatoes ripened artificially contain less ascorbic

acid (vitamin C) than tomatoes ripened on the vine. The

purpose of this experiment was to study the effect of

fluorescent light on the ascorbic acid content of tomatoes

ripened off the vine.

Tomatoes of two cultivars, Rutgers and Marglobe, were

harvested mature-green from the field and placed in three

groups. One group was analyzed for ascorbic acid by the

AOAC method immediately after harvesting, a second group

was placed as a monolayer under fluorescent light (800 foot

candles), and a third group was placed in darkness. The

last two groups were ripened in a cubicle in which the air

was constantly moving and maintained at 68 t 2 F and

85-90% relative humidity.

The ascorbic acid content of the artificially ripened

tomatoes was determined at 3 and 6 days after harvesting

and also when they turned fully red. Tomatoes left on the

vine were also analyzed for ascorbic acid when they turned

red. It was found that in both varieties the tomatoes

which were ripened under artificial light contained



Motjaba Boloorforooshan

approximately 20% more ascorbic acid than those ripened in

darkness. In fact, the ascorbic acid content of the

artificially ripened red tomatoes under light was almost

as high as that of red tomatoes harvested from the vine.



EFFECT OF LIGHT ON THE ASCORBIC ACID CONTENT

OF TOMATOES RIPENED ARTIFICIALLY

BY

Mojtaba Boloorforooshan

A THESIS

Submitted to

Michigan State University

in partial fulfillment of the requirements

for the degree of

MASTER OF SCIENCE'

Department of Food Science and Human Nutrition

1974



63- J ACKNOWLEDGMENTS

The author wishes to express his sincere appreciation

to his major professor, Dr. Pericles Markakis, for his

guidance, suggestions and support throughout the research

program and for his assistance in the preparation of the

thesis.

Appreciation is expressed to Dr. C. M. Stine and

Dr. D. R. Heldman for serving in the guidance committee.

Thanks are expressed to Dr. S. Honma, Department of

Horticulture, for his advise in the preparation of the

samples.

The author desires to acknowledge his parents for

their constant support and stimulation and encouragement

to pursue a higher degree of education.

ii



INTRODUCTION

LITERATURE REVIEW

TABLE OF

METHODS AND MATERIALS

RESULTS AND DISCUSSION

BIBLIOGRAPHY

CONTENTS

iii

Page

17

20

38



Table

LIST OF TABLES

Ascorbic acid content (mg/lOOg fresh fruit)

of tomatoes harvested mature-green at

various dates and stored at 68° i 2 F in

darkness (D) or light (L) for different

periods until they reached redness (r indi-

cates redness), (n7 Rutgers . . . . . . . .

Ascorbic acid content (mg/100g fresh fruit)

of tomatoes harvested mature-green at

various dates and stored at 68° i 2 F in

darkness (D) or light (L) for different

periods until they reached redness (r indi-

cates redness), (n1 Marglobe . . . . . . .

Statistical analysis of ascorbic acid con-

tent (mg/lOOg fresh fruit) of mature-green

tomatoes stored in darkness (D) or light

(L) for 3 and 6 days after harvesting, cv

Rutgers . . . . . . . . . . . . . . . . . .

Statistical analysis of ascorbic acid con-

tent (mg/lOOg fresh fruit) of mature-green

tomatoes stored in darkness (D) or light

(L) for 3 and 6 days after harvesting, cv

Marglobe . . . . . . . . . . . . . . . . .

Average ascorbic acid content (mg/lOOg fresh

fruit) of red tomatoes ripened in darkness

(D) or light (L). . . . . . . . . . . . . .

Average ascorbic acid content (mg/1009 fresh

fruit) of red tomatoes in each pair ripened

in darkness and light (pairs in the tomato

groups, one in light the other in dark,

harvested on the same day) . . . . . . . .

Ascorbic acid content (mg/lOOg fresh fruit)

of red tomatoes ripened on the plant . . .

iv

Page

21

22

23

24

28

30

36



Figure

LIST OF FIGURES

Average ascorbic acid (A.A.) content

(mg/1009 fresh fruit) of mature-green

tomatoes vs days in storage in light

or darkness, (n7 Rutgers. . . . . . .

Average ascorbic acid (A.A.) content

(mg/1009 fresh fruit) of mature-green

tomatoes vs days in storage in light

or darkness, cnr Marglobe . . . . . .

Ascorbic acid (A.A.) content (mg/1009

fresh fruit) of red tomatoes vs days

after harvesting to reach redness, cv

Rutgers . . . . . . . . . . . . . . .

