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Abstract

Sweet potato is an important food security crop in Sub-Saharan Africa. In Céte d’Ivoire, the roots are widely
consumed as supplementary staple food or secondary food. The present study is conducted to highlight the
nutritive composition, antinutrients and p-carotene contents of local sweet potatoes consumed in Cote d’Ivoire.
The nutritive properties and antinutritive factors of these sweet potatoes were investigated using standard
methods. Results confirmed the energetic value (3631.63-374.0840.56 kcal/100 g DM) of whole sweet potato
flour, mainly due to its high carbohydrate content (86.7540.40%-90.8740.12%). Whole flour recorded low
contents of  moisture  (4.5040.10-6.3040.15%), lipids  (0.6340.08-1.9440.95%) and proteins
(0.9440.36-1.9140.15%). The antinutritive factors ranged from 55.8440.13 to 70.5240.07 mg/100 g DM and
52.3045.81-92.44+11.10 mg/100 g DM for oxalates and phytates, respectively. The mineral contents were:
magnesium (49.3741.09-540.8740.82 mg/100 g DM), calcium (50.28+1.14-110.5340.79 mg/100 g DM),
phosphorus (25.1241.04-42.7540.82 mg/100 g DM), potassium (906.25+0.33-162540.61 mg/100 g DM), and iron
(5.6240.84-26.8940.76 mg/100 g DM). The sweet potato flours highlighted polyphenols and antioxidant activity
varying from 92.80498.20+1.72 to 224.460.86 mg GAE /100 g DM, and 31.0320.52-58.6340.60%, respectively.
While B-carotene levels of flours varied from 0.1940.08 to 22.7140.67 /g DM for white to orange cultivars. At
the whole, the orange fleshed sweet potato cultivars recorded an appreciable amount of minerals (magnesium,
iron and calcium), polyphenols and greater antioxidant activity. This indicates that these sweet potato cultivars
may present a potential asset for their using as natural antioxidants to prevent chronic diseases and
undernourishment caused mineral deficiency. The results also showed that the orange-fleshed varieties may
contribute for vitamin A deficiencies alleviation in children of rural areas of Cote d’Ivoire.
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1. Introduction

Sweet potato (Ipomoea batatas Lam) is an important plant food grown throughout the tropics and subtropics
countries (Fesco & Boudion, 2002). It ranks seventh among the most important food crops worldwide with over
127 million metric tons annually produced (FAO, 2011; Ukom, Ojimelukwe, & Alamu, 2011; Suraji, Ranaweera,
Anil, & Arthur, 2013). It has been considered as one of the most important food security crops which can grow
under many ecological conditions, has a shorter growth period than most crops (Lou, Shimada, & Rarkris, 2006;
Hua et al., 2015). Sweet potato is commonly used as an inexpensive source of calories and dietary fiber (Vimala
et al., 2011) and contains good amount of minerals (iron, calcium and potassium) and vitamins such as vitamin C
and carotenoids, which confer nutritional advantage to the consumers (Bovell-Benjamin, 2007). Sweet potato
varieties exist based on many colors of flesh, ranging from white, to orange colors with cream and yellow as
intermediary colors. The intensity of the yellow or orange flesh color of sweet potato is correlated to the
carotenoid content, mainly [-carotene (2.9-150.6 pg/g), that is known as precursor of vitamin A
(Rodrigues-Amaya, 2011; Stathers, Benjamin, Katcher H., Balkenship & Low, 2013). These varieties could
therefore contribute to tackle vitamin A deficiency (VAD) when processed in best conditions (Bengtsson;
Namutebi, Larsson, & Svanberg, 2008; Bechoff et al. 2009). It is important to notify that vitamin A deficiency
(VAD) is considered as a major public health problem in many areas of the world, mainly in sub-Saharan Africa
(Nuss & Tanumihardjo, 2010). Indeed, vitamin A deficiency is estimated to affect more than 250 million women
and preschool children worldwide (WHO, 2010). African regions account for the greatest number of preschool
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children affected estimated to about 33 million (West, 2002). This deficiency is associated with the increased risk
of morbidity and mortality, and ocular disorders such as night blindness and xerophthalmia, which affect infants,
children and women during pregnancy and lactation (West, 2003). More recently, it has been reported that VAD
is responsible for 20 - 24% of child mortality from diarrhea, measles and malaria and 3% mortality from
infectious diseases (Rice, West, & Black, 2004). The responses to address this deficiency include food
fortification (Dary & Mora, 2002), vitamin A supplementation (Beaton et al., 1993), diet diversification (Gibson
& Hotz, 2001) and use of bio-fortified staple foods (Welch, 2002). In this manner, the use of bio-fortified staple
foods (i.e. varieties bred for increased mineral and vitamin content) has been justified as a sustainable
food-based approach to reach a large section of the rural population (Sayre et al., 2011). Recent studies
investigated in many countries indicated that sweet potato has been selected for biofortification with provitamin
A carotenoids by HarvestPlus Challenges Programme to contribute of reducing VAD in rural areas. Indeed, many
studies show that orange-fleshed sweet potato (OFSP) can provide about twice the B-carotene needed for the
recommended daily requirement of vitamin A (Low et al., 2007; Jenkins, Shanks & Houghtaling, 2015). In C&e
d’Ivoire, the consumption of sweet potato as staple food is not widespread. On the other hand, the prevalence of
vitamin A deficiency is very high, estimated to 57% among preschool aged children, 19% of pregnant women
(WHO, 2009). More recently, most of sweet potato varieties including white, cream, pale yellow, yellow and
orange flesh color, are commonly cultivated and available throughout the country. However, the nutritive
composition of sweet potatoes cultivars cultivated in Cote d’Ivoire has not been investigated, because sweet
roots are considered as secondary food (mainly yellow and orange fleshed cultivar). Additionally, sweet potato
was generally cultivated for leaves consumption which constitute a highly appreciated leafy vegetable (Zoro,
Zoué Kra, Yéié & Niamké 2013, Acho, Zou€ Akpa, Yapo, & Niamké& 2014). Thus, the aim of the present
study is to assess the nutritive composition of sweet potatoes varieties consumed in different areas of C&e
d’Ivoire and evaluate their 3-carotene contents in order to discuss their potentiality for reducing VAD among the
Ivoirian children.

