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Factors Influencing the
Nutritive Value of Potatoes

INTRODUCTION

THE NUTRITIONAL welfare of the
American people long has been a

subject of engrossing interest, and re-.
search designed to improve and con-
serve the nutritive content of foods
generally consumed has been under
way for some time under the direction
of the United States Department of
Agriculture. It has been known that
foods may suffer serious losses in nutri-
tive value because of various processes
through which they must pass from the
time of production to final consumption.
The extent of such losses, however, and
how they affect the health of the con-
suming public has been a largely un-
explored field.
The menace of war in 1940 focused

attention upon the need for protecting
and improving the health and well-
being of the civilian population and the
armed forces of the United States. It
was recognized that the nutritional
status of man is dependent not only
upon the quantity of food available but
also upon its nutritive quality. It was
apparent that there was an urgent need
to ascertain both the nutritive content
of individual foods and the best meth-
ods of conserving these. nutrients.
The beginning of the National Co-

operative Project may be traced di-
rectly to the National Nutrition Confer-
ence for Defense, called by President
Roosevelt and held in Washington, D.C.,
May 26-28, 1941. This conference made
plans to intensify research in nutrition.
Organizations already in existence in
the State Agricultural Experiment. Sta-
tions were utilized and a committee
called "Section I—Research and Na-
tional Nutrition • Problems" was organ-
ized. This committee concentrated on
clarifying the problems that most ur-
gently needed investigation.

Meanwhile the sub-committee on
home economics of the Committee on
Experiment Station Organization and
Policy suggested the following project:
"The conservation of the nutritive
values of foods in the process of mar-
keting, storage, and cookery or home
preparation." It was adopted in prin-
ciple and organized on a national and
regional basis, thus providing the
framework for launching and develop-
ing the project.
In February, 1942, a national con-

ference was held in Chicago. From this
meeting evolved the reports of two
committees, the first of which listed,
in order of their importance, the foods
requiring investigation, the second of
which dealt with methods of analysis,
cooking, and statistical treatment of
accumulated data.
Research workers at the experiment

stations were encouraged to participate
in the 'undertaking. Some continued
working with commodities already un-
der investigation, intensifying their ef-
forts; others initiated new projects,
selecting commodities important in
their own areas which would fit in with
the national plan.
Subsequently it was proposed that

the experiment stations collaborate in
the study of cooking losses at army and
navy training camps located on the
campuses of various land-grant col-
leges. Stations which had facilities for
participating in this additional phase
of the national project entered upon
the new cooperative endeavor.
The foregoing constitutes a brief

resume of the organization and de-
velopment of the National Cooperative
Project, Conservation of the Nutritive
Values of Foods. The need for protect-
ing and promoting the good health of
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the American people continues. The
information accumulated through the
national cooperative project is of in-
estimable value. In order that it may
be made more readily available to all
persons who are concerned with the
maintenance and improvement of pub-
lic health, the findings accumulated on
each of the commodities studied are
being presented in a series of publica-
tions.
The experiment stations that cooper-

ated in 'this bulletin studied the Irish
potato, the United States' most used
vegetable.
Numerous studies on factors affecting

the dietary value of this commodity
have been conducted in this country
as well as in foreign lands; Work has
centered particularly around the ascor-

bic acid 'content of the potato because
(1) depending upon the amount con-
sumed, it may make a significant con-
tribution to the intake of this nutrient;
and (2) since ascorbic acid is both
water soluble and heat labile, any pro-
cedure which conserves this vitamin
will at the same time conserve other
food nutrients. Hence ascorbic acid
measurement may serve as an index to
the harmful effects of various handling
processes on the nutritive value of the
potato.
This bulletin is a compilation of the

research findings reported by the col-
laborating stations and the Bureau of
Human Nutrition and Home Economics
on factors influencing the nutritive
value of Irish potatoes, particularly
their ascorbic acid content.

PROCEDURE

THE ASSAY, sampling, and cooking
procedures followed were essentially

those recommended by the several com-
mittees for the National Cooperative
Project, Conservation of the Nutritive
Values of Foods. It was inevitable that
previous experiences of the cooperators
with various assay methods, together
with the limitations imposed by avail-
able equipment, storage facilities, per-
sonnel, and other factors, should result
in some differences in the experiments
conducted at the several institutions.
Inasmuch as an interpretation of the
findings requires a thorough under-
standing of the conditions of each ex-
periment, mention will be made here
of the practices followed generally, and
differences in procedure will be pointed
out briefly, with more detailed descrip-
tions to precede the presentation of the
individual collaborator's findings.
Tubers usually were sampled by cut-

ting radial sectors from the bud to the
stem end, and 25-gram samples were
used for analysis. The values given here
represent in most instances the means
of duplicate measurements on two or
more replicates.

Reduced ascorbic acid determinations
were made by employing one of the
following accepted methods: (1) the
2, 6-dichlorophenolindophenol titration
method of Tillmans, Hirsch, and Hirsch
(1932), as modified by Bessey and King
(1933), Bessey (1938), and Harris and
011iver (1942) ; or (2) the adaptations
of this method for use in a photoelectric
colorimeter as reported by Morell
(1941) and by Loeffler and Ponting
(1942). Total and dehydroascorbic acid
determinations were made using the
procedures of Roe and Kuether (1943)
and Roe and Oesterling (1944).

It has been recognized for some time
that the indophenol method is not spe-
cific for reduced ascorbic acid. Sub-
stances which react with indophenol
have been shown to result when hydro-
gen sulfide is used for the reduction of
dehydroascorbic acid. Similar sub-
stances have been found in foods sub-
jected to relatively high temperatures
as in canning or dehydration. Several
such compounds have been studied by
King (1941), and various methods pro-
posed for estimating reduced ascorbic
acid in their presence have been re-
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viewed by Stewart and Sharp (1945).
More recently it has been shown by
Penney and Zilva (1945) and Pijoan
and Gerjovich (1946) that the dinitro-
phenylhydrazine method also is lacking
in specificity.
Thiamine was measured by the meth-

od of Conner and Straub (1941) ; ribo-
flavin by the fluorometric procedure of
Peterson, Brady, and Shaw (1943) ; and
nicotinic acid by the microbiological
assay method of Snell and Wright
(1941), using the modification suggested
by Isbell (1942). Total ash was de-
termined by ashing dried samples in a
muffle furnace at 575° C. for one and
one-half hours to constant weight. For
calcium the method of Morris, Nelson,
and Palmer (1931), for phosphorus,
that of Koenig and Johnson (1942),
and for iron the dipyridyl method as
modified by Andrews and Felt (1941)
were employed.
Some variation was evident between

harvesting and analysis, in the methods
of sampling the potato tubers, in the
_number and the size of the tubers sam-
pled, in the size of the samples used, in
the number of replications, and in the
analytical methods employed. Mature
and iminature potatoes were investi-
gated. The number of potatoes used for
each analysis ranged from individual
tubers to composites prepared from lots
consisting of two to ten tubers. In a
few experiments potatoes of the same
size were selected; in others, care was
taken in making up the composites to

include potatoes of different sizes. In
some studies pared, and in others, un-
pared tubers were analyzed. Althoug 
moisture content was not always de-
termined, the procedure usually fol-
lowed was that of air-drying a repre-
sentative sample at 100° C. or below.
The home cooking methods studied

were boiling, steaming, baking, and
mashing. The effect of holding both
before and after cooking also was in-
vestigated. Again the procedures used
show certain differences. These include
cooking with or without salt, boiling
in distilled or tap water, and boiling in
different amounts of water. Variations
also were noted in the types and compo-
sition of cooking utensils, in the criteria
used for "doneness," and in the time and
conditions of sampling after cooking.
Methods used for quantity cooking

of potatoes showed similar variations
in sampling procedures, quantities
cooked, cooking temperatures, length of
holding period both before and after
cooking, and in the use of seasoning.
Where feasible, appropriate statistical

tests were applied to the data. The tech-
niques used most extensively were the
analysis of variance (Snedecor, 1940),
Fisher's (1941) method for testing the
significance of the mean of a unique
sample employing Student's "t" table
to evaluate P, and the A. S. T. M.
method (1943) for defining the limits
of uncertainty. In the interest of brev-
ity, only those statistical constants
Which demonstrate significant differ-
ences are included in the data.

EFFECT OF SAMPLING AND OTHER TECHNIQUES

BEFORE starting these investigations,
I-) the Nebraska Agricultural Experi-
ment Station investigated the effect of
sampling procedure and other tech-
niques on the reduced ascorbic acid
content of potato tubers. These workers
made a study of the relative importance
of such factors as the method of han-
dling, the size of the tubers, and the
effect of cooking. The results indicate
that in interpreting the findings from

the several stations, differences in sam-
pling procedures must be considered.
Red Warba potatoes, grown at Lin-

coln with irrigation, were used. On the
first sampling date potatoes were dug
from individual plants located opposite
each other in adjacent rows at six in-
tervals in the row. On each succeedirig
sampling date the tubers were harvest-
ed from plants in adjacent locations.
They were washed to remove dirt,
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Table 1. Summary of Values for Reduced Ascorbic Acid and Moisture Contents of 174

Individual Immature Red Warba Potato Tubers Grown at Lincoln, Nebraska,

and Harvested from Green Vines in July, 1943*

Potato
size

Number
of

tubers

Reduced ascorbic acid
Mean Moisture (moist weight basis)
weight
of tubers Range Mean Range Mean

Size No. Diameter (inches) Grams Per cent
Milligrams per

100 grams

1 11/4 14 13.5 79.0-87.6 84.9 7.5-52.1 29.8

18 24.7 79.7-87.2 83.6 9.1-64.8 40.6

21 52.5 79.0-84.3 81.3 29.2-62.1 44.6

101 96.4 79.2-86.7 82.5 24.2-62.2 46.4

5 21/2-31/4 20 158.3 78.6-86.2 82.9 27.0-64.0 46.8

* Data from Nebraska Agricultural Experiment Station.

sorted for size, and taken to the labora-
tory within an hour after harvesting.
At the laboratory the potatoes were
washed again more carefully, scraped,
rinsed with a minimum amount of
water, and dried by wadding in a piece
of cleansing tissue to remove all visible
moisture especially from the eyes. A
25 - gram wedge - shaped piece, cut
lengthwise from the tuber, was used
for ascorbic acid analysis. The method
of Loeffler and Ponting (1942) with the
modification of Heinz and Kanapaux,
as reported by Werner and Leverton
(1946), was followed throughout for
the determination of reduced ascorbic
acid. The 25-gram sample was blended
with one per cent metaphosphoric acid
in a Waring blendor for two minutes.
The remainder was chopped in a me-
chanical salad cutter, and 50 grams of
the chopped product were used for the
moisture determination.

The Horticulture Department at the
Nebraska Station classified the tubers
into sizes, based on the least diameter,
as follows: size 1, less than 11/4 inches;
size 2, 11/4 to 11/2 inches; size 3, 11/2 to
2 inches; size 4, 2 to 21/2 inches; and
size 5, 21/2 to 31/4 inches.
Determinations of reduced ascorbic

acid and moisture contents were made
on 174 immature tubers ranging in size
from 1 through 5. The results, sum-
marized in table 1, show that the mean
ascorbic acid value increased with tuber
size. The greatest difference is found
between tubers of sizes 1 and 2. It is
possible that tubers of size 1 were ap-
preciably more immature than potatoes
of sizes 2 through 5 and that this ac-
counts for the marked difference in
reduced ascorbic acid content. The per
centage distribution of individual as-
corbic acid values for each of the five
sizes studied is given in table 2. It is

Table 2. Percentage Distribution of Reduced Ascorbic Acid Values for 174 Individual Immature

Red Warba Potato Tubers Grown at Lincoln. Nebraska, and Harvested

from Green Vines in July, 1943*

Potato
size

Distribu-
tion of
tubers

Range of reduced ascorbic acid values in milligrams
per 100 grams (moist weight basis)

0-20 20-30 , 30-40 40-45 45-50 50-55 55-60 60-65

Size No. Diameter (inches) Per cent Per cent

1 ................................ under 11/4 8.05 1.72 2.30 2.87 0.57 0.00 0.57 0.00 0.00

2 11/4-11/2 10.34 0.57 1.72 2.30 0.57 2.30 1.15 1.15 0.57

3 11/2-2 12.07 0.00 1.15 3.45 1.15 1.72 1.15 2.87 0.57

4 2 -21/2 58.05 0.00 2.87 10.34. 11.49 13.22 12.07 5.75 2.30

5 21/2-31/4 11.49 0.00 1.15 0.57 2.87 2.87 1.72 1.15 1.15

100.00 2.29 9.19 19.53 16.65 20.11 16.66 10.92 4.59

* Data from Nebraska Agricultural Experiment Station.
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evident that despite wide variation in
the values secured for tubers of the
same size, there is a definite tendency
for a greater percentage of large-sized
tubers to fall within the higher ranges
of ascorbic acid values. These findings
are at variance with those of Smith and
Paterson (1937), who found that tuber
size did not influence the ascorbic acid
values obtained.

Variation in the ascorbic acid content
of tubers of the same size was investi-
gated in 101 Red Warba tubers of size
4. The statistical constants were:

Mean ascorbic acid, milligrams
per 100 grams moist weight .......... 46.36

Standard deviation of single ob-
..

Standard deviation. of mean .................. 10.050
Probable error ...................................................... 0.548
Coefficient of variation .............................. 17.61

This study confirms the marked in-
travarietal differences observed by
Lyons and Fellers (1939) and by Tedin
(1941).

It is customary in analyzing potatoes
for ascorbic acid to prepare a composite
sample from a number of tubers. Sin&
this procedure involves taking several
small wedges to make a 25-gram sam-
ple, it was desirable to ascertain how
closely such a sampling procedure could
be duplicated. To determine the error
inherent in this method of sampling,
three or four tubers, constituting the
lot to be sampled, were halved length-
wise through the narrowest width. For
each assay one composite was taken
from one group of halves and a similar
composite from the other group. The
remaining pulp was chopped fine and

Table 3. Comparison of Reduced Ascorbic Acid Content of Two Series of Composites. Prepared

from Corresponding Halves of Three to Four Red Warba Potato Tubers Grown

at Lincoln, Nebraska, and Harvested from Green Vines in July, 1943

(Moist Weight Basis)*

Reduced ascorbic acid
Difference between
high and low valuesLow value High value

Milligrams per 100 grams Per cent

47.4 47.6 • 0.42

43.3 43.3 0.00

49.4 51.4 4.05

46.4 48.2 3.88

45.5 47.6 4.62

49.8 51.0 2.41

53.8 55.4 2.97

52.2 53.8 3.07

41.2 45.9 11.41

51.8 52.2 0.77

49.0 51.8 5.71
50.3 53.8 6.96
45.0 49.4 9.78
51.8 53.4 3.09
49.0 49.8 1.63

50.6 50.6 0.00
53.0 53.0 0.00
49.0 51.0 4.08
47.5 49.0 3.16
45.9 47.6 3.70
53.0 53.8 1.51

Mean 48.8 50.4 3.28

Random 49.4t • 49.8 0.81
mean

* Data from Nebraska Agricultural Experiment Station.
t Mean of results taken as they occurred without sorting into lower and higher values.
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Table 4. Retention of Reduced Ascorbic Acid in Five Varieties of Nebraska-Grown

Cooked Potato Tubers°

Variety

Number
of lots
cooked

Raw
value Retention

Milligrams per 100 grams Per cent
33.4 89.9
40.5 90.1
26.5 91.4
37.7 86.8
36.2 91.1

* Data from Nebraska Agricultural Experiment Station.
A seedling selected from a cross between Peachblow and Katandin.

sampled for moisture content. The re-
sults of analyzing both halves of 21 lots
of potatoes for reduced ascorbic acid
are given in table 3. The data for the
two groups of halves were sorted into
low and high values and the difference
between them was computed. When
means are taken from the values for
the two groups of halves, as they oc-
curred on analysis, without sorting into
low and high values, no difference is
apparent.
These findings were supplemented by

the development of a cooking procedure
in which the loss of ascorbic acid was
comparatively small. Five pounds of
size 4 tubers, washed, scraped, rinsed,
and dried, as previously described, were
selected at random. Three batches of
700 to 800 grams each were analyzed.
Each tuber in each batch was halved.
One lot of halves was used for ascorbic
acid and. moisture determinations on
the raw tissue; the other lot was cooked.
The potato halves to be cooked were
placed in a light aluminum pan, con-
taining 50 milliliters of tap water and
3 grams of salt, over a gas flame turned
high, and with a cover set slightly ajar.
As soon as steam began to escape,

usually within two minutes, the pan
was covered tightly and the flame
turned low. Twenty to 30 minutes were
required to cook the potatoes, and at
least once during the interval the cover
was lifted .slightly and the content in
spected to be sure that it was not boil-
ing dry. The fork test was used for
determining "doneness." The potatoes
were drained and the cooking liquid
measured in a graduated cylinder and
found to seldom exceed 8 or 9 milli-
liters. The potatoes then were broken
up and mixed with three quick, well-
placed strokes of a masher, care being
taken to avoid beating air into them.
About 2 tablespoonfuls of this product
were placed in a beaker set in a pan
of chopped ice and cooled for 5 to 8
minutes to 30° C. A 25-gram sample
was used for analysis. One milliliter of
cooking water was placed in a 25-milli-
liter flask, made up to volume with one
per cent metaphosphoric acid, and ana-
lyzed for reduced ascorbic acid.
The results obtained on five varieties

of potatoes (table 4) indicate that re-
tentions of reduced ascorbic acid were
high with the cooking procedure de-
scribed.



EFFECT OF VARIETY ON ASCORBIC ACID CONTENT

MANY WORKERS have investigated
varietal differences in potato tu-

bers (Ijdo, 1937; Wacholder and Neh-
ring, 1938; Lyons and Fellers, 1939;
Mathiesen, 1939; Westas, 1941; Tedin,
1931; Esselen, Lyons, and Fellers, 1942;
Karikka, Dudgeon, and Hauck, 1944;
Julen, 1944-45; and Lampitt, Baker, and
Parkinson, 1945) . Numerous factors,
such as soil, culture, maturity, and stor-
age conditions, have been shown to in-
fluence the ascorbic acid content of
potatoes. In any study of varietal differ-
ences, these factors must be adequately
controlled. Evidence to this effect will
be presented later in this bulletin.

Maine

In 1942 an extensive investigation was
made at the Maine Agricultural Experi-
ment Station to determine the ascorbic
acid content of 54 varieties of potatoes
of diverse parentage (Murphy, Dove,
and Akeley, 1945) . Included in their
study were 22 leading commercial va-
rieties, 14 promising seedlings (three
of -which have since been named), two
wild varieties from South America, and
16 German varieties. Six of the com-
mercial varieties were grown at Orono,
Penobscot County, and the remainder
at Presque Isle, Aroostook County,

Table 5. Reduced Ascorbic Acid Content of Commercial, German, and Seedling Varieties

of Potato Tubers Grown in Maine, 1942, Harvested on September 15, and

Analyzed between October 8. and 23 (Moist Weight Basis)*

Variety

Number
of

samples

Reduced ascorbic acid

Range Mean and S.D.

COMMERCIAL VARIETIES
Grown at Presque Isle, Aroostook County

12
12
6
8
6
6

6
12
8
6
8
12

6

Grown at Orono, Penobscot County
Golden4
Garnet 4
Russet 4
Rural 4
Early 4
Rural New York No. 2 8

Milligrams per 100 grams

22-25
21-30
26-29
23-31
27-30
28-31

28-32
26-32
27-35
29-35
31-38
32-38

29-42
34-37
36-38
35-42

21-24
22-24
23-27
22-27
27-29
28-41

23± .20
25± .48
27± .33
27± .66
29± .39
30± .23

30± .41
30± .45
30± .56
32± .52

34± .73

35± .37

35± .61
36± .32

37± .23
38± .64

22± .41
23± .28
24± .55
25± .77
28± .24

33± .96

Table 5 continued on next page



10 MINNESOTA TECHNICAL BULLETIN 196

Table 5 from page 9

Variety

SEEDLING VARIETIES

Grown at Presque Isle, Aroostook County

Wild S.A.

Wild S.A.

CS 1608 (Pawnee) ...............................................................

Storr's Seedling ..................................................................

Kittery Seedling ..................................................................

B 247 ,(Potomac) .................................. ...... ..........................

GERMAN VARIETIES
Grown at Presque Isle, Aroostook County

To be identified ........... .....

Number
of

samples

Reduced ascorbic acid

Range Mean and S.D.

Milligrams per 100 grams

4 19-24 20± .70

2 21-22 22± .24

6 20-24 22± .35

2 22-24 23± .48.

6 23-27 25± .42

6 26-29 27± .28

6 24-29 27± .55

10 23-33 27± .73

10 24-33 28± .60

6 27-31 29± .39

6 28-31 30± .36

10 26-39 32± .99

6 32-36 34± .38

6 34-35 35± .17

8 33-40 35± .52

6 38-42 40± .35

6 21-24 22± .35

6 22-25 24± .33

10 21-28 24± .45

8 21-30 26± .61

10 24-32 27± .59

6 26-30 28± .41

6 25-32 28± .60

6 26-30 29± .42

6 25-32 29± .69

8 25-32 30± .57

8 25-35 30± .84

8 24-42 31 + 1.49

6 27-36 32± .87

8 30-41 36 ± .72

8 34-45 38± .93

6 38-42 40± .40

* Data from Maine Agricultural Experiment Station.

Mature at time of harvest; other varieties harvested green.

Maine. All potatoes were harvested
September 15. The following ten varie-
ties were early maturing tubeis, and
the vines were completely dead at the
time of harvest: Triumph, Warba, Red
Warba, Mesaba, Irish Cobbler, Earlaine,
Chippewa, 47,002, 46,952, and 46,926.
The remainder were late maturing va-
rieties, and the vines were green at
time of harvest. This difference in the
degree of maturity of the vines is a
factor to be considered in interpreting
the results of analyses for the effect of
variety. Analyses were made between

October 8 and 23. In the interim they
were held in normal storage which usu-
ally averaged 50° to 55° F.
Unpeeled radial sectors (bud to stem

end) from two tubers constituted a
sample. Duplicates were prepared using
the opposite sectors. Two additional tu-
bers were treated similarly, the mean
of the four determinations being the
value assigned to the sample. Dry mat-
ter was not determined. The analytical
method used was that of Bessey and
King (1933), with adaptations suggested
by Musulin and King (1936), Bessey
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(1938), and More11 (1941) , using 5 per
cent metaphosphoric acid as the ex-
tractant and titrating an aliquot of the
filtered extract. The analyses extended
over, a two-week period, resulting in
variable intervals between harvest and
analysis. Since the rate of loss in as-
corbic acid is relatively rapid at this
season of the year, the values obtained
of necessity reflect the effect of this
variable storage interval. The results
of the analyses are given in table 5.
Similar ranges of values were secured
for the seedling and German varieties
as for the commercial varieties. Al-
though highly significant varietal differ-
ences are evident, based on the data
vresented in this table, these differences
cannot be dissociated from the effects
of maturity and date of analysis and
attributed solely to variety.

Minnesota

Some common commercial varieties,
as well as a number of seedlings, were
investigated at the Minnesota Station.
Thirteen varieties, produced at Halstad,
Minnesota, in the summer of 1942, were

harvested early in October and analyzed
on the first three days in December and
from January 26 to February 2. In the
interim they were stored in a root
cellar at a mean temperature of 41° F.
Two lots of six tubers from each of

the 13 varieties were used. The tubers
were pared and sampled by removing
radial sectors from the bud to the stem
end. Duplicate samples were taken from
each lot and two readings were made
on each sample. A 25-gram composite
was blended with 100 milliliters of 3
per cent metaphosphoric acid in a
Waring blendor for 2 minutes. The ma-
terial was filtered through No. 12 What-
man corrugated filter paper and the
filtrate used for reduced ascorbic acid
assay following the procedure of Morel]
(1941) . Readings were made in a Cole
man spectrophotometer. Moisture con-
tent was determined on all samples.
The results of these analyses show

significant varietal differences in re-
duced ascorbic acid content (table 6)..
The highest value was obtained for
Mesaba, the lowest for Early Ohio po-
tatoes. Although loss of this vitamin
undoubtedly had occurred in these po-

Table 6. Effect of Variety on Reduced Ascorbic Acid, Thiamine, and Mineral Contents of Potato
Tubers Grown at Halstad, Minnesota, 1942, and Harvested Early in

October (Moist Weight Basis)*

Variety
Date
of Moisture

analysis

Reduced
ascorbic
acid

Thiamine Calcium Phosphorus Iron

cent Milligrams per 100 grams
Chippewa ................................................

,Per
12/1/42 79.4 10.7 0.094 4.86 40.9 0.39

Red Warba ............................................. 12/1/42 78.8 13.4 0.068 5.74 38.2 0.27
Triumph ..... 12/1/42 80.4 11.9 0.082 5.50 38.4 0.30
Irish Cobbler _.................................... 12/3/42 76.0 12.1 0.080 7.50 43.6 0.28
Katandin. ................................................... 1/26/43 77.9 15.6 0.129 4.74 50.0 0.35
Mesaba 1/26/43 77.0 17.4 0.123 4.20 48.4 0.27

................................................. 1/28/43
1/26/43 78.4 17.3 0.106 4.57 48.3 0.35

Early Ohio 1/28/43 76.3 8.2 0.160 5.49 49.6 0.37
Pawnee 1/28/43 76.5 10.8 0.133 5.06 40.2 0.32

78.8 14.8 0.116 4.55 53.0 0.35
Houma 1/30/43 76.2 14.4 0.094 5.24 53.0 0.33
Pontiac ..................................._................... 2/ 2/43 79.6 12.2 0.111 6.94 37.5 0.28
1.33-.1-34 ............................................. 2/• 2/43 78.5 13.8 0.140 . 6.00 49.3 0.24
D.F12 12 12 12 12 12
F as 4.28 11.65 7.25 4.76 2.72 2.28
F for sign.-5 per cent level...................................... 2.60 2.60 2.60 2.60 2.60 2.60

1 per cent level. 3.96 3.96 3.96 3.96 3.96 3.96
• Milligrams

L. S. D.f-5 per cent level............. ............................... 2.16 2.97 0.03 1.34 10.73 0.10
1 per cent level ............ ............................... 3.01 , 3.32 0.04 1.87 14.96 0.13

* Data from Minnesota Agricultural Experiment Station.
I L. S. D. denotes least significant difference.
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tatoes in proportion to the length of
time they were in storage, nevertheless,
from the differences observed in pota-
toes analyzed on comparable dates,
there is some evidence that potatoes
grown in the same locality and harvest-
ed on the same date vary in reduced
ascorbic acid content.

Nebraska

In 1943 the Nebraska Station (Werner
and Leverton; 1946) studied five varie-
ties of potatoes produced at Alliance
and Scottsbluff in western Nebraska.
The tubers were planted June 15 in
five sandy loam soils. Those at Scotts-
bluff were irrigated four times during
the growing season, resulting in a vigor-
ous vine growth. Harvesting for testing
was begun August 30. Analyses were
made the third day after harvest. At
both locations, the vines of Red Warba

• and Triumph potatoes were almost ma-
ture October 1, while those of the other
varieties were less than 15 per cent
mature. Potatoes for winter storage
were harvested September 27 and kept
at 50° F. until January 6 when they
were transferred to a room in which
the temperature was held at 40° F.
These were analyzed first at two-week

and later at four-week intervals. The
values in table 7 in each instance repre-
sent means of duplicate analyses on
three samples of four tubers each from
each locality. The varietal differences
observed at harvest persisted but were
less marked at the end of the storage
period. Since the least difference re-
quired to show significance at the one
per cent level Was 1.11 milligrams, it
is evident that there were highly signifi-
cant differences in the reduced ascorbic
acid content of the varieties investi-
gated. Because of the variation in the
degree of maturity of the vines at the
time of harvest, the varietal differences
noted were undoubtedly affected by the
maturity factor.

North Dakota

The North Dakota Station studied
varietal differences in the reduced as-
corbic acid content of potato tubers for
three successive years. Potatoes grown
at Park River, North Dakota, were
analyzed at the College Station at Far-
go. Some varieties were assayed on the
fourth day after harvest; others were
stored for a period before analyses were
made. The method of Bessey and King
(1933), as adapted for the Evelyn pho-

Table 7. Effect of Variety and Date of Analysis on Reduced Ascorbic Acid Content of Potato

Tubers Grown at Alliance, Nebraska, on Dry Land, and at Scottsbluff, Nebraska,

on Irrigated Land, 1943 (Moist Weight Basis)*

Variety

Reduced ascorbic acid

Date of analysis

8/30 9/13 9/27

•

Kasota 40.4 34.5 30.3

39.6 38.0 32.6

38.6 30.8 34.1

30.6 30.9 33.5

Irish Cobbler .................................... 30.3 30.8 28.0

Analysis date mean .................. 35.9 33.0 31.7

D. F.

1943

10/14 10/26 11/9 12/3 1/6

Milligrams per 100 grams

31.6 30.3 27.6 25.2 20.8

30.8 29.3 • 28.5 22.4 17.2
30.2 27.9 22.3 22.2 16.7

30.4 27.3 24.2 25.0 14.8

28.0 23.8 17.2 19.3 14.4
30.2 27.7 24.0 22.8 16.8

1944 Variety
mean

1/31 2/29

18.9 13.5 27.3
16.1 13.0 26.8
12.2 10.7 24.6
14.4 8.8 24.0
13.5 10.3 21.6
15.0 11.3 24.8

F for Sign. L. S. D.

calculated 5% level 1% level 1% level
F as

4
9

Variety X analysis date ............................................. 36

35.0
22.6
2.9

2.42
1.98
1.14

3.41
2.60
1.21

Milligrams
1.11
1.57
3.50

* Date from Nebraska Agricultural Experiment Station.



NUTRITIVE VALUE OF POTATOES 13

toelectric colorimeter by Bessey (1938)
and More11 (1941), was used. In 1942,
150 grams of wedge-shaped sections
from ten pared potatoes were liquefied
in the Waring ,blendor at high speed
(one minute). From this homogenized
potato two 25-gram samples were each
blended with 100 milliliters of 3 per
cent metaphosphoric acid for 2 minutes.
The filtered extract was used for as-
corbic acid determinations. In 1943 and
1944, determinations were made on un-
peeled potatoes which had been washed
with a soft brush and dried on a towel.
Equal weights of sample and 3 per cent
metaphosphoric acid were blended. Fif-
ty grams of this product were then
blended with 75 milliliters of 3 per cent
metaphosphoric acid. The size of the
aliquot utilized was determined by the
quantity of ascorbic acid in the sample.

Irish Cobbler, N.D. 1, Triumph, and
Red Warba varieties were analyzed for
reduced ascorbic acid in 1942, 1943, and
1944. Early Ohio, Katandin, Pontiac,
and Russet Rural varieties were tested
for one or two of the same seasons. The
results of these determinations, with
dates of harvest and assay, are given in
table 8. There was considerable varia-
tion between the varieties in ascorbic
acid and moisture contents during the
three years. Based on the four varieties
which were grown during all three
seasons, a difference of 17.94 milligrams
or greater is significant at the one per
cent level (dry weight basis). Using
this as a criterion, the three-year av-
erages show that the Triumph variety
was significantly higher in reduced as-
corbic acid content than the other three
varieties listed on the next page.

