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Abstract
Sweet potato leaves contain phenolic and flavonoids compounds which give them a potential antioxidant
capacity. However, these antioxidant activities can be lost during cooking due to high temperature. In the aim to
enhance their antioxidant activities, sweet potato leaves were steamed with antioxidant spices. The spices were
used alone or mixed: nutmeg, Guinea pepper, cloves, nutmeg-Guinea pepper, nutmeg-cloves, Guinea
pepper-cloves and nutmeg-Guinea pepper-cloves. The phytochemical analysis was carried-out on total phenolic
compounds and flavonoids, while the antioxidant activities were determined via free radical-scavenging and
inhibition power of lipid peroxidation. The results showed that cloves total phenolic content (513.33 mg Gallic
Acid Equivalent (GAE)/g dry matter (DM)) increased to 1786.67 mg GAE/g DM when mixed with Guinea
pepper. Flavonoids content was high in Guinea pepper-cloves (57.17 mg Quercetin Equivalent (QE)/g DM). In
sweet potato steamed leaves, total phenolic compounds content is improved by incorporating cloves (625.83 mg
GAE/g DM), while flavonoids content is slightly improved by Guinea pepper (125.00 mg QE/g DM). Among
spices, cloves, Guinea pepper-cloves and nutmeg IC50 values (0.45, 0.83 and 1.50 μg/ml respectively) did not
differ significantly to that of vitamin C (1.67 μg/ml), indicating that they had a good antiradical activity. The
capacity of spices and steamed sweet potato leaves with and without spices to inhibit lipid peroxidation was
higher than that of Gallic acid which is the standard reference. Spices, particularly cloves and Guinea pepper can
improve antioxidant activities during sweet potato leaves steaming.
Keywords: antioxidant activities, lipid peroxidation, spices, steaming, sweet potato leaves.
1. Introduction
Sweet potato leaves are the most consumed leafy vegetables in Côte d’Ivoire (Agbo et al., 2014). As the other
vegetables, they are recommended to human organism well-being because they contain high levels of vitamins,
minerals, fiber, and phenolic compounds. Indeed, they are consumed for their capacities to contribute to
overcome anemia and other nutrients deficiencies (Vyas et al., 2009; Gerla & Pietrzak, 2014). But sweet potato
leaves are consumed after cooking. However, cooking occurs nutrients and phenolic compounds losses which
increase with cooking time (Gokoglu et al., 2004; Chuah et al., 2008).
Leafy vegetables are also cooked with spices to improve their taste and their flavor. Moreover, spices contain
phenolic compounds which give them a potential antioxidant activity (Shobana & Naidu, 2000). Such properties
could be used to prevent micronutrients losses and increase food antioxidant capacities to overcome oxidative
stress due to free radicals (Garcίa-Alonso et al., 2004). Indeed, Gayathri et al. (2004), in their studies, have
shown that cooking vegetables with acidulate and antioxidant spices (tamarind, turmeric and onion) increase the
retention of β-carotene in vegetables but they not focused on antioxidant activities. Therefore, it is opportune to
appreciate spices impact on potential antioxidant activities in sweet potato leaves during cooking.
Several studies have been conducted on fresh and cooked sweet potato leaves. Some of them revealed important
antioxidant activities in fresh leaves (Mibei et al., 2012; Agbo et al., 2018). Johnson and Pace (2010) have also
shown a high level of radical scavenging activity in sweet potato leaves in comparison to the other parts of the
41