Ascorbic acid (A.A.) content (mg/1009

fresh fruit) of red tomatoes vs days

after harvesting to reach redness, cv

Marglobe . . . . . . . . . . . . . .

Page

25

26

33

34



INTRODUCTION

From the time it was discovered that a nutritional

factor, vitamin C, present in fresh fruits and vegetables

prevents scurvy, these commodities have gained additional

appreciation in the human diet. Tomatoes (Lycopersicon
 

esculentum) are a good source of vitamin C in addition to
 

having excellent organoleptic qualities.

Wide variation in the ascorbic acid content of ripe

tomatoes have been reported. Genetic, environmental and

methodological factors may be responsible for these

variations. The amount of sunlight has been recognized to

be an important factor determining the ascorbic acid

content of tomatoes ripened on the vine.

A large proportion of the fresh tomatoes reaching

retail channels throughout the year are harvested in the

mature-green stage and are ripened at the point of destina-

tion. Ripening of mature-green tomatoes requires several

days to a week or even longer at temperatures between 60

'and 70 degrees F.

Although substantial research has been directed toward

the vitamin C content of tomatoes and its relation to light

during the development of the fruit on the plant, no

reports have been found with respect to the effect of light



on the ascorbic acid content during artificial ripening of

tomatoes. The objective of this research was to study the

effect of fluorescent light upon the ascorbic acid content

of tomatoes harvested at mature-green stage and ripened

artificially.



LITERATURE REVIEW

Vitamin C, ascorbic acid, was the first nutritional

adjunct whose deficiency was recognized as a cause of a

disease. The vitamin C of foods and biological materials

is associated with its reduced L - ascorbic acid content

(Assoc. of Vitamin Chemists, 1966).

Reduced L - ascorbic acid and its oxidation product,

dehydroascorbic acid, constitute a reversible redox system

in the animal organism. Depending on the prevailing

condition, dehydroascorbic acid can be irreversibly con-

verted to 2,3,diketo-gulonic acid and its vitamin C value

lost (Penney and Zilva, 1943).

Roe (1936), reported that L — ascorbic acid exists in

the reduced form only, in the plants and animal tissues

examined. Mills (1949) supported Roe's theory and

extended this observation by analyzing not only fresh but

processed and dehydrated foodstuffs. He found that fresh

foods contained less than 5% of their total vitamin C

content as the inactive diketo-gulonic acid while processed

foods have more of this form and dehydrated ones showed

the greatest amount of diketo-gulonic acid. McHenry and

Graham (1935), demonstrated that there is a different value

for reduced L - ascorbic acid and total vitamin C in



different fruits and vegetables, but for the tomato fruit,

there was no difference between these 2 values. Ignatius

et a1. (1944) supported this observation and stated that

tomatoes do not contain any reversibly oxidized ascorbic

acid.

A review of the literature concerning the nutritive

value of the tomato fruit has indicated that tomatoes may

contribute significant amount of ascorbic acid and pro-

vitamin A to the human diet (Hamner et al., 1942). That

the tomato is a very good antiscorbutic agent is generally

acknowledged, although the various reports show consider-

able variations in vitamin C content (Maclinn et al.,

1936). An average value for the ascorbic acid content of

tomatoes is 23 mg per 100 g of fresh fruit (Agr. Handbook

No. 8, 1963).

The literature on the ascorbic acid content of

tomatoes shows that considerable research has been directed

toward identification of genetic and environmental factors

that may affect the ascorbic acid concentration in

tomatoes. However, there is a lack of general agreement

concerning the importance of each of these factors except

on intensity of illumination and the position of the

cluster on the plant (Jones and Nelson, 1930).

Tomatoes produced for the fresh market are havested

at various stages of maturity, ranging from the "green-

mature” crop of the distant shipper, to the "red-ripe"

fruit harvested by the local truck gardener. Similarly



the time elapsed between harvest and the consumption may

be only a few hours or may be many days. The effect of

these factors upon the ascorbic acid content of the tomato

has not been precisely defined in the literature (Scott

and Kramer, 1949).

For a number of years it has been recognized that the

amount of light is an important factor determining the

ascorbic acid content of various crops (Somer et al.,

1950). However, it appears that the effect of light upon

vitamin C during the ripening of the tomatoes harvested

at mature-green stage has not been investigated. The

demonstration that the concentration of vitamin C is

augmented during the maturation of some vegetables and

that larger amounts of vitamin C are present in the

periphery than nearer the center of certain fruits and

vegetables indicates that light is one of the factors

influencing production of vitamin C (Murphy, 1939).

