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Table V. Solubilization of Nitrogen in Protein
Fractions with Water

nitrogen
solubility 2
material pH %

fraction I protein

spray-dried? 7.4 5.05

freeze-dried® 7.4 12.81
fraction I protein (salt added)

spray-dried 7.4 6.12

freeze-dried 7.4 12.64

freeze-dried 8.5 42.45

a Average for two values, b Dried as suspension; other
samples were dried as solution.

solved in salt solution at pH 8.5 before drying.

The studies reported in this paper show that tobacco can
be processed on a large scale to yield crystalline fraction
I protein and other protein concentrates suitable for feed
or food. Improved equipment for collection and recrys-
tallization of fraction I should enable even greater
quantities of tobacco to be processed.
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Influence of Nitrogen Fertilization on Potato Discoloration in Relation to Chemical
Composition. 2. Phenols and Ascorbic Acid

Nell Irene Mondy,* Robert Louis Koch, and Subhash Chandra

The effect of nitrogen fertilization on enzymatic darkening of Katahdin potatoes was examined with
respect to phenolic and ascorbic acid content. Ammonium nitrate was applied at rates of 100, 150, 200,
and 250 Ib/acre. Enzymatic darkening and phenolic content increased significantly (p < 0.01) as the
level of nitrogen increased. A significant positive correlation (r = +0.97) was found between phenolic
content and enzymatic discoloration. Ascorbic acid increased significantly (p < 0.01) with increased

nitrogen levels.

Previous work from our laboratory has indicated the
importance of nitrogen fertilization and its effect on tuber
discoloration with regard to lipids, potassium, and dry
matter content of Katahdin potatoes (Mondy and Koch,

Division of Nutritional Sciences and Institute of Food
Science, Cornell University, Ithaca, New York 14853.

1978). Potatoes receiving higher amounts of nitrogen
exhibited greater enzymatic discoloration, increased dry
matter, and lowered lipid and potassium content than
control tubers. A significant negative correlation (r =
—-0.95) was established between the degree of enzymatic
discoloration and lipid content of potato tubers. Other
important chemical constituents in the potato tuber related
to enzymatic discoloration are phenols and ascorbic acid.
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Nitrogen Fertilization of Potatoes

Early studies by Van Middelem (1952) showed that
potato discoloration was positively correlated with tyrosine,
a monophenol, and dihydroxy phenyl alanine, a diphenol,
in potato tissue. Mapson et al. (1963) also found a direct
correlation between tyrosine content and tuber suscep-
tibility to enzymatic darkening. Chlorogenic acid, a po-
lyphenol, has been shown to be the chief phenolic con-
stituent of potatoes, and Mondy et al. (1967) found a
significant positive correlation (r = +0.83) between potato
discoloration and total phenolic content. A survey of the
literature revealed a lack of information on the effect of
nitrogen fertilization on the total phenolic content of
potatoes. Mulder (1949), however, observed that a high
dressing of nitrogen increased the tyrosine content of
tubers.

Ascorbic acid is important to the nutritive value and
possibly black spot susceptibility of potato tissue. Several
studies have examined tuber ascorbate content with re-
spect to nitrogen fertilization but no consistent trends have
been observed. Karikka et al. (1944) failed to establish
a relationship between different fertilization regimes and
tuber ascorbic acid content. Augustin (1975) concluded
that nitrogen fertilization decreased ascorbic acid levels
in Russet Burbank potatoes. In contrast to these findings,
Sinha (1955) reported an increase in ascorbic acid with
nitrogen fertilization. Ascorbic acid is recognized as an
antioxidant and can be used to prevent enzymatic
browning of cut surfaces of fruits and vegetables. An-
derson and Zapsalis (1957) found 1-3% solutions of as-
corbic acid to be effective in preventing discoloration of
vacuum packaged prepeeled potatoes. Ascorbic acid which
is more concentrated at the bud end of the tuber (Baird
and Howatt, 1948) may inhibit discoloration by reducing
o-quinones back to the o-diphenol form. Johnson and
Schall (1957) observed that the rapid accumulation of
chlorogenic acid and other diphenols in potato slices
immediately after cutting was paralled by immediate
increases in ascorbic acid levels but the ascorbic acid then
decreased after 24-48 h. Farkas et al. (1960) observed
significant interactions between phenolic compounds and
ascorbic acid in viral-infected plants and suggested that
ascorbic acid reduced quinones back to their corresponding
phenols as part of a defense mechanism to control necrosis.

This study was undertaken in order to determine the
effect of different levels of nitrogen fertilization on tuber
discoloration and to study further the interrelationships
of total phenols and ascorbic acid on black spot suscep-
tibility of potatoes.

MATERIALS AND METHODS

Katahdin potatoes grown at the Cornell Vegetable
Research Farm in Riverhead, Long Island, were used in
this study. Inorganic nitrogen in the form of ammonium
nitrate was banded at planting with rates of 0, 100, 150,
200, 250 1b per acre. The randomized block design con-
tained two replicated plots per treatment. Tubers were
harvested 24 weeks after planting and stored at 5 °C until
analyzed. The tubers were separated into cortex (including
the peel) and pith sections, and the cortex tissues were
used since the cortex area is more susceptible to discol-
oration.

