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Abstract. Bioactive compounds in foods have gained popularity worldwide for beneficial effects on
human wellbeing. Opportunities for a bioactive food or component, for diet, begin with identifying a
link between a bioactive food or ingredient and health or to a disease. The role of bio-actives in
health has been established with many research findings. At present bioactive components that
promote weight management and lower the risk of obesity, diabetes, and cardiovascular disease have
received the most attention. Sweetpotato contains various types of bioactive compounds such as
phenolic compounds and carotenoids. Phenolic compounds that are found in sweetpotato include
phenolic acids and anthocyanins, which are predominant in purple-flesh sweetpotato. Carotenoids,
such as o-carotene, B-carotene, and -5 cryptoxanthin are predominant in orange-fleshed sweetpotato.
Sweetpotato is rich in dietary fiber, minerals, vitamins and bioactive compounds such as beta-
carotene, phenolic acids and anthocyanins which provide sweetpotato with distinctive flesh colors like
cream, yellow, orange and purple.
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1 Introduction

Bioactive elements in plants can be described as secondary substances drawn out from plants induce
pharmacological or toxicological result on an individual and animals [1]. NIH defines bioactive
compounds as constituents in foods or dietary supplements, other than those needed to meet basic
human nutritional needs, are responsible for changes in health. While nutrients draw out
pharmacological or toxicological results when consumed in excessive doses (e.g. vitamins and minerals),
nutrients in plants are normally not considered in the term bioactive plant component [1]. Plants with
powerful bioactive compounds are often typified as both toxic and therapeutic, and an advantageous or
unfavorable outcome may be determined by the quantity taken in and the circumstance of intake but
for characteristic plants that give nourishment the food taken into the body are normally considered to
be favorable [1]. Sweetpotato is abundant in dietary fiber, minerals, vitamins and compounds of
substances with biological effect such as B-carotene, phenolic acids and anthocyanins that give
sweetpotato its unique flesh colors (cream, yellow, orange and purple) [2] refer Fig. 1.
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Figure 1. Classification of dietary phytochemicals.

Source: Liu, 2016 (as adapted from Liu, 2004 with permission)
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These bioactive compounds behave as unimpeded progressive scavengers and also pitch in towards the
characteristic colors of sweetpotato [2]. Vitamins like vitamin C and E also ingrained inside the root [2].

The term “organic agriculture” signifies an agrarian system of production that neither permits the use
of chemical pesticides nor synthetic fertilizers. It prohibits the use of genetically modified organisms and
requires a lot of labor. Organic farming has gathered a large amount of awareness over the past few
years. Since the 1980s, organic farming has experienced constant development, and has lately gathered a
greater intensity worldwide [3]. In other for a farm to be certified organic, the farmer has to meet and
adhere to specific cultivation standards. The soil is made healthy through use of organic fertilizers if
needed, tillage/cultivation practices, crop rotation, use of cover crops, and utilization of plant or animal
unwanted substances [4]. There are a number of components that might influence the framework of
bioactive compounds, including both changes in the environment and on farm management practices
(See figure 2), that need to be considered when comparing food crops cultivated in the organic and
conventional systems [5].

ORGANIC VERSUS CONVENTIONAL

W Organic better  m Conventional better  m No difference

Figure 2. Diagram comparing nutrient levels in organic and conventional crops

*Percent of 1230 published comparisons where nutrient levels are better, worse or the same. The organic crop has
the higher nutrient level or lower toxic level in 56 percent of the comparisons while the conventional crop was better
only 37 percent of the time [6] Source: Worthington [6]

