CHANGES IN COMPOSITION OF 2 247
~ POTATOES IN STORAGE'

W. L. ‘IPOR‘TER2 ANDP H. Heinze?

.~ Harvested " potatoes are’ living tis-
sues and are responsive to the envir-
onmental conditions to which they are
subjected. -Metabolic -activity in - the
tubers continues during storage and
with this activity, changes in composi-
tion -occur. Some of these changes
may be advantageous, others may be
detrimental. A judicious selection of
conditions for storage could well lead
to a raw material much better adapted
to a particular product than the usual
product available. However, to select
such conditions, we must know more
about the. composition of potatoes and,
in addition, more about the changes
which occur during the dormant stor-
age under a variety of conditions.

. Considerable work has been re-
ported over the years on the com-
position of potatoes. However, much
of this work was limited in its value
due to lack of analytical methods of
sufficient specificity and accuracy to
study individual compounds in detail.
Much of the data is on broad groups
of compounds such as reducing sugars;
amino nitrogen, soluble nitrogen, pro-
tein nitrogen by difference, total acid-
ity, ete. Data on composition directly
related to storage was limited in the
older literature. However, during the

past ten years, availability of new and -

refined procedures and equipment has
made it possible to investigate the
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relationship of - storage and composi-
tion on a-more detailed basis. ,
In this review only specific ex-
amples from many - references are
chosen ‘to serve as sources of informa-
tion for those who may be interested
in. further details .of the" subjects
covered. , -
. CARBOHYDRATES.
" Years ago it was noted that pota-
toes became sweet in taste after being

- subjected to storage at temperatures

slightly above the freezing points of
the tissues. Muller-Thurgau in 1882
(25) was one of the first to- consider
the quantitative accumulation of
sugars in potatoes stored at low tem-
peratures -and study some of the rela-
tionships between sugar content and
respiration. Since then, and especially
with the advent of the potato process-
ing industry in recent years, the
starch-sugar transformation has be-
come a major concern. Many publica-
tions are available on the effects of
various -factors, particularly storage
temperature and variety, upon the
sugar content. A number of .these re-

orts were reviewed by Kroner and
Volksen (19), Burton (4), and Tal-
burt and Smith (43). :

In 1936, Wright (46) reported on
some changes in .carbohydrate con-
tent of four varieties at storage tem-
peratures ranging from 32 to 60 F. .
One of ‘the most significant findings .
was. the close similarity of the sugar,
starch,. and soluble and insoluble
solids content of potatoes after storage
at temperatures of 50 and 60 F with
the. content of these constituents in
the same lots .of potatoes when first
put.into storage. Those stored at lower
temperatures showed a. marked  in-
crease in, sugar content in all varieties
as  the storage temperature was



lowered. Other work by Burton (4),
Scheffer and Rotzold (85) and
Schwimmer, et al.” (37) has shown
that at lower temperatures sucrose
predominated in tﬁe early storage
period and approached 70% of the
total sugar after the first 14 days but
dropped to about 30% of the total
after 28 days of storage. As the stor-
age -teitiperature is changed from
lower to higher levels, sucrose may
represent only 10% of the total sugars
present. These results were ‘obtained
with fairly mature potatoes harvested
late in the season. '

- With less. mature potatoes, har-
vested in the summer months, fruc-
tose is found to predominate after
storage for six weeks at 32 F, as
shown by Samotus and Schwimmer
(88), although the freshly harvested,
immature potatoes contain mainly su-
crose, Samotus and Schwimmer (33)
and Clegg and Chapman (5). Pota-
toes harvested in the summer months,
according to Wright and Whiteman
(47), lose starch and accumulate
sugars at much higher storage tem-
Feﬁratures than those harvested in the
all.

Sucrose, fructose and glucose com-
prise the major sugars in the potato
and vary in concentration within the
tuber with different storage condi-
tions. A number of other sugars have
been isolated in trace amounts, Tal-
burt and Smith (48), but little or no
data on the quantitative changes in
storage are available.