Determination of Discoloration. Color measurements
were made on potato tissue using the Hunter Color Dif-
ference Meter as previously described by Mondy et al.
(1967). Cortex tissue from four potatoes was used for each
determination. Duplicate determinations were made on
each lot of potatoes.

Determination of Total Phenols. The methods used
for phenol determinations was the same as that reported
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Figure 1. Effect of nitrogen fertilization on potato discoloration.
Rg4 values decreases as blackening increases. 1b N/A = pounds
of nitrogen per acre.
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Figure 2. Phenolic content of cortex tissue from Katahdin
potatoes treated with different levels of nitrogen fertilization.

by Mondy et al. (1966). Three tubers were selected for
each extract and two extracts were made for each treat-
ment.

Determination of Ascorbic Acid. The L-ascorbic acid
content was determined on cortex tissue using the indo-
phenol method of Horwitz (1970). Cortex tissue of three
potatoes from each treatment was used for each extract.
Duplicate determinations were made on each treatment.

Statistical Analysis. A one factor analysis of variance
and the Dunnet test which compares every treatment with
the control was used to determine the statistical signifi-
cance of the effect of nitrogen fertilization on discoloration
and phenol and ascorbic acid content. The Pearson
product-moment correlation coefficient was used to de-
termine the relationships between discoloration, phenolic
and ascorbic acid content, and levels of fertilization (Steel
and Torrie, 1960).

RESULTS AND DISCUSSION

Discoloration and Phenols. Tubers from plants re-
ceiving high levels of nitrogen fertilizer discolored sig-
nificantly more (p < 0.01) than control tubers (Figure 1).
The phenol content also increased with higher levels of
nitrogen fertilization (Figure 2). A significant (p < 0.01)
positive correlation was observed between phenolic content
and enzymic discoloration. Koblet (1947, 1948) also found
that enzymatic discoloration increased with increased
nitrogen fertilization, although he did not relate the
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Figure 3. Ascorbic acid content of cortex tissue from Katahdin
potatoes treated with different levels of nitrogen fertilization.
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discoloration to phenolic content. High phenolic content
has been associated with bitterness and astringency in
cooked potatoes (Mondy et al., 1971). Although he did not
report the phenolic content, Dimitrov (1975) reported that
the flavor of cooked potatoes was adversely affected by
nitrogen fertilization. It is possible that increased phenolic
content accompanying nitrogen fertilization may have been
responsible for the poor flavor he observed.

Ascorbic Acid. Ascorbic acid content of cortex tissues
increased significantly (p < 0.01) with increased levels of
nitrogen (Figure 3), with the exception of treatment 4 (200
b of N/acre). A nonsignificant increase in ascorbic acid
with treatment 4 could not be explained, while a significant
increase in ascorbic acid with other treatments is in
agreement with Ishevskaya (1965) and Sinha (1955) who
reported an increase in ascorbic acid with nitrogen fer-
tilization. Augustin (1975) reported changes in ascorbic
acid with nitrogen fertilization as varietical characteristics.
However, Teich and Menzies (1964) reported decrease in
ascorbic acid with increasing rates of nitrogen, but these
workers used 0, 30, and 60 lb/acre nitrogen applications,
while in the present study 0, 100, 150, 200, and 250 1b/acre
nitrogen levels were applied. Secondly, Teich and Menzies
reported their ascorbic acid values on the whole potato
tuber basis, while in our study cortex tissue, the area of
high metabolic activities, was used for analysis.

Although ascorbic acid acts as an antioxidant and in-
hibits enzymatic darkening in vaccum-packaged prepeeled
potatoes (Anderson and Zapsalis, 1957), it did not seem
to play a major role in preventing nitrogen-induced en-
zymatic darkening of potatoes. Similar conclusions about
the effect of ascorbic acid on enzymatic darkening were
reached by Mondy et al. (1960), who found that Ontario
potatoes, a variety susceptible to darkening contained
higher levels of ascorbic acid than Pontiac potatoes, a
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variety resistant to darkening.

This study indicates that heavy nitrogen fertilization
raises the phenolic content of potato cortex tissue which
contributes to increased enzymatic discoloration. Ascorbic
acid content is also positively associated with level of
nitrogen, but apparently ascorbic acid is not present in
sufficient amounts to inhibit enzymatic discoloration.
Although lowering the amount of nitrogen fertilizer applied
to potatoes may result in a somewhat lower ascorbic acid
content, the benefits obtained in reducing tuber discol-
oration, with it resulting waste, would make the practice
desirable. From this study it appears that high levels of
nitrogen fertilization are unnecessary. High levels of
nitrogen fertilization for potatoes not only increases the
cost of production and increases nitrate—nitrite pollution
in run-off water but also decreases the quality of potatoes.
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