2. Material and Methods
2.1 Sweet Potatoes Samples

Six sweet potatoes cultivars including two white-fleshed, two yellow-fleshed and two orange-fleshed. They were
purchased from five local markets of Cote d’Ivoire: Abidjan (geographic coordinates: 5°18°34”’N 4°00°45”°W),
Aboisso (geographic coordinates: 5°28°0”N 3°12°0”W), Bouaké (geographic coordinates: 7°41°37”N
5°01°49”W), Guiglo (geographic coordinates: 6°32°37”N 7°29°3”W), and Korhogo (geographic coordinates:
9°27°28”N 5°37°46W). The flours were extracted from those cultivars using method described by Aryee et al.
(2006) with slight modification (drying process was carried at 50<C during 48 h), and were stored in desiccator
until further analysis.

2.2 Chemicals

All solvents (n-hexane, acetone, ethanol and methanol) were purchased from Merck. Standards used (gallic acid,
[3-carotene) and reagents (metaphosphoric acid, Folin-Ciocalteu, DPPH, Butylated Hydroxytoluene (BHT)) were
purchased from Sigma-Aldrich. All chemicals used in the study were of analytical grade.

2.3 Proximate Analysis

Moisture and ash contents were performed using official methods (AOAC, 1990), while pH values were
determined using method described by AFNOR (1991). As for protein and lipid, their contents were evaluated
with method of BIPEA (1976). Proteins were determined through the Kjeldhal method and the lipid content was
determined by Soxhlet extraction using hexane as solvent. Reducing and total sugars content were quantified
with method of Bernfeld (1955) and Dubois et al. (1956), respectively. For crude fiber content determination,
method described by Wolf (1968) was performed. For this, two (2) g of sweet potato flour were weighed into
separate 500 mL round bottom flasks and 100 mL of 0.25 M sulphuric acid solution was added. The mixture
obtained was boiled under reflux for 30 min. Thereafter, 100 mL of 0.3 M sodium hydroxide solution was added
and the mixture were boiled again under reflux for 30 min and filtered through Whatman paper. The insoluble
residue was then incinerated at 550<C in a muffle furnace for 3 h and ash obtained was weighed for the
determination of crude fiber content.

Carbohydrates and starch contents were determined by difference. While energy value was calculated using
factors (FAO, 1947):

Energy value = 2.74 x % proteins + 4.03% x carbohydrates + 8.37% x lipids
Minerals including calcium, magnesium, sodium, potassium, iron, zinc and copper were determined using an
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Atomic Absorption Spectrophotometer, AAS (Model 372, Perkin-Elmer, Beaconsfield, UK) by wet digestion.
While phosphorous level was determined using the phosphovanado molybdenate method (AOAC, 2012).

