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Antioxidant Capacity and Antioxidant Content
in Roots of 4 Sweetpotato Varieties
Fanie Rautenbach, Mieke Faber, Sunette Laurie, and Robert Laurie

Abstract: The antioxidant contents (β-carotene, chlorogenic acid, and vitamin C) as well as the antioxidant capacity
(ORAC, FRAP, and ABTS) of 4 sweetpotato varieties were measured in this study. The sweetpotato varieties were
cultivated under different water regimes and also subjected to thermal processing. The results show that the 2 orange-
fleshed varieties (Resisto and W-119) contain significant more β-carotene, chlorogenic acid, and vitamin C than the
2 cream-fleshed varieties (Bosbok and Ndou). Thermal processing decreased the carotenoid and vitamin C content of
all the varieties but increased the chlorogenic acid content and antioxidant capacity. Drought stress appears to increase
the β-carotene, vitamin C, and chlorogenic acid contents as well as the antioxidant capacity of some of the sweetpotato
varieties, especially W-119.
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Introduction
Antioxidants such as flavonoids and carotenoids, present in fruits

and vegetables, have been positively correlated to the reduced in-
cidence of heart disease, some cancers, and age-related degener-
ative diseases. The beneficial properties of flavonoids and other
polyphenols have been linked to their ability to scavenge free rad-
icals, while carotenoids, such as β-carotene, can also scavenge free
radicals and it is a vitamin A precursor (Kaur and Kapoor 2001).
There is a large focus on the potential role that β-carotene-rich
sweetpotato, particularly those with a dark yellow or orange flesh
can play in strategies contributing toward the combating of vi-
tamin A deficiency. A recent clinical trial done in South Africa
showed that consumption of boiled and mashed β-carotene-rich
orange-fleshed sweetpotatoes did improve the vitamin A status of
children aged between 5 and 10 y (Van Jaarsveld and others 2005).

Globally, an estimated 190 million children younger than 5 y are
vitamin A deficient (WHO 2009), and in 2004, 6% (0.6 million)
of under-5 deaths were attributed to vitamin A deficiency (Black
and others 2008). Improving the vitamin A status of children
between 6 mo and 5 y reduces the all-cause mortality by 23% in
areas with high vitamin A deficiency (Beaton and others 1993).
According to a national survey done in 2005, approximately 2 in
3 children (aged between 1 and 9 y) in South Africa are vitamin A
deficient (Labadarios 2007). Vitamin A deficiency was also ranked
14th as a risk factor cause of the burden of disease in South Africa
accounting for 0.4% of disability-adjusted life year (MRC 2008).

β-carotene is the predominant carotenoid found in orange-
fleshed sweetpotato and a β-carotene content as high as 22.6 mg/
100 g fresh weight was measured in an orange-fleshed sweet-
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potato variety (Teow and others 2007). Apart from the carotenoid
content of sweetpotatoes, other phytochemicals with antioxidant
capabilities have also been measured in sweetpotatoes. Individual
polyphenols that have been identified and quantified in sweet-
potato varieties are mainly phenolic acids such as chlorogenic-,
caffeic-, and dicaffeoylquinic acid (Padda and Picha 2007). Sweet-
potatoes also contain vitamin C and vitamin E (Woolfe 1992).

The antioxidant capacity of purple-, white-, yellow-, and
orange-fleshed sweetpotatoes was determined by measuring the
antioxidant activity (ferric thiocyanate assay), radical scavenging
capability (DPPH (2,2-diphenyl-1-picrylhydrazyl) assay), reduc-
ing power and the iron-chelating capacity by Rumbaoa and
others (2009). Teow and others (2007) employed a battery of
assays (ORAC [oxygen radical absorbance capacity]), ABTS (2,2′-
azinobis(3-ethyl-benzothiazoline-6-sulfonic acid)) and DPPH) on
sweetpotatoes with varying flesh colors to measure the hydrophilic
(H) antioxidant capacity of an acidified methanol extract and
the lipophilic (L) ORAC of a hexane extract (dried and redis-
solved in 50% acetone containing RMCD [randomly methylated
β-cyclodextrin]).

Published results indicated that environmental factors, genetic
factors, and cultural management strategies can significantly influ-
ence the level of β-carotene in sweetpotato varieties. The specific
factors reported to influence β-carotene content are air and soil
temperature, radiation, location, variety, fertilization, and maturity
of roots (K’osambo and others 1998; Bartoli and others 1999).

Drought has become a major constraint for good production
especially in areas where cultivation depends on rain-fed condi-
tions (Anselmo and others 1998). Drought causes stomata closure
and as a result it reduces carbon dioxide uptake for photosyn-
thesis which in turn affects the yield and growth of the plant.
Consequently, different water regimes are expected to influence
nutrient content of crops. In wheat leaves, for example, a 2.6-fold
increase in β-carotene content was detected after drought stress
(Bartoli and others 1999). Sweetpotato is regarded as a moderately
drought tolerant crop that is very sensitive to water stress during
development and root initiation (Indira and Kabeerathuma 1988).

Van Jaarsveld and others (2006) studied the effect of thermal
processing on β-carotene in an orange-fleshed sweetpotato and
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found minimal losses after boiling in water for 20 and 30 min.
However, Takenaka and others (2006) found significant decreases
in caffeic acid derivatives after boiling sweetpotato cubes at time
intervals ranging from 2 to 60 min.