In conventional farming, large amounts of nitrogen applied to the plant through chemical fertilizers
leads the plant to build up more nitrates, smaller amounts of vitamin C and substandard protein quality
[6]. The addition of pesticides to the conventional grown plants to safe-guard those from pathogens may
provide an explanation for why they possess less secondary metabolites [5]. Pesticides have been
recognized to influence plant make-up, and some research studies have been performed to examine the
nutritional outcome [6]. For example, salicylic acid, a polyphenol compound synthesized in reaction to
disease causing plant pathogens, normally found in less quantity in all levels of plants, was discovered to
be six times greater in organic leafy green broth than in soups prepared from conventionally grown leafy
greens [7]. Herbicides are specifically unpleasant as they annihilate plants by making changes to their
manufacture of essential compounds such as beta-carotene, tocopherols and amino acids, which all
possess nutritional importance [6]. Modern research results have exhibited that organic management
system has a greater probability of creating food plants with greater magnitude of secondary metabolites,
higher amounts of vitamin C, and higher levels of dry matter (lower water content) [5]. Dangour et al.
[8], taking an aggregate of 3558 studies noted the similarity and dissimilarity between the nutrient
content including other substances in organically and conventionally grown food materials extracted for
analysis. The results from this study reported published that phytochemicals, phenolic compounds and
flavonoids was more in organic crop. Worthington, [6] also obtained similar results (see Figure 3).

It is noteworthy that to date limited studies exist in the literature on various sweetpotato types
grown in organic system and their total antioxidant capacity in relation to phytochemical
content/composition. This paper serves as a review to consolidate literature on the findings on
sweetpotato thus far.
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Figure 3. Conceptual framework outlining factors affecting nutrient variability in crops

Source: Dangour et al. [8] with permission

2 Key Bioactive Compounds in Organic Sweetpotato

2.1 Polyphenols and Flavonoids (Anthocyanins)

Polyphenolic compounds are separated into two main categories: phenolic acids and flavonoids [9)].
Phenolics are molecules that inhibit oxidation with no less than a single aromatic ring and single or
multiple hydroxyl classes [10]. Flavonoids consist of anthocyanins amongst others which are water
soluble [11]. In an investigation by Zhu et al. [12] important anthocyanins were established as peonidin
or cyaniding 3-sophoroside-5-glucoside and their derivatives with an acyl group, e.g., peonidin 3-
sophoroside-5-glucoside, peonidin 3-(6”-p-feruloylsophoroside)-5-glucoside, peonidin 3-(6-p-
feruloylsophoroside, and cyanidin 3-(6”-p-feruloylsophoroside)-5-glucoside and muain hydroxycinnamic
acid derivatives were identified as mono and dicaffeoylquinic acids (e.g., 5-O-Caffeoylyquinic acid and
3,5-di-O-caffeoyl-hexoside. These major phenolic compounds were recognized to be principal contributors
overall to proportions of the antioxidant in the assessed sweetpotato roots [12]. Measured evaluations by
Salawu et al. [13] expressed caffeic acid (2.97%) as the most abounding phenolic compound in purple
and white skin of sweetpotato while catechin (0.17%) and rutin (0.17%) in the order mentioned are of
the minutest abundance. The study was able to disclose in addition that iso-quercitrin (1.86%) and
quercitrin (1.79%) are the most plentiful phenolic compounds in flesh of sweetpotato with purple and
white peel [13]. Plants make phenolic compounds for a number of causes, but one of the main purposes
is to make plant substances not so much appealing to herbivores, insects, and animals that prey on
them [14]. Some research studies have investigated the possibility of chemo-preventive behavior of
sweetpotato phenolic extracts [15, 16] with the affirmation that it is advantageous for anemia,
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hypertension and diabetes [17, 13]. Sweetpotato phenolics was discovered to impede the development of
human colon, leukemia and stomach cancer cell lines [18], as well as to hamper viruses and fungi from
growing in vitro [19] and to improve diabetes in man [20].