2.4 Antioxidant Properties Evaluation
2.4.1 p-carotene Determination

Extraction of carotenoids was performed by using a modification of the procedure described by Howe and
Tanumihardjo (2006). Carotenoids were released from paste and flour sample of sweet potato cultivars (1 g of
each sample) by heating at 85°C for 5 min in a mixture of ethanol with Butylated Hydroxytoluene (BHT, 0.1%)
followed by saponification with 400 L KOH (80% in water). The resulting suspension was mixed by vortex for
20 s and placed in a water bath at 85°C for 10 min. The reaction was halted by placing in ice and mixing with 3
mL distillated water and 4 mL of hexane. The new suspension obtained was mixed by vortex for 20 s and
centrifuged at 12000 rpm for 10 min. Following them, the supernatant was collected in flask and absorbance was
measured at 450 nm by using a spectrophotometer (PG Instruments, England). 3-carotene content was
subsequently estimated according to the following formulas (Rodriguez-Amaya, 2001):

A*y (mL) * 10°

(1)

X = Ay * 100

X (pg)
X (ng/g) = )

Weight of sample (g)

Where X is the weight or concentration of B-carotene, y is the volume of the solution that gives an absorbance
(A) at 450 nm and A, is the absorption coefficient of B-carotene in hexane estimated to 2592.

2.4.2 Total Polyphenols and Flavonoid Determination

Total polyphenols were extracted and determined using Folin-Ciocalteu’s reagent (Singleton, Orthofer, &
Lamuela-Raventos, 1999). A quantity (1 g) of flour was soaked in 10 mL of methanol 70% and centrifuged at
1000 rpm for 10 min. An aliquot (1 mL) of supernatant was oxidized with 1 mL of Folin-Ciocalteu’s reagent and
neutralized by 1 mL of 20% sodium carbonate. The reaction mixture was incubated for 30 min at ambient
temperature. Finally, the absorbance was measured at 745 nm by a spectrophotometer (PG Instruments, England)
and used to calculate the polyphenols content using a standard curve based on gallic acid (1 mg/mL with range
of calibration curve: 0 - 0.8 mg of gallic acid) as standard. Results were expressed as milligrams of gallic acid
equivalent per 100 g DM.

Flavonoid content was determined by method of Meda et al. (2005). An aliquot (0.5 mL) of supernatant obtained
previously was added 0.5 mL of distillated water, 0.5 mL of aluminum chloride (10%), 0.5 mL of sodium acetate
(1 M) and 2 mL of distillated water. The reaction mixture was incubated for 30 min at ambient temperature and
absorbance was measured at 415 nm. Flavonoid content was estimated by using a calibration curve of quercetine
(0.1 mg/mL with the range of calibration: 0 - 0.05 mg of quercetin) as standard.

2.4.3 Antioxidant Activity

Antioxidant activity assay was carried out using the 2.2-diphenyl-1-pycrilhydrazyl (DPPH) spectrophotometric
method (Choi et al., 2002). About 1 mL of 0.3 mM DPPH solution in ethanol was added to 2.5 mL of sample
solution (1 g of flour mixed in 10 mL of methanol and filtered through Whatman N< filter paper) and was
allowed to react for 30 min at room temperature. Absorbance values were measured with a spectrophotometer
(PG Instruments. England) set at 415 nm. The average absorbance values were converted to percentage
antioxidant activity using the following formula:

Antioxidant activity (%) = 100 — [(Abs of sample — Abs of blank) x 100 / Abs positive control]
2.5 Anti-nutritive Factors Determination

Oxalates content was performed by using a titration method described by AOAC (1990). One (1) g of flour was
weighed into 100 mL conical flask. A quantity of 75 mL of sulphuric acid (3 M) was added and stirred for 1 h
with a magnetic stirrer. The mixture was filtered and 25 mL of the filtrate was titrated while hot against KMnO4
solution (0.05 M) to the end point.

Phytates contents were determined using the Wade’s reagent colorimetric method (Latta & Eskin, 1980). A
quantity (1 g) of flour was mixed with 20 mL of hydrochloric acid (0.65 N) and stirred for 12 h with a magnetic
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stirrer. Then, the mixture was centrifuged at 12000 rpm for 40 min. An aliquot (0.5 mL) of supernatant was
added with 3 mL of Wade’s reagent. The reaction mixture was incubated for 15 min and absorbance was
measured at 490 nm by using a spectrophotometer (PG Instruments, England). Phytates content was estimated
using a calibration curve of sodium phytate (10 mg/mL) as standard.