Often results of a study are compared with those of previous
studies on the same or a similar food product. Differences in
results between studies are usually ascribed to geographical factors,
environmental factors, postharvest treatment (such as storage and
maturity), different thermal processing techniques (if applicable)
and many others. Although all of these factors do play a role in
the variation in results, the extraction technique and especially the
solvent used to extract the phytochemicals under consideration
can also influence the results. It is well known that the solvent
type (based on polarity), pH, temperature, whether it is a mixture
of solvents, or performing the extraction with different solvents
in series will extract different phytochemicals. Not only do the
above-mentioned solvent factors cause variation but it has also
even been shown that the same compounds dissolved in different
solvents cause dissimilar results in the same assay (Pérez-Jiménez
and Saura-Calixto 2006). Special emphasis was placed in this study
that when results are compared, to also mention the extraction
solvent used in other studies.

Four sweetpotato varieties with distinct colors were investigated,
namely, Bosbok (purple skin and cream flesh), Ndou (cream skin
and flesh), Resisto (orange flesh, red purple skin), and W-119
(orange flesh, pale purple skin). The objectives of this study were
(1) to determine the antioxidant content (β-carotene, vitamin C,
and chlorogenic acid) of the above-mentioned raw sweetpotatoes;
(2) to determine the antioxidant capacity of the raw sweetpotatoes
using 3 antioxidant capacity assays (ORAC, ABTS, and FRAP
[ferric reducing antioxidant power]); (3) to determine the effect
of different levels of water application on the sweetpotato varieties
using the same assays mentioned in 1 and 2; (4) to determine
the effect of household thermal processing on the sweetpotato
varieties using the same assays mentioned in 1 and 2.

Materials and Methods

Cultivation of sweetpotato at different water regimes
A field trial was initiated in a rainout shelter at ARC-

Roodeplaat Vegetable and Ornamental Plant Institute near Pre-
toria, South Africa (25.6 ◦S 28.3 ◦W; 1189 m above sea level)
on 10 December 2007. The experiment consisted of a split plot
design with irrigation systematically arranged, with 4 sweetpotato
varieties in subplots in a randomized layout of 3 replicates. The
varieties were Bosbok (B), a commercial variety with purple skin
and cream flesh, Ndou (N), a new variety with cream skin and
flesh, and Resisto (R) and W-119 (W), orange-fleshed varieties
imported from the United States. Three water regimes were in-
troduced, namely, 30%, 60%, and 100%. The 100% treatment was
irrigated to field capacity when 20% of the plant available water
(PAW) was withdrawn from the root zone (300 to 400 mm). The
60% and 30% treatments then received 60% and 30%, respectively,
of the water applied on the 100% treatment. Irrigation was applied
with a moving irrigation boom with different nozzles to obtain the
different water regimes. The water regimes were initiated 7 d after
planting and were continued until harvest. Each plot consisted of
18 plants established in 3 rows with between spacing of 0.8 m and
within row spacing of 0.3 m. The soil was prepared according to
standard practices (Niederwieser 2004). The soil type was sandy-
loam (Oakleaf soil form) containing 15% clay. According to soil
analysis pre-plant fertilizer applied consisted of 500 kg/ha 1 : 0 : 1

(36%) and topdressings of 150 kg/ha ammonium sulfate (21%) on
15 and 30 d after planting and 200 kg/ha KNO3 (40%) on 21 and
42 d after planting. Before planting the vine cuttings were dipped
into fungicide (Folicur 150 mL/100 L) to control Alternaria batati-
cola. A systemic nematicide (Temik) was mixed into the soil at the
time of planting to control insect/nematode damage. The sweet-
potatoes were harvested after 5 mo on 12 May 2008. From the
harvested roots of the 54 plants (18 plants per plot × 3 replicates)
a random sample of 5 medium-sized sweetpotatoes were taken
per water regime. The intact unprocessed samples were packed in
brown paper bags and transported to the laboratory at the Cape
Peninsula Univ. of Technology for preparation and analysis. Due
to the small size and consequent poor keeping ability, at the time
of arriving at the laboratory the sample of B30 showed too much
decay to be used in the assays.

Chemicals
Ascorbic acid (AA), β-carotene, 1,4-dithiotreitol (DTT),

chlorogenic acid, meta-phosphoric acid (MPA), Trolox (6-
Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), Folin–
Ciocalteau phenol reagent, gallic acid, 2,2′-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS), fluorescein sodium salt
(FL), 2,2′-Azobis (2-amidino propane)dihydrochloride (AAPH),
sodium acetate, 2,4,6-tripyridyl-s-triazine (TPTZ), iron chloride
hexahydrate (FeCl3.6H2O), and potassium persulfate were ob-
tained from Sigma-Aldrich (Johannesburg, South Africa). Glacial
acetic acid, trifluoroacetic acid, sulfuric acid (H2SO4), hexane,
methanol (MeOH), ethanol (EtOH), dichloromethane, tetrahy-
drofuran, acetone, and hydrochloric acid (HCl) were obtained
from Merck (Johannesburg, South Africa).

Preparation and thermal processing of sweetpotatoes
Five sweetpotatoes per water treatment from each variety were

cut into quarters. The opposite quarters from each sweetpotato
were collected for the raw sample (10 quarters in total from each
variety per water treatment) and the other 2 quarters collected
for the cooked sample (10 quarters in total from each variety per
water treatment). The quarters for the cooked sample were then
cut into smaller cubes (approximately 3 × 3 × 3 cm) and added to
boiling water (enough to cover the sweetpotatoes) on an electric
stove plate set on its maximum setting. Each of the sweetpotato
varieties was cooked for 12 min after which the water was drained
and the skins removed. The raw and cooked samples were then
stored at −40 ◦C until the day of the analysis. The moisture
content of the raw and cooked sweetpotatoes were determined by
drying 2 g sample in an oven set at 50 ◦C for 2 wk.