Table 8. Effect of Variety and Crop Year on Reduced Ascorbic Acid Content of Potato Tubers

Grown at Park River, North Dakota, 1942-44*

Variety
Date
of

harvest

Interval be-
tween date of
harvest and
date of assay

Moisture
Reduced ascorbic acid

Moist weight Dry weight

1942 Days Per cent Milligrams per 100 grams

Irish Cobbler 9/11 4 80.0 21.6 100.5

N.D. 1 9/11 4 77.8 15.1 67.9

Triumph 9/11 4 82.4 23.1 131.5

Red Warba 9/11 4 78.5 23.5 109.7

Early Ohio 9/11 4 81.0 17.6 92.2

1943

Irish Cobbler 9/27 31 73.4 27.1 101.9

9/27 31 73.4 24.4 ' 91.6

Triumph 9/27 32 77.1 26.9 117.5

Red Warba 9/27 32 73.5 24.6 92.9

Katandin 9/27 28 74.4 25.3 98.7

1944

Irish Cobblex 9/30 33 76.7 25.3 108.2

9/30 33 74.8 25.7 102.1

Triumph 9/30 33 80.3 29.4 149.3

Red Warba 9/30 33 77.8 24.0 107.8
20 77.9 19.5 88.2
19 83.5 19.0 115.2
20 79.2 20.4 97.9

Russet Rural 10/14 20 78.7 17.3 81.0

F as
D. F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams

160.3 3.49 5.95 13.74 17.94

Crop year 2 45.9 3.88 6.93 17.75 23.72

Variety X crop yearf ...... 6 17.8 3.00 4.82 ............

* Data from North Dakota Agricultural Experiment Station.

f Based on four varieties (dry weight).

,
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Three-year Averages Showing Effect of Va-

riety on Reduced Ascorbic Acid Content of

Potato Tubers Grown at Park River, North

Dakota, from 1942 to 1944, Inclusive

Moist weight Dry weight

Milligrams per 100 grams
Irish Cobbler .......................... 24.7 103.5

87.2

Triumph ....................................... 26.5 132.8

Red Warba ................................. 24.0 103.5

Idaho

The Idaho Station studied two varie-
ties of potatoes, Russet Burbank and
White Rose, grown at Aberdeen. Analy-
ses were made on both immature and
mature tubers of U. S. No. 1 grade, and
all analyses were made on individual
tubers. Potatoes were sampled by guar-

tering from the bud to the stem end
and opposite quarters were used for
duplicate samples. In 1942 and 1943 the
Loeffler and Ponting method and in
1944 a modification of the Roe and
Oesterling procedure were employed.
Distinctly higher values were found for
the White Rose variety (table 9). This
was true of both years studied (1943
and 1944), and the superiority of the
White Rose potatoes persisted through
out storage during the years the com-
parable study was conducted.
The varietal differences in ascorbic

acid content noted in the present study
are in agreement with the published
findings. Losses in ascorbic acid during
storage tend to minimize greatly the
varietal differences observed although,
as will be pointed out later, the superi-
ority of certain varieties persists
throughout storage.

Table 9. Effect of Variety, Storage, and Crop Year on Reduced Ascorbic Acid Content of Potato

Tubers Grown at Aberdeen, Idaho, 1942-44 (Moist Weight Basis)*

Variety
Crop
year

Reduced ascorbic acid

Summer tubers
analyzed in

Aug. and Sept.

Stored tubers analyzed during

Fall
(Oct.-Dec.)

Winter
(Jan.-Mar.)

Spring
(After Apr. 1st)

Mg. per Mg. per Mg. per Mg. per
No. 100g. No., 100 g. No. 100g. No. 100g.

Russet Burbank ...... 1942 ......... ......... 40 10.6 22 12.0
Russet Burbank ...... 1943 5 38.5 30 19.6 24 15.3 .........
Russet Burbank ...... 1944 36 27.4 • 9 17.4 8 13.0 7 9.3

Mean ..... ............. 41 28.8 39 19.1 72 12.4 29 . 11.3

White Rose ..................... 1943 4 50.9 ••••••••- .........

White Rose ..................... 1944 30 40.1 32.3 8 20.5 5 14.0
Mean 34 41.4 ......... ...... .........

White Roset ..... ............. 1943 5 41.0 •••••• ..... •••• •••••• •••••••••

White Roset .................. 1944 16 40.7 •••••• •••••• . ..... ••••••

Mean 21 40.8 •••••• .........

* Data from Idaho Agricultural Experiment Station.
t Purchased on commercial market.



EFFECT OF LOCALITY ON ASCORBIC ACID CONTENT

SIGNIFICANT differences in reduced
ascorbic acid content attributable to

the locality in which the potatoes were
grown have been reported by a number
of workers. Karikka, Dudgeon, and
Hauck (1944) noted significant differ-
ences in the ascorbic acid values. On
the other hand, Esselen, Lyons, and
Fellers (1942), in a study on potatoes
grown in Massachusetts and several.
other states, found little variation at-
tributable to geographic factors; and
Branion, Roberts, and Cameron (1947)
reported that the ascorbic acid content
of individual varieties of potatoes
grown in different sections of Canada
appeared to be reasonably constant.
Thiessen (1936) obtained slightly high-
er values for potatoes grown on dry
land than for those produced on irri-
gated land. According to Westas (1941)
the amount of rainfall is a factor of
considerable importance in determining
the effect of soil type upon the ascorbic
, acid content of potatoes. In 1938 po-
tatoes produced on sandy soil were
richer in ascorbic acid than those from
loamy ,soil; in 1940, a very dry season,
no significant difference was evident.

Tedin's data (1941) suggest that po-
tatoes from south Sweden are higher
in ascorbic acid than those from more
northerly areas. However, the response
in a given locality varied with the va-
riety. Some varieties had either a high
or a low value at all locations, while
others had comparatively high values
in some places and low ones in others.
In this study, when considering the

effect of locality on the, reduced as-
corbic acid content of potatoes, "lo-
cality" is considered to be the combi-
nation of those environmental factors
which are characteristic and consistent-
ly present and which influence growing
conditions in a region, such as mean
temperature, amount of rainfall, sun-
light, and soil type.

Nebraska

Data .bearing on this aspect of the
problem have been secured by several
cooperators in the present project. The
Nebraska Station studied the reduced
ascorbic acid content of five varieties
of potatoes (Red Warba, Irish Cobbler,
SCIA 27, Triumph, and Kasota) pro-

Table 10. Effect of Variety and Locality on Reduced Ascorbic Acid Content of Potato Tubers
Grown at Alliance, Nebraska, on Dry Land, and at Scottsbluff, Nebraska,

on Irrigated Land, and Sampled on Ten Different Dates, 1943
(Moist Weight Basis)*

Locality

Reduced 'ascorbic acid

Red
Warba

Irish
Cobbler SCIA 27 Triumph Kasota Mean

Milligrams per 100 grams
Alliance 26.8 22.3 26.3 26.5 30.3 26.4
Scottsbluff ................................. 26.7 20.8 21.7 22.6 24.4 23.2

26.8 21.6 24.0 24.6 27.3

F as
D. F. calculated 5% level 1% level

F for Sign. L. S. D.

1% level

Milligrams
Variety 4 35.0 2.42 3.41 1.11

83.6 3.89 6.76 0.70
Variety X locality ................................. 4 9.3 2.42 3.41 1.57

* Data from Nebraska Agricultural Experiment Station.
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Table 11. Effect of Locality and Analysis Date on Reduced Ascorbic Acid Content of Five

Varieties of Potato Tubers Grown at Alliance, Nebraska, on Dry Land, and -

at Scottsbluff, Nebraska, on Irrigated Land, 1943 (Moist Weight Basis)*

Date
of

analysis

Reduced ascorbic acid

Alliance Scottsbluff Mean

At harvest Milligrams per 100 grams
41.6 30.2 35.9
38.1 28.0 33.0

9/27/43 32.7 30.7 31.7

After storage
29.6 30.8 30.2

10/26/43 28.6 26.8 27.7

11/ 9/43 25.2 22.8 24.0

12/31/43 23.6 22.0 22.8

1/. 6/44 ................................................................................. 18.2 15.4 16.8

1/31/44 ................................................................................. 15.8 14.3 15.0

2/29/44 ................................................................................. 11.1 11.5 11.3

26.4 23.2

F as
D. F. calculated

F for Sign.

5% level 1% level

L. S. D.

1% level

Milligrams
83.6 3.89 6.76 0.70

Analysis date ................................................ 9 22.6 1.98 2.60 1.57

Locality X analysis date ............ 9 14.3 1.98 2.60 2.21

* Data from Nebraska Agricultural Experiment Station.

duced at each of two locations, Alliance
and Scottsbluff, in western Nebraska.
The soil at both locations was a fine
sandy loam. These tubers were har-
vested on the same day, held under
identical conditions, and analyzed on
the same dates.
Table 10 gives the means of the

ascorbic acid values secured for the
five varieties on the 10 different dates
shown in table 11. The first three dates
give results of analyses made within
two to three days after harvest. The
remaining dates show the results , ob-
tained after intervals of storage. It may
be noted that potatoes produced at
Alliance contained more ascorbic acid
than did those from Scottsbluff although
for Red Warba the difference was not
significant. This superiority of the Al-
liance potatoes was apparent through-
out the study but was especially notice-
able in the early harvested tubers
(table 11) .

• At later dates the difference is rela-
tively small although on only two
storage dates is the mean value for
Scottsbluff potatoes greater than that

for Alliance potatoes. It should be borne
in mind, however, that since the Alli-
ance potatoes were grown on dry land
and those at Scottsbluff on irrigated
land the apparent difference in the
ascorbic acid content may be due t 
the difference in the amount of mois-
ture available. Highly significant differ-
ences attributable to the influence of
locality on the reduced ascorbic acid
content are shown, the difference re-
quired for significance at the one per
cent level being 0.70 milligram. In only
a few instances, however, were the
differences significant for comparisons
on the same date.
The effect of locality on the reduced

ascorbic acid content is evident also
from a brief comparison of data on
potatoes produced at Lincoln in eastern
Nebraska with those for potatoes grown
at Scottsbluff in the western part of
the state. Potatoes were grown in irri-
gated fields at both localities. The soil
at Lincoln was heavy clay, and the
crop was grown as a spring and early
summer crop. The vines at each place
had attained the same degree of ma-
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Table 12. Effect of Locality and Variety on Reduced Ascorbic Acid Content of Potato Tubers
Grown on Irrigated Land at Lincoln in Eastern and at Scottsbluff in Western Nebraska,

and Harvested at Comparable Stages of Physiological Maturity, 1943*

Locality

Number Reduced ascorbic acid
of

harvests Red Warba Irish Cobbler SCIA 27 • Triumph Kasota Mean

Milligrams per 100 grams
Moist weight basis

35.6 36.4 27.6 37.2 41.9 35.7
Scottsbluff ............................................. 35.9 27.6 25.4 29.4 29.8 29.6

Dry weight basis
216.6 211.2 229.5 258.9 287.0 • 243.6

Scottsbluff 178.3 137.4 148.9 168.4 171.9 161.0

* Data from Nebraska Agricultural Experiment Station.
Harvested weekly.

4: Harvested bi-weekly.

turity when the first lots were harvest-
ed. The means are given in table 12.
On the moist weight basis, the tubers

produced at Lincoln, with the excep-
tion of Red Warba, contained more
ascorbic acid than those from Scotts-
bluff. For the Kasota variety this differ-
ence was marked, whereas for SCIA
potatoes it was relatively small. s On
the dry weight basis the superiority of
the Lincoln potatoes was greatly em-
phasized due to high moisture content.
When comparing the data from these
two localities, one must recognize that
soil, temperature, and duration and in-
tensity of light differed greatly.

Minnesota

The Minnesota Station investigated
the reduced ascorbic acid content of
four varieties of potatoes (Red Warba,
Triumph, Irish Cobbler, and Chippewa)
produced in three Minnesota localities.
.At Halstad the soil is Fargo silty clay
loam; at Grand Rapids, Swan silt loam;
and at Hollandale, peat soil. The tubers,
harvested in September, were received
in the laboratory about the middle of
October and stored in a root cellar for
six weeks, after which reduced ascorbic
acid content was determined on six
tubers from each of two lots of each
variety. Thereafter, analyses were made
at six-week intervals for a period of
18 weeks.
The means of the values for the four

varieties, given in table 13, are based
on values included in table 30. These

show that throughout storage,' on the
moist weight basis, the tubers produced
at Halstad were highest in ascorbic acid
content while those from Hollandale
were lowest. Since the potatoes grown
at Halstad were the first to be harvested
and those produced at Hollandale the
last, it might have been anticipated
that the reverse would be true; i.e.,
the longer interval between time of
harvest and date of analysis might have
been expected to cause a greater loss
in ascorbic acid in the potatoes grown
at Halstad. The effect of locality on
ascorbic acid content was found to be
highly significant. Differences of 0.61
milligrams are significant at the one
per cent level.
On the dry weight basis, the potatoes

from Halstad are again the highest in
ascorbic acid content (appendix table
I), while those from Grand Rapids now
have a slightly lower mean value than
those from Hollandale. Distinct differ-
ences in moisture content (table 30)
account for the change in the rank
order of the localities on the dry weight
basis.

Maine

Murphy, Dove, and Akeley found no
significant difference attributable to lo-
cality in 13 varieties of potato tubers
produced at Orono, Penobscot County,
Maine, situated at 44°54'2", and at
Presque Isle, Aroostook County, situ-
ated at 46°40'30", during the 1942 sea-
son, and harvested and analyzed at
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Table 13. Effect of Locality and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown in Three Minnesota Localities and Analyzed at Six-week Intervals

for a Period of 18 Weeks, 1942 (Moist Weight Basis)*

Locality

Date
of

harvest!. Red Warba

Reduced ascorbic acid

Triumph Irish Cobbler Chippewa Mean

Milligrams per 100 grams
9/10 11.2 10.5 11.5 9.2 10.6
9/20 10.2 9.1 9.4 7.9 9.1

13.4 11.8 13.4 10.9 12.4
11.6 10.5 11.4 9.3

Grand Rapids ......................... .....

Hollandale ..........................................

F as
D. F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams
92.5 3.20 5.10 0.45 0.61
27.9 2.81 4.24 0.52 0.70

,* Data from Minnesota Agricultural Experiment Station.

In all cases vines were prematurely killed by frost. The season of maturity indicates the relative
stage of development: Red Warba, extra early; Triumph, medium late; Irish Cobbler, early; and
Chippewa, medium late.

practically the same time. They believe
that differences in ascorbic acid con-
tent associated with localities are the
result of variable environmental influ-
ences and that locality is significant
only as these influences are character-
istic and consistent in the locality.
In other words, if in a given locality

those environmental influences which
markedly increase the ascorbic acid
content of potato tubers are regularly
present, tubers produced in that locality
might be expected to have a significant-

ly higher ascorbic acid content than
tubers produced in a less favored loca-
tion. There is some evidence that pota-
toes produced in Nebraska, for instance,
are superior in ascorbic acid content to
the same varieties of tubers grown in
Minnesota. However, because the 

conditions of the 'experiments were not al-
ways identical with respect to length
of storage before analysis, maturity of
the vines at time of harvest, etc., the
evidence of superiority attributable to
locality is not conclusive.

EFFECT OF CROP YEAR ON ASCORBIC ACID CONTENT

VIDENCE has been accumulating to
the effect that potato tubers may

vary in reduced ascorbic acid content
from season to season. According to
Westas (1941) and Julen (1944-45) , the
chief determining factors are amount
of rainfall, available sunshine, and the
mean temperature during the growing
season.

Maine

The Maine Agricultural Experiment
Station investigatea the effect of crop
year on the reduced ascorbic acid con-

tent of seven varieties of potatoes
grown in Aroostook County in 1938,
1939, and 1942 (table 14) . In 1938 analy-
ses were made between November 4
and 18; in 1939 between December 13
and 15; and in 1942 completed in Oc-
tober. Every variety of potato produced
in 1942 was found to have a significantly
higher reduced ascorbic acid content
than potatoes of the same varieties
grown in 1938 and 1939, differences of
3.9 milligrams or greater being signifi-
cant at the one per cent level. However,
in view of the differences in the length
of the storage periods in the three years
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Table 14. Effect of Crop Year and Variety on Reduced Ascorbic Acid Content of Potato Tubers
Grown in Aroostook County, Maine, 1938, 1939, and 1942 (Moist Weight Basis)*

1938 1939 1942

Mean

Analyzed 11/4 to 11/18 Analyzed 12/13 to 12/15 Analyzed in October

Number
of

Variety samples
Reduced

ascorbic acid

Number
of

samples
Reduced

ascorbic acid

Number
of

samples
Reduced

ascorbic acid

Mg. per 100 g. Mg. per 100 g. Mg. per 100 g.
Chippewa •••••••••••••••••••• 3 11.6 1 15.9 12 23.2 16.9
Earlaine .............................. 2 19.4 1 18.7 6 29.5. 22.5
Golden
Green Mountain........

9.9
12.7 -4

1
2

12.1
12.4

4
12

22.0
29.8

14.7
18.3

Houma 18.2 1 17.3 8 34.1 23.2
Irish Cobblert ............ 3 12.3 1 13.7 12 25.2 17.0

14.4 2 19.6 16 35.1 23.0

Mean . ..... ................ 14.1 15.7 28.4

F as
D.F. calculated

F for Sign. L. S. D.

• 5% level 1% level 5% level 1% level

Milligrams
74.9 3.9 6.9 2.8 3.9
6.3 3.0 4.8 4.3 6.0

* Data from Maine Agricultural Experiment Station.
Mature at time of harvest; other varieties harvested green.

of the study, it cannot be stated with
certainty that the potatoes produced in
1942 actually were superior in ascorbic
acid content.
Another study on six varieties of po-

tatoes produced in Aroostook County,
which were stored and analyzed at
monthly intervals during 1943 and 1944,
confirms the observation of a significant
difference in the reduced ascorbic acid
content of tubers produced in different

• seasons. Potatoes grown in 1944 had
distinctly higher values when analyzed
in October than did those produced in
1943:

Reduced ascorbic acid content

October 1943 October 1944

Milligrams per 100 grams
18.5 30.3

Green Mountain ............... 13.7 24.0
18.7 29.8

Irish Cobbler........................ 20.4 30.1
Chippewa ................................. 13.0 23.1
Katandin .................................... 19.0 31.4

Based on the means of values obtained
throughout the storage period (table
15), it is evident that the 1944 crop
maintained the superiority which was
noted in October. The slightly earlier
date of harvest in 1944 (late Septem-

ber) as compared with the time of
harvest in 1943 (early October), cou-
pled with the sustained superiority of
the 1944 crop throughout seven months
of storage, would indicate that the dif-
ference between the two crop years is
real and due to more favorable growing
conditions during the 1944 season.

Idaho

The workers at the Idaho Station also
reported marked differences in reduced
ascorbic acid .content attributable to
crop year. They studied two varieties
of potatoes, Russet Burbank and White
Rose, produced at Aberdeen in 1943
and 1944. Data given in table 9 show
distinctly higher values for 1943.

North Dakota

At the North Dakota Station four
varieties of potatoes, Irish Cobbler,
N.D. 1, Triumph, and Red Warba, were
studied in 1942, 1943, and 1944. In addi-
tion the Early Ohio variety was investi-
gated in 1942 and 1944 and the Katandin
in 1943 and 1944. The values for reduced
"ascorbic acid on both moist and dry
weight bases are given in table 16.
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Table 15. Effect of Crop Year and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown in Aroostook County, Maine, Stored for Seven Months at Different Temperatures,

and Analyzed at Monthly Intervals, 1943-44 (Moist Weight Basis)*

Reduced ascorbic acid

Harvested early Oct. Harvested late Sept.
Variety 1943 1944 Mean

Milligrams per 100 grams

Mohawk 11.0 15.5 13.2

Green Mountain .......................................... 8.6 12.1 10.4

Sebago 8.9 12.3 10.6

Irish Cobblerf ............................................. 10.3 13.2 11.7

Chippewaf 7.5 10.7 9.1

Katandin 9.5 15.0 12.2

Mecin 9.3 13.1

F for Sign. L. S. D.
F as

D. F. calculated 5% level 1% level 5% level 1% level

Crop year X variety ..................... 5

1461.3

144.4

16.8

3.8

2.2

2.2

* Data from Maine Agricultural Experiment Station.

f Mature at time of harvest: other varieties harvested green.

Milligrams
6.7 0.20 0.26

3.0 0.34 0.45

3.0 0.48 0.63

Table 16. Effect of Crop Year and Variety on Reduced Ascorbic Acid and Moisture Contents

of Potato Tubers Grown at Park River, Noith Dakota, 1942-44*

Variety

Moisture contentf

Reduced ascorbic acidf

Moist weight Dry weight

1942 1943 - 1944 1942 1943 • 1944 1942 1943 1944

Per cent . Milligrams per 100 grams

Irish Cobbler .................. 80.0 73.4 76.7 21.6 27.1 25.3 100.5 101.9 108.2

77.8 73.4 74.8 15.1 24.4 25.7 67.9 91.6 102.1

Triumph 82.4 77.1 80.3 23.1 26.9 29.4 131.5 117.5 149.3

Red Warba ............................78.5 73.5 77.8 23.5 24.6 24.0 109.7 92.9 107.8

Early Ohio ........................... 81.0 77.9 17.6 ......... 19.5 92.2 88.2

Katandin ................................. 74.4 83.5 25.3 19.0 98.7 115.2

79.2 20.4 97.9

Russet Rural ........................ 78.7 17.3 81.0

D. F.

F for Sign. L. S. D.
F as

calculated 5% level 1% level 5% level 1% level

Milligrams

Crop year ....................._........... 2 45.9 3.88 6.93 17.75 23.72

Variety* ........_............................... 3 160.3 3.49 5.95 13.74 17.94

Crop year X variety*..... 6 17.5 3.00 4.82

* Data from North Dakota Agricultural Experiment Station.

f In 1942 potatoes were harvested on September 11 and analyzed four days later: in 1943
potatoes were harvested on September 27 and analyzed about one month later: in 1944 potatoes were
harvested on September 30 and analyzed approximately one month later.

*Based on four varieties (dry weight).
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Maximum variation was observed in
the N.D. 1 variety. Growing conditions
appeared to be unfavorable for this
variety in 1942 since in the 1943 and
1944 seasons values for N.D. 1 potatoes
were distinctly higher. These signifi-
cantly higher ascorbic acid values for
N.D. 1 potatoes in 1943 and 1944 over
1942 probably do not represent a tru 
seasonal variation but may merely re-
flect lack of protection against oxida-
tion during extraction in 1942 since
metaphosphoric acid was not used in
the first homogenization in any of the
samples in that year. The ascorbic acid
content of Triumph in 1944 was signifi-
cantly higher than in 1943. A somewhat
higher value was shown for Irish Cob-
bler potatoes in 1943 than in 1944, but
the difference was not significant. Red
Warba tubers responded similarly in
the three years of study. Apparently
conditions which are favorable to cer-
tain varieties in one crop year may be
less favorable for other varieties.
As mentioned above, only the *four

varieties, Irish Cobbler, N.D. 1, Tri-
umph, and Red Warba, were grown and
analyzed in all three years of the study.
Therefore, in order to show the effect
of cropS year, the discussion which fol-
lows is based on data for these' four
varieties only. Below are listed the
means of the values for these four
varieties for moisture content and the

reduced ascorbic acid content on both
moist and dry weight bases.
For 1943 and 1944, on the moist

weight basis, the reduced ascorbic acid
content of the tubers was distinctly
higher than for 1942. Again it is pointed
out that the comparatively low content
observed in 1942 may be attributable
to the fact that in that year metaphos-
phoric acid was not added before the
first blending of the samples. Actually
on the dry weight basis the reduced
ascorbic acid content of the tubers
grown in 1942 was slightly greater than
that of the potatoes produced in 1943.
In 1943 and 1944 metaphosphoric acid
was used in the first homogenization of
all samples. Although no difference in
reduced ascorbic acid content was ob-
served on the moist weight basis, when
calculated on the dry weight basis the
tubers grown in 1944 were found to have
an appreciably, but not significantly,
greater reduced ascorbic acid content
than those produced in 1943. It is ap-
parent, therefore, that one effect of
crop year upon the reduced ascorbic
acid content of the potato tuber is its
effect on the moisture content. It must
be remembered, however, that the
growing conditions in any one crop year
would be influenced by such factors as
rainfall, sunlight, mean temperature,
and the length of the particular grow-
ing season.

Year Sunlight
Mean
Temp.

Rain-
fall

Length of
growing
season

Reduced ascorbic acid content
Moisture  
content Moist weight Dry weight

1942 63 days clear, 23
days partly cloudy,
and 17 days cloudy

1943 79 days clear, 32
days partly cloudy,
and 16 days cloudy

1944 67 days clear, 32
days partly cloudy,
and 23 days cloudy
(eight days in May
not included)

Deg. F. Inches Days Per cent Milligrams per 100 grams

10.16 103 79.7 20.8 102.4

62.5 12.27 127 74.4 25.8 101.0

61.8 16.55 130 77.4 26.1 116.8



EFFECT OF MATURITY AND STORAGE
ON ASCORBIC ACID CONTENT

NUMEROUS investigations have been
carried out regarding the effect of

maturity and storage on the ascorbic
acid content of potato tubers. From a
review of the reports appearing in the
literature, there would appear to be
some differences of opinion as to the
effect of maturity. Immature potatoes
were found by Woods (1935) to be a
more satisfactory antiscorbutic than
were mature tubers which had been
in storage for eight weeks, whereas
011iver (1938) noted no difference, the
mean value for growing tubers agree-
ing closely with that obtained for fully-
grown potatoes. Lyons and Fellers
(1939) reported that the ascorbic acid
content remained rather constant from
the first digging in August until the
potatoes were fully matured in October.
Zilva and Barker (1938), on the other
hand, observed an increase in the as-
corbic acid content of tubers between.
July 20 and September 7, but a con-
siderable decrease between this latter
date and October 5, when the crop was
harvested. According to Julen, (1944-
45) , Josefsson found that 'the results
vary greatly in different years. In 1941
the highest content was observed on
August 7, after which a rapid decrease
was noted in all varieties; in 1942 an
increase was noted up to August 31,
after which a decrease set in. These
differences were attributed by Josefsson
to very dissimilar weather conditions
during those years. Probably the stage
of maturity, as influenced by these
weather conditions, was responsible for
the wide variation noted in ascorbic
acid content. It would appear that dur-
ing growth and ripening of the tubers,
temperature and the amount of rainfall
and sunlight are other factors which
influence the ascorbic acid content at
harvest time.
Potatoes are among the crops which

are stored regularly over relatively long
periods. Data accumulated in 1946 by
the United States Department of Agri-

culture indicate that, on the average,
approximately 30 per cent of the total

, potato crop is carried over into the
following calendar year. Potatoes pro-
duced in areas where the crop is har-
vested early in the year may actually
be subjected to periods of storage which
would be longer than is indicated by
the figure cited above. In consequence,
information regarding the effects of the
length and conditions of storage on the
nutritive value of this food is of par-
ticular significance.

Studies by Woods (1935) ; Thiessen
(1936) ; Pett (1936) • Mayfield, Richard-
son, Davis, and Andes (1937) ; Zilva
and Barker (1938) ; Rolf (1940) ; Julen
(1941) ; Esselen, Lyons, and Fellers
(1942) ; Karikka, Dudgeon, and Hauck
(1944) ; Julen (1944-45) ; Lampitt,
Baker, and Parkinson (1945) ; and
Branion, Roberts, and Cameron (1947)
are in general agreement that decreases
in reduced ascorbic acid content are
very rapid during the first weeks after
harvest and are much more gradual
thereafter. In the spring the values are
usually one third as great as those ob-
tained in the fall, or less.
Temperature of storage has been

shown to be important from the stand-
point of its effect on the ascorbic acid
content and on cooking quality. May-
field, Richardson, Davis, and Andes
noted better retentions of reduced as-
corbic acid in potatoes stored in a warm
dry cellar than in tubers kept in a cool
damp room. A varietal difference in
response to the two storage tempera-
tures also was observed. Although Pett
reported a slightly greater loss as a
result of storage at 15° C. than at 10° C.
and 5° C., Rolf, Julen, and Karikka,
Dudgeon, and Hauck obtained better
retentions at higher storage tempera-
tures. Sprouting of potatoes was found
by Pett to be associated with a rapid
rise in ascorbic acid content, followed
by a decrease. The increase occurred
even after storing potatoes for some



NUTRITIVE VALUE OF POTATOES 23

months at 5° C. Smith and Gillies
(1940), on the other hand, reported that
more ascorbic acid disappeared from
the tubers during sprouting than could
be accounted for in the sprouts. De-
hydroascorbic acid was found by these
authors to be low in newly harvested
potatoes but to increase fairly rapidly
during -storage, amounting to one third
of the total ascorbic acid after six
months. Julen (1944-45) noted a sta-
tistically significant decrease in the
ascorbic acid content of potatoes during
the first part of the sprouting period
but no further loss after the sprouts
had grown to visible size. An increase
in ascorbic acid was noted uniformly
in all lots of stored tubers in May by
Julen and also by Westas in June.
Julen. pointed out that since sprouting
begins much earlier in the year, this
increase cannot be identical with that
observed by Pett, and suggested that
a more plausible explanation is that
the increase is due to evaporation of
water. According to Edgar, Jefferson,
and Wheeler (1942), storage tempera-

tures of 50° F. or higher result in high
quality of table stock. However, storage
at these temperatures for more than 1 
to 14 weeks results in excessive shrink-
age and early sprouting. Storing pota-
toes for long periods at temperatures
below 40° F. retards sprouting but in-
creases the sugar content and makes
the potatoes soggy. In consequence, a
temperature of approximately 40° F.
is the most desirable compromise for
long • storage periods because at this
temperature shrinkage is small, cook-
ing quality is fair, and sprouting is re-
tarded.

Nebraska

At the Nebraska Station the effects
of maturity and storage were investi-
gated in the summer of 1943 on five
varieties of potatoes, Triumph, Red
Warba, Irish Cobbler, Kasota, and
SCIA 27, produced in three localities,
Lincoln, Alliance, and Scottsbluff. Po-
tatoes produced at Lincoln were har-
vested in the early forenoon at weekly

_Table 17. Effect of Maturity and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown at Lincoln, in Eastern Nebraska, on Irrigated Land, 1943 .(Moist Weight Basis)*

Date
of

harvest

Reduced ascorbic acid
Least '

Irish significant
Red Warba Cobbler SCIA 27 Triumph Kasota Mean difference

F value
for

varieties

Milligrams per 100 grams
32.9 24.0 .........
38.3 36.8 26.2
33.8 29.3 26.4
38.7 42.8 30.9
41.0 39.8 30.0
31.0 37.5 29.5
31.0 32.2 22.6
30.7 23.8 22.3

8/17 .................. ..... . 23.6 24.7 20.2
22.1 23.1 14.8
16.1 15.0 13.3

10/19 11.6 10.2 9.8
Mean
6/29/43 through
10/19/43 .................. 28.9 28.6 22.4

F as
D. F. calculated

Harvest date .................................... 10 269.0
Variety........................- 4 129.0
Harvest date X variety ...... 40 3.6

Milligrams
32.8 ......... ......... ____
38.0 41.7 36.2 4.77 13.89
32.3 37.0 31.8 2.66 18.96
42.9-- 44.4 40.0 2.43 39.16
38.6 42.6 38.4 3.62 14.61
37.2 46.0 36.2 3.74 24.66
34.4 39.6 31.9 5.35 10.68
29.4 34.5 28.1 4.08 12.06
29.6 32.0 26.0 3.90 11.78
22.2 25.1 21.5 2.41 21.00
17.9 20.1 -16.5 2.76 7.17
13.3 13.8 11.7 2.10 5.95

30.5 34.3

F for Sign.

5% level 1% level

L. S. D.

1% level

* Data from Nebraska Agricultural Experiment Station.