2.6 Statistical Analysis

The triplicates values among treatments were analyzed using the analysis of variance (ANOVA) performed with
XLSAT (Version 2015) to determine whether there were differences among the means. The Fisher’s LSD test at
p< 0.05, was also used to determine where the differences lied.

3. Results and Discussion
3.1 Nutritive Value of the Sweet Potato Flours

Proximate composition of the sweet potato flours is shown in Table 1. Moisture contents of the selected sweet
potato flours was in the range of 4.5040.10 to 6.3040.15%. This range of moisture is reasonably comparable to
the moisture content reported for others sweet potato flour of Nigeria and Ethiopia (Ohizua et al., 2016; Mitiku
& Teka, 2017). The low moisture value (lower than 10%) obtained in this study agreed with the range of
moisture generally accepted as standard value for dry products with a long self-life (Sriroth, Piyachomkwan,
Wanlapatit, & Oaste, 2000). This implies that, all the sweet potato flours investigated have good self-stability
and could also resist to attack of spoilage microorganism. Based on the pH values recorded in the present study
(5.5340.12 to 5.9540.89), the whole of the sweet potato flours could easily be used in pastry and bakery
manufacturing because of their interesting pH which would indicate appreciable levels of starch safety
(Apea-Bah et al., 2011). Concerning lipids and proteins, their contents (p<0.05) were low, and ranged from
0.6340.08 to 1.9440.95% and 0.9440.56% to 1.9140.30%, respectively. Yellow and orange-fleshed cultivars
recorded relatively highest values (Table 1). However, the protein content recorded in this study confirmed the
range (1-3%) generally reported in the literature for most of roots and tubers, indicated they are not good choices
to improve the protein content of food during the formula development (Dansby & Bovell-Benjamin, 2003;
Eleazu & Ironua, 2013). Nevertheless, in order to supply the daily protein requirements, it would be necessary to
supplement consumption of selected sweet potato flour with animal proteins or plant proteins, such as leafy
vegetables and soybean, to have beneficial impact on protein-energy malnutrition.

As far as crude fiber content, values varied from 0.8940.09 to 2.9240.16 % for the white (WSPF-WC) and
yellow fleshed cultivars (YSPF-WC), respectively. These values are similar to those reported in previous studies
for other sweet potato roots cultivated in Benin and Ethiopia, respectively ( Sanoussi et al., 2016; Mitiku &Teka,
2017). Nevertheless, the values are lower compared to those obtained by Kim et al. (2011) and Nicanuru et al.
(2015), this indicate that these sweet potato cultivars are poor sources of dietary fiber. However, the appropriate
consumption of selected sweet potato, especially the yellow and orange-fleshed varieties, may be advantageous.
Indeed, according to the world health organization, dietary fiber help in digestion, prevention of colon cancer
and protection against cardiovascular disease, colorectal cancer, diabetes and obesity (UICC/WHO, 2005).

Regarding the total sugars content (6.1040.45 to 14.3640.80%), the selected sweet potato flours may be
considered as a good source of free sugars. The relatively high values of total sugars obtained in this study
corroborate the finding of many researchers which showed that free or hydrolysable sugars are the most
abundant sugar in raw sweet potato roots (Ingabire & Hilda, 2011; Sanoussi et al., 2016). According to Salunke
& Kadam (1998), during storage of the tubers some starch were converted into free or hydrolysable sugars. This
suggests that all the selected sweet potato flour could be recommended to act as natural sweeteners for food
industries such as baby meal manufacturing in order to limit sugar addition from other sources. Moreover, due to
low index glycemic indicated by Elong, Billard, & Adenet. (2014), the selected sweet potato flours could be used
for diabetic consumption in order to control glycaemia.

Ash contents of the studied sweet potato flours (0.9240.30-1.9340.62%) corroborated the findings of many
authors (van Hal, 2000; Eleazu & lronua, 2013). It is worth noting here that ash contents supplies a rough
estimation on the minerals content of the product. Consequently, consumption of selected sweet potato flours
should be advantageous to improve the nutritional value through their mineral composition.

