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Influence of agro-ecological production areas on antioxidant activity, reducing sugar
content, and selected phytonutrients of orange-fleshed sweet potato cultivars

Nozipho Mgcibelo MOTSA™, Albert Thembinkosi MODI', Tafadzwanashe MABHAUDHI'

Abstract

Sweet potato is an important staple, and it is mainly known for its contribution of B-carotene in human diet. The effects of
cultivar and habitat on this pigment and other nutritional characteristics of the crop still require investigation. In this study,
three locally bred cultivars of sweet potato, two of which are orange-fleshed, were grown in three different agro-ecological
areas to determine soluble sugar content, -carotene, and total antioxidants of roots. In addition antioxidant activity, total
carotenoids, and chlorophyll content were determined in edible leaves. Reducing sugars, -carotene, total antioxidants capacity,
total carotenoids, and chlorophyll content were significantly affected by environmental conditions. The location at lower altitude
and closer to the coastline showed high evapotranspiration, thus reducing sugar content, antioxidant activity, and phytonutrients
in both storage roots and leaves. Absence of water stress in agro-ecological locations further inland and at higher altitudes
was associated with an increase in these compounds. Free radical scavenging activity of DPPH was higher in the storage roots
(610.49 pmoles TE/100g) than in the leaves (426.06 pmoles TE/100g); nevertheless, opposite results were found for the ferric
ion reducing activity (FRAP). The deep orange-fleshed cultivar A45 contained high p-carotene (15 mg/100g), which is enough
to meet RDA for vitamin A. There is evidence of agro-ecological effect on sweet potato nutritional value.

Keywords: agro-ecological areas; sweet potato cultivars; reducing sugars; phytonutrients.

Practical Application: sweet potato sugar and phytonutrient content can be adversely affected by drought stress. Sweet potato
leaves should be promoted in diets of food insecure communities due to their high phytonutrients contents and antioxidant

capacity which have potential to contribute to human health and nutrition.

1 Introduction

Sweet potato (Ipomoa batatas L.) is one of the most important
albeit underutilised (Ali et al., 2012) crops and source of essential
nutrients, primarily vitamin A (in the orange-fleshed varieties)
(Kulembeka et al., 2004; Agili et al., 2012; Laurie & Van Heerden,
2012). Consumers are increasingly conscious about their health
and have since started to consider the nutritional benefits,
disease prevention, and health-promoting properties of foods.
This consumers’ consciousness calls for critical evaluation of
the nutritional composition and health-promoting potential
of food crops in order to satisfy their needs. Sweet potato
has a great potential role in this respect (Ahmad et al., 2011;
Van Jaarsveld et al., 2005).

Information on other beneficial compounds found in
sweet potato roots besides the already known nutrients (starch
content, mineral content, and B-carotene content) is envisaged
to further increase appreciation and consumption of the crop.
Human consumption of the other plant parts such as the
leaves can also improve its nutritional value. A recent study by
Laurie & Van Heerden (2012) reported good acceptability of
beta-carotene-rich sweet potato leaves as a leafy vegetable, which
indicated the need to promote consumption of leaves. According
to Islam (2006), sweet potato leaves have largely been neglected
except for partial use as livestock feed. The leaves are reported

to hold high nutrient composition and higher concentrations of
polyphenols compared with major commercial vegetables such
as spinach, broccoli, cabbage, and lettuce (Islam, 2006). Whether
these concentrations (polyphenols and nutrients) increase or
decrease in response to differences in growth environmental
conditions, is still not clear.

The taste and gustatory perception of a food crop plays a
vital role in increasing chances of its acceptance and utilization.
Laurie & Magoro (2008) and Kulembeka et al. (2004) reported
that taste of sweet potato storage roots was an important
characteristic that influenced acceptability of new varieties.
Soluble sugars have been reported to be affected by variations in
growth environments (Wolf et al., 1991), apart from genotype.
While this is true, there is limited empirical information reporting
on other chemical responses of sweet potato to differences in
agro-ecological areas in Southern Africa.