Hyde and Morrison (17) recently
suggested that the greater phosphory-
lase ‘activity in . potatoes stored at
lower temperatures may be due to the
lower pH -value of the juice from
these potatoes. The increased phos-
phorylase activity may influence the
sugar accumulation. S

Potatoes that have been stored at
low temperatures are frequently held
at. higher temperatures for . short
periods of time before processing to
decrease the sugar concentrations and

improve the quality of the processed
product (17, 43).
The pectic substances have been

“investigated but, according to Potter

and McComb (30) and Talburt and
Smith (43), most of the evidence in-
dicates little relationship between the
quantity of various fractions and var-
iations in quality. However, Sharma
et al. (39) found that “hard” cooking
potatoes ~contained more - insoluble
pectins-than those cooking “soft” and
that stordge reduced the amount of
insoluble ‘pectins.

" - NITROGENOUS COMPOUNDS
- The relationship of the nitrogenous
constituents of potatoes to storage is
intricately involved with the total
solids of the samples and must be
studied with this in mind. Heinze
(14) in a 1961 review reported that,
generally, those potatoes with higher
nittogen content are of lower quality
for baking, mashing, boiling, etc. Fitz-
patrick et al. (11) and Heinze et al.
(16) showed that, on a dry basis,
potatoes of low specific gravity tend
to have -a high nitrogen content. Low
specific gravity potatoes also produce
low quality baking potatoes. How-
ever, they have also shown that on a
fresh basis, for any one sample, the
potato tends to lay down the same
amount of nitrogen regardless of the
specific gravity of the potato. This. is
assumed to be caused by the high
specific- gravity potatoes containing a
higher - content of -non-nitrogen " con-
taining materials such as starch. Thus
the relationship of high nitrogen to
cooking quality may really be a rela-
tionship to low specific gravity.

Total nitrogen and soluble’ nitrogen
vary little with storage time, Talley
et al.- (42). However, insoluble nitro-
gen tends to decrease during the first
few months of storage with a partial
recovery as storage is continued. This
confirms work by Stuart and Apple-
man (40): reported in 1935 and- is
consistent with the data of Levitt
(21), who showed a steady decrease



in protein content of tubers stored at
T9F but at 37 this initial decrease was
followed by a return to the original
level in a relatively short time.

Emilsson - (10) studying the whole
tuber found no significant changes in
nitrogen. However, Cotrufo and Lev-
itt (6), studying only parenchyma
tissue, showed that nitrogen changes
do occur during’ the rest period.

Sirenko (39) reported in 1957 on

four varieties stored cold for eight

months, and showed a loss in proteins
at the end of the period and indicated
that most of the loss could be ac-
counted for by an increase in non-
protein nitrogen. It is not clear from
abstracts whether protein was deter-
mined as such or as measured by total
nitrogen. Sirenko also indicated that
with these compounds, changes in
storage conditions (light, moisture,
temperature, aeration), affect early
ripening potatoes much more than the
late-ripening ones. This is explained
by the higher activities of the proteo-
lytic enzymes in the tubers of the for-
mer: At lower temperatures less non-
protein nitrogen and more protein
were found at the end of the storage
period. ‘

Talley, Fitzpatrick and Porter (41)
found that, in general, an inverse
relationship exists between total solids
and the individual free amino acids,
when calculated on a moisture-free
basis. Little difference was found on a
fresh weight basis. The proline con-
tent appeared to increase during stor-
age but changes in the other amino
acids were quite indefinite. The
greatest changes in the praline and
to a lesser extent in other amino acids
occurred when the tubers sprouted.
In fact, the proline content of the
sprouts was tremendously increased
with respect to the content of other
amino acids. Bailova-Yankulova (1)
reported the content of free amino
acids, except asparagine, was less in
the spring than in the fall. Heilinger
and Breyhan (13) showed qualitative

and quantitative differences in the
amounts of free amino.acids in the
course of storage and showed that
changes in the proline content were
notable. In: the latter two investiga-
tions samples were taken at the begin-
ning and the end of storage which
covered only dormant and vegetative-
ly active tubers. As shown by Fitz-
patrick et al. (11) these changes only
occurred after a long period of stor-
age and. after sprouting had begun.
Therefore, loss or gain of amino eom-
pounds was probably not due to stor-
age but can be attributed to the in-
duction of vegetative activity.