Extraction of hydrophilic antioxidants
The hydrophilic antioxidants were extracted from the sweet-

potatoes (raw and cooked) using the methodology as described by
Teow and others (2007) with minor modifications. Five grams of
each of the sweetpotato samples were mixed with 30 mL of an
acidified methanol solution (MeOH : water : acetic acid, 80 : 13 :
7, v/v/v) and homogenized in a Polytron homogenizer (9000
rpm) for 5 min. After centrifugation (4000 rpm, 5 min), the re-
sulting supernatant (hydrophilic extract) was used in the analyses as
described subsequently. All extracts were performed in triplicate.

Hydrophilic ORAC assay
The H-ORACFL values were measured using the methodol-

ogy applied by Wu and others (2004). A stock standard solution
of Trolox (500 μM) was diluted in phosphate buffer (75 mM,
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pH 7.4) to provide calibration standards ranging from 5 to
25 μM. The Fluoroskan ascent plate reader (Thermo Fisher Sci-
entific, Waltham, Mass., U.S.A.) equipped with an incubator was
set at 37 ◦C. Fluorescence filters with an excitation wavelength of
485 nm and emission wavelength of 538 nm were used. A stock
fluorescein solution was prepared in phosphate buffer and further
diluted to provide a final concentration of 14 μM per well. AAPH
(25 mg/mL in phosphate buffer) was added with a multichannel
pipette to give a final AAPH concentration of 4.8 mM in each
well. The fluorescence from each well, containing 12 μL diluted
hydrophilic extract, was read every 5 min for 2 h. Final ORACFL

values were calculated using the regression equation y = ax2 + bx
+ c between Trolox concentration (μM) and the area under the
curve. Results were expressed as micromoles of Trolox equivalents
(TE) per gram fresh weight (FW).

ABTS radical scavenging activity assay
The ABTS radical scavenging activity of the hydrophilic extract

was determined according to the method described by Re and
others (1999). ABTS+ solution was prepared 24 h before use by
mixing ABTS salt (8 mM) with potassium persulfate (3 mM) and
then storing the solution in the dark until the assay could be
performed. The ABTS·+ solution was diluted with EtOH to give
an absorbance of 1.50 at 734 nm. Each hydrophilic extract (25 μL)
was mixed with 300 μL ABTS·+ solution in a 96-well clear plate.
The plate was read after 30 min incubation at room temperature
in a Multiskan Spektrum plate reader (Thermo Fisher Scientific).
Trolox was used as the standard and results expressed as μmol
TE/100 g FW.

FRAP assay
The ferric reducing ability of the hydrophilic fraction was de-

termined using the method described by Benzie and Strain (1996).
Each hydrophilic extract (10 μL) was mixed with 300 μL FRAP
reagent in a 96-well clear plate. The FRAP reagent was a mixture
(10 : 1 : 1, v/v/v) of acetate buffer (300 mM, pH 3.6), TPTZ (10
mM in 40 mM HCl) and FeCl3.6H2O (20 mM). After incubation
at room temperature for 30 min, the plate was read at a wavelength
of 593 nm in a Multiskan Spektrum plate reader (Thermo Fisher
Scientific). Ascorbic acid (AA) was used as the standard and the
results expressed as μmol AAE/100 g FW.

Chlorogenic acid assay
Phenolic acids are particularly sensitive to acid hydrolysis and

degradation occurs whether antioxidants are added or not (Nuutila
and others 2002). Under alkaline hydrolysis conditions and with
the addition of antioxidants, phenolic acids are much more stable
but chlorogenic acid (5′ caffeoylquinic acid) is converted to caf-
feic acid (Nardini and others 2002). Since sweetpotatoes contain
various caffeoylquinic acids, identification, and quantification of
individual phenolic acids will be impossible using alkaline hydrol-
ysis. The method selected for extracting chlorogenic acid present
in the sweetpotatoes in this study was based on that described by
Padda and Picha (2008). Only free phenolic acids are measured
using this method as no acidic or alkaline hydrolysis is carried out.
Chlorogenic acid was detected on a Thermo Finnigan Spectra
System HPLC with the UV wavelength detector set at 320 nm.
Samples were introduced into the column (YMC-Pack Pro C18,
150 × 4.6 mm i.d., room temperature) with an automatic injector
and a sample loop set at 20 μL. Gradient elution was performed
with a mobile phase consisting of methanol containing 300 μL/L

trifluoroacetic acid (A) and water containing 300 μL/L trifluo-
roacetic acid (B) as follows: 0 to 25 min, gradient elution 20% A to
60% A; 25 to 30 min, gradient elution 60% A to 100% A; 30 to 35
min, gradient elution 100% A returned to 20% A. The flow rate
was set at 0.8 mL/min and each sample was injected in triplicate.
Chlorogenic acid was identified and quantified based on retention
time and UV spectra in the 200 to 400 nm range with a known
concentration of an authentic chlorogenic acid standard. The pre-
cision of the assay was determined as defined by the coefficient of
variation among 6 successive HPLC determinations on a sample
(including sample preparation). The analytical variation was deter-
mined to be 9.4%. The accuracy of the assay (including extraction
efficiency) was determined by spiking a sample with a known
concentration of the chlorogenic acid standard. The chlorogenic
acid recovery for 6 successive determinations was calculated to be
84.6%.