http://jfr.ccsenet.org

Journal of Food Research

Vol. 9, No. 4; 2020

plant. However, there were important losses while cooking leaves with water (Zoro et al., 2014; Agbo et al.,
2019). Therefore, steaming seemed to be an appropriate cooking method. Indeed, Johnson and Pace (2010)
indicated that blanching of sweet potato leaves for 60 s resulted in increased flavonoids retention with level like
those in fresh leaves and Tang et al. (2015) also revealed that steaming was good for the retention of total
phenolic compound. But these studies have not determined the possible effect of spices on antioxidant activities
in the leaves. This study was conducted to evaluate the potential antioxidant activities in sweet potato leaves
steamed with antioxidant spices (cloves, nutmeg, and Guinea pepper).
2. Instrumentations
The laboratory instrument used were an orbital shaker incubator (BJPX-Kansas) from Biobase Biodustry
(Shandong) Co. Ltd (Shandong, China) and a spectrophotometer (UV-1800) from Beijing Rayleigh analytical
instrument Co., Ltd (Beijing, China). The water bath (SWB-A) and the drying-oven (BOV-T70C) were from
Biobase Meihua Trading Co., Ltd (Shandong, China).
3. Chemicals and Reagents
Chemicals reagents: methanol (CAS 67-56-1), ethanol (CAS 64-17-5), aluminium chlorure (CAS 7446-70-0),
Folin–Ciocalteu reagent (CAS 5995-86-8), 2-diohenyl-1-picryhydrazyl (DPPH) (CAS 1898-66-4), were
purchased from Sigma-Aldrich (St- Louis, MO, USA). Sodium carbonate (CAS 497-19-8), vitamin C (CAS
50-81-7), potassium acetate (CAS 127-08-2), ammonium thiocyanate (CAS 1762-95-4), were purchased from
VWR Prolabo Chemicals (Leuven, Belgium). Gallic acid (CAS 149-91-7), quercetin (CAS 6151-25-3), linoleic
acid (CAS 60-33-3) and iron II sulfate (CAS 7720-63-0) were purchased from Merk KGaA, 64271 (Darmstadt,
Germany). All chemicals were analytical grade.
4. Materials and Methods
4.1 Sample Collection
Sweet potato leaves were collected in «Gouro Market » a leafy vegetables wholesale trade in Abidjan, Côte
d’Ivoire. Cloves and nutmeg were also collected in the same market while Guinea pepper was harvested in a
field in Dabou.
4.2 Sampling Preparation
Sweet potato leaves were collected from 3 sellers chosen randomly, then, mixed and transported to the laboratory
for the analysis. The leaves were destalked, cleaned, washed under running water. Guinea pepper were burned
before being dried under the sun for 1 week. Nutmeg was grated with a grater while Guinea pepper and cloves
were ground with a grinder (Moulinex Lm 241025). Spices were used alone or mixed in the proportion of (1:1)
for 2 spices or (1:1:1) for 3 spices. The spices mixes were nutmeg-Guinea pepper, nutmeg-cloves, Guinea
pepper-cloves and nutmeg-Guinea pepper-cloves.
4.3 Steam Cooking
The treatment used in this study was steaming. Sweet potato leaves were steamed for 20 minutes with a steam
cooker (Severin DG 2438) without spices and with spices. A quantity of 600g of leaves was used for each
steaming. For steaming with spices, spices were mixed to fresh leaves before steaming process to the
concentration of 1g for 100g of leaves. For all kind of samples, two steaming were performed. After steaming,
all samples were dehydrated at 16°C during 72h in a room under air conditioner.
4.4 Analyses
4.4.1 Total Phenolic and Flavonoid Extraction and Determination
Phenolic compounds were extracted according to Bala et al. (2014). Dried samples (10 g) were soaked in 100 ml
of methanol/water solution (80:20, v/v). The mixture was shaken with an orbital shaker incubator (BJPX-Kansas,
Biobase) for 24 hours. After that, it was filtered with Whatman paper n°1 and the filtrate was stored in a
drying-oven (BOV-T70C, Biobase) at 40°C during 24 hours for solvent evaporation. The final paste was the
crude extract.
Total phenolic compounds were determined by Folin-Ciocalteu method at 765 nm and expressed as gallic acid
equivalents (GAE) in milligrams per gram DM (Dry Matter) using the standard curve of gallic acid (Mc Donald
et al., 2001). Total flavonoids were determined at 415 nm and expressed as quercetin equivalents (QE) in
microgram per gram DM using the standard curve of quercetin (Chang et al., 2002).
4.4.2 Free Radical Scavenging Activities and Anti-radical Power Determination
Extracts free radical scavenging activities were measured based on DPPH method (Parejo et al., 2000). This test
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consists to evaluate the capacity of extract to fixed DPPH free radical by the measurement at 517 nm. Vitamin C
(100 µg/ml) was used as standard and the percent inhibitory activity was calculated as follow in equation 1:
Inhibition DPPH (%) =