A lot of work has been done to determine the phenolic content in sweetpotato roots in the traditional
farming system. In a study by Islam et al. [21] the phenolic contents in sweetpotato roots were observed
to be lesser than the numbers 1.42-17.2 g/100g DW assessed in sweetpotato leaves. According to an
experiment by Teow [2] the total phenolic content was more, 79.2 mg CAE/100g FWB, for NC- 415
(purple-flesh) and lesser, 0.3 mg CAE/100g FWB for Xushu 18 (white-flesh) sweetpotato root. In
general, purple-fleshed sweetpotato genotype was observed to have the greatest phenolic content
followed by orange, yellow and white-fleshed [2]. The comprehensive anthocyanins content of the
sweetpotato tested varied between 1.32 to 113 mg/ 100 g sample FWB [2]. Tainung 73 a purple-fleshed
sweetpotato (PFSP) was found to have roots loaded with antioxidative compounds, like phenolics,
flavonoid, and anthocyanins largely clustered in its skin than flesh [22]. Ji et al. [23] established that
purple fleshed sweetpotato (Jizi 01) carried more anthocyanins content (6.23 mg/g dry matter) than
Xinong 431 (red-flesh 2.56 mg/g DW) and Beijing 553 (yellow-flesh 1.32 mg/g DW) while the white-
fleshed sweetpotato (Shangshu 19 -showed undetectable value). The designated sequence of the entire
phenolic content was Jizi 01 (54.3 mg/g DW) > Xinong 431 (25.7 mg/g DW) > Beijing 553 (17.8 mg/g
DW) > Shangshu 19 (9.6 mg/g DW) [23]. Tt is interesting to note that polyacylated anthocyanins were
singled out as the key scavenger of all bioactive compounds discovered in the purple-fleshed sweetpotato
[24, 25, 26].

Cisneros-Zevallos and Cevallos-Casals [27] in their study, announced the anthocyanin content of red-
fleshed sweetpotato to be 182 mg anthocyanin/100g FW. Moumouni et al. [28] conducted an experiment
with eight orange fleshed sweetpotato varieties in Burkina Faso and discovered significant differences (P
< 0.05) between their total polyphenolic content fluctuating between 1.06 (BF82xTIB-4) to 2.43
(BF92xResisto-14) mg equivalents of Gallic acid (GAE) /g dry weight. Relatively, higher to lower total
phenolic content in nine orange fleshed sweetpotato varieties in a Bangladeshi study by Mohammad et
al. [29] was organized in the following order: BARI SP 7 > BARI SP 4 > BARI SP 5 > BARI SP 9 >
BARI SP 2 > BARI SP 8 > BARI SP 3 > BARI SP 1 > BARI SP 6. The data collated depicted that
total polyphenol content differed ranging between 94.63 to 136.05 mg gallic acid equivalent (GAE)/100
g fresh weight (FW). Poungmalee, [30] established the total phenolic content in an orange fleshed
sweetpotato variety (T101) cultivated in Thailand as 1.94 mg GAE/g of fresh root weight (FW). Teow
et al. [31] found the phenolic contents of hand-peeled orange fleshed sweetpotato cultivars grown in the
U.S. varied between 0.06 to 0.23 mg GAE/g FW while Walter and Purcell in [32] found them to contain
117 to 467 mg of chlorogenic acid equivalent/kg of fresh weight (FW). Walter and Purcell [32] had also
outlined that total phenolic content was extensively different among tested sweetpotato of varying
genotypes with the largest quantity being 75 mg CAE/100g FWB. Total phenolic content, measured in
terms of chlorogenic acid equivalent, in independent sweetpotato clones fell within 1.4 to 4.7 mg/g dry
weight (DW) according to a published study by Padda and Picha in [33]. Chlorogenic acid and 3,5-
dicaffeoylquinic acid was the paramount phenolic acid, while caffeic acid was the smallest in amount in
many of the sweetpotato roots observed [33]. Chlorogenic acid (422.4 mg/g DW) was the greatest in a
white-fleshed cultivar ‘Quarter Million’ brought in from Jamaica and a purple-flesh sweetpotato root
‘02-814’ had the most quantity of 3,5-dicaffeoylquinic (485.6 mg/g DW), 3,4-dicaffeoylquinic (125.6
mg/g DW), 4,5-dicaffeoylquinic (284.4 mg/e DW). and caffeic (20.5 mg/g DW) acids [33]. Among all
orange-fleshed genotypes tested by Padda and Picha [33], ‘Diane’ possessed the most chlorogenic acid
while ‘Rubina’ had the most quantity of 3, 5-dicaffeoylquinic acid. Meanwhile, of six orange-fleshed
varieties measured by Walter and Purcell in [32] the total and individual phenolic acid content was
greatest in ‘Australian Canner’ and least in ‘Centennial’.