It has been shown by numerous investigators that the

ascorbic acid content of tomato may vary under certain

conditions. The factors reported by various investigators

as being responsible for the fluctuations are as follows:

variety and strain, stage of maturity, condition of growth

and ripening, soil and fertilizer, size of fruit, position

of the cluster and processing.

The effect of variety and strain of tomatoes on the

vitamin C content has been established by many investi-

gators. Sansome and Zilva (1936) found that tomatoes with



a tetraploid number of chromosomes (24 pairs) have

approximately 40 percent more vitamin C than diploid (12

chromosome pairs) tomatoes. The tomato shows considerable

variation in ascorbic acid content in different varieties

and there are marked differences in vitamin C content among

different strains of the same variety (Maclinn et al.,

1936).

Marglobe and Rutgers were two cultivars of tomato

which were used in this study. The Marglobe introduced by

Pritchard and Porte in 1925. Marglobe is the result of a

cross between Globe and Marvel made in a greenhouse of the

U.S.D.A. in Washington in 1918. Globe has considerable

resistance to wilt but it is very susceptible to nailhead

rust. Marvel is highly resistant to both. Marglobe

proved highly resistant to wilt and nailhead.

The New Jersey station distributed the Rutgers variety

in 1934. It is a cross between Marglobe and J.T.D. and

has been reported especially valuable on light sandy soils

(Yearbook of Agriculture, 1937).

According to Hamner et a1. (1945), the ascorbic acid

content of fruit of cv Marglobe varied from 14.4 t 2.12 to

30.6 i 2.04 mg/100 g fresh fruit, while those of cv Rutgers

varied from 8.4 i 5.0 to 19.7 i 1.17 mg/100 g fresh fruit.

Of the two cultivars, Marglobe and Rutgers, the former

consistently had more ascorbic acid at any particular

location, except at Madison, Wisconsin.



The investigations on the relationship between stage

of maturity and the ascorbic acid content of tomatoes are

conflicting. Genetic, environmental and methodological

factors may be responsible for the discrepancies. Malewski

and Markakis (1971), reported that four cultivars of

tomatoes grown in a Michigan field reached their highest

ascorbic acid content about 6 weeks after anthesis (flower

opening) and just before the entire fruit turned red. Clow

and Marlatt (1930) and Jones and Nelson (1930) demonstrated

by bioassay that the ascorbic acid content of tomatoes

increased as the fruit matured. Clow and Marlatt stated

that fruit ripened off the vine seemed to be as effective

a source of vitamin as vine-ripened fruit; Jones and Nelson

reported that naturally ripened tomatoes contained the most

vitamin C, fullgreen, green came next, and the small,

immature fruit contained the least of all. On the other

hand, MacLinn and Fellers (1938) and MacLinn, Fellers, and

Buck (1936) found no difference in ascorbic acid content

due to maturity and no loss in ascorbic acid from ripe

fruits which were stored for 10 days at room temperature.

According to Scott et a1. (1949) the ascorbic acid content

of the tomatoes increases slightly with increasing

maturity of the fruit at the time of harvest. Hamner et a1.

(1945) reported a small but continuing increase in ascorbic

acid content through the overmature stage, while LoCoco

(1945) found a rather large (88%) increase up to the red-

mature stage with a subsequent decrease as the fruit



over-matured. Accordingly, Fryer et a1. (1954) found a

definite increase in ascorbic acid content as the fruit

developed from mature-green to mature-red, this increase

being twice as large in the field-grown as in the green-

house-grown tomatoes. However, Ignatius et a1. (1944)

stated no significant difference in ascorbic acid values

in green and ripe tomatoes collected at the same time.

There is little in the literature dealing specifically

with a possible relationship between the vertical position

of a cluster of tomatoes on a plant and the concentration

of ascorbic acid in the tomatoes of the cluster. There

are, however, several reasons to expect that some relation-

ship might exist and be important. Generally, the bottom

cluster on a tomato plant produces ripe fruits before the

higher clusters on the same plant do (Fryer et al., 1954).

It is believed (Frazier et al., 1954) that the amount of

illumination on the fruits definitely affects their

ascorbic acid content. It is possible, however, that

temperature, humidity and other environmental factors may

change enough from the bottom of a plant to its top to

increase the ascorbic acid content of the fruits higher on

the plant.

Hassan and McCollum (1954) compared the second and

third cluster on the plant with the fourth and fifth.