ORGANIC ACID CONSTITUENTS -

Again relatively few studies have
been reported on the relationship of
organic acid content to storage. This
may be due to the fact that up to the
last three or four years it was difficult
to analyze for individual acids.

Thunberg (44) reported on the
citric acid content of several varieties
of potatoes over a storage period up
to .six months. Minina (22) investi-
gated the concentrations of both citric
and malic acids during seven months’
storage. He concluded that there was
an initial decrease in citric acid con-
tent followed by an increase, a de-
crease in malic acid toward the end
of the storage period, and a prepon-
derance of citric over malic acid at
all stages. Schwartz, Greenspun and
Porter (36) showed an increase in
citric acid between the second and
eighth months of storage and this in-
crease is equal to the initial decrease,
and to the decrease in malic acid oc-
curring at the same time. This shows
a possible conversion of malic to citric
acid: such conversions have been re-
ported by Krotkev and Barker (20)
and Pucher et al. (31). Schwartz
et al. (36) also showed that the final
two months of storage at higher tem-
peratures produced no significant
changes but upon sprouting the tubers
exhibited .a strikingly different pattern
of acid concentrations.



"~ POLYPHENOLIC COMPOUNDS
~Craft, Siegelman and Butler (8)
showed that in Russet Rural and Ken-
nebec potatoes the total phenolic con-
tent did not change significantly dur-
ing five months’ storage at 55 and 40
F. or three months at 32. Both varie-
ties showed evidence of low tempera-
ture injury after four months at 32 F
and the total phenolic and o-dihy-
droxyphenolic content showed small
but significant increases which were
attributed to the injury rather than to
the storage temperature.

" Mondy, Klein and Smith (23) re-
ported that cytochrome oxidase and
the concentrations of phenolic sub-
stances increased in tubers from har-
vest time up to three months of stor-
age at 40 F. Polyphenol oxidase activ-
ity decreased markedly during the
first two weeks of storage and then
remained relatively low thereafter.
Discoloration of potatoes increased
with sterage duration and was accom-
panied by an increase in phenolic con-
tent and cytochrome oxidase. Poly-
phenol oxidase appeared to be in-
versely related to potato discoloration.

. VITAMINS

Many of the vitamins necessary
for balanced nutrition are found in
potatoes. Potatoes are a long recog-
nized source of vitamin C (ascorbic
acid) and in some instances supply a
critically needed level of this vitamin
in the diet. Many factors affect the
variation of vitamin. C content (32,
43). It is generally recognized that
losses, of vitamin C occur during stor-
age and that the losses increase as
lower storage temperatures are used.
Minimum losses appear to occur in
potatoes stored at 50 to 60 F. A num-
ber of investigators have found that
the greatest losses occur during the
early portion of the storage period. In
a few instances the decrease in vita-
min C. content has been rather steady
from harvest to spring, Werner and
Leverton (45). Barker and Mapson
(2), working with immature potatoes

found that after a period of storage,
transfer of the potatoes to either a
higher or lower temperature resulted
in an increase in vitamin C content.
However, the increases at the lower
temperature are temporary and are
followed by decreases which ultimate-
ly result in lower values than those
preceding transfer.

Page and Hanning (28) found that
niacin remained approximately con-.
stant in Wisconsin Irish Cobbler and
Bliss Triumph potatoes stored at 40 F
for 'six months. However, vitamin Bg
increased about 2% fold during the
same period.