β-Carotene assay
The β-carotene from the raw and cooked sweetpotatoes were

extracted with methanol:tetrahydrofuran (1 : 1, v/v) as described
by Van Jaarsveld and others (2006). Carotenoids were analyzed
on a Thermo Finnigan Spectra System HPLC with the visible
wavelength detector set at 450 nm. Samples were introduced into
the column (YMC-Pack Pro C30, 250 × 4.6 mm i.d., room
temperature) with an automatic injector and a sample loop set
at 20 μL. Gradient elution was performed with a mobile phase
consisting of methanol (A) and dichloromethane (B) as follows:
isocratic elution 90% A, 0 to 5 min; gradient elution 78% A, 5 to 15
min, gradient elution 62% A, 15 to 30 min; gradient elution 52%
A, 30 to 40 min; gradient elution 41% A, 40 to 50 min; gradient
elution 38% A, 50 to 55 min, maintained for 3 min and then
returned to 90% A at 65 min. The flow rate was set at 1 mL/min
and each sample was injected in triplicate. The calibration curve of
β-carotene was established by injecting 5 different concentrations
(2 to 20 μg/mL). The precision and accuracy for the β-carotene
assay were determined using the same methodology as described in
the chlorogenic acid assay. The analytical variation was determined
to be 7.2% and recovery of β-carotene calculated to be 90.3%.

Total vitamin C assay
Total vitamin C (AA + dehydroascorbic acid) was determined

using the HPLC-UV method as described by Odriozola-Serrano
and others (2007). Two grams of the cooked and the raw sweet-
potato varieties were mixed with 20 mL MPA (4.5%, pH 3.5) and
homogenized using a Polytron homogenizer (S25N 18G blade,
9000 rpm) for 5 min. The samples were then centrifuged at 4000
rpm for 10 min and the resulting supernatant passed through a
Millipore 45 μm membrane. In HPLC glass vials, 800 μL of each
supernatant was separately mixed with 200 μL DTT (20 mg/mL).
The vials were left for 30 min at room temperature, protected from
light before the HPLC analysis. The vitamin C was analyzed on
a Thermo Finnigan Spectra System HPLC with the UV wave-
length detector set at 245 nm. Samples were introduced into the
column (YMC-Pack Pro C18, 150 × 4.6 mm i.d., room tem-
perature) with an automatic injector and a sample loop set at 20
μL. The flow rate of the mobile phase (0.01% solution of sulfuric
acid, pH 2.6) was set at 0.9 mL/min. Total analysis time was 15
min and each sample was injected in triplicate. Quantification of
the vitamin C in the samples was done by setting up a standard
curve using L-ascorbic acid with concentrations varying from 5
to 50 μg/mL. The precision and accuracy for the vitamin C assay
were determined using the same methodology as described in the
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chlorogenic acid assay. The analytical variation was determined to
be 4.9% and recovery of L-ascorbic acid to be 95.3%.

Statistical analysis
Values are expressed as means ± standard deviation and the dif-

ferences between raw and cooked values for the same sweetpotato
variety were determined by a paired sample t-test. Differences be-
tween the water regimes for raw or cooked values for the sweet-
potato varieties were determined by one-way analysis of variance
(ANOVA). Pearson correlation coefficients were calculated be-
tween the results of the different antioxidant assays. Values of p <

0.05 were considered significant. These statistical analyses were
carried out using MedCalc version 9.4.2.0 (MedCalc Software,
Belgium).

Results and Discussion

Moisture content of the raw and cooked sweetpotatoes
The moisture content of the raw and cooked sweetpotatoes is

listed in Table 1. The moisture content ranged between 67.1%
(W30) and 77.9% (B100) for the raw sweetpotatoes and between
68.0% (W30) and 78.7% (B100) for the cooked sweetpotatoes.
On average the moisture content of the cooked sweetpotatoes was
1.7% higher than the raw sweetpotatoes.

Antioxidant content of the raw sweetpotatoes
Results of the β-carotene, vitamin C, and polyphenols assays

are listed in Table 2. Based on a conversion factor of 12 μg β-
carotene per 1 μg retinol activity equivalents (RAE) a serving
size of 32 g orange-fleshed sweetpotatoes containing 15 mg/100 g

Table 1–Moisture content of sweetpotatoes.

Moisture content (%)

Raw Cooked % Change
Variety and percent
water regime

B60 76.0 ± 1.1 78.6 ± 0.8 +3.3a

B100 77.9 ± 0.2 78.7 ± 3.0 +1.1
N30 72.9 ± 1.4 75.1 ± 1.9 +3.0
N60 72.3 ± 2.8 78.2 ± 3.6 +8.1a

N100 75.6 ± 1.7 77.7 ± 0.7 +2.8
R30 75.1 ± 1.8 75.0 ± 0.6 −0.1
R60 74.9 ± 1.6 75.1 ± 1.1 +0.3
R100 74.3 ± 2.5 77.2 ± 0.8 +3.9
W30 67.1 ± 2.8 68.0 ± 2.8 +1.3
W60 72.5 ± 0.7 72.3 ± 3.1 −0.2
W100 70.8 ± 2.2 72.4 ± 5.3 +2.3
aSignificant difference between raw and cooked (P < 0.05).

β-carotene will provide 100% of the vitamin A recommended
dietary allowance (RDA) for children between the ages of 4 and
8 y (IOM 2006), demonstrating the important role that orange-
fleshed sweetpotatoes can play in the diet in terms of vitamin A
requirements.