Absc − Abse
Absc

× 100

(1)

Absc: absorbance of the control,
Abse: absorbance of the extract/standard.
The sample concentration which can inhibit 50% of DPPH (IC50) was determined on graphic and allowed to
calculate the efficient concentration (EC50), which is the sample concentration which can reduce 1 µmol of
DPPH (Equation 2). The anti-radical power was then determined in equation 3 (Kroyer, 2004).
EC50 =

IC50
DPPH solution concentration (mg of sample / µmol of reduced DPPH)

(2)

IC50: Sample concentration which inhibe 50% of DPPH
EC50: Efficient concentration for 50% of DPPH
ARP =

1
EC50 (µmol of reduced DPPH / mg of sample)

(3)

ARP: anti-radical power
4.4.3 Lipid Peroxidation Inhibitory Activity Determination
Lipid peroxidation inhibitory activity was determined according to ammonium thiocyanate test with some slight
modifications (Lee et al., 2009). A quantity of 0.5 ml of samples extracts at graduate concentrations (0.20 to 6
mg/ml) was mixed to 0.20 ml of linoleic acid (20 mg/ml in ethanol 99%) and 0.40 ml of phosphate buffer (50
mM; pH 7.4). The mixture was heated in a water bath at 40 °C for 15 min. Then, 0.10 ml of mixture was added
to the reaction mixture (3 ml of ethanol (70 %), 0.10 ml of ammonium thiocyanate (30 mg/ml) and 0.05 ml of
FeSO4 (2.45 mg/ml in HCl 3.5 % (v/v)). The absorbance was determined at 500 nm after incubation at ambient
temperature during 3 min. Gallic acid (100 µg/ml) was used as standard. The inhibitory percentage of lipid
peroxidation was calculated in equation 4:
Lipid peroxidation inhibitory (%) = 1 −

Abse
Absc

× 100

(4)