Yayuan et al. [11] unearthed that in contrast to their fresh sweetpotatoes, the total phenolic content
(TPC) of sweetpotato roots processed by heat application (i.e. boiling, steaming and roasting)
diminished markedly. The total phenolic content of 15.8 + 0.44, 12.9 £+ 0.25 and 11.5 + 0.29 mg
GAE/g was depicted in the deep purple sweetpotato root specimen prepared by steaming, roasting and
boiling, respectively while for yellow sweetpotato samples, the TPC of boiled was 2.28 4+ 0.12 mg
GAE/g, roasted was 3.01 &+ 0.18, and the steamed was recorded as 3.91 + 0.17 mg GAE/g [11].
Furthermore, anthocyanins were discovered to be available in steadier structures in the roasted
sweetpotato [11]. The prepared blend of the purple-flesh sweetpotato has a striking reddish-purple color
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with lofty amounts of anthocyanins and total phenolics [34]. The creamy smooth substance made from
crushed sweetpotato roots has a firm and stable content of 18% made from this material with total
phenolic and anthocyanin contents of 314 mg chlorogenic acid equivalent/100g FWB and 58 mg
cyanidin-3-glucosdie equivalent/100g FWB [34]. As it is comparatively inexpensive to produce
sweetpotatoes in relation to other agricultural crops, colored sweetpotatoes may provide a prospective
fount of natural anthocyanins for application in food manufacture and processing [35]. While taking into
consideration the antioxidant content in organic sweetpotato varieties with various pigments and their
corresponding advantages to health, more assessments and research studies should be put in place. As
no studies were found on total phenolic content in organic sweetpotato varieties, more research is needed.

2.2 Vitamin A and Carotenoids

The orange-fleshed cultivars are presumed to be one of the least costly, abundant, all round season
derivation of provitamin A [36]. White or vellow-fleshed sweetpotato, mostly found in Africa, has only a
little quantity of provitamin A [36]. Kareem et al. [37] in an on farm research experiment conducted in
Ibadan discovered Vitamin A production was greatest in sweetpotato roots cultivated in plots treated
with organic fertilizer and least in inorganic fertilizer plots. Resisto variety an orange-fleshed
sweetpotato, grown in South Africa, was observed to have between 1,170 and 1,620 Retinol Activity
Equivalents (RAE) per 100 g in its boiled roots and is calculated to supply 25% to 35% of the everyday
amount permitted for a preschool child [36]. Carotenoids are compounds discovered in plants that can
improve the immune response, well-being of humans and can lessen the chances of exposure to diseases
that can result in progressive loss of function of organs or tissues such as: cancer, cataracts, cardio-
vascular diseases. The biological attributes of carotenoids have been linked to their antioxidant
properties, precisely their capacity to extinguish unpaired oxygen in such a way that allows them to
have an effect on free radicals [9]. a-carotene, B-carotene, y-carotene, g-carotene and lycopene compose
carotenoids [38]. R-carotene gives the sweetpotato root its cream and orange color [2]. The main task of
beta-carotene is to act as a vitamin precursor (provitamin A) [38] which the body changes into vitamin
A through metabolism. Carotenoids have been examined to bestow health advantages against various
types of illnesses such as are associated with age, cancer, stroke, cataracts and other eye problems [39,
40, 41].

