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ABSTRACT

Sweetness-to-taste and starch content are critical quality attributes for
the sweet potato root market in Puerto Rico. Current information in regard
to these attributes for the cultivars accepted on Puerto Rico’s market is
not sufficient for establishing breeding standards and selection programs.
The objective was to assess the sugar concentrations and crude starch for
cultivars grown in Puerto Rico. From cultivars recommended for Puerto Rico,
flours were prepared with raw, boiled and microwaved roots from which
glucose, fructose, sucrose and maltose concentrations were determined
by using high performance liquid chromatography (HPLC). After the sugar
extraction, the insoluble solid fraction of the flour was used to determine
the alcohol insoluble solids. Sucrose was the most concentrated sugar in
the raw roots. Maltose concentration in boiled and microwaved roots was
significantly higher than that in the corresponding raw roots. The alcohol
insoluble solids for boiled and microwaved roots were significantly fewer
than for raw roots. ‘Miguela’ should be considered the standard cultivar
for sugar and starch content because it stands out with relatively high
concentrations of sucrose and fructose, and with a reduced percentage of
alcohol insoluble solids.
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RESUMEN

Avaluo de azucares y sdlidos insolubles en alcohol en cultivares de
batata recomendados para Puerto Rico
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El dulce al paladar y el contenido de almidon son atributos criticos
para la calidad de la batata en Puerto Rico. La informacion que existe en
cuanto a estos atributos para los cultivares aceptados en Puerto Rico no es
suficiente para establecer estandares en los programas de mejoramiento.
El objetivo fue realizar un avaluo de la concentracion de azucares y de
almiddn crudo en cultivares que se usan en Puerto Rico. Usando cultivares
recomendados para Puerto Rico, se prepararon harinas de raices crudas,
hervidas y al microondas, a las cuales se les determinaron los azucares
glucosa, fructosa sacarosa y maltosa utilizando cromatografia liquida de
alta eficiencia (HPLC, por sus siglas en inglés). Luego de la extraccion de
azucares la fraccion soélida insoluble de cada harina se usé para determinar
los sdlidos insolubles en alcohol. Sacarosa fue el azticar mas concentrado
en la pulpa cruda. La concentracion de maltosa en raices hervidas y al
microondas fue significativamente superior a la obtenida para las raices
crudas. Los porcentajes de sdlidos insolubles en alcohol en raices hervidas
y al microondas resultaron significativamente menores que los de raices
crudas. ‘Miguela’ se puede considerar como el cultivar estandar para
azucares y almidon pues resalta por sus relativamente altas concentraciones
de sacarosa y fructosa y por su reducido porcentaje de sdlidos insolubles
en alcohol.

Palabras clave: batata, camote, azlcares, sdlidos insolubles en alcohol

INTRODUCTION

In Puerto Rico the preference is for sweet potato cultivars combin-
ing light yellow-fleshed root, moderate sweetness and relatively high
starch content. Sweet potato produced in Puerto Rico is marketed as
fresh produce. Consumption is primarily in form of boiled and fried
roots and as an ingredient in desserts. For these uses, sweetness-to-
taste and starch content are critical quality attributes. These attributes
must be considered when developing appropriate selection protocols
for cultivars adapted to the Puerto Rico market. Current information
regarding sugar concentration and starch content of the cultivars ac-
cepted by the local market is not sufficient to establish standards for
breeding and selection programs.

Starch is the main constituent of the sweet potato flesh. Raw flesh
is not considered sweet-to-taste but contains measurable amounts of
sucrose, glucose and fructose (Hernandez-Carrién et al., 2010; Mcharo
and La Bonte, 2007; La Bonte et al., 2000; Lewthwaite et al., 1997).
When the raw flesh is heated, its starch is converted primarily to malt-
ose (Walter et al., 1975), whereas the presence of the above mentioned
sugars is maintained. Previous research has shown considerable varia-
tion in sugar concentrations among sweet potato cultivars (Hernandez-
Carrion et al., 2010; Mcharo and La Bonte, 2007; La Bonte et al., 2000;
Lewthwaite et al., 1997; Babu, 1994; Takahata et al., 1992). Substan-
tial variation also exists for starch content among sweet potato culti-
vars (Aina et al., 2012; Katayama et al., 2006; Noda et al., 1998; Babu,
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1994). Both sugar concentration and starch content appear to be highly
influenced by the cropping environment (Noda et al., 1998; Takahata
et al., 1992) and by postharvest factors such as length of storage pe-
riod (Koehler and Kays, 1991; Picha, 1986). These findings indicate
the need to evaluate variable environments for a better assessment
of sugar concentration and starch content in sweet potato. The objec-
tive was to assess sugar concentrations and crude starch (measured as
alcohol insoluble solids, AIS) in cultivars commonly grown in Puerto
Rico and planted in contrasting seasons to establish basic standards
for cultivar evaluation and selection.

