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ABSTRACT

Staple type sweet potatoes with little or no sweetness after cooking, and
that appear to be suntable as everyday starchy foods, have been developed.
The and sugar of these i before and
after microwave baking, and before and after storage, were compared with
those of conventional sweet cuitivars. The non-reducing sugar content is
reduced slightly by baking in most cultivars. The reducing sugar content greatly
increases with baking except in a few staple lypes A series of varieties can

be di with P to sugar at i temper-
ature for 1 to 2 months results in slight increases in non-reducing sugar
and litile change in reducing sugars. Sugar contents before or after

baking or storage are not related to dry matter, starch or protein contents.
However, staple and sub staple cultivars are characterized by a drier mouth-
feel.

INTRODUCTION

The carbohydrates of sweet potato storage roots account for 80 to 90%
of their dry weight (6), and consist principally of sugars and starch, and
of smaller amounts of cellulose, pectins, and hemicelluloses. The relative
composition varies not only with cultivars and maturity of the root, but
also with time in storage and with cooking. During storage much of the
starch is broken down enzymatically into simple sugars, from which
sucrose is synthesized (1). During cooking starch is hydrolyzed with a
subsequent increase of maltose and dextrins (12). Picha® believes the
increase of reducing sugars in a relatively few minutes of cooking is due
to a non-enzymatic hydrolysis of starch. Because of the ready transfor-
mation of starches to sugars in sweet potato, it is possible that preparing
the sweet potato for analysis, by cutting and drying, for example, can in
itself influence the composition. Consequently, samples that are prepared
without careful controls to avoid not only metabolic activity but also
externally induced hydrolysis are probably unreliable. Jenkins and Moore
(4) have shown that refrigerated samples awaiting analysis increased
significantly in reducing sugar content in 7 hours. No reliable data are
available on the sugar contents of uncooked sweet potatoes.

Carbohydrate contents of sweet potatoes are associated with taste and
mouthfeel, and may be related to flatulence as well. The sweetness of the
cooked sweet potato varies. Whereas a very sweet flavor is desired in the
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moist, orange-fleshed sweet potatoes of the southern United States (8),
low sweetness is generally considered desirable for a staple type sweet
potato in the tropics (3, 11). The relative “moistness” or “dryness,” as
perceived in the mouth, appears to be correlated with viscosity (7), and
may be related to starch and dextrin content (12) or to changes in starch
and protopectin contents (9). The nature of mouthfeel in the sweet
potato cannot be said to be fully elucidated. On the other hand, claims
that sweet potatoes cause flatulence (10) are not substantiated by re-
search data. In sweet potatoes there may be little or no oligosaccharides,
the sugars believed to be responsible for flatulence in the bean (5).
However, hydrolysis of starch results in short chain dextrins that might
be difficult to digest, and thus cause flatulence in the lower intestine. It
is chiefly for taste preference or to develop an everyday staple food that
low sugar sweet potatoes are desired. Such varieties can be said to be
only now in the developmental stage. They may or may not be similar to
Asian type high starch industrial varieties, but they are definitely less
sweet than the US industrial varieties Pelican Processor and White Star.
Considerable breeding is still desirable for the production of fine non-
sweet staple-type sweet potatoes.

The purpose of this study was to characterize the sugar content before
and after cooking and before and after storage of some new prototype
non-sweet or low-sweet sweet potatoes as compared to normal cultivars.

MATERIALS AND METHODS

The sweet potatoes in this study were selected as seedlings either from
introduced seeds or from our own breeding populations, or commercial
cultivars used as controls. The sweet potatoes were classified as dessert
(very sweet), tropical (low sweet), substaple (slightly sweet), or staple
(not sweet) on the basis of repeated cooking tests and familiarity. Table
1 gives origin and some characteristics of the cultivars. It should be noted
that only three of the cultivars are considered staple (non-sweet).

Freshly harvested tuberous roots of 16 cultivars were cut into 200-g
portions and cooked 10 min in a microwave oven at maximum energy
setting. This time had been predetermined as adequate for a well-cooked
sweet potato. Samples of the cooked sweet potato and an uncooked
control were thinly sliced and dried for 16 hours in a forced-draft oven
at 40° C. Levels of reducing and non-reducing sugars and proteins were
measured by the methods of the American Chemical Society (2).