The objective of the study was to determine the effect of
production agro-ecological areas on sugar content, p-carotene,
and total antioxidants capacity of storage roots from three sweet
potato cultivars. Total antioxidants activity, carotenoids, and
chlorophyll content were further determined in young leaves,
which are suitable for use as leafy vegetables, from these three
sweet potato cultivars,
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2 Materials and methods
2.1 Plant material and agroecological areas

Three sweet potato cultivars (A40, A45, and 199062.1) were
obtained from the University of KwaZulu-Natal’s plant breeding
programme. Sweet potato cultivar A40 is a cream-fleshed
variety, while the other two are orange-fleshed. All three sweet
potato cultivars were derived from field trials planted on the
first week of November 2012 in three different agro-ecological
locations (Deepdale, Umbumbulu, and Richards Bay) (Table 1).
Planting was done on ridges (~30 cm high) in a randomized
complete block design with three replications per location. In
all locations, sweet potatoes were planted on land that had been
fallow for at-least a year (Table 1). Soil samples were taken prior
to planting and analysed for fertility and textural characteristics
(Table 1). No fertilizer, pesticides, or supplementary irrigation
were applied during crop growth at all experimental sites.
Details of weather parameters (maximum and minimum
temperatures, reference evapotranspiration, and rainfall) were
obtained from the Agricultural Research Council - Institute
for Soil, Climate, and Water’s network of automatic weather
stations. Agronomic conditions and crop management were
kept identical in all locations throughout the growth period.
Harvesting was conducted at 120 days after planting, where
marketable storage roots (100-500 g) and young leaf material (up
to the fourth youngest leaf) suitable for cooking were selected
for chemical evaluation.

2.2 Chemical analysis
Free radical scavenging assay

Extraction was carried out using perchloric acid; 0.2 g of
freeze-dried and ground plant material, (leaves and storage roots)
was mixed with 10ml of perchloric acid and allowed to stand

for 10 minutes. The mixture was vortexed for 1 minute before
being centrifuged at 12400 x g at 4°C for 10 minutes. Extracts
were performed in triplicate. The 2,2 —diphenyl-1-picrylhydeazil
(DPPH) free radical scavenging activity of each sample was
determined according to Wong et al. (2006). The antioxidant
capacity based on the DPPH free radical scavenging ability of
the extract was expressed as pmol Trolox equivalents per gram
of plant material on a dry matter basis.

Ferric reducing ability of plasma assay

Extraction was performed as described for the DPPH free
radical scavenging assay. The ability to reduce ferric ions was
measured using the method described by Wong et al. (2006).
The antioxidant capacity based on the ability to reduce ferric
ions of the extract was expressed as pmol Trolox equivalents
per gram of plant material on a dry matter basis.

Carotenoids and chlorophyll concentration

Carotenoids and chlorophyll were extracted (in triplicate)
and determined according to Lichtenthaler (1987) in freeze-dried,
ground sweet potato leaf material (0.2 g DM). Calculations and
conversions were made using the Equations 1 to 4:

C,=(1225xA,,,)~(279x A, ) (1
C,=(21.50x A, )~ (5.10x A, )
Catb=(T.15x A, )~ (871 x A, ) 3)
C..=(1000x A, )~ (1.82x C))—(85.02 x C,)/19 ()

Tablel. Experimental site description for Deepdale (Agro-ecological group 17), Richards Bay (Agro-ecological group 1), and Umbumbulu

(Agro-ecological group 3).