Absc: absorbance of the control,
Abse: absorbance of the extract/standard.
4.4.4 Statistical Analysis
Data analysis and graphic representations were made with Graph Pad Prism 5.00 (Microsoft U.S.A). Results
made in triplicate were expressed as means with standard deviation. A one-way ANOVA was performed, and
means were separated using Tukey test or Dunnett test (p ≤ 0.05). For Dunnett test, samples were compared to
vitamin C used as reference.
5. Results & Discussions
5.1 Total Phenolic and Flavonoid Compounds in Spices and Sweet Potato Leaves Steamed with and without
Spices
The study has evaluated the antioxidant activities in sweet potato leaves steamed with and without spices.
Previously, total phenolic and flavonoids compounds have been determined in spices (alone or mixed). Total
phenolic content is higher in cloves (513.33 mg GAE/g DM) than in nutmeg and Guinea pepper (Table 1). This
corroborate Halvorsen et al. (2006) results which showed that cloves are on the top food products which have
high antioxidant content due to phenolic compound. Moreover, Viuda-Martos et al. (2010) have revealed high
phenolic content in cloves (898.89 mg GAE/g DM).
Among mixed spices, Guinea pepper-cloves have the most important total phenolic and flavonoids content
which were about 1786.67 mg GAE/g DM and 57.17 mg QE/g DM, respectively. However, total phenolic and
flavonoids content are decreased in nutmeg-Guinea pepper, nutmeg-cloves, and nutmeg-Guinea pepper-cloves.
According to Tangkanakul et al. (2009), Guinea pepper-cloves’ total phenolic content is higher than that of
turmeric which is about 1340.70 mg GAE/100g. The fact that total phenolic and flavonoids content are increased
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in the mixe Guinea pepper-cloves suggest that Guinea pepper exhibit a positive synergistic effect over cloves.
Such synergistic effect was also revealed by Shobana & Naidu (2000) with the mixtures of onion-ginger and
ginger-garlic. Moreover, the fact that in all mixes’ spices containing nutmeg there is a decrease of total phenolic
and flavonoids compounds suggest that nutmeg probably exhibit a negative synergetic effect over Guinea pepper
and cloves.
Fresh sweet potato leaves contain important content of total phenolic and flavonoid compounds. The total
phenolic content is higher than that indicated by Su et al. (2019) which is about 46.7 mg GAE/g DM in Bonita
(sweet potato leaves variety). According to Sun et al. (2014) polyphenols were very important in sweet potato
leaves.
However, steaming process reduce total phenolic and flavonoid compounds. Among spices, only cloves improve
total phenolic (625.83 mg GAE/g DM) content in steamed sweet potato leaves (Table 2). Flavonoids rate is
slightly improved by the addition of Guinea pepper and cloves. This could be due to the total phenolic and
flavonoids contained in these spices. It could be also due to the breakdown of tough cell walls during steaming
process (Oboh & Rocha, 2007). Moreover, Oulai et al. (2015) have revealed an increase of total phenolic during
blanching from 15 to 45 minutes. Nutmeg and spices mixes containing nutmeg (nutmeg-Guinea pepper,
nutmeg-cloves, and nutmeg-Guinea pepper-cloves) present lowest total phenolic compounds and flavonoids
contents while added to sweet potato leaves during steaming. This is probably because these spices have low
total phenolic and flavonoids content which may have inhibitory actions with other constituents of the plant.
Table 1. Total phenolic and flavonoid compounds content in spices (alone and mixed)
Spices
Total phenolic (mg GAE/g DM) Flavonoid (mg QE/g DM)
Nutmeg
84.50 ±10.00b
51.33 ±10.20b
a
Guinea pepper
69.58 ±11.37
47.83 ±8.34b
d
Cloves
513.33 ±49.64
42.67 ±3.88b
b
Nutmeg-Guinea pepper
93.75 ±0.25
11.08 ±1.13a
c
Nutmeg-cloves
223.75 ±1.30
14.00 ±1.09a
e
Guinea pepper-cloves
1786.67 ±6.11
57.17 ±0.14c
c
Nutmeg-Guinea pepper-cloves 140.92 ±0.38
10.67 ±1.23a
In row, values with different letter differed significantly (Tukey test, p ≤ 0.05).
Table 2. Total phenolic and flavonoid compounds content in sweet potatoes leaves steamed with and without
spices
Sweet potatoes leaves
Total phenolic (mg GAE/g DM)
Fresh leaves
1285.83 ±84.27d
Steamed leaves
174.75 ±17.11b
Leaves nutmeg
100.92 ±1.63a
Leaves Guinea pepper
134.17 ±28.76b
Leaves cloves
625.83 ±91.18c
Leaves nutmeg-Guinea pepper
52.00 ±0.25a
Leaves nutmeg-cloves
82.58 ±0.14a
Leaves Guinea pepper-cloves
141.25 ±0.25b
Leaves nutmeg-Guinea pepper-cloves 48.33 ±0.14a
In row, value with different letter differed significantly (Tukey test, p ≤ 0.05)

Flavonoid (mg QE/g DM)
660.00 ±60.70d
117.67 ±10.87c
21.34 ±1.70a
125.00 ±5.00c
121.42 ±4.40c
5.50 ±0.25a
33.41 ±0.29b
80.08 ±0.14c
15.00 ±0.25a