For carbohydrates (86.7540.40-90.8740.12%) and starch contents (65.1540.59-76.3040.11%), the values
obtained in this study were consistent with the findings previous reported by Fuglie & Hermann (2004) and
Suraji, Ranaweera, Gunaratne & Bamunuarachchi (2013) which showed that sweet potato as other tubers and
roots contain relatively great amounts of carbohydrates, mainly starch. The high carbohydrate content of sweet
potatoes flours makes it a good source of energy, as revealed the energy values recorded in this study
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(363.44+41.63-374.1640.56%). Thus, the selected sweet potatoes flours could be used as an excellent raw
material for household and many industries such as starch industry (Miller et al., 2003). They could contribute to
create new economic and employment activities for farmers and cheap energy for rural people of Cote d’Ivoire.

Table 1. Proximate composition of sweet potatoes flours (for 100 g of edible portion/basis dry matter)

OSPF-WC  OSPF-PC YSPF-WC YSPF-PC WSPF-WC  WSPF-PC
Moisture 5.3040.25°  6.3040.15° 4.5090.10 5.75+0.45° 51040.20°  5.90+40.89%
pH 5.5340.12°  5.8640.60°  5.9540.89* 5.9040.35"  5.8340.65°  5.5340.76°
Reducing sugar 0.5520.15°  0.3620.06° 0.6240.18° 0.8140.20°  0.2840.10"  0.5640.05°
Total sugar 12.5040.35°  8.54+1.20° 13.9540.65°  14.3620.80° 6.1020.45  11.9240.25
Lipid 1.4640.11°  1.9440.95° 1.6240.22° 1.0140.32¢  0.6320.08"  0.8440.18°
Ash 1.2140.45°  1.2840.85%  1.46+40.28" 1.9340.62°  0.9240.30°  1.3640.08™
Fiber 2.8040.30°  1.2940.14*  2.9240.16° 2.6040.71°  1.5440.20°  0.8940.09°
Protein 1.7940.14*  1.7440.09° 1.9140.30% 1.9640.15°  0.9440.36°  1.3140.03°
Carbohydrate  87.4440.17° 87.45#0.56°  87.50+40.34°  86.7540.40° 90.8740.12° 89.7140.16°
Starch 67.45+1.00% 71.0240.16°  66.28+40.40° 65.1540.59"  70.0140.15°  76.3040.11°
Energy value  369.5240.31° 373.4240.45® 371.7740.1.91° 363.44+1.63" 374.0840.56° 372.1620.31%

Data are represented as means =SD (n = 3). Means in the lines with no common superscript differ significantly (p<0.05)

OSPF-WC: orange sweet potato flour-white color; OSPF-PC: orange sweet potato flour-purple color; YSPF-WC: yellow sweet potato
flour-white color; YSPF-PC: yellow sweet potato flour-purple color; WSPF-WC: white sweet potato flour-white color; WSPF-PC: white sweet
potato flour-purple color.