MATERIALS AND METHODS

Four sweet potato cultivars currently recommended for use in Puer-
to Rico were used in this study: ‘Miguela’, ‘Mina’, ‘Dominicana’ (also
known as Canol) and Viola’. ‘Miguela’ and ‘Mina’ were described as
sweet by Badillo-Feliciano et al. (1976). ‘Dominicana’is a local landrace
considered sweet to taste. Viola’ is a cultivar released by USDA-ARS
and considered moderately sweet to taste when compared to the other
cultivars included in this study (University of Puerto Rico, 1997).

Field activities were conducted on the Agricultural Experiment Sta-
tion farm in the municipality of Juana Diaz. This location has an el-
evation of 21 m and is characterized by its semiarid climate and flat
landscape. At the site the soil was a Mollisol from the San Antén series
(Cumulic Haplustolls). In Puerto Rico, traditional sweet potato culti-
vars tend to perform better commercially when planted in the mild
temperature season (October to January) rather than when planted in
the hot season (April to July) (Badillo-Feliciano, 1976). Therefore, we
planted during the contrasting seasons: hot (May) and mild (Novem-
ber). During the experiment, average temperature for the hot season
was 27.8° C, whereas in the mild season it was 25.1° C. In the hot
season each cultivar was planted in plots consisting of four beds 0.91
wide by 9.14 m long. Five replications were used. For the mild season,
plot size was seven beds 0.91 m wide by 10.67 m long, with four rep-
lications. Standard management practices were followed, with water
applied by a drip irrigation system. Fertilizer 6-6-12 formulation was
used at a rate of 922 kg/ha. Weeds were controlled by a combination
of herbicides and mechanical weeding. Harvest was at 162 days after
planting. Roots were cured for two to six days at room conditions,

Cured roots weighing from 150 to 450 g were selected for sugar
and AIS determinations. Selected roots were cleaned, classified in
sizes large, medium and small, and uniformly distributed among the
processing treatments—raw, boiled or microwaved. After processing,
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the flesh was dried and ground in order to prepare flour following the
methodology described by Hernandez-Carrién et al. (2010). Sugar was
extracted by mixing 20 g of the above mentioned flour with 100 ml
of 80% ethanol to obtain a filtrate. For the determination of sugars,
filtrates were placed in borosilicate chromatography vials, packed in
ice, and sent by rapid mail to the University of Louisiana. Glucose,
fructose, sucrose and maltose were determined by using the method
developed by Picha (1985). This method has been regarded as a reliable
HPLC procedure for the quantitative analysis of sugars in sweet potato
(Mcharo and La Bonte, 2007). The method uses a chromatograph sys-
tem coupled to a refractive index detector’. Sugar separation was ac-
complished by using an amino resin chromatographic column® at room
temperature. The mobile phase was a 70:30 solution of acetonitrile and
HPLC-grade water, with a flow rate of 1.0 ml/min. Sugar concentra-
tions were expressed as percentages of the flour dry weight. Sucrose
equivalents were calculated in order to compare cultivars at the same
level of sweetness (La Bonte et al., 2000). The formula to calculate
sucrose equivalents (SE) was that given by Koehler and Kays (1991),
where SE = 0.74 (% glucose) + 1.73 (% fructose) + 1.0 (% sucrose) + 0.33
(% maltose). After the sugar extraction, the insoluble solid fraction of
the flour was dried at 55° C in a convection oven for 24 h, and then
weighed for the AIS determination. For sweet potato, the AIS of the
roots reflect their starch content (Walter et al., 1997). In this study AIS
were expressed as a percentage of the flour used for the sugar extrac-
tion.

Statistical analyses were performed separately for each planting sea-
son because the data were unbalanced. In the models, cultivar and stor-
age root processing were considered fixed factors. We used PROC MIXED
for the analyses of variance, LSMEANS for means separation, and when
needed, Satterthwaite’s approximation was used to calculate the degree of
freedom for the denominator (Littell et al., 1996; Elliott, 1995).