Milligrams
1.95 2.50 1.59
2.45 3.50 1.07
1.26 1.39 3.55
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intervals from June 29 to August 23
and thereafter at monthly intervals.
Potatoes 2 inches to 21/2 inches in
diameter were analyzed immediately
for the effect of maturity. The vines
of all varieties except Kasota attained
maximum size about July 6. The Ka-
sota vines were at their maximum
on July 20. The vines of all varie-
ties except Kasota were practically
mature by August 15 to 20. Kasota
tubers were mature a week later. Po-
tatoes for the storage study were dug
on August 10 and held in baskets in
cellar storage at about 70° F. In No-
vember, when the tubers had started
to sprout, they were held in the 50° F.
room, and on December 14 they were
moved to the 40° F. room. On November
3 another lot of tubers was harvested
to determine the comparative merit of
leaving the potatoes in the field in con-
trast with early harvesting and cellar
storage. Some of these potatoes were
analyzed at intervals during the winter.
At Alliance and Scottsbluff harvesting
of potatoes was begun on August 30 and
those for winter storage were dug on
September 27. At both locations the
vines of Red Warba and Triumph po-
tatoes were almost mature on October
1, at which time the other varieties
were less than 15 per cent mature. The
potatoes to be analyzed for the effects
of storage were held at 50° F. until
January 6 when they were transferred
to storage at 40° F.
The results of the analyses on the

Lincoln potatoes (table 17) show that
the highest reduced ascorbic acid values
were obtained when the plants had at-
tained their maximum vigor and before
the older leaves had begun to die off.
Tubers harvested thereafter showed
lower values, the means for successive
dates being in most instances signifi-
cantly different at the one per cent
level. By August 3 the mean value for
the five varieties had dropped to four

• fifths, by August 17 to two thirds, and
by October 19 to less than one third of
the maximum reported.

Significant differences attributable to
variety, harvest date, and the inter-
action between variety and harvest date
were demonstrated. Differences exceed-

ing 1.07 milligrams for variety, 1.59
milligrams for harvest date, and 3.55
milligrams for the interaction can be
expected to occur less than once in 100
trials through random sampling alone.
Tubers which had been harvested on.

August 10 and held in storage there-
after also showed significant losses in
reduced ascorbic acid (table 18). A.
comparison of the values for tubers har-
vested on August 10 and on November
3 shows that the decreases were more
rapid in the tubers which had been
left in the field. Tubers harvested
August 10 lost more than one half of
their ascorbic acid content by Novem-
ber 16. By March 7 they had lost better
than three fourths and by May 2 almost
four fifths of their original reduced
ascorbic acid content. Potatoes harvest-
ed on November 3 contained somewhat
less ascorbic acid on November 16 than
those harvested and stored in August.
The mean values on subsequent corre-
sponding dates, however, were slightly
higher for the tubers harvested in
November.
At the time of harvest reduced as-

corbic acid values for potatoes produced
at Alliance, Nebraska (table 19) were
higher than those for the tubers from
Lincoln (table 18). The values for
Scottsbluff potatoes (table 20) also were
higher than those for the Lincoln po-
tatoes but lower than those for the
Alliance potatoes. For 'the five varieties
the mean loss in ascorbic acid during
the first two months of storage on a
percentage basis was essentially the
same for the tubers from the three loca-
tions and constituted about three tenths
of the content at time of harvest. After
five months' storage further losses had
occurred so that the amount retained
represented about one third of the origi-
nal content.

North Dakota

At the North Dakota Station Irish
Cobbler potatoes were tested for re-
duced ascorbic acid content after vary-
ing periods of storage in the station
root cellar during three successive
years. Triumph was tested under identi-
cal treatment during two years. De-
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Table 18. Effect of Storage and Variety on Reduced Ascorbic Acid Content of Potato Tubers
Grown at Lincoln, in Eastern Nebraska, on Irrigated Land, 1943 (Moist Weight Basis)*

Date
of

harvest

Reduced ascorbic acid
Date
of Red Irish

analysis Warba Cobbler SCIA 27 Triumph Kasota Mean

Least F value
significant for
difference varieties

Milligrams per 100 grams Milligrams
8/10/43 8/17/43 22.2 26.7 18.8 29.0 27.3 24.8 7.07 2.84
8/10 8/23 • 25.0 21.6 14.6 24.9 26.5 22.5 2.88 38.64
8/10 9/22 17.5 18.1 13.7 20.7 21.1 18.2 2.66 10.30
8/10 10/20 15.5 16.2 12.8 22.9 20.0 17.5 4.86 5.56
8/10 11/16 11.2 10.6 7.7 12.8 15.5 • 11.6 3.63 5.03
8/10 12/14 11.1 11.5 6.4 11.0 14.3 11.0 2.09 14.67
8/10 1/15/44 8.3 8.9 5.1 7.8 11.0 8.2 0.98 38.12
8/10 2/10 9.2 10.1 7.1 9.6 11.1 9.4 0.43 12.09
8/10 3/7 4.8 5.6 4.8 7.8 6.1 5.8 2.10 2.82
8/10 4/4 5.4 7.2 2.9 6.4 3.2 5.0 0.69 61.14
8/10 5/2 5.7 5.7 3.6 5.1 3.6 4.7 0.67 20.78
8/10 6/23 6.4 7.4 4.1 6.0 7.2 6.2 0.,i17 60.38

Mean 11.8 12.5 8.5 13.7 13.9
11/3 11/16/43 11.0 9.1 8.7 11.2 12.9 10.6 1.94 6.39
11/3 1/13/44 8.6 9.5 6.7 8.9 10.6 8.8 1.24 10.92
11/3 3/8 6.5 7.4 6.7 6.1 7.5 6.8 1.39 1.47
11/3 5/23 6.0 6.1 5.2 6.0

Mean 11/16/43
through 3/ 8/44 8.7 8.7 7.4 8.7 10.3

D. F.
F as

calculated

F. for Sign.

5% level 1% level

L. S. D.

1% level

Milligrams
Analysis date ................... ..... ............ 14 207.0 1.80 2.29 1.26

56.8 2.43 3.45 ' 0.73
Analysis date X variety ...... 56 33.3 1.25 1.40 2.81

* Data from Nebraska Agricultural Experiment Station.

terminations were made on peeled Irish
Cobbler potatoes in 1942 and on peeled
and unpeeled Irish Cobblers and on the
peelings of the same tubers in 1943 and
1944. Ten potatoes constituted one lot.
Wedge-shaped sections for the unpeeled
sample were taken from one side of the
potato and for the peeled sample from
the same relative position on the oppo-
site side. The data are presented in
tables 21, 22, and 23.

It may be observed that decreases in
ascorbic acid content were very rapid
during the first one and one half months
of storage in 1942 (table 21). These low
values may be attributable, in part, to
the fact that metaphosphoric acid was
not used in the first homogenization of
the sample. (The Idaho Agricultural Ex-
periment Station has shown that this
procedure results in a rapid conversion
of reduced ascorbic acid to the dehydro
form.) Decreases in reduced ascorbic

acid, calculated on both the moist and
dry weight bases, were somewhat more
rapid during the early stages of storage
in 1943 and 1944 in both the unpeeled
and peeled Irish Cobbler potatoes than
during the latter part of the storage
period (tables 22, II and figure 1).
The tubers grown" in 1944 contained

somewhat greater amounts of reduced
ascorbic acid than those produced in
1943. Therefore, the former were a
considerably better source of this nu-
trient throughout the greater part of
storage. After 200 days in storage, the
percentage of retention was quite simi-
lar for the two years of observation,
constituting about one third of the
amount observed after the first month
of storage. In both years the peeled
tubers had slightly higher values than
the unpeeled since the peelings are
very much lower in reduced ascorbic
acid content than the potato tissue.
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Table 19. Effect of Storage and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown at Alliance, in Western Nebraska, on Dry Land, 1943 (Moist Weight Basis)*

Reduced ascorbic acid
Date Date Least F value

of of Red Irish significant for

harvest analysis Warba Cobbler SCIA 27 Triumph Kasota Mean difference varieties

Milligrams per 100 grams Milligrams

8/30/43 42.0 34.0 37.9 44.1 49.9 41.6 2.57 40.88

9/13 39.5 33.5 38.3 38.7 40.4 38.1 . 5.38 2.03

9/27 ............... 31.3 27.7 37.5 36.1 30.9 32.7 2.55 20.03

9/27 10/14/43 30.8 23.8 28.0 30.6 34.9 29.6 5.99 6.41

9/27 10/26 30.6 24.3 26.7 28.3 33.3 28.6 4.52 4.80

9/27 11/9 27.8 18.9 26.5 23.3 29.4 25.2 4.72 6.11

9/27 12/3 21.5 19.6 26.4 23.2 27.5 23.6 2.38 15.82

9/27 1/6 /44 16.0 15.7 17.4 17.5 24.4 18.2 1.94 27.84

9/27 1/31 15.9 15.3 14.8 13.4 19.4 15.8 2.46 6.68

9/27 2/29 13.0 10.0 9.8 10.0 12.5 11.1

9/27 3/28 10.1 8.4 8.8 12.1 .........

9/27 4/25 9.3 9.1 7.5 11.6

9/27 5/23 8.6 9.7 ......... • 7.6 10.0

Mean 8/30/43

through 2/29/44 26.8 22.3 26.3 26.5 30.3

D. F.
F as •

calculated 5% level 1% level

F. for Sign. L. S. D.

1% level

Milligrams

Analysis date 9 281.1 2.03 2.69 1.63

48.1 2.46 3.51 1.16

Analysis date X variety ......... 36 3.8 1.26 1.39 3.66

* Data from Nebraska Agricultural Experiment Station.

Table 20. Effect of Storage and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown at Scottsbluff, in Western Nebraska, on Irrigated Land, 1943 (Moist Weight Basis)*

Reduced ascorbic acid

Date Date Least F value

of of Red Irish significant for

harvest analysis Warba Cobbler SCIA 27 Triumph Kasota Mean difference varieties

Milligrams per 100 grams Milligrams

8/30/43 ............... 37.2 26.5 23.2 33.2 30.8 30.2 • 5.82 7.12

9/13 ............... 36.6 28.1 23.5 22.8 28.6 28.0 10.60 2.15

9/27 ............... 34.0 28.2 29.5 32.1 29.8 30.7 5.80 1.23

9/27 10/14/43 30.9 32.2 32.8 29.8 28.4 30.8 5.22 2.30

9/27 10/26 28.0 23.2 27.9 27.5 27.7 26.8 6.80 5.44

9/27 11/9 29.3 15.6 22.0 21.3 25.8 22.8 5.84 6.23

9/27 12/3 23.4 18.9 23.8 21.2 22.8 22.0 2.47 5.13

9/27 1/6 /44 18.4 13.1 12.2 16.0 17.2 15.4 2.59 8.40

9/27 1/31 16.3 11.7 14.1 11.0 18.4 14.3 2.47 12.89

9/27 2/29 13.1 10.7 7.7 11.5 14.4 11.5 1.62 20.33

9/27 3/28 10.0 8.4 7.4 11.7

9/27 4/25 9.6 10.6 •••••••.. 6.3 10.2 ...........

9/27 5/23 7.9 7.9 ••..•..../ 5.9 7.6 ..... .... ............

9/27 6/24 5.7 6.1 ............

Mean 8/30/43 •

through 2/29/44 26.7 20.8 21.7 22.6 24.4

D. F.
F as

calculated 5% level 1% level

F. for Sigzi. L. S. D.

1% level

Milligrams

Analysis date 9 6.1 2.07 ' 2.78 2.66
12.6 • 2.56 3.72 1.88

Analysis date X variety ...... 36 1.8 1.65 2.00 5.94

* Data from Nebraska Agricultural Experiment Station.
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Fig. 1. Reduced ascorbic acid content during storage of peeled and unpeeled Irish Cobbler
potato tubers grown at Park River, North Dakota, 1943 and 1944, and of peelings from
the same tubers, as reported by the North Dakota Agricultural Experiment Station

Unpeeled Triumph potatoes apparent-
ly showed a similar rate of loss in re-
duced ascorbic acid during storage in.
the two years of study (table 23). Re-
tention after 200 days in storage
amounted to slightly less than one
fourth of that reported after one month
in storage. Since the Triumph potatoes
produced in 1944 also contained more
ascorbic acid than those grown in 1943,

they were a somewhat better source of
this nutrient throughout storage. Com-
parison of the rate of loss during storage
in both 1943 and 1944 for unpeeled
Triumph and unpeeled Irish Cobbler
potatoes shows that the former de-
creased in reduced ascorbic acid content
more rapidly than the latter. In conse-
quence, although the Triumph potatoes
originally contained more of this vita-

Table 21. Effect of Storage on Reduced Ascorbic Acid Content of Peeled Irish Cobbler Potato

Tubers Grown at Park River, North Dakota, 1942*

Date
of

harvest

Days
in

storage Moisture Amount

Reduced ascorbic acidt

Moist weight Dry weight

Apparent
retention* Amount

Apparent
retention*

Per cent Mg. per 100 g. Per cent Mg. per 100 g. Per cent

9/11/42 ......... 79.3 20.0 96.8 .........

9/11 29 78.8 13.4 ......... 63.3 .........

9/11 -45 79.4 11.6 . 86.5 56.5 89.2

9/11 104 77.4 3.1 23.2 13.8 21.8

9/11 195 78.9 1.2 8.9 0 5.7 9.0

* Data from North Dakota Agricultural Experiment Station.

Metaphosphoric acid not used with the first homogenization of sample.

*Based on 29 days of storage.
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Table 22. Effect of Storage and Crop Year on Reduced Ascorbic Acid Content of Unpeeled
and Peeled Irish Cobbler Potato Tubers Grown at Park River, North Dakota, and

on Peelings from the Same Tubers, 1943-44 (Moist Weight Basis)*

Unpeeled tubers Peeled tubers Peelings

Date
of

harvest

Days
in

storage
Moisture

Reduced
ascorbic
acid

Reduced
ascorbic
acid

Reduced
ascorbic
acid

Amount Apparent
retentionf

Moisture Amount Apparent Moisture Amount
retentionf

Milligrams Milligrams Milligrams
1943 Per cent per 100 g. Per cent Per cent per 100 g. Per cent Per cent per 100 g.
9/27 29' 75.0 20.5 ......... 75.1 22.8 .........
9/27 57 76.6 17.3 84.4 75.1 18.3 80.1 •-••••••
9/27 72 75.3 12.5 60.8 75.4 13.5 59.1 .........
9/27 84 73.8 9.8 47.8 73.0 12.7 55.6
9/27 100 74.8 7.1 34.6 73.6 8.7 38.0

9/27 114 74.3 6.1 29.6 73.8 8.2 35.7
9/27 128 73.9 5.8 28.2 73.9 8.7 38.0
9/27 142 74.0 7.3 35.8 73.2 8.8 38.6 .........
9/27 156 74.2 5.8 28.2 75.0 8.1 35.3 77.3 0.82
9/27 170 74.5 8.1 39.4 74.1 9.1 39.8 75.0 0.57

9/27 183 74.6 7.5 36.5 73.3 9.2 40.3 76.6 0.41
9/27 196 75.2 6.6 32.3 74.4 8.0 35.1 76.6 0.51
9/27 211 73.9 6.8 33.1 73.1 8.6 37.5 74.7 0.29
9/27 225 74.2 6.5 31.6 73.9 9.2 40.1 76.7 0.64

1944

9/30 . 2 76.9 29.6 ......... ......... ......... ........
9/30 33 76.7 25.3 ......... 76.0 25.3 ......... 80.4 6.3
9/30 58 75.5 21.4 84.6 76.0 22.9 90.3 79.4 6.0
9/30 65 77.4 18.7 74.0 76.8 19.6 77.3 77.7 9.0
9/30 72 78.2 17.2 68.0 77.1 19.9 78.6 77.3 8.7

9/30 107 76.1 12.8 50.8 77.1 16.1 63.6 78.5 3.5
9/30 121 76.8 13.0 51.5 75.7 13.1 51.6 79.5 3.6
9/30 149 76.6 , 9.5 37.6 75.8 10.7 42.4 79.5 2.1
9/30 177 77.4 9.1 36.2 76.4 9.7 38.2 79.3 2.2
9/30 205 77.2 - 8.3 32.8 77.3 9.7 38.2 81.0 3.2

9/30 233 77.6 8.9 35.1 76.5 10.3 40.6 81.0 1.7
9/30 261 78.4 4.0 15.8 77.8 3.8 15.0 80.3 1.6

* Data from North Dakota Agricultural Experiment Station.
f Based on 29 days of storage in 1943 and on 33 days of storage in 1944.

min than the Irish Cobbler potatoes,
during the latter part of the storage
period the values were quite similar
for the two varieties (figure 2).

Idaho

In studying the effect of maturity
and storage on the reduced ascorbic
acid content of potatoes, the Idaho Sta-
tion used two varieties,oRusset Burbank
and White Rose. The latter variety is
customarily marketed in the immature
state. Accordingly immature tubers of

the White Rose variety purchased on
the Moscow market, together with im-
mature White Rose and Russet Burbank
potatoes grown at Aberdeen, were
studied in 1943 and 1944. The data in-
cluded in table 9 represent the means
of values for immature tubers analyzed
in August and September. Immature
potatoes of both varieties contained
relatively large amounts of reduced
ascorbic acid, the values for the White
Rose variety being distinctly higher
than those for the Russet Burbank
tubers.
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The effect of storage was determined
on the same two varieties produced at
Aberdeen under similar conditions dur-
ing three growing seasons (1942, 1943,
and 1944). These potatoes were har-
vested the latter part of October or the
first part of November each year and
held until spring in a commercial type
of storage house. Temperatures ranged
from approximately 45° F. during No-
vember and December to 40° F. during
January and February, with slightly
higher temperatures during the late
spring months.
A comparison of the values obtained

in the fall for the stored tubers with

those secured earlier on the immature
potatoes shows a marked reduction in
the reduced ascorbic acid content of
both varieties during early storage,
with further decreases throughout the
winter and spring. The superiority of
the White Rose variety persisted
throughout storage.

Maine

The effect of storage temperature on
the reduced ascorbic acid content of
six varieties of potatoes produced in
Aroostook County, Maine, was investi-

Table 23. Effect of Storage and Crop Year on Reduced Ascorbic Acid Content of Unpeeled
Triumph Potato Tubers Grown at Park River, North Dakota, 1943-44*

Date
of

harvest

Days
in

storage Moisture

Reduced ascorbic acid

Moist weight Dry weight

Amount Apparent
retentiont

Amount Apparent
retentionf

Milligrams Milligrams
1943 Per cent per 100 g. Per cent per 100 g. Per cent
9/27 29 79.2 24.1 ......... 115.8 .........
9/27 57 78.8 18.4 76.5 87.0 75.1
9/27 72 79.4 16.7 69.4 81.3 70.2
9/27 84 77.2 16.5 68.4 72.2 62.4
9/27 100 78.4 14.9 61.8 68.9 59.5

9/27 114 78.4 11.2 46.4 51.8 44.7
9/27 128 78.4 9.6 40.0 . 44.6 38.5
9/27 142 79.0 6.0 24.7 28.3 24.4
9/27 156 79.3 7.0 28.8 33.5 28.9
9/27 170 78.7 7.0 29.0 32.8 28.4

9/27 183 78.5 7.1 29.4 33.1 28.6
9/27 196 78.9 5.1 21.3 24.3 21.0
9/27 211 79.2 5.8 23.9 27.6 23.9

1944
9/30 2 79.9 37.8 188.2
9/30 33 80.3 29.4 ......... 149.3 .........
9/30 58 80.4 22.8 77.5 115.9 77.6
9/30 65 80.5 20.4 69.4 104.7 70.1
9/30 72 79.9 19.9 67.7 98.9 66.2

9/30 107 80.4 13.7 46.6 69.7 46.7
9/30 121 79.4 13.1 44.7. 63.6 42.6
9/30 149 80.9 8.6 29.3 45.1 30.2
9/30 177 79.6 6.7 22.9 33.0 22.1
9/30 205 80.5 6.6 22.3 33.6 22.5

9/30 233 81.6 6.1 20.7 33.0 22.1
9/30 251 81.1 3.0 10.2 15.9 10.6

* Data from North Dakota Agricultural Experiment Station.

f Based on 29 days of storage in 1943 and on 33 days of storage in1944.
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Fig. 2. Reduced ascorbic acid content during storage of two varieties of unpeeled potato
tubers grown at Park River, North Dakota, 1943 and 1944, as reported by the North
Dakota Agricultural Experiment Station

gated at the Maine Station over a two-
year period (Murphy, 1946). All were
grown in. or around Presque Isle, on
Caribou loam having a pH of 4.8 to 5.5.
Irish Cobbler and Chippewa tubers
probably were. the only varieties mature
at time of harvest. In 1943 tubers were
harvested between October 2 and 9,
and lots from each variety were held
in a root cellar until October 27 when
the first analyses were made. The re-
mainder were placed in storage on
October 9 at temperatures of 32°, 36°,
50°, 65°, and 70° F. Six tubers of each
variety, stored at each temperature,
were removed at monthly intervals and
analyzed for reduced ascorbic acid. The
Loeffler and Ponting (1942) method was
employed, using one per cent meta
phosphoric acid as the extractant and
the Klett-Summerson photoelectric col-
orimeter for readings.
In 1944 tubers produced in the same

locality as the preceding year were

harvested on September 19 and 20.
Equal numbers of tubers were taken
at random from each of the six plots on
which they were grown and placed in
storage on September 22. Samples were
transported to the laboratory and ana-
lyzed for reduced ascorbic acid on Sep-
tember 25. The storage temperatures
employed were the same as in the pre
ceding year except that 60° F. was sub-
stituted for 65° F. in order to give more
uniform intervals of temperature. Sam-
pling followed the same plan as in 1943.
Moisture was determined on all sam-
ples. However, another study which
compared the ascorbic acid content of
two varieties of potatoes stored at two
temperatures, specifically 32° and 70°
F., had shown that calculations based.
on the actual moisture content of the
tubers gave fresh-weight values which
did not differ significantly from those
obtained when an average moisture
content of 79 per cent was used. In
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Table 24. Effect of Storage and Temperature on Reduced Ascorbic Acid Content of Six Varieties

of Potato Tubers Grown at Presque Isle, Maine, 1943-44 (Moist Weight Basis)*

Analysis
made
in

Reduced ascorbic acid during storage at

32° F. 36° F. 50° F. 60° Kt 65°F4 70° F. Mean

Milligrams per 100 grams

October _______________ 22.7 22.7 22.7 28.1 17.2 22.7 22.7

November 14.8 12.5 18.4 19.8 14.6 16.9 16.2

December ........................ 9.3 8.5 14.1 16.6 12.9 13.5 12.5

January ........................... 7.0 5.8 11.3 12.5 10.3 9.9 9.5

February ........................ 6.2 5.7 10.6 12.3 8.6 11.1 9.1

6.5 5.7 8.5 6.4 9.3 7.7 7.4

7.7 6.6 8.4 6.9 7.6 8.0 7.5

6.3 6.3 7.9 5.8 5.0 5.5 6.1

9.2 12.7 13.6 10.7 11.9

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams
Storage 7 1561.5 2.0 2.7 0.39 0.52

Temperature 5 176.0 2.2 3.0 0.31 0.41

Temperature§ ................................. ............ 0.44 0.58

Storage X temperature ,...... 35 22.8 1.4 1.6 0.88 1.15

Storage X temperatures ... ............ 1.24 1.63

* Data from Maine Agricultural Experiment Station.

t 1944-1945 only. Potatoes harvested on September 19 and 20.
* 1943-1944 only. Potatoes harvested between October 2 and 9.
§ Minimum difference for temperatures 60° and 65° F.

consequence, all values were computed
using the latter factor (Morrison, 1936).
Table 24 gives the means of the as-

corbic acid values for the six varieties
during the two years of study. The most
rapid decrease occurred during the first
month of storage. Somewhat less rapid.,
although still appreciable, decreases oc-
curred during the next two months,
with more gradual losses during suc-
ceeding months.
A comparison of the ascorbic acid

content of the tubers stored at the vari-
ous temperatures indicates that during
the first half of the storage period the
most rapid losses occurred at the two
lowest temperatures, i.e., 32° and 36° F.
(table 24). During the second half of the
storage period a more rapid loss oc-
curred at 60°, 65°, and 70° F., with the
result that in May the values for the
tubers held at 32° and 36° F. actually
were greater than those for tubers held
at the higher temperatures. Based on
data from the two years of the study,
the highest mean ascorbic acid value
for all varieties was observed in tubers
stored at 50° F. A higher value was
noted for those stored at 60° F., but

this latter value is based on tubers
studied only during the second year
(1944-45). Since the potatoes produced
in this year were found to have a
higher ascorbic acid content than those
grown in the previous year, a part of
this apparently favorable effect of stor-
age at 60° F. is undoubtedly due to the
initial higher ascorbic acid content.
Although temperatures of 50° F. or

above tended to retard ascorbic acid
losses during storage, the losses were
extremely large even at the higher
temperatures. After three or four
months of storage, when the bulk of
the potato crop ordinarily is removed
for shipment, these losses ranged from
50 to 55 per cent.
From table 25 it is apparent that in

the first season a storage temperature
of 65°, and in the second, of 50° F.,
favored the retention of reduced a-
corbic acid. However, the differences
between these and the other high tem-
peratures were slight. Although the
significant interaction between variety
and temperature (table 26) ̀indicates
that the varieties responded in a differ-
ential manner to the several storage
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Table 25. Effect of Storage Temperature on the Retention of Reduced Ascorbic Acid of Six
Varieties of Potato Tubers Grown at Presque Isle, Maine, 1943-44, Stored for

Seven Months, and Analyzed at Monthly Intervals (Moist Weight Basis)*

Crop
year

Retention means

Temperature of storage
32° F. 36° F. 50° F. 60° F..f. 65° F.:1; 70° F.

1943 ..................... 41.3 36.7

1944 .................... 35.1 30.7

Per cent
54.9
46.7

58.1 55.1
40.7 40.8

Mean
at all
temp.

49.2
38.80,

F as
F for Sign. L. S. D.

Storage temperature (1943) ....

D. F. calculated 5% level 1% level -5% level 1% level,

4 57.9 2.4 3.5
Milligrams

3.5 4.6
Storage temperature (1944)..... 4 47.9 2.4 3.5 2.5 3.3

* Data from Maine Agricultural Experiment Station.
1944 only.

4: 1943 only.

temperatures, in general all varieties
responded favorably to storage at 50° F.
From the point of view of quality,

storage at 36° and 50° F. resulted in
potato tubers of good physical appear-
ance. Storage at lower and higher tem-
peratures resulted in tubers of very
poor quality as shown by internal

mahogany browning in the first in-
stance and browning of the tissue after
removal from storage in the second.

• When ascorbic acid retention is con-
sidered, storage at 500 is better than

• storage at 36° F.
The reduced ascorbic acid content of

Mohawk, Green Mountain, and Chip-

Table 26. Effect of Storage Temperature and . Variety on Reduced Ascorbic Acid Content
of Potato Tubers Grown at Presque Isle, Maine, 1943-44, Stored for Seven Months,

and Analyzed at Monthly Intervals (Moist Weight Basis)*

Reduced ascorbic acid during storage at

Variety 32° F. 36° F. 50° F. 60° F.f 65° F.*

Mohawk
Green Mou.ntain
Sebago ........................
Irish Cobblers ......
Chippew§ ............
Katandin............. .....

15.3
8.7
8.0
9.2
8.4
10.9

11.0
8.7
8.6
9.1
7.9
10.0

Milligrams per 100 grams
14.6 14.8
12.2
12.7
13.2
9.6

14.0

13.4
13.0
14.5
10.4
15.2

Mean ........................ .... 10.1 9.2 12.7 13.6

11.3
9.8

11.0
12.1 -
8.9
10.9

10.7

F as
D. F. calculated 5% level 1% level

70° F. Mean

12.1 13.2
10.6 10.6
11.8 10.8
13.9 12.0
10.0 9.2
13.2 12.4

i
11.9

F for Sign. L. S. D.

5% level 1% level

Storage temperature 5
Storage temperatures ...........................

Storage temperature X variety..... 25
Storage temperature X varietYff •-•••

176.0

144.4

2.2
••••••
2.2

3.0

3.0

Milligrams
0.31 0.41
0.44 0.58
0.34 0.45

14.7 1.5 1.8 0.76 1.00
1.07 1.41

* Data from Maine Agricultural Experiment Station.
t 1944-45 only. Potatoes harvested on September 19 and 20.
1943-44 only. Potatoes harvested between October 2 and 9.

§ Mature at time of harvest; other varieties harvested green.
Minimum differences for temperatures 60° and 65° F.



NUTRITIVE VALUE OF POTATOES 33

Table 27. Effect of Storage and Variety on Reduced Ascorbic Acid Content of Potato Tubers

Grown at Presque Isle, Maine, 1943-44, and Stored at Six Different

Temperatures (Moist Weight Basis)*

Variety

Reduced ascorbic acid

Oct. Nov. Dec.

Analyzed in
Jan. Feb. Mar. Apr. May

Milligrams per 100 grams
Mohawk 24.4 18.0 15.0 10.3 10.8 9.0 10.5 7.6

Green IVIountain 18.9 14.9 10.5 8.4 9.4 7.6 7.1 6.0

Sebago 24.3 15.3 11.2 8.8 7.7 5.8 6.1 5.6

Irish Cobbler!' •••••••••••• 25.3 16.9 12.5 8.3 8.9 7.9 6.8 7.3

Chippewat ••••••••••••••••••••• 18.1 13.3 9.5 8.1 7.2 5.5 6.4 4.9

Katandin ........................... 25.2 17.3 13.6 10.5 8.8 7.7 8.6 6.3

•
15.9 12.0 9.1 8.8 7.3 7.6 6.3

D. F.
F as

calculated

F for Sign.

Mean

13.2
10.4
10.6
11.7
9.1
12.2

L. S. D.

5% level 1% level 5% level 1% level

Storage 7

Variety 5
Storage X variety ... 35

1561.5
144.4
11.1

2.0
2.2
1.4

2.7
3.0
1.6

Milligrams
0.39 0.52
0.34 0.45
0.96 1.26

* Data from Maine Agricultural Experiment Station.

t Mature at time of harvest; other varieties harvested green.

pewa potatoes tended to be relatively
more resistant to oxidation than that
of other varieties (table 27). This was
shown by the fact that mean ascorbic
acid retention for these three varieties
was more than 50 per cent of the Octo-
ber value compared with percentages
below 50 for the other three varieties.
In general, although the differences ob-
served were not great, the ascorbic acid
content in May was higher in those

varieties having the highest initial
values.
In table 28 are given the means of

the reduced ascorbic acid values for
the six varieties of potatoes stored at
six temperatures in the two years of
the study. It may be noted that in 1943
the mean value in October was 17.2
milligrams as compared with a value
of 28.1 milligrams in 1944. This differ-
ence in favor of the potatoes produced

Table 28. Effect of Storage and Crop Year on Reduced AscOrbic Acid Content of Six Varieties

of Potato Tubers Grown at Presque Isle, Maine, 1943-44, and Stored at Six

Different Temperatures (Moist Weight Basis)*

Crop
year

Reduced ascorbic acid

Oct. Nov. Dec.
Analyzed in
Jan. Feb. Mar. Apr. May Mean

Milligrams per 100 grams

1943 ............ ..... .........!............. 17.2 11.9 9.9 8.0 7.6 7.2

1944 28.1 • 20.0 14.2 10.2 10.1 7.3
7.5
7.7

5.1 9.3
7.4 13.1

D.F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

7 1561.5 2.0 2.7

1461.3 3.8 6.7

7 181.1 2.0 2.7

Storage
Crop year ..............................1

Storage X crop year

* Data from Maine Agricultural Experiment Station.

Milligrams
0.39 0.52
0.20 0.26
0.55 0.73
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Table 29. Effect of Storage, Temperature, Variety, and Crop Year on Reduced Ascorbic Acid
Content of Potato Tubers Grown at Presque Isle, Maine,. 1943-44 (Moist Weight Basis)*

Variety

Initial
value in
October

Length
of

storage

Reduced ascorbic acid after storing at

32° F. 36° F. 50° F. 60° F. 65° F. 70° F.