Deepdale Richards Bay Umbumbulu

Agroecological zone Coast hinterland thornveld Moist coast forest, thorn and Moist coast hinterland and

(Bio-resource group) palm-veld ngongoni veld
Geographical location 28°01°S; 28°99°E 28°19’S; 32°06E 29°98’S; 30°70’E
Altitude (m a.s.l.)z 998 30 632
Annual rainfall 7500-850 mm 820-1423 mm 800-1160 mm
Average temperature 18.4°C 22°C 17.9°C
Frost occurrence moderate None Light and occasional
*Soil texture class clay Sand Clay
Clay content 53% <5% >60%
Soil pH 4.4 3.6 4.2
*Soil type Jonkersberg form (Jb) Inhoek form (Ik) Hutton form (Hu)
Soil depth 1.0 m >1.0m 1.0 m
Nitrogen (%) 0.4 0.1 0.3
Phosphorus (mg/L) 5.0 6.0 1.0
Potassium (mg/L) 349.0 18.0 62.0
Organic carbon (%) 44 <05 3.4
Previous crop Fallow (3 years) Fallow (1 year) Fallow (1 year)
Total rainfall received (mm) 466.9 563.2 557.4
Total ETo (mm) 17.2 567.2 449.2

*Soil Classification, a Taxonomic System for South Africa 1991; * metres above sea level.
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Where: C_= Chlorophyll a,
C, = Chlorophyll b,
C,,, = Total Chlorophyll, and

C,,. = Total carotenoids.

Pigment extraction for -carotene analysis

The sampling of sweet potato roots for B-carotene was done
as described by Rodriguez- Amaya & Kimura (2004). Extraction
was then carried out in triplicate, according to the method of
the Association of Official Analytical Chemists (Howitz, 1980)
using a 5g sample of macerated sweet potato storage root (with
1 mg of BHT).

The concentration of P-carotene was calculated using
Beer-Lamberts Law, which states that absorbance (A) is proportional
to the concentration (C) of the pigment, as represented by the
Equation 5:

A oL (if concentration(C) is constant).

A=ECL; C=A/EL )
Where: C= concentration of carotene,

A= absorbance,

E= extinction coefficient,

L= thickness of cuvettes (path length) = 1cm, and

E of B-carotene = 1.34x10° |/mol cm (M=537 g/mol).

Extraction of soluble sugars

Soluble sugars were extracted and determined according to
Liuetal. (1999) using freeze-dried, ground material (0.10 g DM)
mixed with 10 ml 80% (v/v) ethanol and homogenized for
60 seconds. The concentration of individual sugars was determined
by comparison with authentic sugar standards.

2.3 Statistical analyses

Data were subjected to analysis of variance (ANOVA) using
GenStat” version 14 (VSN International, Hemel Hempstead,
UK). Tukey’s test was used to separate means at the 5% level
of significance.

3 Results

3.1 Antioxidant activity

Results of the two antioxidant activity assays (FRAP and
DPPH) showed significant differences (P < 0.05) among the
agro-ecological locations and sweet potato cultivars (Table 2).
The interaction between location and sweet potato cultivar was
also significant (P <0.001) (Tables 2 and 3).The reducing power
(measured using the FRAP assay) of storage roots harvested at
Richards Bay was higher than those harvested from Umbumbulu
and Deepdale, respectively (Table 2). The DPPH free radical
scavenging activity, on the other hand, was higher for storage
root extracts harvested at Deepdale followed by Richards Bay
and the lowest for Umbumbulu root extracts. Sweet potato leaf
extracts followed a similar trend when subjected to DPPH free
radical scavenging essay (Table 3). The reducing power of leaf
extracts was higher for Umbumbulu sweet potato leaves, while
Deepdale sweet potato leaves had very low reducing activity.

The antioxidant activity of the sweet potato cultivars A40 and
A45 varied within the assays used. Cultivar A40 had relatively
higher reducing power, whereas cultivar A45 had relatively
higher radical scavenging activity. This trend was observed in
both the leaf and storage root extracts. It was also observed
that the ferric ion reducing activity values of the leaves were
consistently higher than the DPPH free radical scavenging
values. Sweet potato cultivar 199062.1 seemed more stable as
far as the antioxidant activities were concerned. Significant
negative correlation (r = 0.81; p< 0.05) was also found between
the two antioxidant activity assays when applied on the leaves.