RESULTS AND DISCUSSION

Sugars: The interaction of cultivar by processing treatment was
significant for all sugars and for the sucrose index in both the hot and
mild seasons. In both seasons and for all cultivars, sucrose was the
most concentrated sugar in the raw flesh (Table 1). As compared to that

"HLPC equipment was a Beckman Coulter Series 340 chromatograph with a pump
model 112, sample injector model 210 and a refractive index detector model 156. The
system used an Integrator model 401 from Varian Instruments.

3Column was a Bio-Sil Amino 5S Resin from Bio Rad Laboratories, CA.
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TaBLE 1. Sugar concentrations and sucrose equivalents for sweet potato cultivars planted
in two seasons and subjected to three processing treatments.

Sugar

Type of Sucrose
Cultivar processing Glucose Fructose Sucrose Maltose equivalents
----------------------- Hot planting seagon?!----------ueemeeen
%
Miguela Raw 14a? 19a 51a 09d 10.0 a
Boiled 0.8b 0.9b 12de 73c¢ 5.8 be
Microwaved 0.7 be 0.3 bed 20bc 86¢c 6.0 be
Dominicana Raw 0.8cd 0.2cd 20bec 0.1d 2.8 de
Boiled 0.5 bed 0.8 bed l4cd 10.8Db 6.0 be
Microwaved 0.5 bed 0.2 cd 22b 119a 6.9b
Viola Raw 0.2d 0.4 be l4cd 04d 25e
Boiled 0.5 bed 0.3 bed 0.8e 73¢ 4.2 cd
Microwaved 0.5 bed 0.4 be 2.0 be 73c¢ 5.4 be
----------------------- Mild planting season -------=--==--=---
%
Miguela Raw 0.6a 0.6 a 3.7a 05f 55b
Boiled 0.4b 02e 0.7e 10.0b 4.9 cde
Microwaved 0.6 a 04c 1.3d 11.0a 6.2 a
Dominicana Raw 0.2d 0.1f 24b 0.2f 29h
Boiled 03¢ 0.1f 09e 9.0 cd 4.5 def
Microwaved 0.3¢ 0.1f 1.7¢ 9.7 be 5.4 be
Mina Raw 0.4b 05b 2.4b 0.3f 38¢g
Boiled 03¢ 01f 0.3f 71e 3.2h
Microwaved 0.4b 03d 0.7e 8.2d 4.3 efg
Viola Raw 0.2d 02e 2.1b 0.3f 2.8h
Boiled 03¢ 01f 0.6ef 86d 4.0 fg
Microwaved 03¢ 01f l4cd 9.3 be 5.1 bed

“Mina’ did not produce enough tuberous roots when planted in the hot season.
2Within columns, means followed by the same letter are not significantly different at P < 0.05.

of glucose and fructose, a relatively high concentration of sucrose in
raw flesh has been reported both for orange-fleshed and white-fleshed
cultivars of sweet potato (La Bonte et al., 2000; Picha, 1986). ‘Miguela’
and ‘Dominicana’ are considered the sweetest-to-taste cultivars among
those evaluated in this study. For these cultivars the percentage of
sucrose in raw flesh had a range from 2.0 to 5.1, whereas concentration
of glucose and fructose was less than 1.9% (Table 1). In the hot season,
concentration of sucrose for ‘Miguela’ and for Viola’ was significantly
reduced by boiling when compared to that in the raw processing treat-
ment (Table 1). In the mild season, concentration of sucrose for all in-
dividual cultivars was reduced by both boiling and by baking (Table
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1). In this study, microwaved samples had significantly more sucrose
concentration than boiled samples (Table 1). The reduced amount of
sucrose concentration in boiled samples as compared to that in micro-
waved samples has been explained as the diffusion of sugar from the
flesh into the water during the boiling process (Martin and Deshpande,
1985).