Storage roots of five of the cultivars were stored at ambient tempera-
ture (24-28° C) and relative humidity (30-95%) for 1 or 2 months.
Samples of 500 g from the stored roots and unstored controls were frozen
until the end of the experiment. Then all frozen samples were thawed,
sliced, and immediately dried as previously described.
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RESULTS AND DISCUSSION

The 16 cultivars ranged in starch content from 15.4 to 32.0%, in dry
matter from 22.0 to 45.0%, and in protein from 2.8 to 8.6% (table 1).
There was no correlation of starch, dry matter, or protein content with
sugar content among these varieties. On the other hand, the cultivars
classified as staple or substaple were drier in mouthfeel than dessert and
tropical varieties.

Table 2 summarizes the sugar content of the cultivars before and after
cooking. With respect to non-reducing sugars, chiefly sucrose, content

TABLE 1.—Suweet potato cultivars used for tests for sugar and some characteristics at
harvest

Type Flesh Percent  Starch Protein Mouthfeel’

Cnitioar Source of cuitivar  color  dry matter content
% %
Gem United States Dessert  Orange 22.0 154 4.1 5
Frita Seeds, Nigeria  Tropical White 30.6 26.5 3.8 3
Miguela Puerto Rico Tropical White 35.0 29.8 4.0 3
Nutty Seeds, breeding Tropical Light 326 21.0 8.6 3
yellow
Sneaky Seeds, Papua NG Tropical White 430 220 6.1 3
Spud Seeds, Nigeria  Tropical White 448 136 39 3
Toquecita Seeds, Papua NG Tropical White 38.2 248 4.4 2
Trompo Negro Seeds, Nigeria ~ Tropical Purple 45.0 284 46 3
Bun Seeds, Papua NG Substaple White 304 244 57 3
Francia Seeds, Papua NG Substaple White 31.2 222 586 3
Limonette Seeds, Papua NG Substaple Light 39.6 286 4.1 2
yellow
Papota Seeds, Nigeria ~ Substaple White 36.3 243 2.8 2
Viola Seeds, Papua NG Substaple White 39.1 310 34 3
Maojave Seeds, Breeding Staple White 36.9 32.0 4.2 2
Ninety-nine  Seeds, Papua NG Staple White 31.7 221 33 1
Sahara Seeds, Papua NG Staple White 38.8 300 35 1

* Rated 1-6, from very dry to very moist.

varied from 5.1 in a staple (Mojave) to 15.9% in a dessert type (Gem)
sweet potato. The amount of non-reducing sugar was probably not
significantly influenced by cooking, although in the three cultivars Sa-
hara, Bun and Francia, part of the non-reducing sugars might have been
hydrolyzed in cooking. On the other hand, reducing sugars were usually
much lower in the uncooked sweet potatoes, ranging from 0.82 to 16.2%.
The amounts of reducing sugars were increased by cooking in all but the
three cultivars Sahara, Ninety-nine and Limonette. Increase in reducing
sugar in Mojave was low in amount although higher in percent. The
increase in reducing sugar content was dramatic, reaching 400% in several
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cases. Such an increase is known to be due to the hydrolysis of starch on
cooking (6), and has been thought to be a characteristic of all sweet
potatoes.

Comparing sugar content of cooked sweet potatoes to classification by
sweetness, shows that the staple and substaple cultivars had less total
sugars than the tropical or dessert types. Whereas two cultivars had low
reducing sugars after cooking, nevertheless, only one was perceived as
nonsweet, because of its low total sugars even after cooking. However,
other cultivars by virtue of relatively low sugar content, can be considered
substaples. The cultivar Gem, with a total sugar content after cooking of
39.70%, is typical of the dessert type.