Figure 1 shows the results of f-carotene estimation in the selected sweet potato tubers and flours. All the
investigated sweet potato cultivars were significantly influenced (p<0.05) by both cultivar and the processing
method. Indeed, it was observed that the levels of B-carotene varied with varieties and ranged from 0.3840.05 to
36.9040.52 po/g FW and 0.1940.08 to 22.7140.671g/g DM for raw and flours sweet potato, respectively. The
amounts of B-carotene of the orange-fleshed varieties were greater than those of the yellow and white sweet
potato ones. The result also revealed that the B-carotene values were correlated with intensity of sweet potato
flesh color. Indeed, according to the reports of de Pee et al. (1995), provitamin A carotenoids such as B-carotene,
are pigments that occur in yellow and orange colored fruits and vegetables. More recently, the findings reported
by van Jaarsveld et al. (2005) in South Africa and by Jenkins et al. (2015) in Mozambique, revealed that
consumption of orange-fleshed sweet potato could contribute to increase the vitamin A status of children. These
authors concluded that orange-fleshed sweet potato could help tackling vitamin A deficiency in African countries.
In these conditions, the orange-fleshed sweet potato could be recommended in infant food formulation. In view
to the recommended dietary allowance for vitamin A for children aged to 1-3 years (300 ug RAE/day) (Institute
of Medicine, 2001), consumption of 100 g of orange sweet potato flours would provide about 40% and 60% of
the RDA for OSPF-WC and OSPF-PC cultivars, respectively. They could substantially contribute to control
vitamin A deficiency in Cote d’Ivoire where over half (57%) of preschool aged children, and 19% of pregnant
women are faced to vitamin A deficiency (WHO, 2009).
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The results of antioxidant properties (polyphenols, flavonoids contents and antioxidant activity) of the selected
sweet potato flours are shown in Figures 2 and 3. Total polyphenols contents were in the range of 98.20+1.72 to
224.4640.86 mg GAE/100 g DM (p<00.5) (Figure 2A). Among them, the orange cultivar (OSPF-PC) recorded
the highest amount (224.4640.86 mg GAE/100 g DM), while the white cultivar (WSPF-PC) presented the lowest
level (98.20+1.72 mg GAE/100 g DM). The total polyphenol concentration in our study was higher than values
(94.63+1.40 to 133.9244.89 mg GAE/100 FW and 57 to 79 mg/100 g FW) previously reported by Truong et al.
(2007) and Alam, Rana, & Islam (2016), respectively. It important to notice that polyphenols groups are known
to be the main dietary antioxidants derived from secondary metabolism of plants and confer higher in vitro
antioxidant capacity than others compounds such as vitamins and carotenoids (Gardner, White, McPhail, &
Duthie, 2000). This group of compounds include phenolic acids, flavonoids, coumarins, stilbens, hydrolysable
and condensed tannins (Naczk & Shahidi, 2004). Considering the flavonoids content (Figure 2B), the results
revealed that the orange cultivars (8.6740.34-11.1640.18 mg/100 g DM) recorded the higher value, followed
yellow cultivars (4.7120.15-6.6740.12 mg/100 g DM) and white cultivars of sweet potato flour
(1.8240.15-2.4540.21 mg/100 g DM). Our results show that the levels of bioactive compounds (polyphenols and
flavonoid) correlated with the difference of flesh color of sweet potato cultivars investigated. This confirm the
findings of Rytel et al. (2014) which indicate that the content of phenolic compounds is usually correlated with
the color of the sweet potato flesh. In other hand, it has been intensively investigated that polyphenolic
compounds possess antioxidant properties which are benefits in human health. Thus, evaluation of DPPH radical
scavenging activity of selected sweet potato flour (Figure 3) confirm the antioxidant capacity of the phenolics
compounds presents in them. The results indicated that cultivar OSPF-PC (58.63%) recorded high percentage,
followed by OSPF-WC (54.10%), YSPF-WC (45.30%) and white cultivars which presented low level
(31.03-31.30%). This observation shows that there is a positive correlation between radical scavenging activity
and total phenolics content of sweet potato flours studied. Our results are in agreement with the generally
observed trend that high phenolic content results in high antioxidant activity (Dlamini, Taylor, & Rooney, 2007;
Siatka & Kasparova, 2010). Based on this observation, consumption of orange sweet potato flours (OSPF-WC
and OSPF-PC) should be encouraged since they contain relatively high amount of bioactive compounds which
present antioxidant potential. They could help in the prevention of diseases that are associated with free radical
damage and to reduce the risk of several chronic diseases, cardiovascular diseases, age-related diseases and
cancer (D. Ami¢, D. Ami¢, Beslo, & Trinajsti¢, 2003; Mervat & Hanan, 2009).

Table 2 shows the mineral composition of selected sweet potato flours. There was a significant difference
(p<0.05) between most of the analyzed minerals. Results revealed potassium (906.2540.33-2343.7540.82
mg/100 g DM), magnesium (49.37+1.09-540.8740.82 mg/100 g DM) calcium (50.28+1.14-110.5340.79 mg/100
g DM), phosphorus (25.1241.04-42.5740.82 mg/100 g DM) and iron (5.6240.84-26.8930.76 mg/100 g DM) as
the most predominant minerals. The ratios Ca/P and Na/K varied from 1.41 to 4.18 and 0.006 to 0.016,
respectively. Based on the recommended dietary allowance (RDA) for children (1-3 years), magnesium (80
mg/day), calcium (700 mg/day), potassium (1400 mg/day) and iron (7 mg/day), the sweet potato flours studied
could cover more than the half of RDA. For recall, calcium and phosphorus play an important role in human diet.
Both are associated in the growth and maintenance of bones, teeth and muscles (Turan, Kordali, Zengin, Dursun,
& Sezen, 2003). The values of the molar ratios Ca/P ranged from 1.41 to 4.18. About this ratio, Adeyeye & Aye
(2005) indicated that it is a good predictor of calcium availability. Indeed, Ca/P values which are greater than 1,
suggests a good absorption of calcium, while values less than 0.5 indicates a poor calcium uptake.
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Figure 2. Total Polyphenol (A) and flavonoids (B) contents of sweet potatoes flours
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Figure 3. DDPH scavenging activity of sweet potatoes flours

OSPF-WC: orange sweet potato flour-white color; OSPF-PC: orange sweet potato flour-purple color; YSPF-WC: yellow sweet potato
flour-white color; YSPF-PC: yellow sweet potato flour-purple color; WSPF-WC: white sweet potato flour-white color; WSPF-PC: white
sweet potato flour-purple color.