1943
Milligrams
per 100 g. Months Milligrams per 100 grams

Mohawk 18.5 3 11.8 7.6 13.7 ......... 11.2 8.8
7 7.9 4.9 8.8 6.0 5.2

Green Mountain ...._........ 13.7 3 • 4.4 6.4 9.4 10.2 11.4
7 5.4 6.0 10.6 4.6 3.7

3 3.9 5.8 10.0 11.6 10.2
7 3.1 5.1 7.9 6.0 5.0

Irish Cobblerf ..................... 20.4 3 5.0 5.1 8.5 12.2 11.9
7 8.1 6.7 8.0 4.2 8.1

Chippewaf .............................. 13.0 3 , 6.4 5.6 7.5 10.3 8.6
7 3.3 3.0 4.7 5.0 5.8

Katandin .................................... 19.0 3 6.7 5.2 10.4 11.5 9.9
7 6.2 4.6 6.8 6.6 7.2

1944
Mohawk .................................... 30.2 3 15.0 8.3 13.4 13.2 11.6

15.1 9.1 11.9 6.6 7.4

Green Mountain ............... 24.0 3 6.1 6.1 13.8 12.7 7.9
7 6.9 8.7 9.4 6.7 2.5

Sebago ............................._....... 29.8 4.2 5.8 11.9 14.1 9.7
7 4.8 8.2 7.0 5.7 6.9

Irish Cobbler 4.8 3.5 15.3 11.0 11.8
7 8.9 8.5 8.3 5.9 8.0

Chippewaf .............................. 23.1 3 9.7 5.9 8.1 9.7 8.3
7 6.0 8.1 6.6 4.8 5.8

Katandin ................................... 31.4 3 10.1 8.1 18.4 14.2 12.7
7 6.6 8.1 9.8 4.7 5.8

* Data from Maine Agricultural Experiment Station.

f Mature at time of harvest; other varieties harvested green.

in the second year persists throughout
storage but is much less marked and
relatively unimportant after the third
month. It is probable that the lower
values for 1943, as well as the more
gradual rate of loss in that year, were
due to the longer interval between har-
vesting and analysis, 18 to 25 days in
1943, and only four days in 1944. In
1943 the longer interval which elapsed
between harvesting and testing may
have permitted a large part of the
early losses to have occurred before
analytical work was begun. Differences

exceeding 0.26 milligrams for crop year,
0.52 milligrams for storage, and 0.73
milligrams for the interaction between
storage and crop year are significant at
the one per cent level.
Table 29 gives a comparison between

the ascorbic acid values secured in
October for the six varieties of potatoes
and values for the same tubers after
three and after seven months' storage
in the two years of study. It is apparent
from this table that the several varieties
reacted similarly in both years to stor-
age at the different temperatures.
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Table 30. Effect of Storage, Locality, and Variety on Reduced Ascorbic Acid Content of Potato

Tubers Grown in Three Minnesota Localities, 1942 (Moist Weight Basis)*

Date
of

Locality harvestf Variety Moisture

Reduced ascorbic acid after storing for

Mean6 wks. 12 wks. 18 wks. 24 wks.

1942 Per cent Milligrams per 100 grams

Grand Rapids 9/10 , Red Warba .............................. 79.8 13.7 12.8 10.8 7.3 11.2

9/10 Triumph ...................................... 82.1 13.8 10.6 10.1 7.7 10.6

9/10 Irish Cobbler ........................ 79.2 15.0 12.6 10.8 7.7 11.5

9/10 Chippewa .................................... 81.0 10.6 11.0 8.6 6.4 9.2

13.3 11.8 10.1 7.3 10.6

Hollandale 9/20 Red Warba .............................. 84.4 14.4 10.4 10.2 5.8 10.2

9/20 Triumph .......................................... 83.8 10.8 10.0 9.2 6.4 9.1

9/20 Irish Cobbler ........................... 81.9 12.2 10.3 8.2 6.6 9.3

9/20 Chippewa .................................... 85.2 9.5 9.0 7.4 5.8 7.9

11.7 9.9 8.8 6.2 9.1

Halstad 9/5 Red Warba .............................. 78.9 18.4 13.4 12.6 9.0 13.4 .

9/5 Triumph 
............................ 76.0

80.6 15.8 11.9 11.6 8.0 11.8

9/5 Irish Cobbler 76.0 19.0 12.1 10.8 11.6 • 13.4

9/5 Chippewa .................................... 79.3 13.4 10.7 12.0 7.7 11.0

Mean 78.7 16.6 12.0 11.8 9.1 12.4

Mean of all 13.9 11.2 10.2 7.5

F for Sign. L. S. D.

D. F.
F as

calculated 5% level 1% level 5% level • 1% level

Milligrams

Storage 3 184.0 2.81 4.24 0.52 0.70

Locality. 2 92.5 3.20 5.10 0.45 0.61

Variety3 27.9 2.81 4.24 0.52 0.70

Storage X locality .................... 6 4.5 2.30 3.22 1.28 1.71

Storage X variety .. 99 4.6 2.09 2.82 1.48 1.98

* Data from Minnesota Agricultural Experiment Station.

In all cases vines were prematurely killed by frost. The season of maturity indicates the
relative stage of development: Red Warba, extra early; Triumph, medium late; Irish Cobbler, early;
and Chippewa, medium late.

Minnesota

The Minnesota Station studied the
effect of storage on the reduced ascorbic
acid content of four varieties of potatoes
(Red Warba, Triumph, Irish Cobbler,
and Chippewa) produced in 1942 in
three Minnesota localities. These were
stored at University Farm in a root
cellar, the temperature of which re-
mains fairly uniform throughout the
winter months. From November to the
middle of April mean monthly tem-
peratures were as follows: November
44.6°, December 41.6°, January 42.00,
February 42.9°, March 41.5°, and April
(15 days) 43.6° F. At the end of No-
vember, after six weeks of storage, the

first lot of tubers' was removed and
analyzed. Thereafter additional lots
were removed and analyzed at six-week
.intervals. The reduced ascorbic acid
Values given in table 30 are the means
of duplicate determinations on two lots
of six tubers each. Storage resulted in
highly significant decreases in the re-
duced ascorbic acid content of the pota-
toes. Differences exceeding 0.70 milli-
grams were found to be significant at
the one per cent level.
For the tubers produced at Halstad,

the most rapid loss occurred between
6. and 12 weeks of storage. For those
from the other two localities, the de-
crease was more gradual in the early
periods but showed some acceleration
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during the last six-week period. The
interaction between storage and locality
was also highly significant, indicating
that the tubers from the several locali-
ties responded to storage in a differ-
ential manner.

All the varieties showed highly sig-
nificant decreases in reduced ascorbic
acid content between 6 and 24 weeks
of storage. The greatest decrease was
observed in the Red Warba, which had
had the highest value at the end of the
first six-week storage period. The small-
est loss occurred in the Chippewa po-
tatoes, which were lowest in ascorbic
acid at the end of the first storage
period. After 24 weeks' storage Irish
Cobbler potatoes were the best source
of ascorbic acid, the Chippewa variety
the poorest. The significant interaction
between variety and storage shows that
the rate of loss during storage varied
with the different varieties. A value
which exceeds 1.98 milligrams indicates
significance at the one per cent level.

It has been demonstrated that losses
in reduced ascorbic acid are most rapid
in the early weeks following harvest,
and that thereafter there is a leveling
off to a more constant rate of loss. Ac-
cordingly, it might have been antici-
pated that the potatoes produced at
Halstad, which were harvested first,
would have undergone a greater loss
in reduced ascorbic acid content during
the interval between harvest and the
initial analysis, followed by a slower
rate of loss during the period of obser-
vation, than the potatoes grown at
Hollandale, which were harvested last.
Actually the reverse was true. The po-
tatoes grown at Halstad showed the.
greater loss during the period of obser-
vation. It will be recalled that all the
tubers were held under identical con-
ditions for a six-week period before the
initial observation was made. It is sug-
gested that this controlled storage pe-
riod should have had a stabilizing effect
in that all varieties were brought to a
common temperature and held long
enough to vitiate the effects of the
differences in the temperatures of the
localities in which they were produced.
On the dry weight basis also (Ap-

ipendix table I) significant differences

attributable to variety, locality, storage,
and the interactions between locality
and storage, and variety and storage are
noted.
During the year 1944-45 the Minne-

sota Station studied the effect of tem-
perature of storage on the ascorbic acid
content of potato tubers. Two lots of
each of three varieties (Red Warba,
Mesaba, and Chippewa), grown at
Grand Rapids, Minnesota, were stored
at four different temperatures (35.6°,
47°, 57°, and 68° F.) from mid-December
to mid-March. These tubers were har-
vested in September, stored immedi-
ately in a root cellar at Grand Rapids,
and delivered to the laboratory on De-
cember 10. To permit stabilization the
tubers were held in a root cellar at 40°
F. for one additional week before the
first •analyses for total, reduced, and
dehydroascorbic acid were made. The
method of sampling and the determina-
tion of reduced ascorbic acid were the
same as those followed in 1942-43, page
11. Total and dehydroascorbic acid were
assayed according to the methods of
Roe and Oesterling (1944) and Roe and
Kuether (1943). At three-week intervals
for a period of 12 weeks, tubers from
each lot, held at the four storage tem-
peratures, were analyzed for reduced
ascorbic acid. Total and dehydroascorbic
acid determinations were made at the
end of three and 12 weeks of storage.
After six weeks half the tubers stored
at the three lower temperatures were
removed and placed in storage at 68° F.
The latter were analyzed for reduced
ascorbic acid at the end of three and
six weeks and for total and dehydro-
ascorbic acid at the end of six weeks.
The means of the reduced ascorbic

acid values are given in table 31. The
low initial value for each of these
varieties may be explained, in part, by
the fact that the tubers had been in
storage for nearly three months before
delivery at the University Farm in mid-
December when the outside tempera-
ture was just below freezing.
Storage resulted in significant de-

creases in, the reduced ascorbic acid
content of the tubers since, in most
instances, differences greater than the
0.29 milligrams were observed.
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Table 31. Effect of Storage, Temperature, and Variety on Reduced Ascorbic Acid Content

of Potato Tubers Grown at Grand Rapids, Minnesota, 1944 (Moist Weight Basis)*

Variety

Initial Length
value

Dec., 1944 storage
of

Reduced ascorbic acid after storing at

Mean35.6° F. 47° F. 57° F. 68° F.

Mg. per 100 g. Weeks Milligrams per 100 grams

Red Warba 6.2 3 5.6 • 5.3 6.6 7.0 6.1
6 5.8 6.0 6.8 7.3 6.5

9 5.8 5.6 6.0 7.0 6.1

' 12 4.6 4.4 5.5 6.4 5.2

Mean 5.4 5.3 6.2 6.9 6.0

Mesaba 8.5 3 7.3 7.3 8.0 8.0 7.6

6 8.2 7.9 7.6 9.0 8.2

9 7.6 7.0 7.4 8.4 7.6

12 6.5 6.4 7.5 7.9 7.1

Mean 7.4 7.2 7.6 8.3 7.6

Chippewa 3.6 3 6.4 6.0 6.6 6.9 6.5
6 5.8 6.0 6.6 7.4 6.4
9 6.1 6.0 5.9 7.8 6.4
12 5.4 5.2 5.9 7.1 5.9

Mean 5.9 5.8 6.2 7.3 6.3

Mean of all 6.2 6.1 6.7 7.5

F as
D. F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams
Storage 3 28.9 2.81 4.24 0.21 0.29
Temperature 3 70.9 2.81 • 4.24 0.21 0.29
Variety 2 176.6 3.20 5.10 0.18 0.25
Storage X temperature ...... 9 2.7 2.09 2.82 0.60 0.81

* Data from Minnesota Agricultural Experiment Station.

After three weeks of storage signifi-
cant differences attributable to tem-
perature are apparent in the mean
values for the three varieties. Higher
values were obtained for tubers stored
at 57° and 68° F. than for those stored
at the two lower temperatures. These
differences became more• pronounced
with continued storage. The fact that
the values obtained after six weeks'
storage were somewhat higher than
those noted after three weeks' time
would suggest the possibility that the
first three-week period was not suffi-
ciently long to permit complete adjust-
ment of the metabolism of the tuber .to
its environment. As will be shown later,
an apparent increase in the reduced
ascorbic acid content results when po-
tato tubers are transferred from a cold
to a warmer temperature. In this in-

stance the ,increase was sufficient to
more than offset the loss associated with
storage. Significance was attached also
to the interaction between storage and
temperature, differences greater than
0.60 milligrams being significant at the
5 per cent level.

It may be observed that the three
varieties responded similarly to the
four storage temperatures. Comparison
of the mean values shows that all va-
rieties contained significantly smaller
amounts of reduced ascorbic acid after
storage at the two ,lower temperatures
than after storage at the higher tem-
peratures.

Statistically significant differences at-
tributable to variety, storage, tempera-
ture, and the interaction between stor-
age and temperature were noted also
on the dry weight basis (Appendix table
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III). Apparently differences in moisture
loss do not account for temperature
effects observed on the moist weight
basis.
Evidence has been accumulating

which demonstrates the biological avail-
ability of dehydroascorbic acid. In con-
sequence it seemed desirable to ascer-
tain the extent to which losses in re-
duced ascorbic acid during storage were
attributable to its conversion to the
dehydro form. Roe and Oesterling
(1944) indicated a fair amount of agree-
ment between values for total ascorbic
acid obtained by analysis and those
secured by the summation of the values
for the reduced and dehydro forms.
However, the instability of the color
developed in• the determination of de-
hydroascorbic acid suggested the ad-
visability of determining both total and
dehydroascorbic acid directly on the
potato tubers. In the data presented in
this bulletin, the sums of the values
obtained for reduced and dehydroas-
corbic acid very rarely equaled the total
ascorbic acid values obtained by analy-
sis. No explanation is offered for this
discrepancy.

At the time this study was under-
taken it was recognized that the indo-
phenol method had its limitations in
that it was not specific for reduced as-
corbic acid. Therefore, it was hoped
that the independent determination of
reduced ascorbic acid by the indophenol
method and of total and dehydroas-
corbic acid by the dinitrophenylhydra-
zine method would make it possible to
show whether there :were present re-
ducing substances which react with
indophenol.
The• results of analyses for total as-

corbic acid are given in table 32. After
three weeks' storage no consistent ef-
fect of temperature on the total ascorbic
acid content is evident. As has been
pointed out in discussing the reduced
ascorbic acid values, it is possible that
the time allowed was not sufficient for
complete metabolic adjustment. How-
ever, after 12 weeks' storage, total as-
corbic acid values generally varied di-
rectly with the storage temperature. At
the two lower temperatures decreases
in total ascorbic acid content occurred,
whereas at the two higher temperatures
increases are recorded in all but one

Table 32. Effect of Storage, Temperature, and Variety on Total Ascorbic Acid Content of Potato

- Tubers Grown at Grand Rapids, Minnesota, 1944 (Moist Weight Basis)*

Initial
value

Variety Dec., 1944

Length.
of

storage

Total ascorbic acid after storing at

Mean35.6° F. 47° F. 57° F. 68° F.

Mg. per 100 g. Weeks Milligrams per 100 grams

Red Warba ....................................... 9.5 3 9.6 9.4 10.0 9.4 9.6
Mesaba 10.5 3 11.2 12.6 12.2 10.2 11.6

Chippewa ....................................,.... 8.0 3 8.8 8.8 8.3 7.3 8.3

Mean 9.9 10.3 10.2 9.0 9.8 .

Red Warba ....................................... 9.5 12 7.4 8.6 10.2 10.8 9.2

Mesaba 10.5 12 9.8 11.0 11.3 • 12.2 11.1

Chippewa .......................................... 8.0 12 8.6 7.2 9.4 11.5 9.2

Mean • /8.6 8.9 10.3 11.5 . 9.8

Mean of all 9.2. 9.6 10.2 10.2

• F as
D. F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams

Temperature .................................... 3 4.2 3.03 4.76 0.68 0.93
43.3 3.42 5.66 0.59 0.80

Storage X temperature ...... 3 15.0 3.03 4.76 1.37 1.85

Storage X variety ..................... 2 3.5 3.42 5.66 1.18 1.60

* Data from Minnesota Agricultural Experiment Station.
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Table 33. Effect of Storage, Temperature, and Variety on Dehydroascorbic Acid Content

of Potato Tubers Grown at Grand Rapids, Minnesota, 1944 (Moist Weight Basis)*

Variety

Initial Length
value of

•Dec., 1944 storage

Dehydroascorbic acid after storing at

Mean35.6° F. 47° F. 57° F. 68° F.

Mg. per 100 g. Weeks Milligrams per 100 grams

Red Warba ....................................... 1.6 3 • 2.5 2.4 2.5 1.8 2.3

Mesaba 3 2.8 2.8 2.8 2.6 2.8

Chippewa 1.2 3 2.0 1.8 1.8 1.3 1.7

Mean 2.4 2.3 2.4 1.9 2.2

Red Warba ....................................... 1.6 12 2.8 3.0 2.4 2.6 2.7
Mesaba 1.9 12 3.6 3.6 3.1 2.9 3.3
Chippewa 1.2 12 1.4 1.6 1.7 2.0 1.7

Mean 2.6 2.7 2.4 2.5 2.6
Mean of all 2.5 2.5 2.4 2.2

F for Sign. L. S. D.

D. F.
F as

calculated 5% level 1% level 5% level 1% level

1 56.5 4.28 7.88
Milligrams

0.09 0.12
Temperature ................................... 3 14.1 3.03 4.76 0.12 0.17
Variety2 317.7 3.42 5.66 0.11 0.15

Storage X temperature ......
Storage X variety .... 2

3 8.0
16.6

3.03
3.42

4.76
5.66

0.25
0.22

0.34
0.29

Temperature X variety ...... 6 2.9 2.53 3.71 0.31 0.42

* Data from Minnesota Agricultural Experiment Station.

instance. The reaction of the tubers to
storage at the lowest temperature was
significantly different from their reac-
tion to storage at the two higher tem-
peratures. It is evident that for the Red
Warba and Mesaba varieties the mean
change during storage is a net loss since
the decreases noted at the two lower
temperatures more than offset the in-
creases observed at the higher tempera-
tures. For Chippewa potatoes, on the
other hand, the reverse is true, a net
gain being recorded for this variety.
These findings for total ascorbic acid

differ from those obtained for reduced
ascorbic acid in that for the latter all
varieties showed net decreases result-
ing from storage at the several tempera-
tures whereas in the case of total as-
corbic acid only Red Warba and Mesaba
.varieties showed net decreases.

Statistically significant differences
were associated with variety, tempera-
ture, and the interactions between va-
riety and storage and between storage
and temperature.
On the dry weight basis, regardless

of moisture loss, differences associated

with variety, temperature, and the in-
teractions between variety and storage
and between storage and temperature
were found to be significant (appendix
table IV).
Values showing the dehydroascorbic

acid content of the potatoes are given
in table 33. The initial dehydroascorbic
acid content constituted essentially 17,
18, and 15 per cent for the three varie-
ties, respectively, of the initial total
ascorbic acid content of the tubers.
After three weeks' storage increases in
the dehydroascorbic acid content of all
varieties are evident at the different
temperatures. From that point on the
tubers responded differently to storage
at the various temperatures. After 12
weeks, in all but one instance, further
increases were evident for the Red
Warba and Mesaba varieties at all tem-
peratures. The Chippewa potatoes, on
the other hand, showed decreases after
12 weeks of storage at the three lowest
temperatures and an increase after 12
weeks' storage at 68° F. Despite differ-
ences in total ascorbic acid content,
after three weeks' storage at the various
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Table 34. Proportion of Dehydroascorbic Acid in Total Ascorbic Acid Content of Potato Tubers

Grown at Grand Rapids, Minnesota, 1944, and Stored at Different Temperatures*

Varieties

After 3 weeks' storage at After 12 weeks' storage at

35.6° F. 47° F. 57° F. 68° F. 35.6° F. 47° F. 57° F. 68° F.

Per cent Per cent

Red Warba ....................... 26 26 • 25 19 38 35 24 24

Mesaba 25 22 23 25 37 33 27 24

Chippewa ............................. 23 20 22 18 16 22 18 17

* Data from Minnesota Agricultural Experiment Station.

temperatures dehydroascorbic acid con-
stituted a fairly uniform proportion of
the total ascorbic acid in each of the
three varieties (table 34). Twelve weeks
of storage at the two lowest tempera-
tures resulted in an appreciably higher
proportion of dehydroascorbic acid in
the Red Warba and Mesaba potatoes
while at the two higher temperatures
storage appeared to have little effect.
For the Chippewa variety, on the other
hand, although 12 weeks of storage
tended to reduce the proportion of de-
hydroascorbic acid, temperature of
storage had little effect since the rela-
tive amounts of dehydroascorbic acid
remained fairly uniform at all tempera-
tures.

Variety, storage, temperature, and the
interactions between variety and stor-
age, variety and temperature, and stor-
age and temperature, all influenced
significantly the dehydroascorbic acid
content of the potato tubers (table 33).
As in the case of total ascorbic acid,
computation of the dehydroascorbic
acid content on the dry weight basis
did not alter the statistical significance
of the six factors listed above despite
differences in moisture loss at the vari-
ous storage temperatures (appendix
table V).
Lots of potato tubers which had been

placed in storage at 68° F. after the
preliminary six weeks' storage at the
three lower temperatures were ana-
lyzed for reduced ascorbic acid after
three and six weeks and for total and
dehydroascorbic acid after six weeks'
storage. The reduced ascorbic acid
values are given in table 35. In general,
six weeks of storage at 68° F., following
the preliminary six weeks' storage at
the lower temperatures, resulted in an
apparent increase in the reduced as-

corbic acid content of all varieties, es-
pecially in the Chippewa potatoes. In
all varieties the tubers which had been
transferred from preliminary storage at
35.6° F. had the highest reduced as-
corbic acid content after six weeks'
storage at 68° F. Conversely, tubers
transferred from preliminary storage at
57° F. had the lowest reduced ascorbic
acid content at this point. Variety, stor-
age, and the interactions between va-
riety and storage and between storage
and temperature, each had a statisti-
cally significant effect upon the reduced
ascorbic acid content of all varieties.
These data suggest that the reduced
ascorbic acid content of the potato tis-
sue is related to the metabolism of the
cells which, in turn, is influenced by
the temperature of storage. Differences
in moisture loss at the several storage
temperatures alter the picture some-
what. On the dry weight basis statisti-
cally significant differences are associ-
ated with variety, temperature, and the
interaction between variety and storage
(appendix table VI) .
In table 36 are assembled the total,

reduced, and dehydroascorbic acid
values obtained for those lots of tubers ,
stored continuously for 12 weeks at
various temperatures and for additional
lots of tubers placed in preliminary
storage for six weeks at the same tem-
peratures, followed by six weeks' stor-
age at 68° F.
A comparison of the values for total

ascorbic acid shows that for each va-
riety the lower the preliminary tem-
perature the greater is the amount of
total ascorbic acid retained after an
additional six weeks' storage at 68° F.
For tubers held continuously at the
preliminary temperatures, the highest
total ascorbic acid value for each va-
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Table 35. Effect of Storage, Temperature, and Variety on Reduced Ascorbic Acid Content
of Potato Tubers Grown at Grand Rapids, Minnesota, 1944, and Stored at 68° F.

Following Six Weeks' Preliminary Storage at Three Lower Temperatures
(Moist Weight Basis)*

Variety

Preliminary
storage

temperature

Reduced ascorbic acid after storing at

Mean

Preliminary
temperatures 68° F.

6 weeks 3 weeks 6 weeks

Milligrams per 100 grams
Red Warba 35.6° F. 5.8 6.5 6.6 6.3
Mesaba 35.6° F. 8.2 8.0 8.8 8.3
Chippewa 35.6° F. 5.8 6.8 8.4 7.0

Mean 6.6 7.1 7.9 7.2

Red Warba ................................. 47.0° F. 6.0 5.6 6.6 6.1
Mesaba 47.0° F. 7.9 7.3 8.6 7.9

47.0° F. 6.0 6.8 8.0 6.9

Mean 6.6 6.6 7.7 7.0

Red Warba 57.0° F. 6.8 5.6 6.5 6.3
Mesaba57.0°F. 7.6 8.6 8.0 8.1
Chippewa 57.0° F. 6.6 6.8 7.6 7.0

Mean 7.0 7.0 7.4 7.1

Mean of all 6.7 6.9 7.7

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams
Storage 2 35.6 3.37 5.53 0.25 0.33

122.9 3.37 5.53 0.25 0.33
Storage X temperature ...... 4 3.8 2.74 4.14 0.60 0.82
Storage X variety 4 8.1 2.74 4.14 0.60 0.82
Storage X temperature X

3.5 2.32 3.29 1.48

* Data from Minnesota Agricultural Experiment Station.

riety was noted for those stored at 57°
F. For Red Warba and Mesaba potatoes
the lowest value was obtained at 35.6°
F. and for Chippewa at 47° F. Statisti-
cally significant differences were asso-
ciated with variety, storage, and the
interactions between variety and stor-
age and between storage and tempera-
ture. Comparable data on the dry
weight basis are given in appendix
table VII which shows that differences
in moisture loss 'did not alter the situa-
tion as far as statistical significance of
the various factors was concerned.
Values for reduced ascorbic acid

(table 36) followed closely the trend of
values for total ascorbic acid. Signifi-
cant differences attributable to variety,
storage, temperature, and the inter-

actions between variety and storage
and between storage and temperature
were noted. On the dry weight basis

, differences associated with variety,
storage, and the interactions between
variety and storage and between stor-
age and temperature were found to be
significant (appendix table VII).
The data for Red Warba and Mesaba

varieties suggest that the recovery in
• reduced ascorbic acid when the tubers
were placed in storage at 68° F. follow-
ing a period at lower temperatures
might be attributed in part to a con-
version from the dehydro form. How-
ever, the increase in total ascorbic acid
content observed, particularly in tubers
held at the lowest storage temperature,
points to more extensive metabolic



Table 36. Comparison of Moisture, and Total, Reduced, and Dehydroascorbic Acid Values for Lots of Potato Tubers Grown at Grand Rapids,
Minnesota, 1944, and Stored for Six Weeks at 68° F. Following Six Weeks' Preliminary Storage at Three Lower Temperatures,

with Similar Values for Lots of Tubers Stored Continuously for 12 Weeks at the Lower Temperatures
(Moist Weight Basis)*

Preliminary
and continuous

storage
temperatures

Variety. (Fahrenheit)

After six weeks' storage at 68° F.
following six weeks' preliminary storage

After 12 weeks' continuous storage
at various temperatures

Moisture

•

Ascorbic acid Moisture Ascorbic acid

Total Reduced Dehydro Total Reduced Dehydro

Per cent Milligrams per 100 grams Per cent Milligrams per 100 grams
Red Warba .......................................... 35.6° 77.2 • 10.4 6.6 2.2 79.2 7.4 4.6 2.8
Mesaba78.8 12.2 8.8 2.0 79.4 9.8 6.5 3.6
Chippewa ................................................... 35.6° 81.9 12.2 8.4 2.2 ' 81.4 8.6 5.4 1.4

Mean 11.6 7.9 2.1 8.6 5.5 2.6

Red Warba ............................................. 47.0° 76.0 9.8 6.6 2.2 78.4 8.6 4.6 3.0
77.6 11.4 8.6 2.6 80.0 11.0 6.4 3.6

Chippewa .......:........................................ 47.0° 83.0 10.9 8.0 2.1 83.2 7.2 5.2 1.6

Mean 10.7 7.7 2.3 8.9 5.4 2.7

Red Warba ............................................. 57.0° 75.6 8.8 6.5 2.1 79.4 10.2 5.5 2.4

Mescrba77.9 11.7 8.0 ' 2.4 79.0 11.3 7.5 3.1

Chippewa ................................................... 57.0° 80.4 9.7 7.6 2.0 83.3 9.4 5.9 1.7

Mean 10.1 7.4 2.2 10.3 6.3 2.4

Mean of all 10.8 7.7 2.2 9.3 5.7 2.6



Table 36. Comparison of Moisture, and Total, Reduced, and Dehydroascorbic Acid Values for Lots of Potato Tubers Grown at Grand Rapids,
Minnesota, 1944, and Stored for Six Weeks at 68° F. Following Six Weeks' Preliminary Storage at Three Lower Temperatures,

with Similar Values for Lots of Tubers Stored Continuously for 12 Weeks at the Lower Temperatures
(Moist Weight Basis)*-Continued

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

TOTAL ASCORBIC ACID Milligrams
Storage1 59.8 4.45 • 8.40 0.42 0.57

2 38.3 3.59 6.11 0.51 0.70
Storage X variety .......................................... 2 7.2 3.59 6.11 1.02 1.40
Storage X temperature ........................... 2 22.6 3.59 6.11 1.02 ' 1.40

REDUCED ASCORBIC ACID
Storage1 379.0 4.45 8.40 0.21 0.29
Temperature ...........................:............................ 2 2.7 3.59 6.11 0.29 0.40
Variety120.0 3.59 6.11 0.26 0.36
Storage X temperature ...........................

.........2
2 19.0 3.59 6.11 0.52 0.72

Storage X variety 2 6.4 3.59 - 6.11 0.52 0.72
DEHYDROASCORBIC ACID

40.6 4.45 8.40 0.12 0.17
5.3 3.59 6.11 0.15 0.21

107.6 3.59 6.11 0.15 0.21
Storage X variety .......................................... 2 63.1 3.59 6.11 0.30 0.41
Storage X temperature X variety 4 3.5 2.96 4.67 0.74 1.02

* Data from Minnesota Agricultural Experiment Station.
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changes than a simple conversion Of
dehydro to reduced ascorbic acid. The
fact that, analyzed by the same method,
total ascorbic acid increased in the
same samples in which dehydroascorbic
acid decreased indicates an actual re-
covery in reduced ascorbic acid in the
tubers held at 68° F. following storage
at lower temperatures.
Values for dehydroascorbic acid con-

tent of Red Warba and Mesaba pota-
toes, held for 12 weeks at the various
temperatures, were in every case great-
er than those observed for tubers which
had been stored for six weeks at 68°
F. following six weeks' preliminary
storage at lower temperatures (table
36). For Chippewa potatoes, however,
significantly higher values were noted
in those which had been held for six
weeks at 68° F. following the six weeks'
preliminary storage at lower tempera-
tures. For the tubers held continuously
at the different temperatures there is a
tendency toward higher dehydroas-
corbic acid values at the lower tempera-
tures in the Red Warba and Mesaba
potatoes, the reverse being true for the
Chippewa variety. In this connection it
might be pointed out that the Chippewa
potato is a later-maturing variety than
the Red Warba or Mesaba. Therefore,
the difference in response may be at-
tributable to physiological age rather
than variety.

Differences in dehydroascorbic acid
content attributable to variety, storage,
temperature, and the interaction be-
tween variety and storage were found
to be statistically significant. A varietal
difference in tissue metabolism would
seem to be indicated from these find-
ings. Similar results were obtained
when this statistical procedure was. ap-
plied to data on the dry weight basis
(appendix table VII).
The potato crop is one which regu-

larly is stored over a considerable pe-
riod of time. Since the consumption of
this stored crop is dependent upon its
acceptability to the consuming public
and since in turn this, is markedly in-

fluenced by the physical appearance of
the tubers, a careful record was kept
of their condition following storage at
the several temperatures. In all varie-

ties it was observed that at the three
higher temperatures sprouting and
wilting occurred, both of which were
accentuated with increase in tempera-
ture. When stored at 47° F., although
sprouting occurred in all three varieties,
Red Warba and Mesaba potatoes were
firm and showed no signs of wilting at
the end of storage. Tubers of the Chip-
pewa variety were slightly wilted. At
57° and 68° F. sprouts developed rapidly
and considerable wilting occurred in
all three varieties beginning about the
middle of January. The potatoes held
from mid-December to mid-March at
35.6° F. were outwardly in the best
physical condition. No sprouts de-
veloped at this temperature and there
was no wilting in the Red Warba and
Mesaba varieties. The Chippewa pota-
toes, however, showed some wilting. It
shoult1 be pointed out that this variety
had a significantly higher moisture con-
tent.
The same situation was found to exist

with regard to the tubers stored for
six weeks at 68° F. following prelimi-
nary storage at lower temperatures.
Here again preliminary storage at 35.6°
F. retarded development of sprouts and
wilting in all varieties although, as be-
fore, the Chippewa potatoes deterior-
ated more rapidly.
The findings, as presented in this

section, indicate that immature potatoes
have an appreciably higher ascorbic
acid content than mature tubers. Ap-
parently maximum content is attained
when the vines have reached full
growth and before any of the older
leaves have begun to die off. Thereafter
lower values are observed.
Mature tubers placed in storage lose

ascorbic acid continuously, the rate of
loss being most rapid during the early
part of the storage period. Varieties
which are high in ascorbic acid content
at the time of harvesting tend to retain
their superiority throughout storage.
Furthermore, temperature of storage
influences the rate of loss. During the
early part of storage losses are most
rapid at the lowest temperatures. With
long continued storage, however, tem-
peratures above 50° F. tend to acceler-
ate losses in reduced ascorbic acid. Re-
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moving tubers from lower temperatures
and storing them for a period at room
temperature results in an apparent in-
crease in both total and reduced as-
corbic acid content. The lower the pre-
liminary storage temperature the more
marked is the apparent increase. A
part of the increased reduced ascorbic
acid content would appear to be due to
conversion of the dehydro to the re-

duced form. This, however, does not
account for the total increase in as-
corbic acid observed. Additional re-
search is needed to ascertain whether
this increase is real or whether it mere-
ly represents the development of sub-
stances which react with the specific

.reagents used in the experiments re-
ported, resulting in an overall increase
in ascorbic acid content.