They make their comparisons with both pruned and unpruned

greenhouse plants, and with bagged and unbagged clusters on

both the pruned and unpruned plants. They found the



concentration of ascorbic acid to be higher in the higher

clusters even when the clusters were bagged. Hence, they

concluded that light intensity is not the only factor

involved in the relationship between cluster position and

ascorbic acid content. Fryer et a1. (1954) found that when

the tomatoes were harvested red-ripe, there is an

essentially linear increase in ascorbic acid concentration

with increasing cluster number up the plant. He also

pointed out that it is possible that this regression is

affected by the season in which the tomatoes are grown. He

obtained the larger regression coefficients for the spring

crops, but the differences between the regression

coefficients for the fall and spring crops were not

statistically significant. He concluded that average

increase in ascorbic acid concentration with each higher

cluster on the plant may be as low as 3 or 4 percent, and

it also may be as high as 10 percent, according to the 95

percent confidence intervals. But this regression for

greenhouse grown tomatoes did not hold for tomatoes grown

in the field where there is plenty of sunlight and an

abundant supply of soil nutrients.

The effect of size of fruit on the vitamin C content

of tomatoes was studied by MacLinn et a1. (1938). They

found no correlation between size of a tomato and its

vitamin C content. 0n the other hand, McHenry and Graham

(1935) found that there is an inverse relationship between

size and vitamin C content of ripe tomatoes. They also
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concluded that at least part of the difference in ascorbic

acid content between the tetraploid and diploid tomatoes

may have resulted from the difference in size of these

fruits, because the former fruits are smaller than the

latter ones. Wokes and Joan (1943) showed that in unripe

tomatoes weighing 0.3-11 g. the average concentration of

vitamin C was about 34% higher than in unripe tomatoes

weighing 30-87 9. However, they pointed out that the

difference was scarcely significant because of the wide

variation in vitamin C content between tomatoes of similar

weights.

Regarding the influence of mineral nutrition, Hamner

et a1. (1942) found that ascorbic acid concentration showed

little or no correlation with the macronutrient supply.

Hamner (1945) found the same for the minor elements. The

same author in another report, Hamner et a1. (1945),

however, indicated that nitrogen fertilization may cause

a slight decrease in the ascorbic acid content of tomatoes.

The effect of storage on the ascorbic acid content of

tomatoes have been studied by numerous investigators, but

there is a lack of general agreement. Pantos and Markakis

(1973) reported that there was a decline in the ascorbic

acid content of mature-green tomatoes with time of storage

at temperatures between 55 to 70 degrees F. Scott and

Kramer (1949) and Craft and Heinze (1954) used the Rutgers

variety in their studies but the first group reported loss

of ascorbic acid during storage of green-mature tomatoes
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at 70°F and riper tomatoes at 35-50°F, while the second

group found no pronounced change in the ascorbic acid

content of mature-green tomatoes stored at 32, 40, 50, 65

and 75°F for periods up to 14 days. Murneek et a1. (1945)

stated that greenhouse tomatoes picked "green" are

relatively low in ascorbic acid content, but upon ripening

at room temperature they reach a value almost equal to that

of vine-ripened fruit. However, field grown tomatoes

often showed the highest content during the early stages

of maturity, and fruit harvested while green seemed to lose

ascorbic acid upon ripening.

Hamner et a1. (1945)stored green mature tomatoes at

65, 70, 75, 80 and 90 degrees F analyzing the ripened fruit

at the end of l, 2, and 3 weeks. Two weeks' storage at

the three lower temperatures did not appreciably affect

the ascorbic acid content, but at the end of 3 weeks at

65, 70 and 75 degrees F, or after 2 weeks at 80 or 90

degrees F, there was a marked decrease. MacLinn et a1.

(1936) found no effect of storage of ripe tomatoes on the

vitamin C content for 10 days at room temperature. Fryer

et a1. (1954) stated that if greenhouse green-mature

tomatoes are ripened to the red-mature stage out of direct

sunlight and at a temperature of about 75 degrees F, the

ascorbic acid content of them is less than those fruits

ripened on the plant. House et a1. (1929), in their study

of the effect of artificial ripening on tomatoes, found

that air-ripened and ethylene-ripened tomatoes were richer
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in vitamin C than the green fruit; vine-ripened tomatoes

were superior to either the artificially ripened or to the

green tomatoes.