Table 2. Total antioxidant activity in storage roots of three sweet potato cultivars harvested from different locations.

SweetPotato DPPH (pmoles TE/100g) FRAP (pumoles TE/100g)
cultivars Deepdale Umbumbulu Richards Bay Deepdale Umbumbulu Richards Bay
A40 631.9+£0.18° 559.8 £0.62¢ 587.0 £0.05¢ 178.2 £ 0.10° 355.2 +0.78° 622.0 + 1.61°
A45 632.5+0.23* 616.3 £0.43* 619.0 £0.26" 178.1 £ 0.39° 263.4 +0.88° 254.3 £ 3.90°
199062.1 629.8 +0.38° 596.7 + 0.08" 621.5 +0.19* 256.8 +0.28° 437.9 +0.25° 305.0 = 0.26¢
Means in each column with different letters are significantly different (P <0.05); TE = Trolox equivalent.
Table 3. Total antioxidant activity in the leaves of three sweet potato cultivars harvested from different locations.
Sweet Potato DPPH (pmoles TE/100g) FRAP (umoles TE/100g)
cultivars Deepdale Umbumbulu Richards Bay Deepdale Umbumbulu Richards Bay
A40 647.8 +0.25¢ 268.5 + 1.04¢ 164.3+ 3.93¢ 214.1+0.1° 1883.0 + 0.78° 823.8 +1.61°
A45 620.7 £ 0.12° 309.5 + 1.22° 484.4 £ 0.07* 473.0 £ 0.39° 1417.2 £ 0.88° 802.1+ 3.90°
199062.1 590.2 + 0.23° 305.6 + 1.47° 443.7 +0.23° 836.1+ 0.28* 1263.2 £ 0.25% 1176.1% 0.26¢

Means in each column with different letters are significantly different (P < 0.05); TE = Trolox equivalent.
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3.2 Carotenoids, -carotene and chlorophyll

Carotenoids, B-carotene, and chlorophyll content showed
significant (P < 0.05) differences across locations and sweet
potato cultivars. The interaction between location and sweet
potato cultivars was also significant (Table 4). With respect
to differences between locations, storage roots harvested at
Deepdale contained significantly (P<0.001) higher -carotene
than the storage roots harvested from Umbumbulu and Richards
Bay, respectively. It was also observed that p-carotene content
tended to increase as the agro-ecological location got further
away from the coast (Table 1). Very low values were recorded
from storage roots harvested from the lowland coastal location
(Richards Bay), whilst the highest values were recorded in the
storage roots harvested from the upper inland location (Deepdale)
(Tables 1 and 4).

Based on mean values of sweet potato cultivars across these
locations, cultivar A45 recorded significantly (P<0.001) higher
B-carotene content than that of the cultivars 199062.1 and A40,
respectively. The two orange fleshed sweet potato cultivars
(A45 and 199062.1) recorded similar amount of P-carotene
content when planted in Richards Bay (Table 4). Sweet potatoes
planted in Richards Bay had low concentrations of chlorophyll
and total carotenoids, following a similar trend as that of
B-carotene content of storage roots from that location. Higher
concentrations of the two types of phytonutrients (chlorophyll and
total carotenoids) were recorded at Umbumbulu and Deepdale
respectively. There was a positive correlation (r* = 0.76; p< 0.05)
between carotenoids and chlorophyll contents, but there was no
relationship between these two phytonutrients in the leaves and
B-carotene in the storage roots. Chlorophyll and total carotenoids
contents followed a similar trend as p-carotene content in the
three sweet potato cultivars. Cultivar A45 recorded the highest
(P <0.001) chlorophyll and carotenoids content, followed by
cultivars 199062.1 and A40, respectively (Table 4).