EFFECT OF INHERITANCE, DISEASE RESISTANCE,
AND CERTAIN PHYSICAL CHARACTERISTICS

ON ASCORBIC ACID CONTENT

THE WIDE variation in the ascorbicacid content of different varieties of
potatoes makes it desirable to investi-
gate the extent to which parent tubers
high in ascorbic acid content transmit
this characteristic to their progeny, with
the view of developing new varieties
of high potency.

Maine

The Maine Agricultural Experiment
Station studied not only the effect of
inheritance but also the effect of disease
resistance and certain physical char-
acteristics on the reduced ascorbic acid
content of 54 varieties of potatoes pre-
viously described (page 9) .
Apparently there is a tendency for

parent tubers with high ascorbic acid
content to produce offspring medium to
high in this vitamin and for parent
tubers low in ascorbic acid to produce
progeny medium to low in this nutrient.
Table 37 gives the reduced ascorbic acid
content for parents and for progeny of
those varieties for which the genetic
origin was known. The Katandin po-
tato, which tests high, was one parent
of nine progeny investigated, six of
which were as high or higher than
Katandin in ascorbic acid. The other
parent ranked from low to high. Ear
lame was one parent of six progeny,
for all but one of which lower values
were obtained. Differences in the degree
of maturity and the length of the stor-

age intervals before analysis, of both
the parents and the progeny, must be
considered in interpreting the results
of such an inheritance study. Further
research is needed to develop additional
crosses which will result in tubers su-
perior in ascorbic acid content. It would
be highly desirable also to secure in-
formation as to the parentage which
will produce progeny with a high re-
sistance to loss of ascorbic acid during
storage.
Disease resistance in plants is in-

fluenced by a number of environmental
and physiological factors so that under
unfavorable conditions even resistant
varieties may become entirely infected
with any disease. Smith and Gillies
(1940), in a study on potatoes infected
with either mosaic or leaf roll, found
that, after one month's storage, in 13
out of 17 varieties examined, the con-
centration of ascorbic acid was greater
in the infected than in the healthy tu-
bers. They urge care in the interpreta-
tion of such findings, however, since
some doubt always exists with respect
to the freedom of the healthy material
from infection.
In studying the relationship between

the ascorbic acid content of presumably
healthy potato tubers and resistance to
certain diseases, . the workers at the
Maine Station attempted to rate all 54
tested varieties for their resistance to
13 diseases which commonly affect
Maine-grown potatoes. They rated the
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Table. 37. Reduced Ascorbic Acid Content of One or Both Parent Tubers and of 20 Progeny,

All Grown in Maine (Moist Weight Basis)*

Reduced ascorbic acid content of

Parent tubers • Progeny

Green Mountain ..........................................

Rural New Yorker ....................................

30

33

Milligrams per 100 grams
Katandin 35

•

Katandin 35

Katandin 35

Katandin 35

Storr's Seedling .............................. 34

Katandin 35 47456 27

Chas. Downing Katandin 35

Earlainet 30 47452 22

Irish Cobblert 25 Earlainet 30

Earlainef 30 29
27

30
30 43055 25

30 Minn. 4-16 29

Eigenheimer ...................................................... 27 Neue Imperator 29

Richter's Jubel 26 44537

Irish Cobbler'. 25 43055

Russet Rural ..... ... . . ......................................... 25 Minn. 41-1 • Mesabaf 32

* Data from Maine Agricultural Experiment Station.

t Mature at time of harvest; other varieties harvested green.

varieties according to a scale from 1_
for very susceptible to 8 for very re-
sistant on the basis of the consensus of
information found in the literature and
obtained from three authorities1 in the
field. Insofar as possible data on Maine.-
grown potatoes were used although in
the absence of such information results
from other sections and other countries
were utilized. Table 38 gives reduced
ascorbic acid values and disease re-
sistance ratings for 15 varieties of
Maine-grown potatoes.
To determine whether any relation-

ship existed between these two factors

coefficients of correlation and probable
errors were calculated. The results of
these calculations (table 39) show no
apparent relationship between the re-
duced ascorbic acid content and re-
sistance to these diseases.

Certain physical characteristics, spe-
cifically eye depth, flesh color, and skin
color, which might be associated with
the reduced ascorbic acid content of
potato tubers were investigated also
by the Maine Station. There would ap-
pear to be no association between re-
duced ascorbic acid content and the
physical characteristics studied. The

D. Folsom, R. Bonde, and M. T. Hilborn, Maine Agricultural Experiment Station.
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Table 38. Comparison of Reduced Ascorbic Acid Content with Disease Resistance Ratings of Maine-Grown Potato Tubers (Moist Weight Basis)*

Reduced '
ascorbic

Variety acid
Late
blight

Leaf
roll

Net
necro-
sis

Bac-
terial
ring
rot

Stem- Inter-
Rhi- end nal ma-

zocto- brown- hogany
nia ing browning Scab

Spin-
die
tuber

Pur-
pie
top

Mosaic

AX Y

Mg. per 100 g. Degree of disease resistancet
Voran ........................ 40 8 •• ••• 2 •• ••• 6 ••• ... 2

B247 (Potomac) 40 6 ••• 2 ••. •• •• ••

Sequoia .................. 38 6 2 •• 2 2 3 ••• 2 2 2.•• •.• ••.

Mohawk -............... 36 2 5 7 2 8 3 2 7 2

Sebago ..................... 35 6 5 7 2 2 7 3 5 2 1 8 ... 7

Katah .. 35 2 7 2 5 7, 2 2 2 2 7 3 7

Houma..................... 34 1 8 ••• 1 2 4 2 4 2 7 2

Green Mountain 30 1" 2 2 1 2 2 7 1 2 4 2 2 4

Triumph* ............... 30 2 2 ••• 2 5 1 2 2 2 2 1

Irish Cobbler* 25 2 2 3 1 2 1 6 1 2 3 7 2 2

Russet Rural..... 25 1 ... ••• 2 2 2 ••• 6 2 2 2 2 2

Russet Burbank 24 2 ••• 2 2 ••• 7 . 2 2 ••• ••• 6

Chippewa* ......... 23 2 1 2 7 1 1 2 ' 2 8 2 8

Golden ..................... 22 2
.2
8 ••• 2 2 •.• 5 6 2 ••• 7 ... 2

• No Blight 21 7 8 2 6 4 ••• .• 1 2 2

* Data from Maine Agricultural Experiment Station.

i• Degree: 1—Very susceptible, 2—Susceptible, 3—Moderately susceptible, 4—Relatively susceptible as compared with one or more other varieties,
5—Relatively resistant, 6—Moderately resistant, 7—Resistant, and 8—Very resistant.

*Mature at time of harvest; other varieties harvested green.
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Table 39. Relationship between Reduced Ascorbic Acid Values and Disease Resistance Ratings

of 15 Varieties of Maine-Grown Potatoes as Shown by Coefficients of Correlation*

Disease r P. E.

Internal mahogany browning 7 -.50 -I- .19

Bacterial ring 26 -.33 -+- .12

Purple top. ....... 14 -.20 -I- .17

Leaf 17 -.19 --1- .16

Mosaic Y . 16 -.02 -+ .17
13 -.01 -1- .19

Spindle tuber •••• •••• 17 .00

Scab • •••-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 29 .03 4- .13

Mosaic A 15 .07 -+ .17

53 .22 -+- .09

Late blight 33 .26 -+ .11

Net necrosis 6 .31 ± .25
8 .67 4- .13

* Data from Maine Agricultural Experiment Station.

Table 40. Reduced Ascorbic Acid Content of Maine-Grown Potato Tubers with Certain

Physical Characteristics (Moist Weight Basis)*

Physical characteristics

Number
of

varieties
Reduced ascorbic acid

Mean and S. D.

Milligrams per 100 grams
Depth of eye Shallow 25 28.6 -+- .68

Med. deep 18 29.8 .76

Deep 9 30.8 + 1.20

Flesh color White 31 29.4± .56

Yellow 16 28.4 4- .96

Skin color White and yellow 43 29.9 4- .53

Pink eyes and pink skin 12 26.5 --1-- .69

*Data from Maine Agricultural Experiment Station.

means and standard deviations of the
reduced ascorbic acid values for the
variety groups distinguished by these
characteristics are given in table 40. '
The limited data on inheritance indi-

cate that there is a real hope of pro-
ducing varieties of tubers which are
high in ascorbic acid by crossing varie-
ties which are superior sources of this

nutrient. Further work directed toward
the production of such varieties would
seem to be desirable.
No relationship was apparent be-

tween ascorbic acid content and re-
sistance to 13 common diseases. Neither
was any relationship observed between
the content of this nutrient and the
physical characteristics considered.



EFFECTS OF VARIOUS HOME PRACTICES AND COOKING
METHODS ON THE NUTRIENT CONTENT

OF POTATO TUBERS

ACCORDING to several reports which
have appeared in the literature, ap-

preciable losses in ascorbic acid result
from various home practices in the
preparation and cooking of potato tu-
bers. Consequently, since potatoes con-
stitute an important dietary source of
this vitamin, particularly among low-
income groups, information on the ex-
tent of such losses and the conditions
under which they occur is needed as a
basis for recommending procedures
which will best conserve this nutrient.
Richardson, Davis, and Mayfield

(1937), Levy (1937), Rolf (1940), Westas
(1941), and Kahn and Halliday (1944)
found that ascorbic acid is best con-
served when unpeeled potatoes are
boiled or steamed. Thiessen (1936) ob-
served that losses were negligible when
potatoes were cut and cooked as quick-
ly as possible, although somewhat lower
retentions were reported by Karikka,
Dudgeon, and Hauck (1944). According
to Ireson and Eheart (1944), the volume
of the water used in cooking did not
cause a significant difference in ascorbic
acid losses for potatoes cooked whole
or in large pieces. Higher losses have
been reported for pressure cooking
(Rolf) and for baking (Levy, Rolf, and
Kahn and Halliday) than for boiling.
Richardson, Davis, and Mayfield stated
that, since relatively large moisture
losses result from baking, actual in-
creases in ascorbic acid content may be
obtained on the moist weight basis un-
less the value is adjusted to the raw
weight basis. Kahn and Halliday re-
ported that mashing, creaming, or fry-
ing increased appreciably the ascorbic
acid loss. Further destruction occurred
when the cooked potatoes were kept
hot for a time, as during an extended
serving period (Lampitt, Baker, and
Parkinson, 1943; Jenkins, 1943; and
Kahn and Halliday, 1944).

Illinois

The Illinois Agricultural Experiment
Station studied the effects of various
home practices on the reduced ascorbic
acid content of four varieties of potato
tubers—Irish Cobblers, produced under
the supervision of the Department of
Horticulture at the University of Illi-
nois, and Triumph, Chippewa, and
Idaho potatoes purchased on the open
market. The Irish Cobblers, grown on
prairie loam soil, were harvested on
October 26 and held until analyzed in a
small storage house at temperatures
ranging from 33.8° to 60° F. These tu-
bers were studied from October 26 to
November 23. Triumph potatoes, pur-
chased in January, were studied from
January 20 to 29; Chippewa potatoes,
purchased in February, were investi-
gated February 4 to April 3. The Idaho
variety potatoes were purchased as
needed from March through May.
All potatoes were sampled by re-

moving three slices from each tuber—
one from the center, one from half way
between the center and the bud end,
and the other from between the center
and stem end. Each composite sample
included approximately one half from
each slice of the raw potato and from
one fourth to one half from each slice
of the whole cooked potato. Random
sampling was employed when making
determinations on halved or quartered
potatoes. The titration method of Till-
mans, Hirsch, and Hirsch (1932), as
modified by Bessey and King (1933) and
Bessey (1938), was used after extract-
ing with 3 per cent metaphosphoric
acid.
The home practices investigated were

described by Van Duyne, Chase, and
Simpson (1945)2 as follows:
"Advance preparation: Red Triumph

and Chippewa potatoes of varying sizes

2 Data presented in this section are used through the courtesy of the publishers.
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were peeled and allowed to stand cov-
ered with tap water for one and "three-
hour periods at room temperature. Four
potatoes were placed in an enameled
bowl at one time and the experiment
was repeated three times for each va-
riety of potatoes. The same procedure
was carried out with peeled, quartered
Chippewa potatoes.
"Baking: Chippewa, Irish Cobbler,

and Red Triumph potatoes were baked
in a preheated gas oven set at 232.2° C.
(450° F.) until the thermometer in a
potato of similar size to those in the lot
being baked for sampling registered an
internal temperature of 96° C. (204.8°
F.). During the baking period the oven
temperatures ranged from 198.9 to
221.1° C. (390 to 430° F.). The average
lengths of the baking periods were 46,
43, and 41 minutes for the Chippewa,
Irish Cobbler, and Red Triumph po-
tatoes, respectively. Five Chippewa or
Red Triumph potatoes or nine Irish
Cobbler potatoes were baked at one

, time, four of the last-named variety
were removed when an internal tem
perature of 96° C. (204.8° F.) was at-
tained in the potato holding the ther-
mometer and the remaining four were
•removed 20 minutes later in order to
determine the effect of overbaking on
the ascorbic acid content. The Idaho
potatoes were baked in a preheated gas
oven set at 218.3° C. (425° F.) until the
internal temperature of the potatoes
was 96° C. (204.8° F.). The periods of
time ranged from 30 to 50 minutes. Two
potatoes similar in weight and shape
were baked at one time; one contained
the thermometer and the other was
sampled for ascorbic acid determina-
tion. After baking all of the potatoes
were weighed and peeled, ascorbic acid
determinations were made on the flesh
and, in a few cases, separately, on the
baked peelings.
"Boiling: Chippewa potatoes were

placed in twice their weight of boiling,
salted, tap water in an aluminum pan
with a fitted cover and cooked to an
internal temperature of 96° C. (204.8°
F.). The thermometer, to which a 50-
gram weight had to be attached to hold
it in place, protruded through the steam
vent. Five potatoes, either unpeeled or

peeled, one carrying the thermometer
and the other four being used for
analyses, were boiled at one time. Both
experiments were repeated four times,.
The average lengths of the boiling pe-
riods were 29.6 and 28.6 minutes for
the potatoes boiled in their skins and
for those which were peeled before
boiling, respectively. Details of the
cooking procedure—regulation of the
gas burners, control of the amounts of
water, amount of salt used, and the
draining and weighing of the cooked
products—were carried out according
to the mimeographed outline of Recom-
mended Laboratory Procedures for
Food Preparation and Food Preserva-
tion for the National Cooperative Ex-
periment Station Project on 'Conserva-
tion of the Nutritive Values of Foods.'
"Steaming: Five peeled Chippewa

potatoes, one holding the thermometer,
were steamed in an aluminum steamer
to an internal temperature of 96° C.
(204.8° F.) at one time. This experiment
was repeated four times; the average
length of time required was 36 minutes.
In addition one lot of unpeeled Chip-
pewa potatoes was steamed for 43
minutes at which time the internal tem-
perature in one of the potatoes was
96° C. (204.8° F.)
"Cooking in Pressure Saucepan: Four

peeled Chippewa potatoes, which had
been cut in halves lengthwise, were
cooked for eight minutes at 15 pounds
pressure in a two-quart pressure sauce-
pan. Sixty milliliters of water were
used in cooking. The length of time em-
ployed was that judged to bring the
potatoes to the same degree of 'done-
ness' as was obtained in cooking to
an internal temperature of 96° C. (204.8°
F.) by the other methods. The experi-
ment was repeated five times.
"Holding Cooked Potatoes: Ten large

Chippewa potatoes were peeled, cut in
halves, and divided into four lots of
approximately the same weight. One
lot was sampled immediately for as-
corbic acid determinations while the
other lots were boiled, by the procedure
already described, to an internal tem-
perature of 96° C. (204.8° F.). The av-
erage time required was 23 minutes.
One lot was sampled after cooking, one
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Table 41. Effect of Preparation in Advance of Cooking on Reduced Ascorbic Acid Content

of Potato Tubers Grown in 1942*

Variety

Moisture

Mean
and
S. D.

No. of
deter-
mina-
tions

Reduced ascorbic acid
as raw

deter- weight
mined basis

Mean and S. D.

Difference
between
means and
S. E. of

' difference

Per cent
Chippewa 81.4 -4- .28

Milligrams per 100 grams

12 9-.2± .19 9.2 4-.19

Peeled, in water 1 hour .................................... 12 8.8 -4- .43 9.0 --I-.44 0.2 +..48

Peeled, in water 3 hours ................................. 12 9.2 4- .26 9.5 4-.26 0.3 4-.33

12 8.9 -+- .20 8.9 4-.20

Peeled, quartered in water 1 hour.... 12 8.7 -+- .11 8.9 -+-.24 0.0 -+-.31

Peeled, quartered in water 3 1;ours..... 12 8.7± .18 9.2 4-.42 0.3 4-.47

12 7.1 4- .47 7.1 -+-.47

Peeled, in water 1 hour .................................... 12 7.3± .29 7.5 4-.30 0.4 ± .56

Peeled, in water 3 hours .............................. 12 7.34- .30 7.7 .4-.31 0.6 -4- .56

* Data from Illinois Agricultural Experiment Station.

after holding in the refrigerator for
24 hours, and the third after holding for
70 hours in the refrigerator. This ex-
periment was repeated four times."
Table 41 gives means of reduced as-

corbic acid values for Chippewa and
Triumph potatoes sampled and analyzed
immediately and for whole and quar-
tered peeled potatoes which were al-
lowed to stand in tap water for one-
hour and three-hour periods. These
values show, that allowing potatoes,
whole Or quartered, to stand in tap
water for periods up to three hours
did not induce losses in reduced as-
corbic acid. The slightly higher values
noted for the tubers held in water are
not significantly different from those
observed for the tubers analyzed with-
out such holding.

Results of baking tests on four varie-
ties of potatoes are given in table 42.
A comparison of the values for raw
and baked peeled tubers would indi-

.cate that baking to an internal tempera-
ture of 204.8° F. caused a loss of re-
duced ascorbic acid in only one of the
four varieties tested (Triumph), actual
increases being recorded for the Chip-
pewa, Idaho, and Irish Cobbler var.ie-
tie. When consideration is given to
losses in weight during baking, signifi-
cant decreases in reduced ascorbic acid

become apparent. For Chippewa, Idaho,
and Irish Cobbler potatoes the per-
centage of ascorbic acid retained after
baking was surprisingly uniform in
spite of wide differences in initial con-
tent. Irish Cobbler potatoes which had
been overbaked for 20 minutes showed
a somewhat lower retention than those
baked to the internal temperature used
in this experiment.
The Illinois Station also reported that

extracts of the skins of baked Chip-
pewa potatoes, including the flesh im-
mediately under the skins, reduced
about five. times as much indophenol
solution as did extracts of the raw
peelings. Evidently in the baking pro-
cess substances are formed which have
high reducing properties.
Chippewa potatoes were cooked by

various methods as shown in table 43.
Using the reduced ascorbic acid content
of the raw peeled potato as the basis
for comparison, significant losses re-
sulted in every instance except when
the potatoes were boiled in the jacket.
A slightly higher value was obtained
for the latter than for the scraped raw
tubers. This increase, however, is not
considered significant.
Whole or halved peeled tubers which

were boiled or steamed to an internal
temperature of 204.8° F. or cooked in
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Table 42. Effect of Home Baking on Reduced Ascorbic Acid Content of Potato Tubers
Grown in 1942*

Variety

Reduced ascorbic acid Difference Retention
No. of as raw between of ascor-
deter- deter- weight means and bic acid-

Moisture mina- mined basis S. E. of raw weight
Mean and S. D. tions Mean and S. D. difference basis

Per cent Milligrams per 100 grams Per cent
Chippewa 79.7 4- .22

Peeled 16 8.3 -1-- .15 8.3 -f- .15 •-• • • •
Baked and peeled 16 8.7 4- .21 7.2 -1- .19 1.1±.24 87

Idaho •••••••••••••••••••••••• ••••••••••••••••••••••••
Peeled 10 10.6 -+- .34 10.6 4- 34
Baked and peeled 11 10.7 -+- .29 9.3 4- .26 1.3 --1- .43 88

Irish Cobbler 81.0 4- .46
Peeled 16 20.9 4- .78 20.9 -1- .78 •••••••••••••••••••••••• ......
Baked and peeled ......... ........................... 15 21.5 -1-- .89 18.3 -1- .80 2.6 -+ 1.11 88
Overbaked and peeled 16 23.4 4- .93 17.1 --1-- .71 3.8 -1- 1.06 82

Triumph 79.2 4- .38
Peeled 16 7.9 -I- .18 7.9 4- .18 - ..... •••••••••••••••••
Baked and peeled 16 7.3 4- .24 6.2 4- .16 1.7 --1-• .24 78

* Data from Illinois Agricultural Experiment Station.

Table 43. Effect of Different Home Cooking Procedures and of Holding after Cooking
on Reduced Ascorbic Acid Content of Chippewa Potato Tubers Grown in 1942*

No. of
deter-

Treatment minations

Reduced ascorbic acid
as raw

deter- weight
Moisture mined basis

Mean and S. D. Mean and S. D.

Difference
between
means and
S. E. of

difference

Retention
of ascor-
bic acid-
raw weight

basis

Per cent Milligrams per 100 grams Per cent
Scraped 16 80.4 --1- .31 9.1 -4-.38 9.1 4-.38 ••••••••• •• •
Boiled in jacket and skinned 16 9.3 -+•.18 9.4 -4-- .20 0.3 -1- .43 103

Peeled ......................................................16 80.9 -1-- .73 9.2 -1- .36 9.2 -+-.36 •••••••••••••••••••••••• ..• • • • • • •
Peeled and boiled 15 ........................... 7.9 ± .18 8.0 4-.21 1.2 ± .42 87

Peeled 16 79.7 -4-.29 9.3 -4-• .28 9.3 --1-- .28 • .• •• ..• •
Peeled and steamed 16 8.1 +-.22 8.0 -1-- .16 1.3 --1-• .32 86

Peeled 20 80.0 -+.38 8.9 --4- .20 8.9 4-.20
Peeled, halved, and cooked

in pressure saucepan 20 7.7 4-.22 7.6 -4- .31 1.3 4- .37 85

Peeled 16 80.2 -1-.34 7.6 --1-- .25 7.6 -4-- .25 .........
Peeled, halved, and boiled 16 ........................... 6.5 4-.19 6.6 4-.28 1.0 -I-- .31 87
Peeled, halved, boiled, and

stored 24 hours .......,.......... 16 3.8 4-.31 3.6 --1-- .50 4.0 4- .56 47
Peeled, halved, boiled, and

stored 72 hours .................. 16 1.4 --I- .15 1.4 -1-.12 6.2 4- .28 18

* Data from Illinois Agricultural Experiment Station.
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a pressure saucepan to a comparable
degree of "doneness" retained essenti-
ally the same percentage of reduced
ascorbic acid.
Chippewa potatoes that had been

peeled, halved, boiled, and stored in
the refrigerator retained less than half
of their original ascorbic acid content
after 24 hours' storage and less than
one fifth after 72 hours. Attempts to
determine the ascorbic acid content of
the cooking water were unsuccessful.
If ascorbic acid was present, the
amount was too small to be determined
by the method used.

Bureau of Human Nutrition
and Home Economics3

The Bureau of Human Nutrition and
Home Economics of the United States
Department of Agriculture also studied
the effect of various household cooking
methods on certain nutrients contained
in Maine-grown Katandin (U. S. No. 1)
potatoes. Tubers were placed in storage
in October at 40° F. and 85 per cent
relative humidity. Experiments were
carried out during • two periods, from
November 10 through January 19 (71
days) and from April 24 through May
24 (31 days). The potatoes for the last
experiment, therefore, had been in stor-
age for at least 210 days. In the first
period the potatoes were removed from
storage and conditioned at tempera-
tures ranging from 60° to 75° F. for
one to two days before analysis. In the
second period the tubers were removed
from storage, held for one week in an
air-conditioned room at 70° F., and then
held for one to two days in the labora-
tory at 75° to 80° F. During the last 11
days of the study the air conditioning
system was not operating so the condi-
tioning temperature sometimes reached
80° F. All potatoes used during the
second period had sprouts which were
removed in washing.
Determinations included analyses for

moisture, ash, reduced ascorbic acid,
and nicotinic acid contents of both raw
and cooked potatoes and analyses Of
the cooking liquids. Moisture content

was measured by drying to constant
weight at 100° C. in an air oven. Total
ash was determined by ashing the dried
samples to constant weight in a muffle
furnace at 575° C. for about one and
one-half hours. Ascorbic acid was as-
sayed by the indophenol titration
method of Bessey and King (1933) in-
cluding the recommended modifications
of Harris and 01liver (1942). Nicotinic
acid was determined by microbiologi-
cal assay, using the procedure described
by Snell and Wright (1941), modified bY
the addition of para-aminobenzoic acid
to the media as suggested by Isbell
(1942).

Vitamins were extracted by macera-
ting a known weight of the sample in
acid in a Waring blendor. In the case
of ascorbic acid approximately 50 grams
of potato were blended with 200 grams
of 3 per cent metaphosphoric acid. Two
aliquots of approximately 50 grams
each were weighed into tubes and cen-
trifuged, and the residue washed twice
with 3 per cent metaphosphoric acid.
In each instance the resulting super-
natant liquid was filtered through glass
wool and the whole made up to 250
milliliters with 3 per cent metaphos-
phoric acid. For nicotinic acid, 100 to
200 grams of sample were blended with
75 to 100 grams of 0.15 N sulfuric acid.
From this mixture 10 to 15 grams (con-
stituting 7 to 10 grams of potato) were
weighed into Erlenmeyer flasks and di-
luted with 100 milliliters of 0.15 N acid.
After autoclaving and adjusting to pH
6.8, the samples were diluted to volume
and aliquots assayed in the usual
manner.
Potatoes were sampled by quartering

longitudinally from the bud to the stem
end. The quarters from each of the tu-
bers were used for analysis as follows:
one for moisture and ash, one for as-
corbic acid, one for nicotinic acid. The
fourth quarter was held in reserve in
case repeat analyses were needed. In
order to obtain a representative sample,
subsampling of the quarter was carried
out by using several blendors for each
constituent. The entire sampling process
was performed in less than one-half

3 This research was done as part of a project supported by an allotment made by the
Secretary of Agriculture from Special Research Funds (Bankhead-Jones Act of June 29, 1935).
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Table 44. Effect of Different Home Cooking Procedures and of Holding after Cooking on Reduced
Ascorbic Acid, Nicotinic Acid, and Ash Contents of Maine-Grown Katandin

Potato Tubers (Moist Weight Basis)*

No. of
experi-

Treatment. ments

Moisture

Reduced as-Nicotinic
corbic acid acid Ash

as determined

Mean and
S. D.

Mean and Mean and Mean and
S. D. S. D. S. D.

WHOLE, UNPEELED Per cent Milligrams per 100 grams
Raw16t • 80.8 ± .80 6.87 -4-- 1.62 1.40 ± 1.59 1,019 -+- 77.2
Boiled (750 ml. water) ........... 16* 80.9 4- .65 6.60 4- 0.81 1.50 -+- 0.38 1,018 -4- 49.4
Baked2 76.8 6.23 1.76 1,460
Mashed after boiling 2 82.1 5.20 1.52 1,010
Held over night (21 hours)

after boiling  2 80.2 4.39 1.74 1,014
Hash-browned after hold-

ing over night, etc.  2 72.1 4.54 2.14 1,314

PEELED, QUARTERED
81.4 4- .86 7.09 ± 1.33 1.39 ± 0.17 1,027 -I- 28.3

Boiled (450 ml. water)  18§ 81.4 4- .21 5.28 4- 1.07 1.19 4- 0.16 839 4- 79.3
Boiled (350 ml. water)  2 81.0 ' 4.53 1.41 817
Boiled salted water (450 ml.) 2 80.0 5.74 1.06 1,260
Cooked pressure saucepan 3 80.5 1.16 5.45 4- 0.17 1.40 1,090 4- 77.0
Soaked over night (21 hours) 1 84.5 5.16 1.34 885
Boiled (450 ml. water) after .

soaking 1 83.5 4.16 1.20 761

* Data from Bureau of Human Nutrition and Home Economics of the U.S.D.A.

i" Only 13 determinations made on nicotinic acid.
• * Only 14 determinations made on nicotinic acid.
§ Only 15 determinations made on nicotinic acid.

hour. To limit oxidative action as much
as possible a center longitudinal slice
from each quarter was used for ascorbic
acid analysis. Each cooking lot con-
sisted of four to six potatoes and
weighed approximately 680 grams.
Three identical cookings were com-
posited to give a sample equivalent
to 14 to 18 potatoes. Four to six analyses
on each composite constituted one ex-
periment.
Most of the cooking was done in

covered three-quart enamel pans; the
pressure cooking was done in an alumi-
num pressure saucepan. The cooking
water was boiled for three minutes be-
fore the potatoes were added. The wire
puncture test, having been chosen to
determine "doneness," was used in pre-
liminary runs to establish the cooking
time. Since the tap water was con-
taminated with iron and copper, dis-
tilled water was used in all experi-
ments. After cooking and draining the

potatoes and the liquid were cooled
quickly in an ice bath to room tempera-
ture (78° F.), and the weight of the
potatoes and the volume of the liquid
determined. These data were used in
all calculations for retention.
The effects of different cooking pro-

cedures and of holding after cooking on
the reduced ascorbic acid, nicotinic acid,
and ash contents of Maine-grown Ka-
tandin potato tubers are shown in
tables 44 to 48.
The values given in table 44 are the

results of computations on the moist
weight basis. This table demonstrates
particularly the marked influence of
moisture losses under the several cook-
ing procedures. It is apparent that, for
the non-labile nutrients, actual in-
creases are recorded under those meth-
ods of cooking which are associated
with appreciable losses of moisture. In
the case of ascorbic acid, however, the
values do not show the losses which



NUTRITIVE VALUE OF POTATOES 55

actually occurred under the same cook-
ing procedures.
The values given in tables 45, 46,

and 47 are the results of computations
on the dry weight basis. The data are
arranged so that control and experi-
mental values are listed together. For
example, whole, unpeeled potatoes were
boiled and baked on the same day, and
later in the year this experiment was
repeated. The control usually consisted
of boiled potatoes. The P value shows
the significance of the difference be-
tween the means for the two methods
of cooking.
Although some oxidation of ascorbic

acid during cooking is to be anticipated,
occasionally reports in the literature
have indicated increases in ascorbic
acid as the result of cooking. The simul-
taneous determination of ascorbic acid
and the two non-labile substances, nico-
tinic acid and ash, provides a check
on sampling and other procedures since,
for these latter substances, the com-
bined amount in the cooked potato and
the cooking liquor, should equal 100
per cent of the raw value.