TABLE 2,—Percent reducing and non-reducing sugars in cultivars of sweet potato before
cooking and after microwave baking

Reducing sugars Non-reducing sugars
I, Before  After POt gere  pne  Pereent
baking baking % balding baking baking et aking
Gem 7 25.8 232 159 141 —10*
Frita 2.8 156 457 104 10.2 -2
Miguela 3.2 22.1 590 8.1 71 —12
Nutty 8.5 22.1 160 5.3 6.8 28
Sneaky 16.2 25.7 59 9.0 8.6 —4
Spud 4.6 18.8 309 79 7.6 —4
Toquecita 4.2 21.2 405 10.6 11.2 6
Trompo Negro 25 22.1 784 9.5 8.6 -9
Bun 3.6 9.0 150 174 13.0 —25
Francia 7.6 12.8 68 114 9.2 -19
Limonette 3.7 3.8 3 13.3 13.0 -2
Papota 24 6.8 183 6.8 6.6 -3
Viola 3.9 126 223 108 10.8 0
Mojave 32 5.1 18 5.1 5.4 8
Ninety-nine 0.8 0.8 0 54 5.7 6
Sahara 3.2 3.1 —3 12.0 9.6 —20

! Decreases in sugar content are indicated by negative signs.

Non-reducing sugars in five cultivars increased during 1 or 2 months
of storage (table 3). The magnitude of the increase was sufficient to
influence taste in all five cultivars. However, increase in sugars due to
storage was much less in magnitude than increase due to cooking. The
only plausible explanation for this increase is that reducing sugars have
been released and utilized in the synthesis of non-reducing sugars. In
contrast, reducing sugars increased only slightly, if at all, during storage
(table 3). The increase in non-reducing sugars could be expected to
increase the total sweetness of cooked, stored sweet potatoes. However,



VOL. 70, NO. 2, APRIL, 1986 125

the effect of storage on increase in sugars was quite small compared to
that which occurs in conventional sweet potatoes (1). Cultivar differences
in total sugar content before and after storage suggest that storage can
affect their relative sweetness.

The finding of low sugar cultivars of sweet potato suggests that these
can be used as everyday staples, that is, the principal starchy food used
daily. Cultivar Ninety-nine approaches this ideal, but since it is the first
of this type we have found, we are confident of producing still better
cultivars. The mechanisms responsible for low sugar are not as yet
evident, but might include differences in the starch molecule, making it
more resistant to degradation, or in the enzyme system, making the
enzymes less effective in hydrolysis of starch. It remains to be shown
how useful these new cultivars may be in traditional and potential new
uses.

* TABLE 3.—Effect of storage on reducing and non-reducing sugar content of sweet potato
cultivars

Age in months after harvest

Cultivar ] 1 2
Red. Non-red. Red.! Non-red." Red. Non-red.
Trompo Negro 1.35 1.85 1.40 8.80 1.35 9.90
Frita 4.95 5.20 6.90 7.40 4.50 13.60
Spud 1.72 5.30 1.72 6.65 2.05 8.40
Papota 2.42 6.75 2.56 7.85 3.68 6.90
Ninety-nine 1.25 4.55 3.00 7.95 2.05 11.156

! Red. = percent of sample which is reducing sugars. Non-red. = percent of sample which
is non-reducing sugars.

RESUMEN

Se han sido desarrollado batatas para uso diario con poca o ninguna
dulzura después de cocinarlas. Se evaluarcn los contenidos en azlicares
reductores y no reductores de esas batatas antes y después de cocinarias,
asi como antes y después de almacenarlas. El contenido en azicares no
reductores disminuy6 un poco al hornear la mayoria de las variedades. Ei
de azlcares reductores aumentd considerablemente excepto en unas
pocas variedades del tipc que se consume diariamente. Puede distinguirse
una serie de variedades entre extremos. En almacenamiento a temperatura
ambiente por 1 & 2 meses hubo aumentos pequeiios en azdcares no
reductores y muy poco cambio en azlcares reductores. Los contenidos
en azlicares antes o después de cocinarlas o almacenarlas no estan
relacionados con el contenido en materia seca, almidén o proteina. Sin

' embargo, las batatas de consumo diario se caracterizan por una textura
mas seca.
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