Verkerk (1955) has pointed that light intensity

averaging 1139.9 foot-candles (fc) daily during the growth

of the tomato plants had a greater effect in promoting

chlorophyll formation, fruit production, and photosynthetic

efficiency than light of a daily average of 583.1 fc and

this, in turn, had a similar greater effect than 261.0 fc.

Reports in the literature give abundant supporting

evidence of the influence of light intensity on ascorbic

acid content. This evidence includes reports that the

amount of ascorbic acid in individual fruits on one tree may

be proportional to the amount of light received during ripen-

ing. Cloudy weather has been reported to decrease ascorbic

acid, and the side of individual fruits exposed to the sun

has been found to be richer in ascorbic acid than the shaded

side (Hamner et al., 1945). Wokes et a1. (1943) found that

the distribution of vitamin C usually runs parallel with

the ascorbic acid oxidase activity, being 2 or 3 times

higher in the skin than in the juice or flesh. Matsuoka

(1936) supported Wokes et al's work and reported that

germination of various seeds in the sunlight produced a

notable amount of vitamin C, and showed that although

light was not an absolutely necessary factor for the pro-

duction of vitamin C, the ascorbic acid content of seeds

was affected by the light. An increased formation of

ascorbic acid in etiolated seedlings was found by Sugawara
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(1939) under light. He also pointed out that the radiation

frequency plays an important part in the production of

ascorbic acid. Regarding the formation of ascorbic acid

white light was most effective followed by red, orange-red,

green, and blue light. '

Reid (1943) has pointed out that some plants lose

vitamin C during periods of darkness. She observed net

losses as high as 20 percent during the night and net

increases up to 25 percent during bright days. Hamner

et a1. (1945) assumed that light intensity previous to

harvest plays a dominant role in determining ascorbic acid

levels in tomato fruit of‘a given variety. McCollun (1946)

studied the relationship between the exposure of tomato

fruits to the sun and their ascorbic acid content. He

concluded that the amount of illumination received directly

by the fruits determined their ascorbic acid content. The

same author, in another study (1944), found that vitamin C

is concentrated in the portion of the fruit most exposed to

light and the wall tissue having the greatest exposure to

light to be highest and the tissue least exposed, namely,

the lower placenta of large fruit, to be lowest in ascorbic

acid. He also pointed out that the larger fruits have a

higher content than the smaller fruits especially in the

upper wall tissue. This observation is not in agreement

with the work of Maclinn and Fellers (1938) showing that

ascorbic acid was concentrated in the gelatinous material

about the seed. However, Maclinn and Fellers used
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greenhouse tomatoes which undoubtedly received less light

exposure than unshaded field grown fruits. According to

McCollum (1944) ascorbic acid varies to a greater extent

with reference to sunlight exposure than with respect to the

morphological region of the fruit. Furthermore, he stated

that cracked fruits were higher in vitamin C than uncracked

fruits. He then concluded that since exposed fruits seem

to be more susceptible to cracking than shaded ones, it is

quite likely that the difference in ascorbic acid was due

to light exposure. He also stated that tomato varieties

having dense foliage may be desirable in preventing sun-

scald but not for the production of fruits high in ascorbic

acid. He reported that tomatoes from defoliated plants

were higher in ascorbic acid than those from normal plants.

He considered this is to be due to direct irradiation of

the fruits.

With regard to the quantity of light energy infringing

on plants in relation to the length or duration of the

light days, the investigations of Hamner et a1. (1945) are

pertinent. They found an increase of only 17 percent in the

ascorbic acid concentration of fruits subjected to a 16-

hour photoperiod (artificial light in control chambers)

compared with an 8-hour photoperiod. The intensity of the

light energy supplied, however, was low.

The time of application of the light involved has also

received consideration. Somers et a1. (1950) reported that

the amount of light during a period of 18 days before
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harvest, correlated closely with the ascorbic acid content

of field grown tomatoes. Somers et al. (1954), however,

were unable to confirm this finding but stated that the

close correlation observed was due to the extensive

defoliation of the plants in the former study, thus allowing

direct light inpingement on the fruits, and that only under

such conditions would this close correlation exist. Somers

et al. (1950) further stated that their work and that of

Hamner et a1. (1945) indicate that it requires about two to

three weeks for a change in illumination to produce signif-

icant changes in the ascorbic acid content of fruit that

ripens on the vine. Frazier et a1. (1954) measured the

ascorbic acid content of two groups of tomatoes, one of

which matured in a greenhouse without supplemental light

and another group which matured in the same greenhouse but

with supplemental light (two lamps emitting in the ultra-

violet region, one emitting at 5800-5900 A and one

incandescent lamp). He found no consistent increase in

ascorbic acid concentration in the greenhouse grown fruit

when irradiated during daylight hours with supplemental

lighting. He, thus, concluded that neither the addition

of small bands of electromagnetic radiation of relatively

high energy value in the ultraviolet region of the spectrum,

nor bands of general radiation of relatively low energy

in the visible region of the spectrum increased the ascorbic

acid concentration of greenhouse grown fruits consistently.
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Several workers have reported that supplementary

energy supplied in the ultraviolet range did not increase

the ascorbic acid concentration of plants and plant parts.