5.2 Antioxidant Activities in Spices and in Sweet Potato Leaves Steamed with and without Spices
5.2.1 Free Radical Scavenging Activities and Anti-radical Power of Spices and Sweet Potato Leaves Steamed
with and without Spices
Vitamin C, spices and sweet potato leaves steamed with and without spices DPPH free radical scavenging
activities are presented in figures 1 and 2. These activities increase with concentrations and suggest a profound
antioxidant activity (Bala et al., 2014). Vitamin C inhibitory concentration of 50% DPPH (IC50) is about 1.67
μg/ml. Among spices, cloves and Guinea pepper-cloves IC50 values (0.45 and 0.83 μg/ml respectively) do not
differ significantly to that of vitamin C (reference), indicating a good antiradical activity and therefore an
important antiradical power for cloves (290.21 µmol.ml/µg) and Guinea pepper-cloves (133.33 µmol.ml/µg)
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(Table 3). This is due to their total phenolic content and their positive synergetic effect. Indeed, Halvorsen et al.
(2006) have indicated an antioxidant capacity of 125.55 mmol/100g in cloves. According to Ghadermazi et al.
(2017), cloves potential antioxidant activities could be attributed to higher content of phenolic component such
as eugenol and eugenyl acetate and to their hydrogen donating ability by which they are potent free radical
scavengers.

Inhibitory percentage (%)

Inhibitory percentage (%)

Steaming sweet potato leaves with spices improve the antiradical activity. Indeed, sweet potato leaves steamed
without spices IC50 value (7.83 μg/ml) become 0.27 μg/ml with Guinea pepper and 0.50 μg/ml with cloves. The
antiradical power in these sweet potato leaves steamed with Guinea pepper and cloves are respectively about
373.13 and 200.00 µmol.ml/µg. This could be due to their capacity to resist to thermal denaturation (Shobana &
Naidu, 2000) and to the fact that some process like microwave, steaming and boiling increase antioxidant
contents of food (Halvorsen et al., 2006). However, the 3 spices mixes (nutmeg-Guinea pepper-cloves) IC50
value is low (16.00 μg/ml) and produced an inhibition of DPPH free radical scavenging activities in steamed
leaves. This is reflected by a low IC50 value in sweet potato leaves steamed with nutmeg-Guinea pepper-cloves
(23.17 μg/ml) and a bad antiradical power of 4.32 µmol.ml/µg. Such result is probably due to their low total
phenolic content. In fact, there is a positive correlation between phenolic compound and antioxidant capacity
(Tangkanakul et al., 2009). This suggests that if total phenolic compounds are low, antioxidant capacity should
be also low and vice versa.
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Figure 1. Evolution of antiradical activities of vitamin C and spices alone (a) and mixed spices (b)
150

100

50

0
0

50

100

150

Steamed leaves
Leaves Guinea pepper

100

50

0
0

Concentration en (mg/mL)
Vitamin C

150

50

100

150

Concentration en (mg/mL)
Vitamin C

Fresh Leaves
Leaves nutmeg

Leaves nutmeg-pepper

Leaves nutmeg-cloves

Leaves pepper-cloves

Leaves nutmeg-pepper-cloves

Leaves Cloves

(a)

(b)

Figure 2. Evolution of antiradical activities of vitamin C and sweet potato leaves steamed with one spice (a) and
sweet potato leaves steamed with mixed spices (b)
45