In an in Hawaiian study of eighteen varieties, sweetpotatoes were discovered to possess 13.1mg/100g
(FWB) of B carotene in orange fleshed varieties [42]. B-carotene content was not present in the white-
fleshed varieties ‘Mugande’ and ‘Rutambira 4-160’ while the yellow varieties ‘Kwizekumwe’ (1.85
mg/100 g FWB) and ‘440170’ (1.68 mg/100 ¢ FWB) contained B carotene [42]. Beta-carotene content in
light yellow and purple fleshed ones were in the range of 0.1-0.6 mg/100 g, fresh weight (FW) in a
study reported by Lund and Smooth in [43]. Fonseca et al. [44] examined the orange-fleshed sweetpotato
root (TAPAR 69) manufactured through the organic system production system and discovered 10,120 pg
per 100g (d.b.), calculated in B-carotene equivalent. Meanwhile, Do Nascimento et al. [45] reported 3182
pg of B- carotene per 100 grams in organic sweetpotato roots of the orange flesh type. In a study by
Donado-Pestana et al. [46], sweetpotato variety produced higher carotenoid levels (7910-12850 pg/100g
db.). Carotenoid content of the orange-fleshed organic sweetpotato flour was established as 2195
ng/100g solids [45] of which a comparatively close finding was reported by Waramboi et al. (2013) for
extruded and non-extruded flour of sweetpotato (2300-35500 npg/100g solids). Do Nascimento et al. [45]
noticed the flour processing of the organic sweetpotato root affected the carotenoid content of orange
fleshed cultivar (about 31%) greatly. Beta-carotene was not determined in the white cultivars. In
establishment of total carotenoid (TCC) of sweetpotato that had been processed by heat in different
ways, the roasted had the lowest carotenoid contents while the boiled sweetpotato had the highest level
[11]. In uncooked sweetpotatoes, the proportion of trans- and cis-b-carotene differed between 76.56-96.49%
and 3.50-23.44%, in the order mentioned, while in the boiled samples, amount of trans- and cis-b-
carotene varied within 61.28 to 95.29% and 4.71 to 38.72%, respectively [47]. This outcome suggests that
boiling sweetpotato causes trans-b-carotene to diminish and cis-b-carotene to rise [47]. Broadly speaking,
cis-b-carotene content negligible in sweetpotato roots, however, white- or yellowish-fleshed varieties
possess a lot more cis-b-carotene than the orange-fleshed variety [48] depicting how likely carotenoids
are to be influenced by heat and broken down and the impact of color of the sweetpotato roots on the
carotenoid content.
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Nedunchezhiyan et al. [49] that applying farm yard manure increased b-carotene content in
sweetpotato, relative to roots cultivated in land were no fertilizer was applied. Increase in broiler litter
influenced some aspects of nutritional quality in organically grown Beauregard sweetpotatoes [50]. The
least broiler litter application 0.5 t ha™ on organically produced sweetpotato yielded highest (263 pg/g)
b-carotene content [50]. Organic sweetpotato provided with broiler waste given at one tonne per ha,
had the lowest quantity of b-carotene (139 pg/g), increasing slowly with greater increase in broiler litter
rate [50]. Grace et al. [51] declared that carotenoid content changes with variety and growing
environment in an experiment that indicated concentrations of B-carotene and total carotenoids to be
25330 and 28190 1g/100 g (db.), in orange-fleshed roots of the Covington genotype.

2.3 Vitamin C

Although vitamin A and B are present in little quantity in sweetpotato, the roots have plentiful amount
of vitamin C [42]. By employing voltammetric and titrimetric methods, Ogunlesi et al. [52] established
the vitamin C content in sweetpotato to be 6.15 and 4.28 mg/100 g, while in another study, Watada
and Tran [53] discovered it to be 27.7 mg/100 g, on fresh weight basis (FWB). In the study by Gichuhi
et al. [50], vitamin C content of the organic sweetpotatoes reached its peak when 0.5 t ha™' broiler
manure was added to the growing environment and then steadily reduce as the broiler litter rate rose to
3t ha' (7.57 mg/100 g). Xu et al. [54] indicated that soil fertilization method/type affected the vitamin
C content of crop. Hence, it is most likely that an increase in nitrogen levels due to an increased broiler
litter rate is the cause of the quadratic correlation as increased concentration has been reported to result
in reduced vitamin C levels [55]. The study by Aywa et al. [56] measured the quantity of vitamin A and
C in uncooked and boiled varieties of sweetpotato from Vihiga County. The uncooked orange fleshed
varieties had higher levels of vitamins than the boiled ones. The sweetpotato varieties tested consisted of
vitamin C within the levels of 4.85 mg/100 g to 5.73 mg/100g which reduced after boiling to about 0.88
mg/100 g [56]. An assorted mix of processing methods has been ascribed to be responsible for the
breakdown of the vitamin such as baking, frying and boiling [55, 57]. While more research is needed, the
collective discoveries gathered from this review further encourage the use of sweetpotato to solve
problems on lack of adequate nourishment.

