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Total and Reduced Ascorbic Acid Levels in Rin and Normal
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Abstract. Changes in reduced ascorbic acid in normal tomato fruits (Lycopersicon esculentum Mill.) during
holding at 20°C seem to be related to ripening. No change in reduced ascorbic acid levels from mature green
to yellow rin fruits was observed when detached from the plant. Apparently, a reduction mechanism from dehy-
dro to reduced ascorbic acid is active in normal tomatoes but inactive in detached rin fruits. This mechanism
was operative in normal and rin fruits left on the plant. Exogenous ethylene (10 ppm) neither affected reduced
ascorbic acid levels in normal and rin fruits, nor the total ascorbic acid in normal fruits. Maintenance of initial
levels of total ascorbic acid was noted in ethylene treated rin fruits. Similar total ascorbic acid levels were found
in normal and rin fruits held on the vine to the red and yellow stages, respectively; and were higher than in

comparable fruits held in storage.

Tomatoes are considered a good source of vitamin C (23).
Ascorbic acid (vitamin C) is found in plant tissue in 3 forms:
reduced ascorbic acid (RAA); monodehydro-ascorbic acid (an
unstable intermediate); and dehydro-ascorbic acid (DHA)
(11). Dehydro-ascorbic acid is more stable at low pH, but can
be lost by irreversible conversion to 2,3-diketogulonic acid
(11). Reduced and dehydro-ascorbic acids are physiologically
active in the animal body and have antiescurbic properties
(17, 20) while 2,3-diketogulonic acid does not (17).

Clow and Marlatt (5) found that total ascorbic acid (TAA)

IReceived for publication June 17, 1978. Paper Number 758, Depart-
ment of Vegetable Crops, New York State College of Agriculture and
Life Sciences. Ithaca, NY. This investigation was supported in part by
funds from CONACYT (Mexican Government).

The cost of publishing this paper was defrayed in part by the payment of
page charges. Under postal regulations, this paper must therefore be
hereby marked advertisement solely to indicate this fact.

2Present Address: Dept. of Horticultural Food Science, University of
Arkansas, Route 11, Fayetteville, AR 72701.

3Present Address: Sea-Land Service, Inc., Special Commodities Service,
P. O. Box 1050, Elizabeth, NJ 07207. The authors express appreciation
to Dr. R. W. Robinson, Geneva, NY, for supplying seeds of rin and ‘Fire-
ball’ X Cornell 54-149 lines.

756

in mature green and red tomatoes was the same. Brecht et al.
(4) found similar results in 6 of 8 cultivars studied. Mapson
(11) reported that the level of RAA in plant tissue is about
95% of the total ascorbic acid. However, Brecht et al. (4) found
that in mature green tomatoes RAA values ranged from 21 to
72% of TAA depending on the cv. They also reported that RAA
levels increased from mature green to the red stage to reach
values that fluctuated from 83 to 100% of the TAA. The
increase in RAA from mature green to red stages is supported
by numerous reports (2, 3, 10, 21). However, others report
no change (12, 22) or a decrease (16). Vine ripe tomatoes
seem to have higher levels of RAA than fruits ripened in storage
(2,9,21).

Exogenous ethylene has been reported to cause either no
change (5) or a decrease (8) of TAA in treated fruits relative
to non-treated. A slightly higher level of RAA was noted in
ethylene treated fruits at the red stage (14, 22).

The rin mutant tomato lacks many of the changes asso-
ciated with ripening (18). Due to this characteristic, the #in
mutant was used in the present work to compare changes in
TAA and RAA during ripening. Normal and rin tomatoes
grown in the field or held in storage with or without ethylene
treatment were studied in an attempt to relate changes of
ascorbic acid to ripening.
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Materials and Methods

Two isogenic lines, the rin and the normal line (‘Fireball’
x Cornell 54-149) from which the rin mutant originated (18),
were field grown. Mature green fruits of both lines were ob-
tained 38 days after anthesis and only fruits of about 5 cm
in diameter were held at 20°C in humidified air with or with-
out ethylene (10 ppm) for different times. Ten fruits of both
lines were sampled when the normal fruits were at the mature
green, turning, pink, and red stages (1). Yellow rin fruits were
sampled after 18 days of ethylene treatment or 60 days of
storage in the absence of exogenous ethylene. Representative
samples of normal and rin fruits were left on the plant for 58
and 84 days after anthesis to reach the red and yellow color,
respectively. After sampling, the fruits were frozen and ground
into a fine powder, the bulk sample was stored at —20°C
for up to 3 and 6 months prior to analysis of TAA and RAA,
respectively. Additional information on pre and postharvest
glarzdl)ing methods were previously described by Gonzalez et

. (6).

Duplicate frozen subsamples of 25 g were used for analysis
of total and reduced ascorbic acid. In the analysis of TAA, the
samples were homogenized in a Waring Blender in 100 ml of
1% oxalic acid for 3 min at high speed, and the 24-dinitro-
phenylhydrazine method of Roe and Oesterling (19) was used.
Triplicate readings for each subsample were made on a Bausch
and Lomb Spectronic 20 spectrophotometer. In the analysis
of RAA, the samples were homogenized as previously indicated
in 100 ml of 3% metaphosphoric acid and the indophenol-
xylene method of Nelson and Somers (15) was used. Triplicate
readings for each subsample were made on a J. K. Turner
Spectrophotometer Model #330. LSD 5% levels were calculated
to compare mean values for TAA and RAA from 2 identical
replicated experiments. Since the TAA analysis included RAA,
DHA, and 2,3-diketogulonic acid, it was assumed that the dif-
ferences between TAA and RAA was composed mostly of DHA
with a very small amount of 2 3-diketogulonic acid as indicated
by Mills et al. (13).