LIPID COMPOUNDS

- Although some work has been re-
ported on the lipid components of
potatoes, only a few reports have ap-
plied to the effect of storage. Mondy,
Mattick and Owens (24) reported
that the amount of total lipid did not
change significantly during storage.
Potato varieties appear to differ not
only in their initial lipid content but
also in changes in their fatty acid
content during storage. Pontiac
showed a marked decrease in linoleic
acid and an increase in palmitic acid,
whereas Ontario showed a decrease
in both linoleic and palmitic acids.
Fatty acids containing more than
eighteen carbon atoms were present
in both varieties in significant quanti-
ties and these increased in quantity
during storage. :

Cotrufo and Lunsetter (7) re-
ported a significant increase in fatty
acids during storage, especially” from
November to January, and noted that
at this time the break in the rest
period of the potato tubers often oc-
curs.. Since the interactions were not
significant, it could not be determined
if a particular variety or fatty acid
was involved. They suggested that the
approach of Levitt (21) and Cotrufo
and Levitt (6) be employed to study
possible changes in fatty acids due to
a break in the rest period. This ap-
proach of studying only the paren-



chyma tissue of the tubers stored at
387 and 79 F showed that nitrogen
changes do occur during changes in
the rest period. This was in contrast
to the work of Emilsson (10) who
examined the entire tissue and found
no significant changes in nitrogen.

Due to the important influence of
lipids on the keeping quality of some
processed products, made from stored
potatoes, it is essential that more in-
formation be obtained on the changes
in lipid constituents during storage.
These data may aid in explaining
some of the quality problems en-
countered in processed products.

) SPECIFIC. GRAVITY .

Specific gravity is influenced by
many factors such an environment,
culture, variety, ete. The influence of
storage, however, is subject to much

conjecture.  Heinze and Craft (15)

showed that the specific gravity tends
to increase with storage time if the
relative humidity was less than about
85%. Varietal differences were also
shown. Murphy and Goven (26) re-
ported on several years work at the
Maine Station which indicated that
shrinkage due to respiration at storage
temperatures of 40 to 45 F. is small
compared with the shrinkage due to
loss of water during the entire storage
period. They assumed from their data
that any changes in specific gravity
were due primarily to moisture loss
at varying temperatures and periods
of storage. In general, it was con-
cluded that specific gravity increased
as a result of transpiration losses
which increased as length and tem-
perature of storage increased. In addi-
tion, they showed that increased rela-
tive humidity prevented some of the
specific gravity increases. Talley, Fitz-
patrick, Porter, and Murphy (42) re-
ported that, with Katahdin potatoes,
there was little or no increase in spe-
cific gravity at 38 F and relatively
high humidity. Any shrinkage was
due to loss of water and solids in the
ratio of their content in the freshly
harvested material. ‘

Studies on specific gravity, how-
ever, should be accompanied by total
solids data due to the inherent incon-
sistencies of the relationship of solids
to specific gravity. Porter, Fitzpatrick,
and Talley (29) have shown by ex-
amining the data of Glynne and Jack-
son (12), Von Scheele et al. (34),
and Behrand et al. (3), that, although
a high correlation value is obtainable
between specific gravity and dry mat-
ter content, the range of their individ-
ual determinations was as high as
=+ 2.0% of the values calculated with
the regression equation. Using the re-
sults of thirty samples of five varieties
grown in six different areas of the
United States in 1962 and 1963, they
demonstrated a confidence limit of =
1.5% on total solids calculated from
the specific gravity values and that
the regression curve for American
potatoes does not necessarily coincide
with Von Scheele’s curve although the
latter is within the confidence limits
with these samples.

Davis (9), Nissen (27), Iritani et
al. (18), Porter et al. (29) and others
have pointed out the possible in-
fluence of tissue air space on the spe-
cific gravity of individual samples.
Porter et al (29) were able to cal-
culate that a variability of = 1.5%
total solids would require a variation
of approximately + 0.008 specific
gravity units. Such variations could
well be produced by individual varia-
tions of samples as well as by storage
changes.
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