3.3 Reducing sugar content

Reducing sugar content varied significantly (P < 0.001)
across locations and among the sweet potato cultivars (cultivars).
The interaction between the two factors also showed significant
variations (Figure 1). Storage roots harvested from Deepdale
contained significantly (P <= 0.001) higher sugar content,
followed by those harvested from Umbumbulu and Richards Bay.
Reducing sugar content followed a similar trend as f-carotene
content from these locations. Sweet potato cultivars, A40, and
A45 contained more reducing sugars than that of sweet potato
cultivar 199062.1.

While sugar content of cultivar A40 was the highest when
planted in Deepdale and Umbumbulu, the opposite was true when
planted in Richards Bay. It recorded the lowest sugar content
value, which was even lower than those recorded from cultivar
199062.1, an inherently low sugar content variety based on the
results obtained for the other two locations. Cultivar A45, on
the other hand, showed high stability across the three locations.

4 Discussion

The agroecological locations where the sweet potato cultivars
were grown had a marked influence on the contents of sugars,
[-carotene, total carotenoids, and chlorophyll and antioxidant
activity. This is an indication that environmental conditions do
affect the chemical composition of sweet potato roots. The coast
hinterland thornveld environmental conditions (Smith, 2006),
where Deepdale is located, seemed to favour nutritional status
of the sweet potato cultivars. Total rainfall received during the
growth period was almost similar (563.2, 557.4 and 466.9 mm
in Richards Bay, Umbumbulu and Deepdale, respectively) in
all three locations, except for total evapotranspiration (ET,)
(567.2, 449.2 and 17.9mm in Richards Bay, Umbumbulu and
Deepdale, respectively ). The ET  was very low in Deepdale, and
it is assumed that it may have had a positive influence on the
chemical concentration of these compounds. Where ET was
higher (in Richards Bay), it created a deficit as it exceeded rainfall
received. The deficit therefore imposed water stress conditions
to the plants; when coupled with high temperatures, they may
have had an adverse effect on the sugars and phytochemical
content of the plant parts analysed. Water deficit (resulting from

LSD 0.26

(®=005)

Total sugars (mg/g dw)

||:| 199062.1 m A40 m A45 |

Figure 1. Reducing sugar content of storage roots of three sweet
potato cultivars (A40, A45 and 199062.1) harvested from different
agroecological locations (R Bay, Umb, Ddale).

Table 4. Phytonutrients of three sweet potato cultivars grown in three different locations (p-carotene measured on storage roots, while total

carotenoids and chlorophyll content were measured on leaves).

Sweet Potato B-carotene (mg/100g) Total carotenoids (mg/g) Chlorophyll (ug/g)
cultivars Deepdale Umb R. Bay Deepdale Umb. R. Bay Deepdale Umb. R. Bay
A40 2.9 £0.05° 0.2+0.05 098+0.01" 0.9+0.44" 39+£197* 2.6 +1.29* 3.8+£0.01° 33.1+0.02* 18.9+0.01°
A45 23.2+0.02* 19.7+0.05*  2.3+0.03* 3.9+1.96" 3.0+1.97* 23+1.13* 447 +0.06* 23.9+0.01° 15.4+0.00°
199062.1 10.9 + 0.0° 5.3+0.10° 2.3 +£0.08* 2.7 £1.35* 32+£1.57* 23+ 1.13* 243+0.01° 252+0.03"> 16.8+0.01°

Umb = Umbumbuluy; R. Bay = Richards Bay; Means in each column with different letters are significantly different (P <0.05).
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high ET)) was the dominant variable among these locations.
Deepdale is located in an agroecological area which experiences
frequent mist during summer season, and this contributed to soil
moisture conservation by reducing ET, (Food and Agriculture
Organization of the United Nations, 1989; Smith, 2006). This
is probably why total ET was only 3% of the value recorded in
Richards Bay (Table 1).