Wokes and Organ (1943) irradiated harvested tomatoes during

ripening. Green fruits were treated daily with a mercury

vapor lamp that provided no appreciable amount of

radiation below 2500 A and that was switched off a few

moments every 10-15 minutes to diminish heating. Total

irradiation time was one hour the first day and increased

to two hours on subsequent days. There was no increase in

ascorbic acid concentration over the controls in fruits so

irradiated for four to seven days. Miller and Schomer

(1947) found that ultraviolet light from a lamp that

emitted energy between 2537 A and 5780 A with, the lower

wavelength representing 83 percent of the total, apparently

retarded certain aspects of the ripening process in har-

vested tomato fruits.



METHODS AND MATERIALS

Seedlings of two tomato cultivars, Marglobe and

Rutgers, obtained from the market, were transplanted on

June 10, 1973 on the Michigan State University Horticultural

Farm. Twelve plants were grown from each cultivar. The

plants were irrigated, but not fertilized or sprayed with

pesticides. Tomatoes were harvested mature-green, when a

whitish area appeared around the blossom end of the fruit.

They were placed in a plastic bag with the name of the

variety and the date of harvest.

The first collection of fruits occurred about five

weeks after the first flower opening. Subsequently,

samples were obtained whenever the fruits reached the

mature-green stage, which was approximately every other

day. Upon arrival at the laboratory, the tomatoes of each

cultivar were divided into three groups. One group was

analyzed for ascorbic acid content immediately. On each

remaining tomato a small label was posted on the stem scar,

indicating cultivar and harvest date. These tomatoes were

divided into two groups, each with equal distribution in

size and maturity. One group was placed as a monolayer

under a battery of 10 fluorescent tubes, 42 inches long.

The distance between the fluorescent lamps and tomatoes

17
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was approximately 30 inches. A second group was placed in

shallow baskets the sides of which were covered with

aluminum foil and placed under the platform of the

illuminated tomatoes. These two groups were ripened in a

cubicle in which the air was constantly moving and main-

tained at 68 i 2°F and 85-90% relative humidity. The

tomatoes which were exposed to the light were turned over

every day so that both sides of the tomatoes received the

same amount of light. The illumination intensity was

measured by a Weston Foot-Candle Meter, and found to be

approximately 800 foot-candles at the upper surface of the

tomatoes.

The ascorbic acid content of the artificially ripened

tomatoes was determined by the 2,6-dichlorophenol indo-

phenol visual titration, according to the procedure of the

AOAC method at 3 and 6 days after harvesting and also when

they turned fully red. Tomatoes left on the vine were also

analyzed for ascorbic acid content when they turned fully

red.

In each determination at least three tomatoes were

selected randomly. They were cut into sectors from

different sides of tomatoes and placed in a Waring Blender,

covered with equal weight of 6% metaphosphoric acid, a

stabilizing solution, and blended for 3 minutes at high

speed. Nitrogen gas was introduced to the head space of

the blender jar during blending. The weighted portion of

the slurry, 20 to 30 g, was diluted to 100 ml with 3%



19

metaphosphoric acid solution and then filtered. Two

aliquots of filtrate, 10 ml each, were titrated according

to the AOAC (1970) method. The replicate titration

differed by less than 5% from each other. A blank sample

was run in each determination and this value was subtracted

from the average of the two titration values. Recoveries

of at least 95%, were obtained with this visual method.



RESULTS AND DISCUSSION

This study has dealt primarily with the influence of

light on ascorbic acid content during artificial ripening of

tomatoes, harvested mature-green.

The data from both cultivars of tomatoes analyzed for

ascorbic acid the day of harvest and periodically until they

turned red are given in Table 1, Table 2 and Table 7.