It may be observed from table 45
that the whole boiled potato retained
a significantly greater amount of as-
corbic acid than did the whole baked
•potato, which suggests that the higher
temperature employed for baking had
an unfavorable effect on ascorbic acid
retention. The retentions observed for
Katandin potatoes tested for "done-
ness" by the puncture method were
similar to those reported by the Illinois
Agricultural Experiment Station for
Triumph potatoes baked to' an internal
temperature of 204.8° F. It will be re-
called that the latter variety retained
appreciably less ascorbic acid than did
.the other three varieities investigated
at Illinois.
Holding unpeeled boiled potatoes in

a refrigerator overnight (21 hours)
caused an even greater loss of ascorbic
acid. Retention was significantly less
than that noted for the boiled potato.
Holding and hash-browning of the
boiled potato had the most deleterious
effect, the retention in this instance
constituting 57.9 per cent of the original
ascorbic acid content of the boiled po-

tato. Although mashing also influenced
unfavorably the ascorbic acid retention.,
because of the limited number of ex-
periments performed the difference was
not statistically significant. -
Probably the most common household

method of preparing potatoes is peel-
ing, quartering, and boiling in enough
water to cover. It, therefore, becomes
interesting to note the extent to which
this procedure influences ascorbic acid
retention. In the study reported here,
peeled and quartered potatoes which
had been boiled in 450 milliliters of
water retained significantly smaller
amounts of ascorbic acid than did
whole, unpeeled potatoes which had
been boiled in 750 milliliters of water.
Losses in this instance are attributable
both to solution and to oxidative de-
struction of the ascorbic acid as shown
by the difference in the retentions for
the potato alone and for the potato
plus the cooking liquid.
Changing the volume of the cooking

water from 450 milliliters to 350 milli-
liters caused no significant difference
in retention. Neither did salting the
water influence retention. Based on one
experiment, holding potatoes in water
overnight (21 hours) was found to
result in a relatively small loss of re-
duced ascorbic acid. Boiling potatoes
which had been held in water over-
night resulted in essentially the same
retention of ascorbic acid as that noted
in potatoes which had been boiled with-
out holding. Retention in peeled and
quartered potatoes cooked in a pres-
sure saucepan was not significantly
different from that observed in the
peeled and quartered potatoes which
had been boiled.,
Boiling potatoes, whole unpeeled,

would appear to be the best method
for inducing maximum retention. In
ten experiments on whole unpeeled
potatoes the retention observed was
101.7 per cent as compared with 73.5
per cent for peeled and quartered po-
tatoes which had been boiled. Figure 3
summarizes the data for the ascorbic
acid content of Katandin potatoes, raw
and boiled by two methods. The close
agreement between the curves for the
raw and the whole unpeeled boiled
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Table 45. Effect of Different Home Cooking Procedures and of Holding after Cooking on Reduced
Ascorbic Acid Content of Maine-Grown Katandin Potato Tubers (Dry Weight Basis)*

Reduced ascorbic acid

Treatment

No. of
experi-
ments

Amount Retention

cooking
Potato plus Potato

liquid only

Mean and S. D.

WHOLE, UNPEELED Mg. per 100 g. Per cent

Raw 16 35.5 ' ...........................

Boiled (750 ml. water) ' 16 34.7 99.9 --I- 8.1 99.4.-1- 8.0

Raw ...... ...... 2 33.8 ......... ..... .............

Boiled (750 ml. water) ' 2 ........ 101.5 101.0

Baked 2 27.2 77.4

Raw 
....................................... 2

2 28.9

Boiled (750 ml. water) 29.3 95.0 94.2

Mashed after boiling 2 29.2 ...........................

0.1-0.05

1 No signi-

Effect of mashing only ...........................
ficant

92.6 difference

Effect of boiling and mashing ...... ......... 87.2

Held overnight (21 hours) after boiling 2

Effect of holding

22.2
77.0 < Olt

Effect of boiling + holding 73.5 0.05-0.024:

Hash-browned after holding (21 hours)

after boiling ............................2

Effect of hash-browning..........
16.1

79.0

Effect of holding hash-browning ...... 57.4 0.05-0.024:

Effect of boiling holding -I--

hash-browning 57.9 0.05-0.02:f:

PEELED AND QUARTERED
Raw 2 38.1

Boiled (450 ml. water) 2 28.3 83.2 -4- 7.1 72.5 --I- 8.1

Raw 2. 28.9 ..............•••••••-•••
Boiled (450 ml. water) 2

Boiled (350 ml. water) ....................................... 2

23.0
23.9

86.9
91.0

78.3
83.0 0.4

41.8 ..........................

Boiled (450 ml. water) ...........................................2 30.4 78.7 68.8

Boiled, salted water (450 ml. water) 2 28.8 76.8 68.6 >0.9

Raw 1 33.3 ---------
Boiled (450 ml. water) .......................................... 1 ......... 82.5 70.9

Holding overnight in water 1 33.3 98.0 96.8

Boiled (450 ml. water) after holding in
water 25.2 ........................... --- -----
Effect of boiling 1 78.2 74.0
Effect of holding + boiling ............... 1 76.8 71.7

Raw 3 34.7

.............. 3
Boiled 3 25.6 81.4 69.8
Cooked, pressure saucepan 28.1 82.3 80.7

0.2-0.1

Whole, unpeeled, boiled ................................. 10' 101.7
Peeled, quartered, boiled 10 73.5

>0.01

* Data from Bureau of Human Nutrition and Home Economics, U.S.D.A.
-f• Evaluated from Fisher's "t" table.
4: Compared with boiled value.



NUTRITIVE VALUE OF POTATOES ' 57

Table 46. Effect of Different Home Cooking Procedures and of Holding after Cooking on Nicotinic

Acid Content of Maine-Grown Katandin Potato Tubers (Dry Weight Basis)*

Nicotinic acid

No. of
experi-

Treatment ments

Amount Retention

Potato plus
cooking liquid

Potato
only

Mean and S. D.

WHOLE, UNPEELED Mg. per 100 g. Per cent

Raw 
..... 14

14 7.32

Boiled (750 ml. water) 14 7.98 112.0 -i- 4.5 105.9 -+- 5.4

Raw2 6.94

.... 2

.............................. ................-...........

Boiled (750 ml. water) 7.82 121.5 116.0

Baked 2 7.62 109.3

........................... 2
Raw 2 7.03 ................._..........

Boiled (750 ml. water) 7.81 110.4 102.0

Mashed after boiling .................................... 2 8.51
------------

Effect of mashing only .................. 101.4

Effect of boiling + mashing ..... 104.2

Held overnight (21 hours) after

boiling 2 8.80 ••••••••••••••••••••••••••••••

Effect of holding .................................... 114.4

Effect of boiling + holding ...... 119.0

Hash-browned after holding (21

hours) after boiling .............._......... 2 7.68 • ••••••••-•-••• ...... ••••••••••

Effect of hash-browning ............... 95.0

Effect of holding + hash-

browning 102.2

Effect of boiling holding

hash-browning 113.4

PEELED AND QUARTERED

Raw 16 7.06 .............................. ............................

Boiled (450 ml. water) ................................. 16 6.25 101.5 ± 6.7 83.1 -1- 6.3

2 .........

Boiled (450 ml. water) 2 7.30 97.4 80.0

Boiled (350 ml. water) ................................. 2 7.46 100.1 83.8

,

Raw 2 .............................

Boiled (450 ml. water) .................... 2 5.41 100.9 83.2

Boiled, salted water (450 ml.) ............ 2 5.34 101.8 86.0

Raw 1 ..............................

Boiled (450 ml. water) ......................____ 1 . 102.6 81.2

Hold overnight in water ........................ 1 8.68 116.4 112.4

Boiled (450 ml. water) after holding

in water 1 7.27 ..............................

Effect of boiling 95.9 81.9

Effect of holding+ boiling ......... 111.8 92.2

Raw 3 8.56 .....

Boiled 3 7.75 102.8 83.4

Cooked, pressure saucepan ............... 3 8.59 101.3 98.7

Whole, unpeeled, boiled 9 106.1

Peeled, quartered, boiled 9 83.0

* Data from Bureau of Human Nutrition and Home Economics, U.S.D.A.

Evaluated from Fisher's "t" table. 4: Compared with boiled value.

I No significant

difference

1
. No significant

difference

No sign. diff.t

No sign. cliff.*

0.2-0.1

0.9-0.8

le 0.05-0.02

} <0.01
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Table 47. Effect of Different Home Cooking Procedures and of Holding after Cooking on Ash
Content of Maine-Grown Katandin Potato Tubers (Dry Weight Basis)*

experi-
Treatment

No. of

ments

Ash

Amount Retention

cooking
Potato plus Potato

liquid only

Mean cmd S. D.

WHOLE, UNPEELED Mg. per 100 g. Per cent
Raw16 5,300 ..............................
Boiled (750 ml. water) ................................. 16 5,330 102.5 -+- 7.5 97.9 4- 3.9

Raw 2
...... 2

5,700 .............................. ..•••_•••••••••••••••••••••••
Boiled (750 ml. water) 2 5,500 99.7 97:0
Baked2 6,340 107.4

Raw 2 5,060
Boiled (750 ml. water) ................................. 2 5,410 115.0 99.2
Mashed after boiling .................................... 2 5,650

Effect of mashing only ..................... 97.1
Effect of boiling mashing ...... ............ 96.4

Held overnight (21 hours) after
2 5,130 ..............................

Effect of holding 96.6
Effect of boiling + holding ...... 94.3

Hash-browned after holding (21
hours) after boiling ..........................: 2 4,720
Effect of hash-browning .............. ............ 100.4

Effect of holding + hash-
browning90.8

Effect of boiling + holding +
hash-browning 97.0

PEELED AND QUARTERED
Raw16 5,490
Boiled (450 ml. water) 16 4,510 100.6 -4- 4.7 80.2 -+- 3.2

2 5,630
Boiled (450 ml. water) ................................. 2 4,180 72.8
Boiled (350 ml. water) ................................. 2 4,300 93.6 85.0

.

Raw 2 5,780
Boiled (450 ml. water) ................................. 2 5,030 103.0 82.6
Boiled, salted water (450 ml.) ............ 2 6,340 101.4 69.0

flaw 1 5,150
Boiled (450 ml. water) ................................ 1 4,240 • 99.8 78.3
Held overnight in water 1 5,710 103.3 99.0
Boiled (450 ml. water) after hold-

1 4,610 .............................. .......... ..... ...............
Effect of boiling 96.2 78.1
Effect of holding + boiling ...... 99.4 78.3

3 6,030 ..... .........................
Boiled . 3 4,790 . 99.1 78.4
Cooked, pressure saucepan 3 5,630 92.3 92.5

Whole, unpeeled, boiled ........................... 10 •..••••••..• 98.9
Peeled, quartered, boiled ........................ 10 79.2

Pt

0.3-0.2

No significant
, difference

No sign. cliff.*

No sign. cliff.*

0.5

1 0.1-0.05
5

<0.01

<0.01

* Data from Bureau of Human Nutrition and Home Economics, U.S.D.A.
t Evaluated from Fisher's "t" table. * Compared with boiled value.
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Potatoes were in storage for 9
days (from 10/23-11/I ) before
experiment started. During the
following 14 days, the skin su-
berized. Potatoes began to sprout
between 90 and 180 days of stor-
age (1/21-4/20)

20 40 60 80 90 180

Days in storage
200 220

Fig. 3. Reduced ascorbic acid content during storage of raw and cooked Katandin potato

tubers, as reported by the Bureau of Human Nutrition and Home Economics

potatoes demonstrates the essentially
complete retention of ascorbic acid by
this method of cooking. Boiling of the
peeled and quartered potatoes, on the
other hand, resulted in substantial
losses of ascorbic acid.
Figure 3 also demonstrates the effect

of storage, which is an inescapable
factor in any study of the ascorbic acid
content of potato tubers which are held
for even a brief period. Each point in
the curve represents an average of four
to six analyses on a composite of 14 to
18 potatoes. It will be noted that the
storage effects are very great. The po-
tatoes lost 50 per cent of their reduced
ascorbic acid content in the first period
of storage (November 10 to January 19).
During the second part of the storage
period (April 24 to May 24), when the
potatoes had begun to sprout, the as-
corbic acid content increased. The
marked increase during the last 11 days
of this period probably was the conse-
quence of the failure of the air condi-
tioning system which resulted in the
potatoes being held at temperatures

ranging up to 80° F. That the changes
in ascorbic acid content are real, how-
ever, is shown by the fact that the
curve for the raw potatoes is repeated,
although at a lower level, by the curve
for the boiled, peeled, and quartered
potatoes.
Figure 4 gives a graphic comparison

of mean ascorbic acid retention through-
out the storage period of Katandin
potatoes boiled by these two methods.
Despite,the large losses which occurred
during storage, it is evident that boiling
potatoes, whole unpeeled, resulted in
retentions of practically 100 per cent
of the ascorbic acid content of the raw
tuber at the time of removal from stor-
age. Boiling potatoes peeled and quar-
tered resulted in a mean retention of
approximately 73 per cent of the value
recorded for the raw potato.
As shown in tables 46 and 47, there

were no significant differences between
the ash and nicotinic acid retentions ol
the whole baked and the whole boiled
potatoes, whereas retentions of these
nutrients in whole baked potatoes were
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Fig. 4. Comparison of percentage retention of
reduced ascorbic acid, nicotinic acid,
and ash of stored Katandin potato
tubers cooked whole, unpeeled, and
quartered, peeled, as reported by the
Bureau of Human Nutrition and Home
Economics

found to be significantly greater than
in peeled and quartered boiled potatoes
due to losses in the cooking water under
the latter method.
Cooking peeled quartered potatoes in

a pressure saucepan resulted in signifi-

cantly greater retentions of nicotinic
acid and ash than boiling potatoes simi-
larly prepared. Undoubtedly this was
attributable to the smaller volume of
water used for pressure cooking.
These nutrients were unaffected by

reducing the volume of the cooking
water from 450 to 350 milliliters by
mashing, holding, or hash-browning.
Although salting the water had no sig-
nificant effect on the nicotinic acid
content, the value for P (between 0.1
and 0.05) was close enough to signifi-
cance so that an increase in the amount
of salt used might have had a signifi-
cant effect on the ash content. In cal-
culating ash retentions in the experi-
ment reported here, allowance was
made for the amount of salt used.
Highly significant differences were

observed between the retentions of
nicotinic acid and ash for the boiled,
whole, unpeeled potatoes and for the
boiled, peeled, quartered potatoes.
These results are presented graphically
in figure 4, which shows the mean per-
centage retained throughout the storage
period. Losses which are apparent for
the peeled quartered potatoes are at-
tributable to solution of these nutrients
in the cooking liquid.

Palatability tests were carried out in
duplicate on separate lots prepared at
the same time as those used for the
nutrient studies. A panel of six judges

Table 48. Effect of Different Home Cooking Prdcedures and of Holding after Cooking
on Palatability of Maine-Grown Katandin Potato Tubers*

Treatment

No. of
deter-
mina-
tions

Palatability Scorest

Flavor Texture General
Acceptability

Mean and
S. D.

Mean and
S. D.

Mean and
S. D.

Whole, unpeeled, and boiled (750 ml. water) ............... 26 3.3 -+- 0.3 3.1± 0.3 3.3± 0.3
Peeled, quartered, and boiled (450 ml. water) ............ 20 3.3 -+- 0.6 3.1 -+- 0.4 3.3 --I- 0.4
Baked, whole, unpeeled 2 3.4 3.0 3.2
Peeled, quartered, and pressure-cooked ........................ 2 2.8 2.8 2.8

Mashed after boiling, whole, unpeeled .............................. 4 3.6 3.3 3.4
Hash-browned after holding over night after boiling

4 3.8 3.2 3.8
Peeled, quartered, and boiled (350 ml. water) ......... 4 3.5 3.3 3.4
Peeled, quartered, and boiled in salted water (450

ml. water) 4 3.6 3.3 3.2

* Data from Bureau of Human Nutrition and Home Economics, U.S.D.A.
t A score of 5 is high: 1 is low.
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scored the potatoes for flavor, texture,
and for general acceptability on a five-
point scale. Five represented the high-
est and one the lowest gcores. Palata
bility ratings shown in table 48 indi-
cate that all methods of cooking were
acceptable from the standpoint of pala-
tability.

Idaho

In 1942 and 1943 the Idaho Agricul-
tural Experiment Station determined
the effect of baking on the reduced as-
corbic acid content of stored Russet
Burbank potatoes, a variety which is
used extensively• for baking. Analyses
were made on individual tubers, using
the Loeffler and Ponting method. Both
raw and baked potatoes were analyzed
unpeeled in order to hold mechanical
loss to a minimum. The tubers were
quartered from the bud to the stem
end and opposite quarters used for
duplicate samples. The baked potatoes
were analyzed as quickly after removal
from the oven as laboratory arrange-
ments permitted. For direct comparison
between raw and baked potatoes, tubers
of as nearly the same size and shape as
possible were selected.
The data cited below show' that the

retentions of reduced ascorbic acid
varied markedly in the two years of
study. Computed on the raw basis, re-
tention was 98 per cent in 1942 as com-
pared with approximately 78 per cent
in 1943. In this connection, attention is
called to the difference in analysis dates
and the reduced ascorbic acid content
of the raw tubers.
In 1944 six tubers of the Russet Bur-

bank variety were analyzed for total
ascorbic acid using the dinitrophenyl-
hydrazine method. One half of each
tuber was analyzed raw and the cither
half after baking. The mean total as-

corbic acid content of the raw tubers
was 15.8 milligrams per 100 grams and
of the baked tubers 14.5 milligrams,
showing a retention of 91.8 per cent.
The Idaho Station suggested that use
of the dinitrophenylhydrazine method
demonstrated that the formation of de-
hydroascorbic acid in the cooked po-
tato is so dependent upon time, tem-
perature, and dehydration that the
values for total ascorbic acid in any
sample may vary greatly from the value
for the reduced form only.
In 1944 analyses for both reduced

and dehydroascorbic acid were made
on White Rose and Russet Burbank po-
tatoes using a modification of the Roe
and Oesterling (1944) method. The ma-
jor part of this work was done on the
White Rose variety. In this year of the
study one half of each tuber was ana-
lyzed raw and the other half baked
before analyzing. The effect of different
cooking procedures and of holding after
cooking on the reduced, dehydro, and
total ascorbic acid contents of imma-
ture and mature potato tubers is shown
in table 49.

Little or no dehydroascorbic acid was
found in the raw potato and, therefore,
only one value is given. In this connec-
tion it should be pointed out that the
Idaho Station had found from prelimi-
nary work that certain practices would
greatly increase the amount of dehydro-
ascorbic acid present in raw potato
extracts. Grinding, crushing, or slicing
thinly without immediate contact with
acid to prevent enzyme action and
homogenizing in distilled water would
cause a rapid conversion of the reduced
ascorbic acid to the dehydro form.
Immature potatoes which were baked

and analyzed immediately retained
more than 90 per cent of their original
ascorbic acid content. Of the amount
retained, however, about one fifth was

Raw

No. of
deter-
mina-

Crop Analyzed between tions

Reduced
ascorbic
acid

Baked
(raw weight basis)

• No. of
deter-
mina-
tions

Reduced
ascorbic
acid

Mg. per 100 g. Mg. per 100 g.

Reten-
tion

Per cent

1942 2/2/43 and 6/18/43 28 11.3 25 11.1 98.2

1943 1/12/44 and 2/22/44 24 15.3 24 11.9 77.8
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Table 49. Effect of Different Cooking Procedures and of Holding after Cooking on Reduced.
Dehydro, and Total Ascorbic Acid Contents of White Rose and Russet Burbank

Potato Tubers* Produced at Aberdeen, Idaho, 1944t

No. of
Maturity deter-

of Treatment mina-
tubers . tions

Ascorbic acid-computed on raw basis Reduced
ascorbic
acid in
per cent
of total

Reduced Dehydro Total Retention

Raw Cooked Cooked Cooked Reduced Dehydro Total

IMMATURE
Baked and analyzed im-

Milligrams per 100 grams Per cent

mediately .............................. 24 41.0 29.9 . 7.7 37.6 72.9 18.8 91.7 79.5
Baked and held 4 hours

at • room temperature 24 41.3 17.2 15.0 32.2 41.6 36.3 77.9 53.4
Baked and held 3 hours

16 42.5 10.9 3.8 14.7 25.6 8.9 34.5 74.1

MATURE
Baked and analyzed im-

mediately.............. 24 19.7 15.2 1.8 17.0 77.2 9.1 86.3 89.4
Baked and held 4 hours

at room temperature 24 22.3 10.6 7.0 17.6 47.5 31.4 78.9 60.2
Baked, cooled with tap

water, and held 4 hrs.

at room temperature 3 18.8 16.8 0.8 17.6 89.4 4.3 93.7 95.4
Steamed and analyzed

immediately ..................... 3 15.0 12.0 1.0 13.0 80.0 6.7 86.7 92.3
Boiled or steamed, cooled

with tap water, held

for 24 hrs. and longer 18 11.6 1.5 13.1 88.5

* The major part of the analyses were made on the White Rose variety.

Data from Idaho Agricultural Experiment Station.

in the dehydro form. Holding immature
potatoes at room temperature for four
hours after baking resulted in an ap-
preciable increase in the dehydroas-
corbic acid with a simultaneous loss of
the reduced form, the latter now con-
stituting only slightly more than half
of the total ascorbic acid content of
these tubers. At the same time the
total ascorbic acid retained is consider-
ably less ,than that noted in potatoes
analyzed immediately after baking.
Holding the immature baked potatoes

for three hours at 75° C. before analysis
resulted in marked losses of both re-
duced and dehydroascorbic acid. In
this instance the total retention is only
approximately 35 per cent of the origi-
nal ascorbic acid content.
In the mature tubers a similar trend

is noted. Although the amounts of de-
hydroascorbic acid formed were con-
siderably smaller, holding at room tem-
perature after baking increased the de-
hydro form at the expense of the re-
duced form so that at this point the

latter constituted about 60 per cent of
the total 'ascorbic acid content. Again
the total amount of ascorbic acid re-
tained is less than that noted in pota-
toes that were analyzed immediately
after baking.
From a limited number of observa-

tions it would appear that formation of
dehydroascorbic acid in potatoes which
are baked is dependent upon the re-
tention of heat within the tuber allowed
to cool spontaneously. This is shown by
the fact that potatoes which were cooled
with tap water immediately after bak-
ing contained relatively little dehydro-
ascorbic acid even after holding for
four hours at room temperature. The
reduced ascorbic acid in such tubers
constituted 96 per cent of the total con:
tent. It is clear, therefore, that analyz-
ing baked potatoes only for reduced
ascorbic acid may not give a true pic-
ture of the content of this nutrient
since an appreciable part of it may be
in the dehydro form under the various
conditions discussed.
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Again based on a limited number of
observations, potatoes which were
steamed and analyzed immediately re-
tained more than 90 per cent of the
total ascorbic acid in the reduced form.
Potatoes which were either boiled or
steamed and cooled immediately with
tap water retained 88 per cent of their
original ascorbic acid content as re-
duced ascorbic acid even after holding
for 24 hours and longer. This shows that
the formation of the dehydro form of
ascorbic acid is associated with the re-
tention of heat within the tuber.
The investigation reported by the

Idaho Station shows that in potatoes
which have been cooked appreciable
amounts of dehydroascorbic acid may
be formed and that, unless analyses are
made immediately after cooking, de-
tefminations which include only the
reduced ascorbic acid content may give
a very erroneous picture. It would
probably be highly desirable that total
ascorbic acid rather than only the re-

duced form be determined or at least
that precautions be taken to prevent
losses of reduced ascorbic acid due to
conversion to the dehydro form and to
actual destruction. Furthermore, since
some dehydroascorbic acid is present
even in potatoes that are analyzed im-
mediately, particularly in immature
tubers, the true ascorbic acid content
can be shown only by analysis for the
total content of this nutrient. Cooling
potatoes immediately after cooking pre-
vents conversion of the reduced to the
dehydro form and also retards some-
what the destruction of the reduced
form.
A valuable contribution to the con-

servation of this nutrient in home cook-
ing methods lies in the discovery of
the importance of immediately cooling
potatoes which are precooked for such
dishes as escalloped potatoes, salads,
etc. instead of .allowing them to cool
spontaneously.

EFFECT OF LARGE QUANTITY COOKING METHODS AND
OF DEHYDRATION ON THE NUTRIENT CONTENT

OF POTATO TUBERS

MANY AMERICANS are dependent
upon hotels, restaurants, and other

places where foods are prepared in
large quantities for one or more meals
each day. Information on the nutritive
value of the "foods as served" is, there-
fore, of major importance.
The results of studies on ascorbic acid

losses occurring in institutional food
cookery show considerable variation
because of the many factors over which
the analyst has little or no control. Fac-
tors which may be expected to influence

, results are: method of cooking, capacity
and type of equipment, amount cooked
in one lot, amount of water used, tem-
perature and pressure of cooking, treat-
ment preceding cooking, length of the
holding period prior to and following
cooking, and the amounts and kinds of

seasonings added. Furthermore, the as-
corbic acid value of the vegetables to
be cooked will differ with variety, age,
conditions of storage prior to prepara-
tion, and other factors.
Several investigations dealing with

the effect of cooking in quantity on the
vitamin content of potatoes have ap-
peared in the literature: Nagel and
Harris (1943); Heller, McKay, and Lyon
(1943); Kahn and Halliday (1944); Wertz
and Weir (1944) ; Watt and Attaya
(1945); Streightoff, Munsell, Ben-Dor,
Orr, Cailleau, Leonard, Ezekiel, Korn-
blum, and Koch (1946); Branion, Rob-
erts, Cameron, McCready (1947); and
Branion, Roberts, and Cameron (1947).
In general, these studies indicated that
freshly harvested potatoes lost less as-
corbic acid in cooking than did old
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potatoes. They also demonstrated that
the least loss of ascorbic acid occurred
when potatoes were cooked in the
jacket and the greatest loss when they
were mashed or scalloped. Holding
cooked potatoes on the steam table dur-
ing the serving period, or in a refrigera-
tor, also was shown to be highly de-
structive of the ascorbic acid content.
Although the actual cooking process
had little effect on the thiamine, ribofla-
vin, or niacin content of potatoes, losses
due to solution in the cooking water
were appreciable, depending upon the
amount of water used.
In dehydrated potatoes retentions of

ascorbic acid have been found to vary
with the method of preparation and
with the length and conditions of stor-
age. Moyer (1943) reported that, after
drying, pre-cooked potatoes retained
little ascorbic acid. Davis, Eidt, Mac-
Arthur, and Strachan (1942) observed
losses in ascorbic acid ranging from
11.5 to 55.7 per cent in dehydrated po-
tatoes which had been blanched in
boiling water for three to four minutes.
Even greater losses were observed in
some instances by Tressler, Moyer, and
Wheeler (1943) and Morgan, Carl,
Hunner, Kidder, Hummel, and Peat
(1943, 1944). Such losses were retarded
by low storage temperatures and by an
atmosphere of carbon dioxide accord-
ing to Davis, Eidt, MacArthur, and
Strachan; Tressler, Moyer, and Wheel-
er; Morgan, Carl, Hunner, Kidder, Hum-
mel, and Peat; and Tomkins, Mapson,
Allen, Wager, and Barker (1944). Gleim,
Chappell, Arnason, Dju, and Fenton
(1947) reported that sulphiting dehy-
drated potatoes apparently helped to
stabilize the ascorbic acid and reduce
its loss in cooking.

Studies on reduced ascorbic acid
losses in potatoes served in army and
navy training camps at land-grant insti-
tutions were made by the Alabama,
Mississippi, North Carolina, and Okla-
homa 'Agricultural Experiment Stations,
using the More11 method, and by the
Tennessee Station, using essentially the
Loeffler and Ponting method. The
North Carolina Station investigated also
riboflavin losses, using a modification of
the fluorometric method of Peterson,

Brady, and Shaw (1943). For the ribo-
flavin determinations, the autoclaved,
incubated extract was brought to a
volume of 200 milliliters, 10 milliliters
of choroform added from a burette, and
the solution mixed in a Waring blendor
for 30 seconds. After standing one hour
the solution provided a clear filtrate
which could be diluted conveniently
and read as directed in the original
method. An enzyme (clarase) blank was
treated similarly.
Before considering the results pre-

sented in the tables that follow it is
necessary to point out that the addi-
tion of seasonings and other materials
to the food products affects the ap-
parent retention of ascorbic acid. Dodds,
MacLeod, and Carr (1946) demonstrated
that retentions on the dry weight basis
cannot be measured by data taken at
various steps in preparation unless the
only change has been a moisture
change; that they cannot be measured
on the wet weight basis unless there
has been no change in dry weight. They
found that the addition of salt caused
an increase of approximately 12 per
cent of the original cooked dry weight
and that the addition of fat produced
increases ranging from 40 to 95 per
cent of the unseasoned cooked dry
weight.
Since the time factor and other de-

tails of the procedures followed varied
considerably among the different ex-
periment stations, and sometimes even
within a station, it will be necessary
to indicate briefly the outstanding dif-
ferences in methods utilized.

Alabama
At the Alabama Station potatoes

were prepared for cooking by washing,
peeling, and quartering. Raw potatoes
were sampled when ready for cooking
and the cooked tubers at the beginning
of the serving period. The potatoes were
cooked in steam-jacketed kettles and
the cooking water drained off and dis-
carded. Two composites, each consisting
of five randomized portions of approxi-
mately 60 grams, were prepared for
analysis. The well-mixed samples were
used for both moisture and ascorbic
acid determinations.
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Table 50. Effect of Cooking in Quantity by Different Methods on Reduced Ascorbic Acid
and Moisture Contents of Potato Tubers*

Treatment

No. of Cook-
experi- ing
ments time Temp. raw

Moisture

Reduced ascorbic acid

Moist weight Dry weight

apparent
cooked raw cooked raw cooked retention

1
8

Buttered 1
Hash-browned ...... 1
Lyonnaised ............... 1
Mashed ........................ 11
Oven-browned ...... 3
Parsley-flavored...... 1
Scalloped ......11

Min. Deg. C. Per cent ' Milligrams per 100 grams
60 78.3 78.3 8.3 2.9 38.5 13.3

40-60 100 81.5 80.8 11.9 5.9 63.2 30.8
45 100 86.7 83.1 8.5 3.7 64.0 21.8
65 81.7 76.1 7.7 3.8 41.5 15.9
65 80.5 77.2 13.9 0.02 71.4 0.08

40-60 100 81.5 83.2 10.4 4.8 55.1 29.6
65 84.1 75.5 12.7 4.4 80.5 18.6
35 100 84.8 84.9 6.3 4.1 41.4 27.1
45 76.7 81.6 11.3 4.2 48.5 22.8

* Data from Alabama Agricultural Experiment Station.

Values for the uncooked tubers show
considerable variation in reduced as-
corbic acid content (table 50). Such dif-
ferences are naturally reflected in the
values for the cooked products. Changes
in moisture content vary also with dif-
ferent cooking methods. For those
methods of preparation which do not
involve the addition of seasonings, cal-
culation of retention on the dry weight
basis provides a more satisfactory basis
for comparing losses attributable to
methods of preparation than calcula-
tion of the actual ascorbic acid content
of the cooked product on the moist
weight basis. It is recognized that the
addition of seasonings, fat, milk, or
other materials in the preparation of
the potatoes influenced the retentions
on both the moist and dry weight bases
since values reported were computed
on 100 grams of the product.
Potatoes that were boiled or mashed

retained on the average approximately
50 per cent of their original ascorbic
acid content. An appreciable part of
this loss can be attributed to solution.
The Alabama Station found that, based
on the results of two experiments, 15
to 16 per cent of the reduced ascorbic
acid was found in the discarded cook-
ing water.
Since values reported for potatoes

that were baked, buttered, hash
browned, lyonnaised, parsley-flavored,
or scalloped were based on single de-
terminations only, little importance can

Per cent
34.6
47.2
34.0
38.4
0.1

52.2
24.5
65.8
47.1

be attached to retentions reported. It
might be pointed out, however, that
the very low value noted for lyonnaised
potatoes may be due to the compara-
tively high cooking temperatures em-
ployed and the relatively large amounts
of fat used. Similarly, the high value
shown for parsley-flavored potatoes
could be attributable to the addition of
parsley which is an excellent source
of ascorbic acid. In the case of the oven-
browned potatoes, although the value
reported is based on only three determi--
nations, it is likely that the compara-
tively low retention resulting from this
method of preparation is due to the long
cooking period involved at a compara-
tively high temperature.