Secondary metabolites, such as phenolic antioxidants, are
generally known to increase under drought stress conditions, and
this is believed to be a response to an increase in oxidative damage
(Podsedek, 2007; Oh et al., 2009). Plants grown in Deepdale
did not experience any drought stress, yet they recorded high
concentrations of total carotenoids, B-carotene, and antioxidant
activity. Carotenoids, on the other hand, are plant pigments that
can confer plants with resistance to the adverse effects of drought
(Jaleel et al., 2009). Observations in this study suggest that under
favourable growth environments, secondary metabolites in sweet
potato plants can be stored in the harvestable plant parts as they
are not depleted in the protection against drought stress. Thus,
they are available in high concentrations for human nutrition
and phytonutrition.

The agroecological area (moist coast hinterland) of Umbumbulu
(Table 1) was the onlylocation that seemed to concur with reports
on carotenoids playing a protective role in photosynthetic tissues
of plants growing under water stress conditions (Jaleel et al., 2009).
Total carotenoid content increased in Umbumbulu due high
ET, (Tables 1 and 4) thus demonstrating the unique protection
from oxidative damage provided by carotenoids when plants
are exposed to water stress. This was, however, not the case in
Richards Bay. Not only did the location reduce the phytonutrients,
but it further reduced the sugar content of storage roots. The
high water deficit and high temperatures (Table 1) in Richards
Bay were expected to increase secondary metabolites as the
main defence mechanism and as documented in the literature
(Podsedek, 2007; Jaleel et al., 2009; Oh et al., 2009). Instead,
the concentration levels of these metabolites were higher under
favourable environments. Water stress (in Richards Bay) became
the main setback in plant’s phytonutritional status as they started
to experience harsh growth conditions at an early stage, and
thus they started to produce secondary metabolites to protect
itself at a very early stage of their life cycle. Moreover, instead of
storing those secondary metabolites in its organs, these plants
became depleted in the continuous struggle to survive harsh
growth conditions.

Comparison of the antioxidant activity of storage roots
and leaves revealed that sweet potato leaves had a generally
high antioxidant activity. A similar observation was reported
by Chu et al. (2000). High chlorophyll content in sweet potato
leaves and other substances presumably are highly likely to
have a health-promoting potential since chlorophyll has also
been reported to have many beneficial biological properties to
humans (Ferruzzi et al., 2002; Kizhedath & Suneetha, 2011).
Utilization of these leaves as a vegetable could increase food
security (mineral nutrient access) and health in the sense that
it could add to the number of seasonal leafy vegetables used by
rural communities who have limited access to produce markets
(Vorster et al., 2007). Storage roots of orange-fleshed varieties

36

showed higher B-carotene content than the cream-fleshed sweet
potatoes, as shown in previous studies (Rautenbach et al., 2010;
Laurie & Van Heerden, 2012; Laurie et al., 2012). The deeper
the orange colour, the more the f-carotene concentration. Sweet
potato cultivar A45 contained more than 15 mg/100g -carotene,
which can provide 100% of the recommended daily allowance
(RDA) of vitamin A for children between the ages of 4 — 8 years
(Institute of Medicine of the National Academies, 2006).

5 Conclusions

Sugars, p-carotene, antioxidant activity, and phytonutrients
concentration in sweet potato can be increased or reduced by
environmental conditions. Favourable environmental conditions
for good nutritional quality of sweet potatoes are agroecological
areas with mild temperatures. This allows the crop to store its
sugars and phytonutrients better than those grown under harsh
environments. Contrary to earlier reports on drought stress, this
study revealed that a combination of water stress conditions and
high temperatures can also reduce phytonutrients concentration
in sweet potato harvestable plant parts as the plant is endlessly
protecting itself from oxidative stress. This finding suggests that
more research is required to investigate sweet potato potential as
a drought tolerant crop from the nutritional value perspective.
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