A large variation in β-carotene content was observed, depend-
ing on the flesh color of the sweetpotato. The 2 raw orange-fleshed
sweetpotato varieties investigated (Resisto and W-119) had a high
β-carotene content (>19 mg/100 g and >14 mg/100 g, respec-
tively), while no β-carotene was detected in the cream-fleshed va-
rieties (Ndou and Bosbok). Teow and others (2007) who measured
the β-carotene content of several sweetpotato varieties, found a
β-carotene range of between 1.2 and 22.6 mg/100 g for orange-
fleshed and 0.5 to 5.7 mg/100 g for purple-fleshed sweetpotatoes.
Huang and others (1999) determined the β-carotene content of
7 orange-fleshed sweetpotato varieties to range between 6.7 and
13.1 mg/100 g and the α-carotene values to range between < 0.1
and 1.5 mg/100 g (hexane extraction with saponification).

Woolfe (1992) compiled a table of the ascorbic acid content of
several flesh colored raw sweetpotatoes from studies done between
1961 and 1989 and found it to be between 17 and 35 mg/100
g. The vitamin C content of raw sweetpotato in this study var-
ied between 15.5 (N100) and 32.2 mg/100 g (W60). As with
the β-carotene content, the vitamin C content of the 2 orange-
fleshed varieties (Resisto and W-119) was significantly higher than
that of the cream-fleshed varieties (Ndou and Bosbok). A serving
size of 100 g of the cooked orange-fleshed sweetpotato varieties
can contribute between 28% and 33% of the dietary vitamin C
requirements for adults (IOM 2006).

The chlorogenic acid content of the raw sweetpotatoes ranged
between 10.6 (N30) and 89.3 μg/g (W30). As with the vitamin C
and β-carotene contents, the Resisto and W-119 varieties were su-
perior in the chlorogenic acid content compared with the Bosbok
and Ndou varieties. The chlorogenic acid content of 14 sweet-
potato varieties with different flesh colors determined by Padda
& Picha (2008) ranged between 25.9 and 422.4 μg/g dry weight.
Expressed per gram dry weight, the chlorogenic acid values de-
termined in this study ranged between 138.7 (B100) to 280.6 μg
(R60).

Antioxidant capacity of the raw sweetpotatoes
Results of the ORAC, FRAP, and ABTS assays are listed in

Table 3. In all 3 antioxidant capacity assays, W30 had the highest
antioxidant capacity values while B60 had the lowest antioxidant

Table 2–Antioxidant content of sweetpotatoes.

Chlorogenic acid (μg/g) β-carotene (mg/100 g) Vitamin C (mg AA/100 g)

Raw Cooked % Change Raw Cooked % Change Raw Cooked % Change

Variety and
percent
water regime

B60 34.4 ± 2.5a 54.3 ± 3.6a +57.7A n.d. n.d. — 17.7 ± 0.8a 8.1 ± 0.4a −54.2A

B100 30.7 ± 2.8a 55.0 ± 2.1a +79.1A n.d. n.d. — 16.8 ± 1.2a 12.6 ± 0.3b −25.2A

N30 40.3 ± 1.9b 60.4 ± 5.7a +49.9A n.d. n.d. — 24.6 ± 1.9b 22.4 ± 1.9cd −8.9
N60 39.5 ± 3.6b 57.3 ± 3.1a +45.0A n.d. n.d. — 17.6 ± 1.4a 13.3 ± 0.5b −24.2A

N100 46.3 ± 3.0b 56.0 ± 2.9a +21.2A n.d. n.d. — 15.5 ± 0.5a 12.4 ± 0.5b −20.4A

R30 69.6 ± 4.8c 89.5 ± 6.7b +28.7A 22.9 ± 1.2a 20.3 ± 2.0ab −11.3A 27.0 ± 0.9c 21.0 ± 1.2c −22.4A

R60 70.4 ± 4.2c 110.7 ± 7.4c +57.2A 23.8 ± 2.5a 22.2 ± 1.5a −6.7 27.1 ± 1.0c 22.7 ± 1.5cd −16.3A

R100 70.1 ± 5.1c 110.2 ± 5.7c +57.1A 19.9 ± 4.6ab 18.3 ± 0.7b −8.2 26.6 ± 0.7bc 24.5 ± 1.1d −8.0
W30 89.3 ± 5.4d 132.3 ± 8.9d +48.1A 18.2 ± 1.3ab 15.6 ± 0.9b −14.3A 31.7 ± 1.5d 26.7 ± 1.6d −15.7A

W60 73.1 ± 6.8c 112.4 ± 7.0c +53.6A 16.9 ± 1.8ab 16.2 ± 1.5b −4.4 32.2 ± 1.2d 21.8 ± 0.8c −32.5A

W100 68.4 ± 3.9c 117.8 ± 9.5c +72.4A 14.3 ± 3.4bc 12.2 ± 0.8c −14.5 29.6 ± 1.2d 20.1 ± 1.1c −31.9A

a–dMeans in each column with the same letter are not significantly different (P ≥ 0.05).
ASignificant difference between raw and cooked (P < 0.05).
n.d. = none detected.
AA = ascorbic acid.
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capacity values. A significant positive correlation (P < 0.05) was
found between the polyphenol content and ORAC (r = 0.91),
FRAP (r = 0.95) as well as ABTS (r = 0.93). Significant positive
correlations were also found between the 3 antioxidant capacity
assays, although correlations were slightly lower between ORAC
and FRAP (r = 0.80) and ORAC and ABTS (r = 0.76). Teow
and others (2007) also found a high correlation between the total
polyphenol content and ORAC (r = 0.94), a lower correlation
between total polyphenols and ABTS (r = 0.69) and the same
correlation between ORAC and ABTS (r = 0.76) found as in this
study.