Tennessee

The Tennessee Station took 10 sam-
ples of the raw potatoes for analysis
immediately when prepared for cook-
ing. Subsequently they collected 10
samples of cooked potatoes at intervals
over a 45-minute serving period. Each
experiment was repeated six times as
the item reappeared on the menu. Dif-
ferent-sized potatoes were selected in
preparing the samples. At first dr 
weights were determined on a corn-
posited sample. Then, because of the
variation observed, it became routine
to determine dry weights on each
sample. Reduced ascorbic acid was de-
termined by the method of Loeffler and
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Table 51. Effect of Cooking in Quantity by Different Methods on Reduced Ascorbic Acid

and Moisture Contents of Potato Tubers*

Treatment

No. of Cook- Moisture
experi- ing apparent

ments time Temp. raw cooked raw cooked raw cooked retention

Reduced ascorbic acid

Moist weight Dry weight

Min. Deg. C. ' Per cent Milligrams per 100 grams Per cent

120 232.2 72.8 69.8 16.6 8.0 61.2 26.4 43.1

Mashed following

steaming ......... 6 30 114.2 68.8 74.4 17.7 2.3 56.6 7.2 12.7

Steamed in
jackets ............... 6 45 114.2 78.8 76.4 8.5 5.5 40.0 24.1 60.3

Steamed without

jackets 6 30 114.2 78.5 75.2 10.6 4.4 47.5 18.5 38.9

* Data from Tennessee Agricultural Experiment Station.

Ponting, using 0.5 per cent oxalic acid

as the extractant. Potatoes were sam-
pled from November through April.
During this period a steady decrease

in the reduced ascorbic acid content of

the raw potatoes was noted. Two types

of potatoes were used: (1) baking pota-

toes, the less perfect of which were

used for mashing, and (2) steaming

(boiling) potatoes. The difference in

the two types is indicated by the lower

moisture content of the baking potatoes.

Investigations were carried out on

baked and mashed potatoes and on

potatoes steamed with • and without

jackets. The results, 'given in table 51,

show that maximum retentions on the

dry weight basis were obtained with

potatoes steamed in the jacket and the

lowest, for potatoes mashed following

steaming. The low value for the latter

indicates losses greater than actually
occurred because of the effect of the
materials added in preparation. The
baked potatoes and the pared steamed
potatoes, with comparable values, were
considerably less potent sources of as-
corbic acid than potatoes steamed in
their jackets.
In every method of preparation

studied, considerable variation in re-
tention was noted from experiment to
experiment. Furthermore with mashed
potatoes, because of their homogeneous
nature, it was possible to observe a de-
crease in ascorbic acid content through-

, out the serving period. With the other
methods of preparation, however, wide
variations from potato to potato ob-

scured any changes which may have
occurred. Again cooking in quantity,
plus the effect of holding on the steam
table during the serving period, re-
sulted in these potatoes retaining ap-
preciably smaller amounts of this nu-
.trient than were reported for potatoes
cooked in smaller quantities and served
promptly.

Mississippi, North Carolina,
and Oklahoma

At the Mississippi, North Carolina,
and Oklahoma Stations raw and cooked
potatoes were analyzed for reduced as-
corbic acid content as affected by hold-
ing in water after peeling, cooking by
various methods, and holding before
and during the serving period (table 52).
At the Mississippi and Oklahoma Sta-

tions potatoes were prepared for cook-
ing by washing, peeling, quartering,
and holding in water for varying
lengths of time. Raw potatoes were
analyzed for •ascorbic acid content im-
mediately after they were prepared for
cooking. Two analyses were made on
separate well-mixed composites, each
of which consisted of five randomized
portions weighing approximately 60
grams. Cooked potatoes were corn-
posited and analyzed at 15-minute in-
tervals from the beginning to the close
of the serving period. Each composite
consisted of five randomized portions.
The first two composites were prepared
from potatoes as they were placed on
the steam trays at the start of the serv-
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ing period. The second pair of compos-
ites was prepared from food conveyed
to the steam tables at the middle of
the serving period (15 minutes from
the start of serving); and the third pair
from food going to the steam table 15
minutes later at the end of the serving
period. In order to show losses due to
cooking alone, in some instances the
Oklahoma Station also prepared com-
posites for analysis immediately after
cooking the potatoes.
At the North Carolina Station raw

potatoes were sampled when ready for
cooking and the cooked potatoes at
the beginning of the serving period and
at two 30-minute intervals thereafter.
The findings presented in table 52

show that losses occur continuously
throughout preparation and subsequent
holding. Many of the irregularities in
the results are undoubtedly attributa-
ble to difficulties in obtaining repre-
sentative samples.
At the Mississippi Station the hold-

ing of peeled potatoes in enough water
to cover for a period of 80 minutes
before cooking resulted in a loss of re-
duced ascorbic acid amounting to near-
ly one fifth of its original content. At
the Oklahoma Station determinations
were made on two lots of new potatoes
after peeling and on two additional lots
after peeling and holding in water for
six hours. Here again a loss of almost
one fifth of the original ascorbic acid
content was noted. It should be pointed
out, however, that because of , the
limited number of determinations in-
volved the evidence cannot be accepted
as indicating losses in ascorbic acid
attributable to holding before cooking.
In the remainder of the experiments
losses attributable to holding before
cooking were not determined.
Losses resulting from cooking and

from cooking and holding are evident
in every instance. It would appear that
holding of the cooked potato during the
serving period is more destructive of
the reduced ascorbic acid content than
the cooking process itself. In some in-
stances the amount of ascorbic acid re-
maining in the tubers is negligible. It
must be borne in mind that an appre-
ciable part of the loss of reduced as-

corbic acid may, as has been previously
discussed, be attributable to the conver-
sion to the dehydro form. In these
studies no attempt was made to de-
termine the total ascorbic acid content,
and the conditions of holding on the
steam table were such as to be ap-
parently conducive to a rapid conver-
sion to the dehydro form.
The unusually large losses recorded

for mashed and scalloped potatoes are
attributable in part to the addition of
other food materials which influence
the weight of the finished product. The
low values recorded in every instance
where fat has been added to the po-
tatoes suggest the need for further
study of the effect of fat on the ascorbic
acid content.
Changes in moisture content would,

of necessity, influence ascorbic acid
values reported on the moist weight
basis. The changes in moisture content,
however, were comparatively small
and so would appear to have little
influence on ascorbic acid values for
cooked potatoes (appendix table VIII).
From these studies it is evident that

losses in reduced ascorbic acid vary
greatly with the method of preparation
and with the length of the holding
period. Evidently cooking in quantity
has a more destructive effect on the
ascorbic acid content of potato tubers
than cooking in the small quantities
associated with -home practices. It fol-
lows, therefore, that potatoes served in
restaurants, hotels, army camps, etc.,
cannot be depended upon to contribute
significantly to the ascorbic acid con-
tent of the diet.
In determining the riboflavin con-

tent of raw and cooked potatoes, the
North Carolina Station analyzed two
lots of tubers. Potatoes were analyzed
when raw and after steaming or oven-
browning, and values were computed
on the dry weight basis. Calculations
on the raw basis show that no loss of
riboflavin occurred either as a result
bf cooking or of holding after cooking
(table 53). These limited data suggest
that, unlike ascorbic acid, the riboflavin
content of potatoes is not affected by
the treatments involved in quantity
cookery.



Table 52. Effect of Cooking in Quantity by Different Methods and of Holding before and after Cooking on Reduced Ascorbic Acid Content
of Potato Tubers (Moist Weight Basis)*

Station
Treat-
ment

No. of
deter-
mina-
tions

Quantity
pre-
pared

Cook-
ing
time Temp.

Reduced ascorbic acid

raw cooked

after
peel-
ing

holding
period
in min.

just
before
cooking

just holding start
after period of

cooking in min. serving

during serving

15 min.
later

30 min.
later

60 min.
later

Min. Deg. C. Milligrams per 100 grams

Miss. steamed 2 450 lbs. 60-80 100 14.6 120 7.6 0 7.6 8.8 6.1

steamed 2 200 lbs. 35 100 7.4 80 ...... 55 1.0f 1.01- 0.71- ......

steamed 2 200 lbs. 50 100 7.5 120 ...... 5.7 0 5.7 6.0

steamed 2 200 lbs. 45 100 7.0 80 5.8 5.6 0 5.6 6.2 •••••.

N.C. steamed 2 12 gal. 25 114.2 6.2 960 40 3.4 3.0 3.0

mashed 4 2 bu. 20 115.5 9.0 120 35 1.4 1.4 1.3

Okla. steamed 2 1/2 bu. 20-30 117.6 10.5 1,440 ...... 15 0.0f 0.0f 0.0f

steamed 2 1/2 bu. 20-30 117.6 8.4 360 8.2 10 5.2 4.2 4.1

steamed 2 1/2 bu. 20-30 117.6 8.2 1,080 ...... 6.7 60 3.3 0.0 2.9

scalloped 2 •••••••••••••••••••..••• - 45 154.5 26.8 360 -...... 60 9.0* 9.1* 8.54: ......

(new)
scalloped 2 ..... ••••••••••••••••••• - 45 154.5 360 22.2. 8.0 •••••• ...... ..••••

(new)

* Data from Mississippi, North Carolina, and Oklahoma Agricultural Experiment Stations.
f Butter substitute and salt used for seasoning. * Flour, fat, etc., added before cooking.

Table 53. Effect of Cooking in Quantity by Different Methods and of Holding before and after Cooking on Riboflavin

and Moisture Contents of Potato Tubers*

Treatment

Moisture Riboflavin

raw cooked raw cooked
No. of
deter- Cook- after holding just just 30 60 after holding just just 30 60
mina- Quantity ing peel- period before after min. min. peel- period before after min. min.
tions prepared time Temp. ing in min. cooking cooking later later ing in min. cooking cooking later later

Steamed ......... ..... ................... 2

Oven-browned ............... 2

Min. Deg. C. Per cent Milligrams per 100 grams-dry weight

300 lbs. 60 114.2 76.5 1,140 79.2 63.1 61.0 0.02 1,140 0.04 0.04 0.04 .........

7 bu. 40 •••••••••••• 75.7 74.1 60.0 0.02 0.04 ......... 0.05

* Data from North Carolina Agricultural Experiment Station.
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Texas

As a part of a larger study, storage
factors affecting the quality of dehy-
drated potatoes were investigated by
the Texas Agricultural Experiment
Station. The potatoes used in their
study were obtained from three pro-
duction areas in Texas. They were
shipped by overnight express to Angle-
ton where they were dehydrated using
methods commonly employed by the
industry and analyzed for reduced
ascorbic acid using the More11 method.
Immediately after dehydration the

potatoes were packed in tin cans, in
glass jars, or in parchment-lined butter
cartons which were tightly wrapped.
Half of the jars and cans were sealed
without further treatment and the re-
maining half were exhausted in 29
inches of vacuum, which was released
by means of carbon dioxide, and the
containers sealed. The cartons, jars,
and tin cans were divided into two
parts, one half stored at room tem-
perature and the other half in a re-
frigerator at a constant temperature
of 45° F. Of the jars held at room
temperature, a few were stored on a
shelf exposed to sunlight through a
window for about two hours on sunny
days; the remainder were stored in the
dark.
'Dehydrated Bliss Triumph potatoes,
which had been exposed to strong light
and some sunlight, darkened and de-
veloped off-colors. Potatoes stored in
cartons at room temperature all showed
considerable deterioration. On the other
hand, the potatoes held in cartons in
the refrigerator changed less in ap-
pearance.

Moisture content was determined by
the vacuum oven method. Dehydrated
potatoes stored for six months in car-
tons at room temperature showed in-
creased moisture content which appar-
ently reached equilibrium with the sur-
rounding air. Tubers held in cartons in
the refrigerator showed less change in
this respect.
Dehydrated potatoes packed in car-

tons and held in the refrigerator at
45° F. retained appreciably greater
amounts of reduced ascorbic acid than
did the potatoes packed in cartons and
stored at room temperature. Potatoes
held in jars and tin cans in an atmos-
phere of carbon dioxide showed less
difference in ascorbic acid content -
whether kept at room temperature or
in the refrigerator. Apparently the
oxidative destruction of ascorbic acid
is as well controlled by storage in an
atmosphere of carbon dioxide as by
holding at a temperature of 45° F., as
illustrated below:

Reduced ascorbic
acid

Stored in air
at room temperature ................................. 19.5

milligrams per
100 grams

Stored in carbon dioxide
at room temperature .................................... 28.1

Palatability tests on cooked potatoes
were made within one or two days
after dehydration and after storage for
six months. The products were judged
on the basis of appearance, odor, flavor,
and texture. In general, potatoes stored
in carbon dioxide or held at 45° F. were
more acceptable than those stored in
air and kept at room temperature.



EFFECT OF VARIETY, LOCALITY, AND STORAGE ON THE
THIAMINE CONTENT OF POTATO TUBERS

MHE POTATO is not an especially
potent source of thiamine. Never-

theless, because of the quantities con.-
sumed, this vegetable could add ap-
preciable amounts of thiamine to the
diet, if those varieties which are the
best sources of this nutrient were used.

Varietal differences in the thiamine
content of potatoes have been reported
by Pyke (1940) who found, in a study
of five varieties of potatoes, values
ranging from 25 to 30 I.U. per 100
grams.

Mayfield, Richardson, Davis, and
Andes (1937) reported that winter
storage did not decrease the thiamine
content of potatoes. They observed no
loss in the Netted Gem variety after
six months' storage in a cool, damp
cellar. Meiklejohn (1943), however,
found the Majestic variety contained
less thiamine in the spring than in the

autumn and suggested that this de-

crease might be due to sprouting rather

than to storage.

Minnesota

The Minnesota Agricultural Experi-

ment Station investigated the thiamine

contents of 13 varieties of potatoes pro-

duced at Halstad, Minnesota, in 1942,

as affected by variety, locality, and
storage, using the analytical procedure

of Conner and Straub (1941). Highly

significant differences attributable to

variety were noted (table 6). The Early

Ohio variety, which was the most po-

tent source of this nutrient, contained

more than twice as much thiamine as

did the Red Warba variety. Differences

of 0.04 milligram or greater were sig-

nificant at the one per cent level.
The locality in which the potatoes

were produced also was found to influ-

ence the thiamine content significantly.

Four varieties of potatoes (Red Warba,

Triumph, Irish Cobbler, and Chip-

pewa), grown in three Minnesota lo-

calities, were studied (table 54). It is

apparent that potatoes produced at
Hollandale were richer in thiamine
than those produced at either Halstad
or Grand Rapids. Differences of 0.005
milligram or greater were found to be
significant at the one per cent level.
Significant varietal differences were
again noted and the interaction be-
tween variety and locality indicates
that the varieties responded in a differ-
ential manner at the three locations.
In particular Red Warba, Triumph, and
Irish Cobbler potatoes produced at
Hollandale were significantly better
sources of thiamine than were potatoes
of the same varieties grown in the
other two locations. The values ob-
served for Chippewa potatoes produced
in all three localities, on the contrary,
were very similar. On the dry weight
basis the superiority of the Hollandale
potatoes was even more marked since
these tubers also had the highest mois-
ture content (appendix table IX).
As far as storage is concerned, there

would appear to be a trend for a slight
increase in thiamine content with con-
tinued storage (table 54). A difference
of 0.005 milligram is significant at the
one per cent level. Differences observed
for the interactions between storage
and variety and storage and locality
were statistically significant. That these
changes were only in part the result
of moisture loss would seem evident
from the comparable data on the dry
weight basis (appendix table IX).
Difference in the type of soil (Fargo

silty clay loam at Halstad, Swan silt
loam at Grand Rapids, and peat soil
at Hollandale) may be one factor in-
fluencing the thiamine Content of the
tubers. Degree of maturity may also be
a contributing factor. Although the po-
tato vines were *prematurely killed by
frost at all three locations, it is possible
that the potatoes grown at Hollandale,
which is somewhat farther south, may
have been more advanced than those
produced in the other two locations.



43.4 2.81 4.24 0.004

73.7 3.20 5.10 0.003'

4.9 2.81 4.24 0.004

Variety X locality ......._.............. 6 10.5 2.30 3.22 0.010

Storage X variety ........................ 9 4.5 2.09 2.82 0.011

Storage X locality ............... 6 5.6 2.30 3.22 0.010

Storage X variety X locality 18 4.9 1.87 2.42 0.028

NUTRITIVE VALUE OF POTATOES 71

Table 54. Effect of Variety, Locality, and Storage on Thiamine Content of Potato Tubers
Grown in Three Minnesota Localities, 1942 (Moist Weight Basis)*

Variety

Thiamine

Grand Hollan-
Length Rapids dale Halstad

of
storage Harvested 9/10 Harvested 9/20 Harvested 9/5 Mean

Weeks Milligrams per 100 grams

Red Warba _............................................. 6

12

18

24

6

12

18

24

Irish Cobbler 6

12

18

24

12

18

24

Mean

4

Mean of all ......................_...........

0.085 0.101

- 0.076 0.086

0.092 0.114

0.083 0.110

0.084 0.103

0.105 0.108

0.084 0.142

0.101 0.114

0.085 0.136

0.094 0.125

0.093 0.109

0.092 0.124

0.092 0.109

0.091 0.116

0.092 0.114

0.079 0.092

0.094 0.093

0.094 0.088

0.086 0.078

0.088 0.088

0.090 0.108

F as
D. F. calculated 5% level 1% level 5% level 1% level

0.084 0.090

0.068 0.077

0.080 0.095

0.089 0.094

0.080 0.089

0.100 0.104

0.082 0.103

0.109 0.108

0.127 0.116

0.104 0.108

0.088 0.097

0.080 0.099

0.112 0.104

0.092 0.100

0.093 0.100

'0.090 0.087

0.094 0.094

0.092 0.091

0.084 0.083

0.090 0.089

0.092

F fcr Sign. L. S. D.

Milligrams
0.005

0.005

0.005

0.013

0.015

0.013

0.037

* Data from Minnesota Agricultural Experiment Station.

t In all cases vines were prematurely killed by frost. The season of maturity indicates the relative
stage of development: Red Warba, extra early; Triumph, medium late; Irish Cobbler, early; and
Chippewa, medium late.



EFFECT OF VARIETY AND LOCALITY ON THE CALCIUM,

PHOSPHORUS, AND IRON CONTENTS OF POTATO TUBERS

rr HE POTATO is generally consid-
ered a good source of iron and

phosphorus but a relatively poor source
of calcium. However, the amount of
information concerning the factors that
affect the mineral content of potato
tubers is very limited. Chaminade
(1942) stated that vegetative organs,
such as potatoes, showed much greater
variability in mineral content than did
cereals and that deficiency of certain
elements in the soil could be detected
from chemical analysis of potatoes.
Coleman and Ruprecht (1935) found
that soil type was a factor of consider-
able importance in determining the
mineral content of vegetables. Fertilizer
treatment influenced the mineral con-
tent of vegetables according to Bishop
(1934) ; Davidson and LeClerc (1936) ;
Elmendorf and Pierce (1940) ; and
Leichsenring and Donelson (1943).

Minnesota

In order to investigate further the
factors which influence the mineral con-
tent of potato tubers, the Minne-
sota Agricultural Experiment Station
studied the effect of variety and of
locality on the calcium, phosphorus,
and iron contents of several varieties
of tubers grown in Minnesota in 1942.
To determine the effect of variety,

two lots of each of 13 varieties pro-
duced at Halstad, Minnesota, were
analyzed. Six potatoes constituted one
lot. The samples were prepared for
analysis by scrubbing thoroughly with
a stiff brush, washing repeatedly until
they were free from all adhering soil,
and rinsing three times with distilled
water, followed by a final rinsing with
glass-distilled water. The potatoes were
pared and cut into small pieces with a
plastic knife. Each sample was then air-
dried to constant weight in a covered
glass dish at a temperature below 95° C.

To facilitate drying a glass rod was in-
serted in the dish, raising the cover
slightly. The dried samples were ground
in a glass mortar until they could pass
through a fine copper sieve. Every pre--
caution was taken to avoid iron con-
tamination. All equipment was treated

• with glass-distilled hydrochloric acid
and glass-distilled water was used for
rinsing equipment and making solu-
tions. Four- to five-gram samples were
ashed in triplicate in silica crucibles
and analyzed for calcium using the
method of Morris, Nelson, and Palmer
(1931) ; for phosphorus, by means of
the Koenig and Johnson (1942) pro-
cedure; and for iron, by the dipyridyl
method as modified by Andrews an 
Felt (1941). Data given in table 6 rep-
resent the means of triplicate determi-
nations on the two lots of each variety
tested.
Marked differences in the mineral

content of the several varieties grown
in the same locality are apparent. It
may be observed from table 6 that the
calcium content of Irish Cobbler po-
tatoes was over 75 per cent greater
than that of the Mesaba variety. Differ-
ences of 1.87 milligrams or greater are
significant at the one per cent level.

Variations in phosphorus content at-
tributable to variety were les's marked
than those noted for calcium. The high-
est value observed for phosphorus (in
the 20-20 and Houma varieties) was
only approximately 40 per cent greater
than the lowest (in Pontiac tubers).
Differences of 14.96 milligrams or
greater are significant at the one per
cent level. No relationship was found
between the calcium and phosphorus
contents of the tubers.
Although varietal differences in iron

content also were less marked than
those noted for calcium, they were
greater than the variations recorded
for phosphorus. A difference of 0.13
milligram was required to show sig-
nificance at the one per cent level.
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Table 55. Effect of Variety and Locality on Calcium Content of Potato Tubers Grown in Three
Minnesota Localities, 1942 (Moist Weight Basis)*

Variety

Calcium

Grand
Rapids

Hollan-
dale Halstad Mean

Red Warba 3.40

Irish Cobbler 3.58

Milligrams per 100 grams
6.21 5.74
7.76 5.50
7.51 7.50
5.06 4.86

6.84 5.90

5.12
5.74
6.20
4.24

F as
D. F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Variety 3 11.20
58.21

3.59 6.22
3.98 7.20

Milligrams
0.79 1.11
0.68 0.96

* Data frOm Minnesota Agricultural Experiment Station.

As a means of studying the effect of
locality on the mineral content of po-
tato tubers, determinations were made
on four varieties of potatoes (Red
Warba, Triumph, Irish Cobbler, and
Chippewa) produced in three Minne-
sota localities. The findings demon-
strated that the locality in which the
tubers were produced was even more
important than variety in influencing
the calcium content (table 55). Differ-
ences between localities were found to
be highly significant, and varietal dif-
ferences in calcium content were again
apparent in the four varieties studied.

Variations in the phosphorus content
of potatoes attributable to the locality

in which they were produced were less
pronounced than those noted for cal-
cium (table 56). The maximum differ-
ence observed between means for lo-
calities just failed of significance at the
5 per cent level.
Potatoes produced at Halstad con-

tained significantly less iron than did
those produced at Grand Rapids and
Hollandale. Differences of 0.08 milli-
gram are significant at the one per cent
level (table 57).
The findings of this limited study

emphasize the effect of variety on the
mineral content of different varieties
of potatoes produced in one locality and
of the same varieties of potatoes pro-

Table 56. Effect of Variety and Locality on Phosphorus Content of Potato Tubers Grown
in Three Minnesota Localities, 1942 (Moist Weight Basis)*

Variety

Phosphorus

Grand
Rapids

Hollan-
dale Halstad Mean

Milligrams per 100 grams
34.8 38.2 41.4
60.0 38.4 50.3

Irish Cobbler 45.2 52.4 43.6 47.0
43.5 40.9 45.4

Mean 50.3 47.7 40.3

F for Sign.
F as

5% level 1% levelD. F. calculated

Locality 2 3.88 3.98 7.20

* Data from Minnesota Agricultural Experiment Station.
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Table 57. Effect of Variety and Locality on Iron Content of Potato Tubers Grown in Three
Minnesota Localities, 1942 (Moist Weight Basis)*

Variety ,

Irish Cobbler ...............................................................

Iron

Mean
Grand
Rapids

Hollan-
dale Halstad

Milligrams per 100 grams •
0.38 0.27 0.36
0.41 0.30 0.38

0.42 0.54 0.28 0.41
0.44 0.39 0.42

0.44 0.31

F as
D.F. calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

2 18.0

Milligrams

3.98 7.20 0.06 0.08

* Data from Minnesota Agricultural Experiment Station.

duced in different' localities. It was
demonstrated also that locality had a
greater effect than variety in deter-
mining calcium content of potatoes.
Undoubtedly growing conditions in

any one season could influence the

mineral content of the potatoes pro-
duced. It is recognized that other re-
sults might be obtained if the experi-
ment were repeated during seasons in
which weather conditions were quite
different.

EFFECT OF MATURITY, VARIETY, LOCALITY, AND
STORAGE ON THE MOISTURE CONTENT

OF POTATO TUBERS

TNTEREST in differences in moisture
content of potatoes has centered

around its relation to cooking quality.
For baking, potatoes high in starch
and low in moisture content are pre-
ferred. Conversely, for steaming or
boiling, potatoes lower in starch and
higher in moisture content are desired.

Nebraska

The Nebraska Agricultural Experi-
ment Station studied the effect of ma-
turity, variety, locality, and storage on
the moisture content of five varieties
of potato tubers. Apparently degree of
maturity had little effect on moisture
content. Data in table 58 show that po-
tatoes harvested late in June had the
same percentage of moisture as did
those harvested in the latter half of
October.

There are distinct differences in mois-
ture content attributable to variety
and locality. The potatoes grown in
eastern Nebraska on irrigated land had
moisture contents from low to high in
the following order: Irish Cobbler, Red
Warba, Kasota, Triumph, and SCIA 27.
The same varieties grown in western
Nebraska on dry land showed the same
varietal differences and maintained the
same relative positions although the
moisture contents were distinctly lower
(tables 58, 59) . Furthermore, these
same varieties produced on irrigated
land in western Nebraska, with even
lower moisture contents, maintained
the same relative positions as potatoes
produced on dry land (table 60). The
lower moisture content of the western-
Nebraska-grown potatoes is attributed
to the lower temperatures prevailing
during the tuber-production period.
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Table 58. Effect of Maturity and Variety on Moisture Content of Potato Tubers Grown

at Lincoln, in Eastern Nebraska, on Irrigated Land, 1943*

Date
of

harvest
Harvest
interval

Moisture

MeanRed
Warba

Irish
Cobbler

SCIA
27 Triumph Kasota

Days Per cent
84.0 83.8 89.2 86.3 86.2 85.9

7 83.9 83.6 89.0 86.4 86.8 85.9
14 83.3 82.4 87.6 85.1 85.0 84.7

7/20 21 83.2 82.4 87.9 85.1 85.0 84.7
7/27 27 83.7 82.1 86.4 85.2 84.6 84.4
8/3 34 83.5 82.1 87.4 85.6 84.6 84.7

8/10 41 83.2 82.1 87.2 85.3 84.0 84.4
8/17 48 84.3 83.5 87.7 85.8 84.4 85.1
8/23 55 83.6 82.6 87.2 85.7 85.7 85.0
9/23 86 83.2 84.1 89.4 87.2 84.8 85.7
10/19 12 84.0 85.P 88.0 86.7 86.4 86.0

83.6 83.1 87.9 85.9 85.2 85.1

* Data from Nebraska Agricultural Experiment Station.

Moisture losses occurred during stor- storage was investigated also by the
age, but the relative positions of the Minnesota Station. They studied the 13
potatoes remained very much the same varieties of tubers grown at Halstad
(table 61). It may also be noted that and the four varieties produced at
the tubers left in the field until Novem- Hollandale and Grand Rapids, in 1942.
ber and then stored had a higher per- Distinct differences in moisture con-
centage of moisture during storage than tent associated with variety were noted
did those harvested in August. in the potatoes produced at Halstad.

Minnesota 
Differences of 3.01 per cent are signifi-
cant at the one per cent level (table 6).
Similarly the four varieties of potatoes

The moisture content of potato tubers grown in the three Minnesota localities
as affected by variety, locality, and showed significant differences in mois-

Table 59. Effect of Variety and Storage on Moisture Content of Potato Tubers
Grown at Alliance, in Western Nebraska, on Dry Land, 1943*

Date
of

harvest

Date
removed
from

storage

Moisture

MeanRed
Warba

Irish
Cobbler

SCIA
, 27 Triumph Kasota

Per ..cent
8/30/43 85.1 80.9 84.0 83.8 84.2 83.6
9/13 80.3 79.5 81.5 82.0 82.1 81.1
9/27 
....

m..........____ 80.8 79.0 80.8 81.7 82.5 81.0
9/27 ...................................................... 10/14/43 80.5 80.4 82.6 82.2 80.8 81.3
9/27 10/26 81.1 79.1 81.1 81.7 80.8 80.8
9/27 11/9 80.5 80.2 81.5 82.1 81.7 81.2

9/27 12/13 81.0 78.4 81.8 81.3 80.7 80.6
9/27 1/6/44 80.4 78.2 80.7 80.0 79.9 79.8
9/27 1/31 80.6 80.0 80.6 81.3 81.0 80.7
9/27 2/29 80.4 79.5 82.2 80.0 80.5 80.5
9/27 3/28 ' 79.1 77.7 81.3 81.1 80.4 79.9

Mean 80.9 79.4 81.6 81.6 81.3 81.0

* Data from Nebraska Agricultural Experiment Station.
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\ Table 60. Effect of Variety and Storage on Moisture Content of Potato Tubers

Grown at Scottsbluff, in Western Nebraska, on Irrigated Land, 1943*

Date
of

harvest

Date
removed
from

storage

Moisture

MeanRed
Warba

Irish
Cobbler

SCIA
27 Triumph Kasota

Per cent

8/30/43 81.5 82.3 85.1 84.8 84.2 83.6

9/13 78.4 78.8 81.9 81.2 82.2 80.5

9/27 ........................ 79.3 78.1 81.8 80.5 81.4 80.2

9/27 10/14/43 82.0 80.3 80.8 80.8 81.3 81.0

9/27 10/26 78.6 77.6 79.7 78.3 78.4 78.5

9/27 11/9 77.6 78.6 81.2 79.1 78.5 79.0

9/27 12/3 77.7 76.2 78.3 79.4 77.5 77.8

9/27 1/6/44 76.2 75.4 79.1 79.3 78.1 77.6

9/27 1/31 79.2 77.6 79.8 79.3 77.6 78.7

9/27 2/29 77.6 76.6 78.5 - 77.9 77.3 77.6

78.8 78.2 80.6 80.1 79.6 79.4

* Data from Nebraska Agricultural Experiment Station.

ture content (table 62), differences of
1.52 per cent being significant at the
one per cent level.

It is interesting to observe that the
three varieties, Red Warba, Irish Cob-
bler, and Triumph, tested at both the
Minnesota and Nebraska stations, held
the same relative positions in that Irish

Cobbler had the lowest and Triumph
the highest moisture content.