In the present study, the ratios Ca/P were higher than 1, this may constitute a great advantageous and indicated a
good intestinal absorption of calcium. As suggested in the Recommended Dietary Allowances (FND, 2005),
consumption of the studied sweet potato flours could help to reduce high blood pressure diseases because Na/K
ratios were less than 1 (Table 2). As far as the content of magnesium is concerned, values are higher than those
(18-30.40 mg/100 g DM) reported by Ukom, Ojimelukwe, & Okpara (2009). It is important to notice that
magnesium is an essential mineral element which is involved in interaction with calcium metabolism in bone and
circulatory diseases as ischemic heart disease (Ishida et al., 2000). The present study also revealed that except for
the cultivar YSPF-PC, the iron contents of the selected sweet potato were higher than the recommended dietary
allowance for children (7 mg/day) (FND, 2005). Thus, consumption of selected sweet potato flours could be
recommended in diets to improve iron status and help to prevent anemia. It is worth noting that anemia constitute
a major problem of human health that affects more than 40% of preschool children in Africa. It caused many
health consequences including poor pregnancy outcomes, impaired physical and cognitive development,
reducing of work productivity and morbidity (Rohner et al., 2010; Staubli et al., 2001).

Table 2. Mineral composition of sweet potato flours (mg/100 g DM)

OSPF-WC OSPF-PC  YSPF-WC YSPF-PC WSPF-WC WSPF-PC
Calcium 75.1440.62° 110.5340.79° 50.28+1.14°  75.6320.86°  60.3740.63° 80.28+1.18°
Magnesium 63.6220.78° 540.8740.82° 65.25#1.58°  49.3741.09°  87.1240.77° 428.75#1.28"
Phosphorus 32.6020.69° 26.3240.76" 33.1640.52°  251231.04°  42.5740.82° 28.9440.82°
Sodium 16.9540.82° 14.50#1.22° 13.7540.90°  13.8520.73°  18.62+1.00° 11.980.82°
Potassium  137540.69° 906.2540.33" 1343.7540.82% 1218.75+40.82° 162540.61" 1718.7530.61°
Iron 15.0020.86" 8.7540.61°  13.7520.90"  5.6240.84 26.8940.76° 8.7540.90°
Zinc 0.9540.16™° 0.7540.08%  1.0340.10®  0.8540.08°¢  1.1340.12° 0.690.13°
Copper 0.72520.10° 0.7420.11°  0.52520.18® 0.51540.12®  0.4520.16° 0.62520.08°
Ca/lP 2.3020.00  4.1840.00 1.51+0.00 2.9940.00 1.4140.00  2.7640.00
Na/K 0.01240.00 0.01620.00  0.0060.00 0.01140.00 0.01140.00 0.007+0.00

Data are represented as means =SD (n = 3). Means in the lines with no common superscript differ significantly (p<0.05).

OSPF-WC: orange sweet potato flour-white color; OSPF-PC: orange sweet potato flour-purple color; YSPF-WC: yellow sweet potato
flour-white color; YSPF-PC: yellow sweet potato flour-purple color; WSPF-WC: white sweet potato flour-white color; WSPF-PC: white sweet
potato flour-purple color

3.2 Antinutritive Value of Sweet Potato Flours

About oxalates and phytates, they are well known as antinutrients of plant food, and are associated with a
decrease in bioavailability of many nutritionals minerals. These organic substances can bind essential minerals to
form insoluble or indigestible complexes in the lumen of intestinal tracts, thereby impairing their absorption
(Davis & Olpin, 1979). Hence, in order to predict the bioavailability of divalent minerals such calcium and iron

42



http://jfr.ccsenet.org Journal of Food Research \ol. 7, No. 5; 2018

in human diet estimation of the phytate — to mineral or oxalate — to — mineral molar ratio were evaluated.