Wu and others (2004) determined the hydrophilic and lipophilic
ORAC values of raw sweetpotatoes. The L-ORAC value (0.44
μmol TE/g) contributed only 4.9% to the total antioxidant ca-
pacity while the H-ORAC value was measured to be 8.6 μmol
TE/g. The difference in the H-ORAC values between this study
and others could possibly be ascribed to the extraction solvent used
(acetone/water/acetic acid compared with methanol/water/acetic
acid). Pérez-Jiménez and Saura-Calixto (2006) found that results
will vary considerably when using different solvents for the same
method (tested on a mixture of catechin and gallic acid, 1 M : 1
M). It is especially the ORAC method which is sensitive to the
type of solvent used.

Halvorsen and others (2002) determined the average FRAP
value of sweetpotatoes from 3 different regions to be 240 μmol
FeSO4.7H2O/100 g (90% methanol solution used in the extrac-
tion). Since the stoichiometric factor of ascorbic acid in the FRAP
assay is 2 (Benzie and Strain 1996); this would be equivalent to
120 μmol AA/100 g. The highest sweetpotato (unknown variety)
tested had a value of 215 μmol AA/100 g, which is similar to the
Bosbok and Ndou varieties tested in this study.

Effect of different water regimes
It is generally accepted that vegetables and other plants increase

the production of secondary metabolites such as antioxidants under
conditions of stress (Dixon and Paiva 1995). This is thought to be
a response to an increase in oxidative stress during such conditions
in order to protect the plant from oxidative damage (Oh and others
2009).

Although not evident in all varieties, increases in the antioxidant
content and antioxidant capacity due to drought stress were evident
in this study. The β-carotene and chlorogenic acid content of the
W-119 variety increased by 27.2% and 30.6% respectively from
the 100% water regime to the 30% water regime. There was,
however, a 3.7% difference in moisture content (Table 1) for the

W-119 variety between the 100% water regime and the 30% water
regime, which will partially contribute to the above-mentioned
result. The vitamin C content of the Ndou variety increased by
58.1% and the H-ORAC value of the W-119 and Resisto varieties
increased by 74.0% and 17.2%, respectively, from the 100% to the
30% water regime. The increase in carotenoid content associated
with drought stress agrees with the finding of Bartoli and others
(1999) in wheat leaves where an increase in specifically β-carotene
content, was detected after drought stress.

Effect of thermal processing
The average decrease due to thermal processing of the β-

carotene content for the sweetpotato samples tested in this study
was 9.7% (Table 2). However, the decreases were very specific
for each of the orange-fleshed varieties. The average decrease for
the Resisto variety was 8.7% and for the W-119 variety 10.9%.
Van Jaarsveld and others (2006) found similar decreases (between
8% and 30% where the calculation was based on the weight and
β-carotene content of the sample before and after cooking) in
β-carotene content after boiling a mashed orange-fleshed sweet-
potato variety for 20 or 30 min. Hagenimana and others (1999)
reported a 30.6% loss of total carotenoids (based on fresh weight
basis) after boiling peeled sweetpotatoes for 30 min. K’osambo and
others (1998) boiled 4 sweetpotato varieties (unpeeled and uncut)
for 30 min and found that the total carotenoid content decreased
by between 14% and 59%.

The vitamin C content of the sweetpotato varieties decreased by
between 8.0% (R100) and 54.2% (N60) due to thermal processing
(Table 2). The decrease of ascorbic acid upon thermal processing
has been well documented in other vegetables, for example, toma-
toes (Dewanto and others 2002).

Lako and others (2007) determined the total polyphenolic con-
tent (acetonitrile with 4% acetic acid as the extraction solution)
of 4 sweetpotato varieties to range between 14 and 43 mg/100 g
after boiling for 20 to 25 min (raw content not determined).
Takenaka and others (2006) found that the caffeic acid deriva-
tives, 5-O-Caffeoylquinic acid and 3,5-di-O-Caffeoylquinic acid
in sweetpotato cubes decreased significantly after only a few min-
utes in boiling water. However, when the 2 purified compounds
were boiled separately on their own, they were unaffected by boil-
ing water. A possible explanation for the decrease in caffeic acid
derivatives in the sweetpotatoes during cooking was provided for
by the authors to be the result of the action of polyphenol oxidase
(PPO). In this study, there was an increase in the total polyphe-
nol content observed in all the sweetpotato varieties after thermal

Table 3–Antioxidant capacity of sweetpotatoes.

H-ORAC (μmol TE/g) FRAP (μmol AAE/100 g) ABTS (μmol TE/100 g)

Raw Cooked % Change Raw Cooked % Change Raw Cooked % Change

Variety
(% water
regime)

B60 14.8 ± 1.7a 13.9 ± 1.0a −6.3 177.6 ± 11.2a 244.7 ± 26.8ab +37.7A 127.5 ± 16.3a 182.2 ± 7.5a +42.9A

B100 16.5 ± 2.7ab 13.9 ± 1.2a −15.6 200.5 ± 23.2ab 267.4 ± 13.4a +33.4A 158.5 ± 18.8ab 191.1 ± 12.2a +20.6
N30 18.4 ± 2.3b 15.8 ± 2.5ab −13.9 207.6 ± 10.3b 278.4 ± 18.5a +34.2A 157.0 ± 10.7ab 223.2 ± 8.9b +42.2A

N60 15.3 ± 1.5a 18.4 ± 1.1b +20.2A 195.3 ± 13.2ab 250.5 ± 16.1a +28.2A 150.8 ± 14.8ab 213.5 ± 24.2ab +41.6A