Maltose is usually in negligible amounts or not detected in raw
sweet potato flesh (Lewthwaite et al., 1997; Takahata et al., 1992; Pi-
cha, 1985). In this study, we found presence of maltose in flesh sub-
jected to the raw processing treatment (Table 1). This result appeared
to be associated with the heating of the flesh sample while drying it
to prepare the flour for the extraction of sugars. As expected, maltose
concentration in boiled and microwaved roots was significantly higher
than that in the corresponding raw roots (Table 1). This result confirms
previous research, which indicates that maltose is the main sugar in
sweet potato flesh once it is subjected to heat (Hernandez-Carrién et
al., 2010; Lewthwaite et al., 1997; Picha, 1986; Picha, 1985). In this
study, concentrations of maltose among boiled and microwaved sam-
ples ranged from 7.1% to 11.9% of dry weight. Although methodology
among studies varied, percentage values of maltose obtained in this
study were lower than those previously reported for ‘Miguela’, ‘Mina’
and ‘Dominicana’, values which ranged from 11.5% to 18.9% (Hernan-
dez-Carrién et al., 2010).

Concentrations of glucose and fructose were generally less than 1%
for all cultivars and processing treatment combinations, with the ex-
ception of their concentration in the raw flesh of ‘Miguela’ when plant-
ed in the hot season (Table 1). As for a preliminary study conducted by
Hernandez-Carrién et al. (2010), there was not a clear indication re-
garding the effects of boiling and microwaving on glucose and fructose
concentrations. Lewthwaite et al. (1997) reported that cooking causes
small changes in glucose and fructose concentrations when compared
to those in the raw flesh.

Sucrose equivalents: Results of the present study further pointed
out that for this group of cultivars the value of sucrose equivalents is
not useful as an indirect measurement of sweetness-to-taste. Hernan-
dez-Carrién et al. (2010) reached the latter conclusion with results of a
preliminary study with the same cultivars. In this study, for example,
raw flesh of ‘Miguela’ had a sucrose index significantly higher than
that of boiled or microwaved flesh (Table 1) although it is well known
that raw flesh is not as sweet-to-taste as the flesh is when sweet potato
is boiled or microwaved. Across cultivars, sucrose equivalents for raw
samples were between 2.5 to 10.0, whereas in boiled and microwaved
samples sucrose equivalents ranged from 3.2 to 6.9 (Table 1).
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Alcohol insoluble solids: In this study, as expected, AIS for raw
roots was significantly higher than that for both the boiled and mi-
crowaved roots (Table 2). A reduction in AIS value associated with
flesh heating is a trend previously observed for cultivars varying in
sweetness (Babu, 1994). In this study, there were no differences in
AIS between the boiled and microwaved roots (Table 2). Differences in
AIS between raw and heat-processed samples implied that the starch
within the flesh was hydrolyzed into sugars during the heating pro-
cess. The AIS for raw roots were 88% and 91%, and decreased to 77%
and less after boiling and microwaving (Table 2). When cultivars were
compared among themselves for AIS, the AIS of ‘Miguela’ (78%) were
significantly less than those of the other cultivars (Table 3). This result
suggests that for ‘Miguela’ more starch was converted into sugar than
in the other cultivars.

TABLE 2. Percentage of alcohol insoluble solids in sweet potato flesh planted in two seasons
and subjected to three processing treatments’.

Alcohol insoluble solids

Planting season Type of processing %

Hot Raw 88 a2
Boiled 77hb
Microwaved 76 b

Mild Raw 91l a
Boiled 75 b
Microwaved 75 b

ICultivar by processing treatment interaction was not significant for AIS.
2Within columns, means followed by the same letter are not significantly different at P < 0.05.

TABLE 8. Percentage of alcohol insoluble solids in sweet potato cultivars planted in two
seasons and subjected to three processing treatments?’.

Alcohol insoluble solids

Planting season Cultivar %

Hot? Miguela 78 b?
Dominicana 8la
Viola 82 a

Mild Miguela 78 b
Mina 8la
Dominicana 82 a
Viola 82a

!Cultivar by processing treatment interaction was not significant for AIS.
>Mina’ did not produce enough tuberous roots when planted in the hot season.
*Within columns, means followed by the same letter are not significantly different at P < 0.05.
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Sweetness-to-taste and starchiness are traits of a highly subjective
nature, depending on particular preferences of consumers. ‘Miguela’
should be considered as a standard cultivar for sugar and starch con-
tent when evaluating cultivars adaptable to the Puerto Rican market.
‘Miguela’ is sweet-to-taste (Badillo-Feliciano et al., 1976), and within
cultivars in this study, it stands out for its relatively high concentra-
tions of sucrose and fructose, and for its reduced AIS.
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