2.4 Protein

Proteins from plants are essential materials in food and plant proteins and peptides with bioactivity also
exist [1]. Amino acids are taken in gradually through the intestines and are modified into proteins [1].
According to Teow, [2] the protein content is comparatively low, about 5% of the dry weight of
sweetpotato. Protein component in the white fleshed organic sweetpotato (Capivara and Rosinha de
Verdan) cultivars was established to be greater in quantity (2.53 and 1.76% per dry basis) than that in
the orange fleshed (0.58% per dry basis) according to Do Nascimento et al. [45]. There was a reduction
in the processed flour of the cultivars with the white fleshed (0.99 and 0.67% per dry basis) and the
orange fleshed (0.13 % per drv basis) [45]. Flour from five organic sweetpotato varieties was investigated
in a research study by Anthony et al. [58] and the organic sweetpotato varieties established a protein
variation between 5.02 to 4.45%. Organic sweetpotato varieties ‘SLIPOT/003" (orange flesh) and
‘NGB/SP/083(white flesh) displayed values within the average protein content with suitable functional
properties and thus have likelihood to provide nourishment and necessary for healthy growth and living
for future generations to come if combined to make a balanced diet [58]. Ji et al. [23] observed that
protein content of Shangshu 19 (6.53% DWB) (white fleshed) was the highest followed by Jizi 01 (6.41%
DWB) (purple fleshed) and Xinong 431 (6.32% DWB) (red fleshed). The yellow fleshed sweetpotato
Beijing 553 (4.86%DWB) had the least protein content. Few studies that looked at how herbicides affect
plant protein content, all reported a reduction in protein quality of the crop with herbicide application
[6] another supporting factor for production of sweetpotato using an organic management system.

The protein content of orange fleshed sweetpotato varieties varied between 1.91% =+ 1.01% to 5.83%
+ 0.30% in a study by Mohammad et al. [29]. Villareal et al. [59] found 2.8% (FWB) protein in the
sweetpotato. while Senanayake et al. [60] discovered it to differ between 1.2% and 3.3% on a (DW).
Eleazu and Ironua, [9] established the quantity of crude protein in the TIS/87/0087 variety of
sweetpotato to be 2.67% (FW) or roughly about 6.00% (DW) which was a lot more than 1.5% (FWB)
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or 5% (DWB) noted to be the raw protein content of sweetpotato [61, 62]. Utilizing the sweetpotato
root as a source of plant protein is promising as its consumption could help establish and build
regulatory substances which control a variety of body functions such as growth and development,
restoration and repair and maintenance of body tissues [9)].

3 Conclusions

The organic sweetpotato varieties of varying flesh colors have specific phytochemical constituent that
makes them great potential agents in improving human health and in food development. Sweetpotato
showed improved root nutrient quality when optimum quantity of nitrogen was given through organic
materials higher dry matter, vitamin C, and b-carotene, was firmer texture with richer color showing
potential for reduced production costs and surface/ground water contamination. Processing of
sweetpotato root into flour or by thermal cooking methods, reduces the levels of bioactive components,
consequently vitamin A and C quantity as well as protein content. Sweetpotato e.g. purple-fleshed
sweetpotato (PFSP) has high levels of antioxidants in them such as phenolics, flavonoid, and
anthocyanins largely clustered in its skin than flesh. Red flesh sweetpotato is rich in polyphenols. White
fleshed sweetpotato has lycopene and more protein than the orange fleshed. Although cis beta carotene
is present in small amounts in sweetpotato roots, it is greater in the yellow and white flesh than the
orange flesh. The yellow and orange fleshed sweetpotato contains higher amounts of beta carotene.
Studies varied in the levels of bioactive components found in organic sweetpotato varieties cultivated in
various parts of the world. More research is needed on nutritional, sensory and health benefit studies on
the bioactive components phytochemicals in various cultivars of organic sweetpotato. Further research
would also be useful on particular factors and methods in organic crop production and how they would
influence plant growth and makeup including the content of secondary bioactive metabolites.
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