Statistical analyses of ascorbic acid content of

mature-green tomatoes after being stored for 3 and for 6

days in darkness or in light for both cultivars are

summarized in Table 3 and Table 4. The average ascorbic

acid content of these tomatoes is plotted in Figure l and

Figure 2. Table 3 shows that on the average the ascorbic

acid concentration of tomato fruits in cv Rutgers stored

for 3 and 6 days under the light is significantly higher

than in darkness. After 3 days in darkness, the ascorbic

acid content was 14.6 i 1.1 mg/lOOg fresh fruit, and in the

light 17.9 t 1.1 mg/100 g fresh fruit; after 6 days in

darkness,the ascorbic acid content was 12.7 i 1.0 and in

the light 15.3 i 1.1 mg/100 g fresh fruit. Table 4 shows

that there is a statistically significant difference between

the ascorbic acid concentration of tomatoes stored in

darkness and those in the light for 3 and 6 days in cv

20
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mg A.A/lOOg

fresh fruit

13 _ x Light

A Darkness

1? F

14*-

13~ ‘

 1 l
 

O 3 6

Days in Storage

Figure 1. Average ascorbic acid (A.A.) content (mg/1009

fresh fruit) of mature-green tomatoes vs days

in storage in light or darkness, cnr Rutgers.
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Days in Storage

Figure 2. Average ascorbic acid (A.A.) content (mg/1009

fresh fruit) of mature-green tomatoes vs days

in storage in light or darkness, cv Marglobe.
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Marglobe. The ascorbic acid values were 14.9 i 1.0 mg/lOOg

fresh fruit in darkness and 17.3 i 1.0 mg/lOOg fresh fruit

in the light after 3 days of storage; and 17.5 i 1.3 and

13.9 i 1.5 mg AA/lOOg fresh fruit, in darkness and the

light, respectively, after 6 days of storage. The average

ascorbic acid content of tomatoes of cv Marglobe vs days

of storage, Figure 2, indicates that under both conditions,

darkness and light, the ascorbic acid value decreased from

the original value. This is true for cv Rutgers if only

storage for 6 days is considered.

Table 5 presents the average ascorbic acid content of

tomatoes which became fully red either in darkness or in

light for both cultivars throughout the entire experiment.

Usually it took more time for tomatoes to ripen in the dark

than under the light. In order to exclude this factor

which might have an affect on the ascorbic acid content of

the tomatoes, the average ascorbic acid content was

obtained for the tomatoes which ripened in the light and

darkness in the same length of time from the date of

harvest. These two values for the light and dark ripened

tomatoes were then statistically compared by the paired

t - test. For example, the average ascorbic acid content

of red tomatoes, which became red after X days in the

darkness, was compared with those which became red after X

days under the light. Statistical analysis of these data

shows that tomatoes which ripened under the light had

significantly higher ascorbic acid content than the fruits
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ripened in the darkness in both varieties. In fact, the

values for each variety are as follows: in cv Marglobe,

the average ascorbic acid content of red tomatoes ripened

in darkness and in light and for a period of days which was

equal for ripening in dark or light were 17.03 and 18.8

mg/lOOg fresh fruit, respectively. In Rutgers, these

values were 13.45 for the dark-ripened tomatoes and 16.29

for the light-ripened.

In another statistical treatment, tomatoes which were

harvested on the same date but ripened either in the light

or in darkness were compared for ascorbic acid content when

they turned red. The results of this comparison are shown

in Table 6, in which 15 Marglobe or 17 Rutgers "Pairs"

indicate 15 or 17 different dates on which tomatoes were

harvested, and divided in two groups one of which was

subsequently ripened in the light and other in darkness.

‘ Table 6 shows a definite difference in ascorbic acid con-

centration associated with exposure to light. The average

ascorbic acid values of tomatoes ripened under the light

is significantly larger than the average of the dark-

ripened ones for both varieties, being 13.7 i 1.1 and

17.4 i .9 mg A.A/lOOg fresh fruit for Marglobe and 11.8 i

1.0 and 15.9 i .8 mg A.A/100g fresh fruit for Rutgers in

darkness and light, respectively.

The effect of light intensity upon the ascorbic acid

concentration of tomatoes has been studied by a number of

investigators. However, most of them have dealt with this
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effect prior to harvest. It has been shown that light

intensity prior to harvest plays the dominant role in

determining ascorbic acid content in tomato fruits (Hamner

et al., 1945). According to Reid (1943), losses of vitamin

C at night amounting to as much as 20 percent of the total

quantity, and possibly even more, may occur in some types

of plants. She also concluded that similar losses of the

vitamin may occur during the day but the quantity thus lost

is not readily measurable because the vitamin is manufactured

more rapidly than it is used. The net result is an increase

up to 25 percent in vitamin C. She also has pointed out

that manufacture at a slower rate occurs at night, but its

magnitude is difficult to determine because the vitamin is

lost much more quickly than it is made. These facts

suggest that vitamin C is used by the plant in the process

of growth. The function of vitamin C in the plant is not

well understood; the speculation exists that it is used

in growing regions of the plant such as the tips of the

roots and stems and in the development of the young leaves.