N100 17.7 ± 0.9b 19.1 ± 1.4b +8.0 208.4 ± 16.1b 211.2 ± 8.2b +1.3 180.8 ± 15.5b 245.2 ± 26.4b +35.6A

R30 19.6 ± 0.6b 18.2 ± 2.6b −7.3 410.7 ± 44.2c 416.0 ± 59.3c +1.3 263.8 ± 28.4c 298.9 ± 43.8c +13.3
R60 19.2 ± 0.8b 18.9 ± 1.8b −1.8 374.7 ± 34.1c 390.0 ± 45.5c +4.1 243.5 ± 15.5c 269.4 ± 17.9bc +10.6
R100 16.8 ± 0.9ab 18.5 ± 0.7b +10.3 382.6 ± 26.3c 439.2 ± 15.8c +14.8A 288.4 ± 36.4c 306.0 ± 42.3c +6.1
W30 27.9 ± 1.4c 24.1 ± 0.7c −13.6 551.8 ± 23.8d 560.2 ± 37.4d +1.5 365.7 ± 45.1d 394.1 ± 31.9d +7.8
W60 17.1 ± 1.2b 15.2 ± 2.2ab −11.2 317.5 ± 4.0e 408.3 ± 44.0c +28.6A 243.6 ± 11.9c 298.3 ± 16.9c +22.4A

W100 16.0 ± 0.6ab 18.2 ± 1.5b +13.7 320.9 ± 18.9e 461.0 ± 42.8c +43.6A 241.0 ± 15.9c 313.2 ± 41.3c +29.9A

a–eMeans in each column with the same letter are not significantly different (P ≥ 0.05).
ASignificant difference between raw and cooked (P < 0.05).
TE = Trolox equivalents; AAE = ascorbic acid equivalents.
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processing (Table 2). The increases varied between 21.1% for N100
and as high as 79.1% for B100.

Wu and others (2004) determined the hydrophilic and lipophilic
ORAC values of raw and cooked sweetpotatoes (variety or flesh
color not indicated). The L-ORAC values decreased by 15.9% to
0.37 μmol TE/g while the H-ORAC value decreased by 15% to
7.3 μmol TE/g. However, the total polyphenols value increased by
62.2% from 74 mg GAE/100 g to 120 mg GAE/100 g. Cooking
times were different compared to this study (3 to 4 min compared
with 12 min). Lako and others (2007) tested the total antioxidant
capacity of 5 sweetpotato varieties that were steamed for 20 to
25 min using the ABTS assay (extraction solvent consisted of ace-
tonitrile containing 4% acetic acid/EtOH (95%), 90/10, v/v). Val-
ues ranged from 10 to 64 mg/100 g (40 to 256 μmol TE/100 g),
the latter being an orange-fleshed variety. Values for raw sweet-
potatoes were however not determined. In this study, the FRAP
values of all the sweetpotato varieties increased after thermal pro-
cessing (ranging from 1.3% for N100 and R30 to 43.6% for
W100). All the ABTS values also increased (ranging from 6.1%
for R100 to 42.9% for B60). However, 7 of the sweetpotatoes
tested with the H-ORAC assay showed a decrease (ranging from
–1.8% for R60 to −15.6% for B100) and 4 showed an increase
(ranging from 8.0% for N100 to 20.2% for N60). Dewanto and
others (2002) also showed that the antioxidant capacity of toma-
toes increased after thermal processing. Using the TOSC (total
oxyradical scavenging capacity) assay, the increase was significant
at 33.88% after 15 min thermal processing. Turkmen and oth-
ers (2005) found increases in the antioxidant capacity of pepper,
squash, green beans, broccoli, and spinach after thermal processing
(ranging from 16% to 62%) while there was a decrease in that of
peas and leeks (16% and 20%, respectively).

Conclusions
This study shows that the cooked orange-fleshed sweetpotato

varieties (Resisto and W-119) can contribute significantly toward
the RDA for vitamin A and vitamin C. Although there is no
RDA for polyphenols, the orange-fleshed varieties contain a sim-
ilar amount of polyphenols than fruits and an ORAC value com-
parable to many fruits. The antioxidant content and antioxidant
capacity were affected by variety, drought stress, and thermal pro-
cessing. Thermal processing decreased the carotenoid and vitamin
C content of all the varieties but increased the polyphenol content
and antioxidant capacity. Drought stress appears to increase the
carotenoid, vitamin C, and polyphenol contents as well as the an-
tioxidant capacity of some of the sweetpotato varieties, especially
W-119.

Acknowledgments
The authors thank H. Louwrens (research assistant: Food and

Consumer Science, CPUT) for preparing the cooked sweetpota-
toes.

References
Anselmo BA, Ganga ZN, Badol EO, Heimer YM, Nejidat A. 1998. Screening sweet potato for

drought tolerance in the Philippine highlands and genetic diversity among selected genotypes.
Trop Agric (Trinidad) 75:189–96.

Bartoli CG, Simontacchi M, Tambussi E, Beltrano J, Montaldi E, Puntarulo S. 1999. Drought
and watering-dependent oxidative stress: effect on antioxidant content in Triticum aestivum L.
leaves. J Exp Bot 50:375–83.

Beaton GH, Martorell R, Aronson KJ, Edmonston B, McCabe G, Ross AC, Harvey B. 1993.
Effectiveness of vitamin A supplementation in the control of young child morbidity and mor-
tality in developing countries. ACC/SCN state-of-the-art series. Nutrition policy discussion
paper no 13. Toronto: United Nations ACC/SCN.