It was found that locality also 
influenced significantly the moisture con-

tent, potatoes produced at Halstad hav-
ing the lowest and those grown at Hol-
landale the highest percentage of mois-
ture. Differences of 1.32 per cent are

Table 61. Effect of Variety and Storage on Moisture Content of Potato Tubers

Grown at Lincoln, in Eastern Nebraska, on Irrigated Land, 1943*

Date
of

harvest

Date
removed
from

storage

Moisture

MeanRed
Warba

Irish
Cobbler

SCIA
27 Triumph Kasota

Per cent

8/10/43 8/17/43 82.9 82.7 87.5 87.0 85.6 85.1

8/10 8/24 83.0 82.7 86.4 85.7 85.4 84.7

8/10 9/21 82.4 82.8 87.1 86.0 84.2 84.5

8/10 10/20 81.6 81.4 87.1 85.0 83.6 83.7

8/10 11/16 81.6 81.8 86.8 86.2 84.3 84.1

8/10 12/14 81.3 81.3 86.4 84.2 83.6 83.4

8/10 1/12/44 81.6 81.8 88.8 84.8 83.9 84.0

8/10 2/8 82.1 82.2 86.2 83.9 83.2 83.5

8/10 3/7 79.2 80.8 86.2 85.1 82.8 82.8

8/10 4/4 81.9 81.9 85.9 83.1 82.6 ' 83.1

8/10 5/2 80.3 81.1 86.5 83.6 81.2 82.6

5/23 79.8 80.0 87.1 84.7 81.0 82.5

81.5 81.7 86.8 84.8 83.5 83.7

11/16/43 84.2 83.3 87.9 87.0 85.9 85.7

1/12/44 86.6 82.2 87.5 86.1 85.2 85.5

3/8 82.4 80.8 85.6 86.3 83.8 83.8

84.4 82.1 87.0 86.5 85.0 85.0

* Data from Nebraska Agricultural Experiment Station.
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-Table 62. Effect of Variety, Locality, and Storage on Moisture Content of Potato Tubers
Grown in Three Minnesota Localities, 1942*

Locality

Date
of

harvest

Length
of

storage

Moisture

MeanRed
Warba Triumph

Irish
Cobbler Chippewa

Weeks Per cent
Grand Rapids 9/10/42 6 80.2 82.2 78.0 80.5 80.2

9/10 24 79.5 82.0 80.5 81.6 80.9

79.8 82.1 79.2 81.0

Hollandale 6 83.4 83.6 83.3 84.7 83.8
9/20 24 85.3 84.6 80.5 85.8 84.0

Mean 84.4 84.1 81.9 85.2

9/5 6 78.6 80.0 76.0 79.8 78.6
9/5 24 79.2 81.1 76.0 78.8 78.6

78.9 80.6 76.0 79.3

F for Sign. L. S. D.
F as

D. F. calculated 5% level 1% level 5% level 1% level

Per cent
13.6 2.92 4.54 1.13 1.52
60.9 3.33 5.42 0.98 1.32

* Data from Minnesota Agricultural Experiment Station.

significant at the one per cent level.
It may be seen also from table 62 that
during an interval of 18 weeks' storage
in a root cellar no significant change
in the moisture content occurred. In
this connection it may be pointed out
that Minnesota potatoes were some-
what lower in moisture content than
were tubers produced in Nebraska.

In 1944 three varieties of potatoes
grown at Grand Rapids, Minnesota,
were studied. Two of the varieties used,
Red Warba and Mesaba, were very
similar, whereas the third variety,
Chippewa, was significantly higher in
moisture content (table 63). Differences
of 0.64 per cent are significant at the
one per cent level.

Table 63. Effect of Variety and Storage Temperature on Moisture Content of Potato Tubers
Grown at Grand Rapids, Minnesota, 1944, and Stored for Four Three-Week Periods*

Temperature
of storage Red Warba

Mean moisture content

Mesaba Chippewa
Mean

79.5
79.3
78.7
77.8

Mean 78.8

F as
D. F. calculated

Per cent
79.6 83.2 80.8
80.1 83.6 81.0
79.0 82.9 80.2
78.5 82.4 79.6

79.3 83.0

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

182.7
Storage temperature .................. 3 10.7

• 3.20
2.81

5.10
4.24

Per cent
0.48 0.64
0.56 0.74

* Data from Minnesota Agricultural Experiment Station.
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During the 12 weeks of this study
storage itself did not significantly affect
moisture content. Temperature of stor-
age, however, did induce significant
losses which varied with degrees of
temperature. It is clear that storage
at the higher temperatures caused the
greatest losses, differences exceeding
0.74 per cent being highly significant.

. North Dakota

The North Dakota Station also in-
vestigated the variations in moisture

content of the four varieties included
in the three years of their study (table
64). The minimum difference required
to show significance at the five per cent
level was 3.70 per cent. The Triumph
variety was significantly higher in
moisture content than N.D. 1 tubers,
whereas Irish Cobbler, Red Warba, and
N.D. 1 potatoes did not differ signifi-
cantly from each other in this respect
(moisture content). It may be noted,
however, that within a variety moisture
content differed significantly with crop
year.

Table • 64. Effect of Variety and Crop Year on Moisture Content of Potato Tubers

Grown at Park River, North Dakota, 1942-44*

Crop
year

Moisture

Irish Cobbler Triumph Red Warba N.D. 1 Mean

Per cent
82.4 78.5 77.8 79.7

77.1 73.5 73.4 74.4

80.3 77.8 74.8 77.4

79.9 76.6 75.3

F as
D. F. calculated 5% level 1% level 5% level

F for Sign. L. S. D.

1% level

Per cent

Variety 3 23.9 3.49 5.95 3.70 4.82

Crop 2 58.7 3.88 6.93 4.77 6.38

Variety X crop year ............... 6 1.2 3.00 4.82 ......... .........

* Data from North Dakota Agricultural Experiment Station.

Table 65. Effect of Variety and Storage Temperature on Moisture Content of Potato Tubers

Grown at Presque Isle, Maine, 1944, Stored for Seven Months, and Analyzed

at Monthly Intervals*

Mean moisture content during storage for seven months at

Varieties
32° F. 36° F. 50° F. 60° F. 70° F.

Mean

Per cent

Mohawk 78.5 78.1 78.0 77.3 77.0 77.8

Green Mountain ........................... 78.0 77.1 77.1 74.9 75.8 76.6

Sebago81.0 80.5 80.2 78.1 79.0 79.8

Irish Cobbler .................................... 77.6 76.8 76.7 75.4 75.2 76.3

Chippewa81.8 80.9 80.4 79.2 79.8 80.4

Katandin ...................... ..... .................. 80.6 79.3 79.5 78.1 78.9 79.3

Mean 79.6 78.8 78.7 77.2 77.6

F for Sign. L. S. D.
F as

D. F. calculated 5% level 1% level 5% level 1% level

178.4 2.29 3.17

Storage temperature ............... 4 69.1 2.44 3.47

Per cent
0.36 0.47
0.33 0.43

* Data from Maine Agricultural Experiment Station.
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Table 66. Effect of Variety and Storage Temperature on Weight Loss During Seven Months'
Storage of Potato Tubers Grown at Presque Isle, Maine, 1944*

Varieties
Mean loss of weight during seven months' storage at

Mean
32° F. 36° F. 50° F. 60° F. 70° F.

Per cent
Mohawk 7.8 5.0 5.2 9.2 10.5 7.5
Green Mountain .......... ................. 8.0 5.1 6.4 14.9 16.5 10.2
Sebago10.5 7.2 8.4 20.3 19.5 13.2
Irish Cobbler .................................... 4.6 3.2 5.2 14.2 13.9 8.2
Chippewa ..... ............... 5.6 4.0 6.4 16.5 15.5 9.6
Katandin5.4 3.0 4.5 12.5 12.8 7.6

Means 7.0 4.6 6.0 14.6 14.8

F as
D. F. calculated

F for Sign. L. S. D.

5% level .1% level 5% level 1% level

37.0
Storage temperature ............ 4 234.4
Variety X storage tempera-

4.1

2.29
2.44

1.65

3.17
3.47

2.03

Per cent
1.0 1.3
0.9 1.2

2.2 2.9

* Data from Maine Agricultural Experiment Station.

Maine

The Maine Station studied the effect
of variety and storage temperature on
the moisture content of the six varieties
of potato tubers grown at Presque Isle
in 1944 and stored for seven months at
five different temperatures. The results
show significant varietal differences.
They found, as reported by the Ne-
braska and Minnesota Stations, that the
Irish Cobbler variety was lowest in
moisture content. The North Dakota.
Station, however, had found a new va-
riety, N.D. 1, with a still lower value.
The high moisture content of the
Chippewa variety reported by the
Maine Station (table 65) is in agree-.
ment with the findings of the Minne-
sota Station on this variety.
The Maine Station demonstrated that

temperature of storage also influenced
significantly the moisture content. In
agreement with the findings reported

by the Minnesota Station, greater losses
were noted at the higher temperatures.
Table 66 shows the percentage of

weight loss caused by seven months'
storage at the five different tempera-
tures. It may be observed that, when
all five temperatures are considered.,
the Sebago variety lost the highest per-
centage of its original weight whereas
the Mohawk variety lost least. Storage
at 36° F. appeared to be most satis-
factory in that weight loss was held
at a minimum. It might have been
anticipated that storage at 32° F. would
have been most favorable for weight
maintenance. However, in the study
reported by the Maine Station the
weight loss noted for storage at 32° F.
was greater than that reported for the
tubers stored at either 36° or 50° F.
It was suggested that the severe inter-
nal mahogany browning which affected
many of the tubers stored at the lowest
temperature possibly was the factor
which caused the differences observed.



SUMMARY

1. Potato varieties vary significantly in reduced and dehydro-

ascorbic acid, thiamine, calcium, phosphorus, and iron con-

tents. The initial dehydroascorbic acid content constitutes a

fairly uniform proportion of the total ascorbic acid in all va-

rieties studied. The peel is low in reduced ascorbic acid as

compared with the potato tissue.
2. Significant differences in nutrient content attributable to

locality are evident.
3. Potatoes of the same variety produced in the same locality

vary significantly in reduced ascorbic acid content with crop

year. Growing conditions in any one year are undoubtedly

factors of major importance in this connection since it was
observed that moisture content was significantly influenced
by the amount of rainfall.

4. Immature tubers are higher than mature tubers in ascorbic
acid, maximum content being attained when the vines have
reached full growth and before any of the older leaves have
begun to die.

5. Storage results in a decrease in reduced ascorbic acid, the rate

of loss varying with variety. Losses are rapid in the early stor-

age period and more gradual in later months. The content in

spring is one third or less of that observed at time of harvest.

Thiamine content appears to increase slightly with continued

storage.
6. Losses in reduced and total ascorbic acid attributable to stor-

age increase as the temperature of storage decreases. The

length of the storage period appears to be a factor in this con-
nection. Potatoes stored for 12 weeks showed best retention

at 68° F., whereas potatoes stored for seven months showed
best retention at 50° F. Dehydroascorbic acid content tended

to increase with the lower storage temperatures while at the
higher temperatures storage appeared to have little effect.

7. Storage at room temperature following a period of storage at

lower temperatures results in an apparent increase in the re-

duced and total ascorbic acid contents of potatoes, the amount

of the increase varying inversely with the initial storage tem-

perature. There is a tendency for the dehydroascorbic acid

content to decrease under the same conditions, with some

apparent differences in varietal response.
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8. Potato varieties high in reduced ascorbic acid content tend to
produce progeny which are medium to high in this factor,
and varieties low in this nutrient tend to produce progeny
with medium to low values.

9. There• appears to be no relationship between reduced ascorbic
acid content and resistance to common potato diseases or be-
tween reduced ascorbic acid content and certain physical
characteristics.

10. Holding peeled potatoes in tap water up to three hours results
in little or no loss of reduced ascorbic acid.

11. Losses in reduced ascorbic acid vary with the cooking method
employed, such methods as mashing and hash-browning being
significantly more destructive than boiling, steaming, or bak-
ing.

12. Whole potatoes baked and whole or halved peeled tubers
boiled or steamed or cooked in a pressure saucepan to a
comparable degree of "doneness" retain essentially the same
percentage of reduced ascorbic acid.

13. Overbaking increases significantly the loss in reduced ascorbic
acid resulting from this method of preparation.

14. Cooked potatoes which are allowed to cool spontaneously and
then are held for a period of time at room temperature show a
reduction in reduced ascorbic acid content and a marked in-
crease in the dehydro form. Cooling potatoes in tap water im-
mediately after cooking decreases the loss of reduced ascorbic
acid and inhibits its conversion to the dehydro form, indicat-
ing that the formation of dehydroascorbic acid is associated
with the retention of heat within the tubers.

15. Neither a moderate increase in the amount of water used for
cooking nor the addition of salt before cooking influences sig-
nificantly the reduced ascorbic acid retained by the potato
tubers.

16. Varietal differences are associated with losses of reduced
ascorbic acid resulting from cooking.

17. Refrigerator storage of cooked potatoes results in a marked
decrease in reduced ascorbic acid content.

18. Losses of nicotinic acid and ash are attributable to the solu-
tion of these nutrients in the cooking liquid.

19. Institutional cooking procedures are more destructive of the
reduced ascorbic acid content of potatoes than are methods
commonly associated with home practices. Holding of' the
cooked potato during the serving period induces greater losses
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than the cooking process itself. In some instances the amount

of ascorbic acid remaining in the tubers is negligible.

20. Limited data suggest that the riboflavin content of potatoes

is not affected by the treatments involved in quantity cookery.

21. Dehydrated potatoes stored in air-tight containers in a re-

frigerator retain appreciably greater amounts of reduced

ascorbic acid than do potatoes treated imilarly but held at

room temperature. Dehydrated potatoes held in an atmosphere

of carbon dioxide at room temperature retain almost as much

reduced ascorbic acid as those stored in the refrigerator.

22. The moisture content of potatoes varies significantly with va-

riety, locality, and temperature of storage.
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APPENDIX

Table I. Effect of Storage. Locality, and Variety on Reduced Ascorbic Acid Content of Potato
Tubers Grown in Three Minnesota Localities, 1942 (Dry Weight Basis)*

Locality
Date
of

harvestt
Variety

Reduced ascorbic acid after storing for
Mean,

6 wks. 12 wks. 18 wks. 24 wks.

Milligrams per 100 grams
Grand Rapids ....................................... 9/10/42 Red Warba 68.2 64.0 ' 53.8 36.2 55.6

9/10 Triumph 76.7 58.6 56.3 42.8 58.6
9/10 Irish Cobbler 74.1 62.2 53.6 38.2 57.0
9/10 Chippewa 55.8 58.3 45.8 34.2 48.5

Mean 68.7 60.8 52.4 37.8 54.9

Hollandale.................................................... 9/20 Red Warba 93.2 66.8 65.0 36.7 65.4
9/20 Triumph 68.0 63.1 58.7 40.4 57.6
9/20 Irish Cobbler 62.8 53.0 42.3 34.3 48.1
9/20 Chippewa 64.2 61.0 49.6 39.0 53.4

•
.

Mean 72.0 61.0 53.9 37.6 56.1

9/5 Red Warba 86.6 63.6 59.8 41.4 62.8
9/5 Triumph 81.0 60.9 59.2 40.6 60.4
9/5 Irish Cobbler 79.0 50.4 55.5 48.3 58.3
9/5 Chippewa 64.9 51.8 58.0 37.4 53.0

Mean 77.9 56.7 58.1 • 41.9 58.6

Mean of all 72.9 59.5 54.8 39.1

F for Sign. L. S. D.

D. F.
F as

calculated 5% level 1% level 5% level 1% level

.4.24
Milligrams

Storage 3 191.4 2.81 2.87 3.83
Locality 2 4.8 3.20 5.10 2.48 3.32

3 18.3 2.81 4.24 2.87 3.83
Storage x locality ...... ............ 6 3.0 2.30 3.22 7.03 9.38
Storage x variety ..................... 9 3.8 2.09 2.82 8.11 10.84
Locality x variety ..................... 6 5.7 2.30 3.22 7.03 9.38

* Data from Minnesota Agricultural Experiment Station.
t In all cases vines were prematurely killed by frost. The season of maturity indicates the rela-tive stage of development: Red Warba, extra early; Triumph, medium late; Irish Cobbler, early; andChippewa, medium late.
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Table II. Effect of Storage and Crop Year on Reduced Ascorbic Acid Content of Unpee
led

and Peeled Irish Cobbler Potato Tubers Grown at Park River, North Dakota, 1943-44,

and on Peelings from the Same Tubers (Dry Weight Basis)*

Unpeeled tubers Peeled tubers

Date
of

harvest

Days
in

storage
Mois
ture

Reduced ascorbic acid
Mois
ture

Reduced ascorbic acid
Peelings

Mois-
ture

Reduced
ascorbic
acidAmount

Apparent
retentionf Amount

Apparent
retentionf

1943
Per cent Mg./100 g. Per cent Per cent Mg./100 g. Per cent Per cent Mg./100 g.

9/27 29 75.0 81.9 ......... 75.1 91.8 .........

9/27 57 76.6 74.0 90.4 75.1 73.4 79.9 .........

9/27 72 75.3 50.4 61.6 75.4 54.8 59.7 ••••••..•

9/27 84 73.8 37.4 45.7 73.0 47.1 51.3 .........

9/27 100 74.8 28.2 34.4 73.6 32.9 35.8 .........

9/27 114 74.3 23.6 28.8 73.8 31.2 33.9 ..........

9/27 128 73.9 22.2 27.0 73.9 33.2 36.2

9727 142 74.0 28.3 34.5 73.2 328 35.8 ......... .........

9/27 156 74.2 22.4 27.4 75.0 32.2 35.0 77.3 3.6

9/27 170 74.5 31.6 38.6 74.1 35.2 38.4 75.0 2.3

9/27 183 74.6 29.5 36.0 73.3 34.5 37.6 76.6 1.7

9/27 196 75.2 26.7 32.6 74.4 31,3 34.1 76.6 2.2

9/27 211 73.9 26.4 32.3 73.1 31.9 34.7 74.7 1.1

9/27 225 74.2 25.3 30.9 73.9 35.2 38.3 76.7 2.8

1944

9/30 2 76.9 128.3 ......... ......... ......... .........

9/30 33 76.7 108.2 ......... 76.0 105.6 ......... 80.4 32.1

9/30 58 75.5 87.3 80.7 76.0 95.3 90.3 79.4 29.3

9/30 65 77.4 82.8 76.5 76.8 84.3 79.9 77.7 40.3

9/30 72 78.2 78.7 72.7 77.1 87.1 82.5 77.3 38.5

9/30 107 ' 76.1 53.7 49.6 77.1 70.5 66.8 78.5 16.2

9/30 121 76.8 55.9 51.7 75.7 53.9 51.0 79.5 17.6

9/30 149 76.6 40.7 37.6 75.8 44.3 42.0 79.5 10.3

9/30 177 77.4 40.5 37.4 76.4 41.0 38.9 79.3 10.8

9/30 205 77.2 36.3 33.6 77.3 42.6 40.4 81.0 16.6

9/30 233 77.6 39.6 36.6 76.5 43.7 41.4 81.0 9.1

9/30 261 78.4 18.4 17.0 77.8 17.2 16.3 80.3 8.0

* Data from North Dakota Agricultural Experiment Station.

f Based on 29 days of storage in 1943 and 33 days of storage in 1944.
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Table III. Effect of Storage, Temperature, and Variety on Reduced Ascorbic Acid Content
of Potato Tubers Grown at Grand Rapids, Minnesota, 1944 (Dry Weight Basis)*

Variety
Length Reduced ascorbic acid after storing at

of
storage 35.6° F. 47° F. 57° F.

Weeks Milligrams per 100 grams
27.2 25.0 32.0

6 • 29.6 30.7 30.3
9 27.8 27.6 28.4
12 22.2 20.6 26.7

Mean 26.7 26.0 29.3

35.2 35.7 ,37.0
6 40.6 42.2 38.4
9 37.6 34.0 34.4
12 31.4 32.0 35.6

Mean 36.2 36.0 36.4

Chippewa ................... ..... ............. ..... ..._ 3 37.2 35.0 37.4 •
6 39.4 38.4 38.9
9 37.4 37.4 34.2
12 29.8 31.4 35.2

Mean 36.0 35.6 36.4

Mean of all 33.0 32.5 34.0

F as
D. F. calculated 5% level 1% level 5% level 1% level

F for Sign.

68° F.
Mean

33.3 29.4
33.0 30.9
31.0 28.7
27.5 24.2

31.2 28.3

37.8 36.4
40.4 40.4
40.9 36.7
36.3 33.8

38.8 36.8

40.0 37.4
42.4 39.8
43.1 38.0
40.4 34.2

41.5 37.4

37.2

L. S. D.

Storage 3 41.6 2.81 4.24 ,
Temperature .................................... 3 27.5 2.81 4.24
Variety2 215.2 3.20 5.10
Storage X temperature ...... 9 4.1 2.09 2.82

* Data from Minnesota Agricultural Experiment Station.

Milligrams
1.14 1.53
1.14 1.53
0.99 1.32
3.23 4.31
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Table IV. Effect of Storage, Temperature, and Variety on Total Ascorbic Acid Content of Potato

Tubers Grown at Grand Rapids, Minnesota, 1944 (Dry Weight Basis)*

Variety
Length

of
storage

Total ascorbic acid after storing at
Mean

35.6° F. 47° F. 57° F. 68° F.

Weeks Milligrams per 100 grams
3 47.2 44.6 48.0 45.0 46.2
3 54.2 62.1 55.9 48.6 55.2
3 51.0 51.0 48.2 42.0 48.0

Mean 50.8 52.5 50.7 45.2 49.8

Red Warba .......................................... 12 35.8 .39.6 49.8 46.0 42.8

Mesaba 47.8 54.8 54.0 56.2 53.2

Chippewa ............................................. 12 46.4 43.3 5.6.3 65.1 52.8

Mean 43.3 45.9 53.4 55.8 49.6

Mean of all 47.0 49.2 52.0 50.5

F as
D. F. calculated 5% level 1% level 5% level 1% level

F for Sign. L. S. D.

Milligrams

Temperature . ..... .......-.................... 3 3.4 3.03 , 4.76 3.30 4.48
Variety2 25.1 3.42 5.66 2.86 3.88

Storage X temperature ...... 3 14.3 3.03 4.76 6.61 8.96

Storage X variety ..... .....-.... 2 5.9 3.42 5.66 5.72 7.76

* Data from Minnesota Agricultural Experiment Station.
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Table V. Effect of Storage, Temperature, and Variety on Dehydroascorbic Acid Content of Potato
Tubers Grown at Grand Rapids, Minnesota, 1944 (Dry Weight Basis)*

Variety
Length

of
storage

Dehydroascorbic acid after storing at
Mean

35.6° F. 47° F. 57° F. 68° F.

Weeks Milligrams per 100 grams
Red Warba ................................. .._ ... 3 12.2 11.5 12.2 8.5 11.1
Mesaba3 13.2 13.8 12.6 12.2 13.0

3 11.5 10.1 10.1 7.5 9.8

,
Mean 12.3 11.8 11.6 9.4 11.3

Red Warba ...................................... .... 12 13.6 13.6 11.8 11.0 12.5
Mesaba12 17.6 17.9 15.0 13.3 15.9
Chippewa ............................................. 12 8.0 9.6 • 10.2 11.4 , 9.8

Mean 13.0 13.7 12.3 11.9 12.7

Mean of all 12.7 12.8 12.0 10.7

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams
Storage 1 45.5 4.28 7.88 0.45 0.60
Temperature .................................... 3 20.0 3.03 4.76 0.63 0.86
Variety2 155.7 3.42 5.66 0.55: 0.74
Storage X temperature ,...... 3 4.5 3.03 4.76 1.26 1.71
Storage X variety ..... ................ 2 16.0 3.42 5.66 1.09 1.48
Temperature X variety ...... 6 4.5 2.53 3.71 1.55 2.10
Storage X temperature X

6 10.0 2.53 3.71 3.09 '4.19

* Data from Minnesota Agricultural Experiment Station.
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Table VI. Effect of Storage, Temperature, and Variety on Reduced Ascorbic Acid Content

of Potato Tubers Grown at Grand Rapids, Minnesota, 1944, and Stored at 68° F. Following

Six Weeks' Preliminary Storage at Three Lower Temperatures (Dry Weight Basis)*

Variety Preliminary
storage

temperature

Reduced ascorbic acid after storing at

Mean
Preliminary
temperature
6 weeks

68° Fahrenheit

3 weeks 6 weeks

Milligrams per 100 grams

Red Warba ................................................. 35.6° F. 29.6 32.2 29.4 30.4
Mesaba40.6 37.8 41.2 39.9

Chippewa ............................................ ......... 35.6° F. 39.4 41.2 46.4 42.3

Mean 36.6 37.0 39.0 37.5

Red Warba ................................................. 47.0° F. 30.7 25.9 27.8 28.1

Mesaba .................. ..... ........._........._............ 47.0° F. 42.2 33.9 38.4 38.2

Chippewa ................................. .................... 47.0° F. 38.4 39.2 47.4 41.7
-

Mean 37.1 33.0 37.9 36.0

Red Warba ................................................. 57.0° F. 30.3 26.0 26.6 27.6

Mesaba ...................... ..... ............. . ... ._............ 57.0° F. 38.4 38.9 31.4 36.2

Chippewa ............................................ ......... 57.0° F. 38.9 37.5 38.8 38.4

Mean 35.9 34.1 32.3 34.1

Mean of all 36.5 34.7 36.4

F as
D. F. calculated 5% level 1% level 5% level 1% level

F for Sign. L. S. D.

Milligrams

Temperature .......................- 2 5.5 3.37 5.53 2.16 2.91

Variety 2 73.7 ••• 3.37 5.53 2.16 2.91

Storage X variety ..................... 4 3.5 2.74 4.14 5.28 7.14

* Data from Minnesota Agricultural Experiment Station.



Table VII. Comparison of Moisture, and Total, Reduced, and Dehydroascorbic Acid Values for Lots of Potato Tubers Grown at Grand
Rapids, Minnesota, 1944, and Stored for Six Weeks at 68° F. Following Six Weeks' Preliminary Storage at Three Lower

Temperatures, with Similar Values for Lots of Tubers Stored Continuously for 12 Weeks at the Lower
Temperatures (Dry Weight Basis)*

Preliminary
and continuous

Variety storage
temperatures,
Fahrenheit

After six weeks' storage at 68° F. following
six weeks' preliminary storage

After 12 weeks' continuous storage at
various temperatures

Mois-
ture

Ascorbic acid
Mois
ture

Ascorbic acid

Total Reduced Dehydro Total Reduced Dehydro

Per cent Milligrams per 100 grams Per cent Milligrams per 100 grams

35.6° 77.2 45.9 29.4 10.0 79.2 35.8 22.2 13.6

35.6° 78.8 57.7 41.2 - 9.8 79.4 47.8 31.4 17.6

35.6° 81.9 67.6 46.4 12.0 81.4 46.4 29.8 ' 8.0

Mean 57.0 39.0 10.6 43.3 27.8 13.0

47.0° 76.0 40.8 27.8 9.4 78.4 39.6 20.6 13.6

47.0° 77.6 50.7 38.4 11.6 80.0 54.8 32.0 17.9

47.0° 83.0 64.4 47.4 12.4 83.2 43.3 31.4 9.6

Mean 52.0 37.9 11.1 45.9 28.0 13.7

57.0° 75.6 35.8 26.6 8.6 79.4 49.8 26.7 11.8

57.0° 77.9 52.8 36.4 - 10.6 79.0 54.0 35.6 15.0

57.0° 80.4 54.7 38.8 10.2 83.3 56.4 35.2 10.0

Mean 47.8 33.9 9.8 53.4 32.5 12.3

Mean of all 52.3 36.9 10.5 47.5 29.4 13.0



Table VII-Continued

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Total Ascorbic Acid Milligrams
Storage1 17.2 4.45 8.40 2.40 3.30
Variety 2 58.9 3.59 6.11 2.94 4.04
Storage X 2 15.5 3.59 6.11 5.88 8.08
Storage X temperature .......................................................................................... 2 24.2 3.59 6.11 5.88 8.08
Storage X temperature X variety ............................................................ 4 3.9 2.96 4.67 14.41 19.80

Reduced Ascorbic Acid '
Storage1 258.9 4.45 8.40 0.98 1.35
Variety 2 279.5 3.59 6.11 1.20 1.65
Storage .X 2 24.4 3.59 6.11 2.41 3.31
Storage X temperature .......................................................................................... 2 43.4 3.59 6.11 2.41 3.31

Dehydroascorbic Acid
Storage1 79.0 4.45 8.40 0.60 0.82

2 7.9 3.59 6.11 0.73 1.01
2 50.9 3.59 6.11 0.73 1.01

Storage X 2 92.6 3.59 6.11 1.46 2.01
Storage X temperature X variety ........................................................... 4 5.2 2.96 4.67 3.59 4.92

* Data from Minnesota Agricultural Experiment Station.



Table VIII. Effect of Cooking in • Quantity by Different Methods and of Holding before and after Cooking
on Moisture Content of Potato Tubers*

Moisture

raw cooked
No. of Quan- Cook- Tern-

during servingTreat- deter- tity ing pera-
Station ment mina- pre- time ture after just just start

15 min. 30 min. 60 min.tions pared peel- holding before after holding of
ing period cooking cooking period serving later, later later

Min. Deg. C. Per cent Minutes Per cent Minutes Per cent
Mississippi steamed 2 450 lbs. 60-80 100 82.1 120 ......... 81.4 0 81.4 79.1 80.5 .........

steamed 2 200 lbs 35 100 81.1 80 •••..•••• ......... 55 76.8f 79.1f 79.7.1. ....•••••
steamed 2 200 lbs. 50 100 80.6 120 ......... • 78.8 0 78.8 81.5 .........
steamed 2 200 lbs. 45 100 77.4 80 79.5 77.3 0 77.3 78.8 . ......... .........

North Carolina steamed 2 12 gals. 25 114.2 85.4 960 ••••••••• 40 84.8 ......... 83.9 82.9
Oklahoma steamed 2 1/2 bu. 20-30 117.6 75.6 1,440 ......... 15 75.8f 75.4t 76.2t .........

steamed 2 1/2 bu. 20-30 117.6 76.6 360 76.0 10 72.9 71.8 74.7 .....••••
steamed 2  b 20-3C 117.6 76.6 1,080 76.4 60 75.8 75.2 75.8 ..... ••••
scalloped,
(new)

2 -------- - ---45..... 154.5 81.3
.

360 • 60 79.84: 77.8:f: 77.94: •••• .....

scalloped 2 ....•••..••••....• 45 154.5 ......... 360 82.2 77.8 ...... ..••...•• ......... .........
,(new)

* Data from Mississippi, North Carolina, and Oklahoma Agricultural Experiment Stations.
t Butter substitute and salt used as seasonings.
4: Flour, fat, etc., added before cooking.
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Table IX. Effect of Variety, Locality, and Storage on Thiamine Content
 of Potato Tubers

Grown in Three Minnesota Localities, 1942 (Dry Weight Basis)*

Variety
Length

of
storage

Thiamine

MeanGrand Rapids Hollandale Halstad

Harvested 9/10 Harvested 9/20 Harvested 9/5

Weeks Milligrams per 100 grams

0.42 0.65 0.40 0.49

12 0.38 0.55 0.32 0.42

18 0.46 0.74 0.38 0.52

24 0.41 0.71 0.42 0.51

Mean 0.42 0.66 0.38 0.49

0.58 0.68 0.51 ' 0.59

12 ' 0.47 0.90 0.42 0.60

18 0.56 • 0.72 0.56 0.62

24 0.47 0.86 0.65 0.66

Mean 0.52 0.79 0.53 0.62

Irish Cobbler ........................................... 6 0.46 0.56 0.37 0.46

12 0.46 0.64 0.34 0.48

18 0.46 0.56 0.46 0.49

24 0.45 0.59 0.39 0.48

Mean 0.46 0.59 0.39 0.48

Chippewa ........ ..... 6 0.42 0.62 0.44 0.49

12 0.50 0.63 0.46 0.53

18 0.50 0.59 0.44 0.51

24 0.46 0.52 0.40 0.46

Mean 0.47 0.59 0.43 0.50

Mean of all 0.47 0.66 0.43

D. F.
F as

calculated

F for Sign. L. S. D.

5% level 1% level 5% level 1% level

Milligrams

Variety 3 81.8 2.81 4.24 0.020 0.027

Locality 2 375.1 3.20 5.10 0.018 0.024

Storage 3 4.4 2.81 4.24 0.020 0.027

Variety X locality ......... ......... 6 10.4 2.30 3.22 0.050 0.067

Storage X variety. ..................... 9 5.3 2.09 2.82 0.058 0.077

Storage X locality ..................... 6 5.6 2.30 3.22 0.050 0.067

Storage X variety X
18 6.0 1.87 2.42 . 0.142 0.190

* Data from Minnesota Agricultural Experimen
t Station.

t In all cases vines were prematurely killed by frost. The s
eason of maturity indicates the rela.

tive stage of development: Red Warba, extra early
; Triumph, medium late; Irish Cobbler, early; and

Chippewa, medium late.