Studies indicate that the tomato fruit functions as a

photosynthetic organ even though it has no stomates or

lenticels (McCollum, 1946). As a consequence of its own

life processes both anabolism and catabolism of vitamin C

may take place. Furthermore, anabolism of ascorbic acid

in tomato fruits exposed to the light occurs at a more

rapid rate than those in the darkness. As a result,

tomatoes ripened off the vine, but under light would be
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expected to have more vitamin C than tomatoes ripened in

darkness. In this respect, the results of this study are

in agreement with the work of previous investigators, who

found an increase in ascorbic acid concentration in tomatoes

when the fruits on the plant were exposed to light prior to

harvest.

In following the ascorbic acid content of the mature-

green tomatoes and also mature-green tomatoes left on the

vine, rather large fluctuations in the titration values

were observed for samples collected on different days. This

may be attributed to the biological variability of fruit

composition and the rather small size of sample (3 to 7

tomatoes were used to prepare the mixed sample).

As it is shown in Table l and 2, within each pair of

tomatoes, that is light-ripened and dark-ripened tomatoes

picked from the plant on the same day, the fruits which

ripened faster usually had more ascorbic acid than those

ripening late regardless of condition of light or darkness.

This can also be seen in Figure 3 and Figure 4 which show

the amount of ascorbic acid of red tomatoes vs the days

taken to ripen. It is apparent from these two figures that

the longer the period of storage to ripen the mature-green

tomatoes, the less ascorbic acid content resulting in the

red tomatoes. This is in agreement with the work of Pantos

and Markakis (1973), who found a decline in the vitamin C

content of the mature-green tomatoes with the time of

storage at different temperatures. Hamner et al. (1945) in
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fruit) of red tomatoes vs days after harvesting

to reach redness, cv Rutgers.
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their experiment also showed a marked decrease in ascorbic

acid content of green mature tomatoes stored for two weeks

at 80 or 90 degrees F, or after three weeks at 65, 70 and

75 degrees F. Scott and Kramer (1949) reached the same

conclusion and reported loss of ascorbic acid during

storage of green-mature tomatoes at 70 degree F.

From Figures 3 and 4 it is apparent that the tomatoes

stored in the light turned red sooner than those stored in

darkness. This is based on crude observation, however,

and cannot be supported statistically since no systematic

counting of the numbers of tomatoes reaching redness in dark

or light was performed._ This is in agreement with findings

of Ellis and Hamner (1943) who found that exposure of

tomatoes to light will influence the carotenoids content.

It is obvious from the data that cv Marglobe had more

ascorbic acid than cv Rutgers whether mature-green tomatoes

or fully red tomatoes were ripened on the vine or off the

vine. This supports the work of Hamner et al. (1945), who

found that cv Marglobe consistently had more ascorbic acid

than Rutgers at any particular location, except Madison,

Wisconsin.

In order to compare the artificial ripening of tomatoes

with natural ripening on the vine, some tomatoes were

harvested when they turned red on the plant. The ascorbic

acid analysis of these tomatoes is shown in Table 7. It

can be concluded from the available data that if tomatoes

are ripened artificially under light, their ascorbic acid
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TABLE 7. Ascorbic acid content (mg/1009 fresh fruit) of

red tomatoes ripened on the plant.

 

 

Date of Harvesting Marglobe Rutgers

8/16 -- 19.8

8/20 18.5 --

9/4 18.3 17.8

9/7 16.1 16.1

9/10 18.6 15.9

9/12 18.1 15.5

9/14 17.5 17.0

9/19 23.4 18.3

 

Average 18.6 17.2
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is very close to those ripened on the plant. However,

tomatoes ripened off the vine and in darkness had vitamin

C value much lower than tomatoes ripened naturally.

Suggestions:
 

1. On the basis of these findings and should the fresh

tomato industry be interested in the vitamin C content of

tomatoes, it would be advisable to artificially ripen

tomatoes under light.

2. In future work in this area it would be worthwhile

to investigate the effect of higher and lower intensities of

illumination (than 800 fc) on the ascorbic acid content of

tomatoes ripened off the vine.
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