Benzie IFF, Strain JJ. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
‘‘antioxidant power’’: the FRAP assay. Anal Biochem 239:70–6.

Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezatti M, Mathers C, Rivera J. 2008.
Maternal and child undernutrition: global and regional exposures and health consequences.
Lancet 371:243–60.

Dewanto V, Wu X, Adom KK, Liu RH. 2002. Thermal processing enhances the nutritional
value of tomatoes by increasing total antioxidant activity. J Agric Food Chem 50:3010–4.

Dixon RA, Paiva NL. 1995. Stress-induced phenylpropanoid metabolism. Plant Cell 7:1085–97.
Hagenimana V, Carey EE, Gichuki ST, Oyunga MA, Imungi JK. 1999. Carotenoid contents in

fresh, dried and processed sweetpotato products. Ecol Food Nutr 37:455–73.
Halvorsen BL, Holte K, Myhrstad MCW, Barikmo I, Hvattum E, Remberg SF, Wold A-B,

Haffner K, Baugerød H, Andersen LF, Moskaug JØ, Jacobs Jr DR, Blomhoff R. 2002. A
systematic screening of total antioxidants in dietary plants. J Nutr 132:461–71.

Huang AS, Tanudjaja L, Lum D. 1999. Content of Alpha-, Beta carotene, and dietary fiber in
18 sweetpotato varieties grown in Hawaii. J Food Comp Anal 12:147–51.

Indira P, Kabeerathuma S. 1988. Physiological response of sweet potato under water deficit and
recovery of leaf water potential and stomata activity after water stress. J Exp Bot 32:1029–34.

[IOM] Inst. of Medicine of the Natl. Academics. 2006. Dietary reference intakes: the essential
guide to nutrient requirements. Available from: http://www.IOM.edu/. Accessed Jun 16,
2009.

Kaur C, Kapoor HC. 2001. Antioxidants in fruits and vegetables—the millennium’s health. Int
J Food Sci Technol 36:703–25.

K’osambo LMK, Carey EE, Misra AK, Wilkes J, Hagenimana V. 1998. Influence of age, farming
site, and boiling on pro-vitamin A content in sweet potato (Ipomoea batatas (L.) Lam.) storage
roots. J Food Comp Anal 11:305–21.

Labadarios D, editor. 2007. National Food Consumption Survey – Fortification Baseline (NFCS-
FB): South Africa, 2005. Pretoria: Dept. of Health, Directorate of Nutrition. 332 p.

Lako J, Trenerry VC, Wahlqvist M, Wattanapenpaiboon N, Sotheeswaran S, Premier R. 2007.
Phytochemical flavonols, carotenoids and the antioxidant properties of a wide selection of
Fijian fruit, vegetables and other readily available foods. Food Chem 101:1727–41.

[MRC] Medical Research Council’s Burden of Disease Research Unit. 2008. South
African Comparative Risk Assessment, 2000: Summary Report. Available from:
http://www.mrc.ac.za/bod/crasumrpt.pdf. Accessed Jul 23, 2009.

Nardini M, Cirillo E, Natella F, Mencarelli D, Comisso A, Scaccini C. 2002. Detection of bound
phenolic acids: prevention by ascorbic acid and ethylenediaminetetraacetic acid of degradation
of phenolic acids during alkaline hydrolysis. Food Chem 79:119–24.

Niederwieser JG. 2004. Guide to sweet potato production in South Africa. Pretoria: ARC-
Roodeplaat. 95 p.

Nuutila AM, Kammiovirta K, Oksman-Caldentey K-M. 2002. Comparison of methods for the
hydrolysis of flavonoids and phenolic acids from onion and spinach for HPLC analysis. Food
Chem 76:519–25.

Odriozola-Serrano I, Hernández-Jover T, Martı́n-Belloso O. 2007. Comparative evaluation
of UV-HPLC methods and reducing agents to determine vitamin C in fruits. Food Chem
105:1151–8.

Oh M-M, Trick HN, Rajashekar CB. 2009. Secondary metabolism and antioxidants are involved
in environmental adaptation and stress tolerance in lettuce. J Plant Physiol 166:180–91.

Padda MS, Picha DH. 2007. Methodology optimization for quantification of total phenolics and
individual phenolic acids in sweetpotato (Ipomoea batatas L.) roots. J Food Sci 72:412–6.

Padda MS, Picha DH. 2008. Quantification of phenolic acids and antioxidant activity in sweet-
potato genotypes. Sci Hort 119:17–20.
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Carotene-rich orange-fleshed sweet potato improves the vitamin A status of primary school
children assessed with the modified-relative-dose-response test. Am J Clin Nutr 81:1080–7.

Van Jaarsveld PJ, Marais DW, Harmse E, Nestel P, Rodriguez-Amaya DB. 2006. Retention of
β-carotene in boiled, mashed orange-fleshed sweet potato. J Food Comp Anal 19:321–9.

WHO (World Health Organization). 2009. Global prevalence of vitamin A deficiency in pop-
ulations at risk 1995–2005. Geneva: World Health Organization. 55 p. Available from:
http://www.who.int. Accessed Jul 25, 2009.

Woolfe JA. 1992. Sweet potato: An untapped food resource. New York: Cambridge Univ. Press.
p 145–9.

Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE, Prior RL. 2004. Lipophilic and
hydrophilic antioxidant capacities of common foods in the United States. J Agric Food Chem
52:4026–37.

Vol. 75, Nr. 5, 2010 � Journal of Food Science C405