http://jfr.ccsenet.org

Journal of Food Research

Vol. 9, No. 4; 2020

Table 3. Spices and sweet potato leaves steamed with and without spices average and standard deviation IC50 and
antiradical power (ARP)
Spices and sweet potato leaves
IC50 (µg/ml) ARP (µmol.ml/µg)
*Vitamin C
1.67 ±0.76a
68.89 ±30.06c
a
Nutmeg
1.50 ±0.50
72.22 ±25.46c
b
Guinea pepper
5.12 ±2.93
23.39 ±10.10b
a
Cloves
0.45 ±0.31
290.21 ±143.61d
b
Nutmeg-Guinea pepper
4.83 ±1.44
21.79 ±5.55 b
b
Nutmeg-cloves
2.17 ±0.29
46.67 ±5.77c
a
Guinea pepper-cloves
0.83 ±0.29
133.33 ±57.74d
c
Nutmeg-Guinea pepper-cloves
16.00 ±0.50
6.25 ±0.20a
d
Fresh leaves
31.00 ±1.80
3.23 ±0.19a
b
Steamed leaves
7.83 ±0.76
12.85 ±1.30b
b
Leaves nutmeg
4.17 ±0.58
24.34 ±3.67b
a
Leaves Guinea pepper
0.27 ±0.01
373.13 ±0.10d
a
Leaves cloves
0.50 ±0.01
200.00 ±0.06d
b
Leaves nutmeg-Guinea pepper
7.67 ±1.15
13.23 ±1.83b
b
Leaves nutmeg-cloves
3.17 ±0.76
32.78 ±7.52b
b
Leaves Guinea pepper-cloves
3.50 ±0.50
28.97 ±4.18b
c
Leaves nutmeg-Guinea pepper-cloves 23.17 ±2.93
4.36 ±0.52a
In row, value with different letter differed significantly (Dunnetts test, p ≤ 0.05).
*Vitamin C was chosen as control in Dunnetts test.
5.2.2 Lipid Peroxidation Inhibitory Activities of Spices and in Sweet Potato Leaves Steamed with and without
Spices
Lipid peroxidation inhibitory activity of spices and sweet potatoes leaves steamed with and without spices are
upper than that of standard (gallic acid) and increase with concentration (200, 600 and 1000 μl/ml) (Figure 3 and
4). Indeed, gallic acid lipid peroxidation activity vary from 65.32 to 74.69 %. Among spices, lipid peroxidation
activity is important in nutmeg and varies from 90.00 to 93.54 % (Figure 3). The fact that spices and sweet
potato leaves steamed with and without spices have a lipid peroxidation inhibitory activity higher than that of
gallic acid indicate their potentiality to inhibit linoleic acid lipid peroxidation. This is due to their flavonoids
content which have the capacity to reduce peroxyl radicals by electrons transfer thanks to their low redox
potential (Oktay et al., 2003; N’khili, 2009).
Steaming process improve fresh sweet potato leaves lipid peroxidation activity initially of 79.26 % at 200 µl/ml,
to 85.02 % also at 200 µl/ml. Cloves and nutmeg-cloves also improve the lipid peroxidation rate. Indeed, in
sweet potato leaves steamed with cloves, the lipid peroxidation activity varied from 86.46 to 97.34 % and in
sweet potato leaves steamed with nutmeg-cloves it varied from 88.38 to 93.38 % (Figure 4). The improvement of
lipid peroxidation rate during steaming could be due to this process. Moreover, Shobana & Naidu (2000) have
revealed that boiling increases the effect of spices extract on lipid peroxidation.
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Figure 3. Evolution of lipid peroxidation inhibitory of gallic acid and spices alone (a) and mixed spices (b)

Gallic acid
Leaves pepper-cloves

Leaves cloves

Leaves nutmeg-pepper
Leaves nutmeg-cloves

Leaves nutmeg-pepper-cloves

(a)

(b)

Figure 4. Evolution of lipid peroxidation inhibitory of gallic acid and sweet potato leaves steamed with one spice
(a) and sweet potato leaves steamed with mixed spices (b)
6. Conclusion
This study had shown total phenolic compounds, flavonoids, and antioxidant potential capacities of spices and
sweet potato leaves by their high antiradical power and lipid peroxidation inhibitory activities. With such
capacities, spices, particularly cloves and Guinea pepper, contribute to enhance antioxidant activities during
sweet potato leaves steaming. Spices used alone have a better action. While mixed, synergetic or inhibitory
actions were observed. Indeed, Guinea pepper-cloves exhibit a synergetic effect improving total phenolic
compound and antiradical activities. But inhibitory actions were revealed with nutmeg-Guinea pepper,
nutmeg-cloves, and nutmeg-Guinea pepper-cloves mixes. Sweet potato leaves should be steamed with spices to
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increase their potential antioxidant activities. The best spices to be incorporated with sweet potato leaves are
cloves used alone or mixed with Guinea pepper. This is grateful for households and will increase spices use
while cooking leafy vegetables.
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