This evaluation constitute a valuable tool in predicting the inhibitory effect of phytate or oxalate on the
bioavailability of minerals, such as iron or calcium (Hurrell, 2004; Ma et al., 2005). In the present study, results
showed that oxalates and phytates contents varied from 55.8440.13 to 70.5240.07 mg/100 g DM and
52.3045.81-92.44+11.10 mg/100 g DM (Table 3), respectively. It is important to know that oxalic acid and its
salts can have deleterious effects on human nutrition and health, particularly by decreasing calcium absorption
and aiding the formation of kidney stones (Noonan & Savage, 1999). However, the level of oxalate recorded in
these sweet potato flours is not a concern for normal healthy person, as toxic level for humans was set as 2-5 g
(Hassan & Umar, 2004). In comparison with the findings of Dako, Retta, & Desse (2016), the means values of
phytate recorded in this study are in agreement with the levels of phytates (49.3540.03-111.4340.04 mg/100 g)
reported by these authors in different Ethiopian sweet potato cultivars. However, the results obtained in this
study reveal a low level of phytate than those (569.30-2257.84 mg/100 g) reported by Ohizua et al. (2016). In
sum, our results show a relatively low level of antinutrients in sweet potato flours investigated which could be
attribute to processing methods. In the other hand, the results of estimation of [Oxalates])/[Ca] molar ratios of all
of the investigated sweet potato flours revealed that the values obtained were below the critical level of 2.5
regarded to have an effect on calcium bioavailability (Hassen, K. Umar, & Z. Umar, 2007). Unlike the previous
ratio, the [Phytates]/[Ca] in all the studied sweet potato flours were above the critical level of 0.24 (Ma et al.,
2005). This situation shows poor calcium bioavailability due to phytate. It’s the same case with iron because
[Phytates]/[Fe] ratios (2.62-9.94) above 0.4 which is the critical ratio. Our results also indicate that the sweet
potato flours have substantial amounts of oxalates and phytates, which could have adverse effects on the
bioavailability of essential dietary minerals, especially Ca and Fe. Thus, in order to reduce the effects of
antinutrients in the flours studied, which may have health-hazard potential, proper processing (boiling and frying)
before their consumption is recommended.

Table 3. Antinutritive factors of sweet potato flours

OSPF-WC  OSPF-PC  YSPF-WC  YSPF-PC WSPF-WC  WSPF-PC

Phytate 64.7140.07° 62.9240.09° 55.8440.13" 68.4620.07° 70.5240.07° 60.2840.13°

Oxalates ~ 63.2545.75° 52.3045.81° 68.42411.40° 92.44#11.15° 63.7545.80" 63.6518.79™

Oxalates/Ca 0.84240.03 0.4840.07  0.9140.22 1.8540.05 1.0640.02 0.840.07

Phytate/Ca  0.8740.01 0.5740.03  0.7440.05 1.3740.06 1.1840.07 0.7540.35

Phytate/Fe ~ 4.3140.02 7.1940.00  9.9440.05 4.9840.09 2.6240.02 6.89+40.08
Data are represented as means =SD (n = 3). Means in the lines with no common superscript differ significantly (p<0.05).
OSPF-WC: orange sweet potato flour-white color; OSPF-PC: orange sweet potato flour-purple color; YSPF-WC: yellow sweet potato
flour-white color; YSPF-PC: yellow sweet potato flour-purple color; WSPF-WC: white sweet potato flour-white color; WSPF-PC: white sweet
potato flour-purple color.

4. Conclusion

The results of the present study revealed that all the investigated sweet potatoes flours contain appreciable
amount of total sugars, carbohydrates, starch and high energy value. This suggests that they could suitably be
promoted through different sectors of the food chain in order to improve food security among rural people in
Cote d’Ivoire. Furthermore, this study also underlined the higher levels of total polyphenol, minerals especially
magnesium, iron and calcium in sweet potato flour, mainly in the orange-fleshed cultivars. This suggests that
these flours may have the potential for use as natural antioxidants which can act as a barrier to free radical
damage and many types of cancer and other chronic diseases. They can also make it useful in human diet to
prevent undernourishment caused by mineral deficiency. This study also revealed that orange fleshed sweet
potato cultivars are relatively rich in B-carotene which is a precursor of vitamin A, and can play an important role
in the reducing of vitamin A deficiencies in the children of rural area. While the production of other sweet potato
cultivars is encouraged, the study findings suggest the consumption of orange fleshed sweet potato cultivars
could address nutrient deficiencies. Therefore, it is necessary to increase public awareness about the beneficial
role of orange fleshed sweet potato consumption.
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