Results and Discussion

Normal fruits harvested at the mature green and red stages
had levels of TAA similar to the rin fruits at mature green and
yellow stages (Fig. 1, Fig. 2). In normal fruits left on the plant
under field conditions, the RAA level increased 3 fold from the
mature green to red stage (Fig. 1). A significant decrease in TAA
was noted from mature green to red stage in fruits ripened in
storage with or without exogenous ethylene when compared
to fruits ripened on the plant. Levels of RAA in red fruits from
the 2 storage treatments were about the same but lower than
those found in the field ripened tomatoes. Levels of RAA of
normal fruits held in storage increased 1.5 fold from mature
green to the red stage.

Reduced ascorbic acid levels in rin fruits at the mature green
stage was one-half of those harvested at the yellow stage (Fig.
2). Levels of TAA in rin fruits held in storage under humidified
air decreased gradually, and the lowest level was measured
- after 60 days. Reduced ascorbic acid in #in fruits remained
about the same throughout the storage period from mature
green to yellow stage. Ethylene treated rin fruits had a signifi-
cant decrease in TAA the 4th and 6th day after initiation of
treatment compared to fruits left on the plant. However, due
to a gradual increase in TAA, no significant differences were
noted after 7 days and at the yellow stage reached at the 18th
day as compared to levels in freshly harvested fruits. No signifi-
cant difference in RAA was noted in ethylene treated rin
fruits during the storage period (Fig. 2).

The respiratory behavior of the rin and normal fruits held
in the presence or absence of exogenous ethylene was similar
to the finding of Herner and Sink (7) and is presented in Fig.
1 and Fig. 2 for comparative purposes.
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Fig. 1. Levels of ascorbic acid, total (TAA) and reduced (RAA), in
normal fruits from the field and in storage. Fruits were stored with
or without 10 ppm ethylene. Mature green (MG) tomatoes were
harvested 38 days after anthesis. Further ripening stages were identi-
fied as turning (T), pink (P) and red (R). Inset shows respiration
rates [after (6)].

Reports indicating an increase in RAA during ripening of
tomatoes (2, 3, 4, 10, 21) suggested that this change is related
to ripening. To test this hypothesis, levels of RAA were evalu-
ated in normal rin fruits. Similar levels of RAA were noted in
mature green normal and rin fruits. However, an increase in
RAA followed by a temporary decrease at the pink stage was
noted in normal fruits during ripening. In contrast, no signifi-
cant change from mature green to yellow was observed in
rin fruits (Fig. 1, Fig. 2). These observations support the
initial hypothesis. We further hypothesized that the lack of
increase of RAA in rin fruits was due to the effect of low
levels of ethylene produced by rin fruits (7). Exogenous ethyl-
ene (10 ppm) was applied to mature green rin fruits to test
this hypothesis. Although exogenous ethylene did increase the
respiration rate of rin fruits, it had no effect on the RAA
levels. Similarly, ethylene treatment did not change RAA
levels in normal fruits (Fig. 1).

Lower TAA and RAA levels were observed in normal fruits
ripened in storage than in fruits vine ripened in the field. This
indicated that the parent plant helps to maintain TAA levels
and also to increase the levels of RAA during ripening. Levels
of RAA in rin fruits procured from the plant increased sig-
nificantly from mature green to the yellow stage (2x), while
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Fig. 2. Levels of ascorbic acid, total (TAA) and reduced (RAA), in
rin fruits from the field and in storage. Fruits were stored with
or without 10 ppm ethylene. Mature green (MG) tomatoes were
harvested 38 days after anthesis. Yellow (Y) fruits from the field
and storage were also sampled. Inset shows respiration rates [after

©)].

in no)rmal fruits the increase was even greater (3x) (Fig. 1,
Fig. 2).

A significant decrease in TAA in ethylene treated normal and
rin fruits was probably due to the induced increase in respira-
tion. While the levels of TAA in normal fruits decreased during
the ethylene treatment, an increase was noted in rin fruits
(Fig. 1, Fig. 2). This increase was probably due to a synthesis
of DHA since the RAA levels remained the same during the
treatment. The increase of DHA in rin fruits was related to a
decrease in the rate of respiration (Fig. 2).

Evaluations of TAA and RAA in normal fruits ripened on
the vine indicated that RAA data can give a reasonable idea
of the total level of ascorbic acid in tomatoes. However, Brecht
et al. (4) reported that in some cultivars, RAA can be mis-
leading since those values could be 17% lower than TAA. More
serious consideration should be given to possible anomalies
when RAA data is used as a measure of TAA in storage of
ripening tomato fruits, since the conversion of DHA to RAA
during ripening seems to be less efficient than in vine ripened
tomatoes.

In summary, the data suggest that in normal fruits there is
a reduction mechanism from DHA to RAA and the increase
of RAA is associated with ripening. This conversion was greater
in fruits ripened on the vine than those ripened in storage.

758

Apparently, this mechanism is inactive in rin mutant fruits
after harvest, but is partially active when these fruits are at-
tached to the parent plant. Exogenous ethylene had no effect
on this mechanism. Reduced ascorbic acid data obtained by the
indophenol-xylene method (15) provided a reasonable estimate
of the TAA in tomatoes ripened on the vine, but it can be mis-
leading in tomato fruits, ripened in storage.
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