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Abstract: African leafy vegetables are valuable sources of nutrients especially in rural areas where 
they contribute substantially to protein, minerals, vitamins, fibres and other beneficial nutrients. Five 
leafy vegetable species (Abelmoschus esculentus, Celosia argentea, Ipomea batatas, Manihot 
esculenta and Myrianthus arboreus) that are used as soup condiments in Western Côte d’Ivoire were 
subjected to steam blanching in order to evaluate the effect of this processing method on their nutritive 
value and antioxidant properties. The result of the study revealed that longer time of blanching 
(higher than 15 min) caused negative impact by reducing nutritive value but positive impact by 
reducing anti-nutrients such as oxalates and phytates. The registered losses at 15 min were as follow: 
ash (3.78 – 55.81 %), proteins (0.1 - 10.79 %), vitamin C (1.04 – 79.70 %), carotenoids (47.91 - 
66.28%) oxalates (5.51 – 33.33 %) and phytates (43.83– 78.16 %).The average reduction of 
polyphenols content at 15 min of blanching was 13.84 – 38.23 %. Contrary to these reductions, a 
significant increase (0.4 – 29.94 %) of fibres content was observed in the studied blanched leafy 
vegetables. Furthermore after 15 min of blanching time the residual contents of minerals were: 
calcium (228.62 – 402.39 mg/100g), magnesium (92.19 – 270.82 mg/100g), potassium (1255.24 – 
2215.65 mg/100g), iron (17.24 – 43.48 mg/100g) and zinc (10.91 – 32.30 mg/100g). All these results 
suggest that the recommended time of domestic blanching must be less than 15 min for the studied 
leafy vegetables in order to contribute efficiently to the nutritional requirement and to the food 
security of Ivorian population.  
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1. Introduction  
 

African Leafy Vegetables (ALVs) are 
indigenous or traditional vegetables whose 
leaves, young shoots and flowers are 
consumed [1,2]. Agronomic characteristics 
of ALVs include: short growth period with 
harvesting within 3-4 weeks; the ability to 
produce seed under tropical conditions; 
they respond well to organic fertilizers and 
can tolerate both biotic and abiotic stress 
[3]. Socio-economic surveys conducted in 
various parts of Africa indicate that ALVs 

are important commodities in household 
food and nutrition security [4].There is 
empirical evidence that ALVs have several 
advantages and values that include high 
micronutrient content, medicinal properties 
and contribute to food and nutrition 
security in Sub-saharan Africa [5]. Indeed, 
ALVs contain high levels of vitamin A, 
vitamin C, iron, calcium and protein and 
are a valuable source of nutrients in rural 
areas where they contribute substantially to 
protein, mineral and vitamin intake [6, 7, 8, 
9]. They are compatible to use with starchy 
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staples and represent affordable nutrition to 
the poor sector of the population. Fresh 
leaves of most ALVs like vegetable 
amaranths (Amaranthus), slenderleaf 
(Crotalaria brevidens), spiderplant 
(Chlorophytum comosum), vegetable 
cowpeas (Vigna), pumpkin leaves 
(cucurbits) and jute mallow (Corchorus) 
contain more than 100% of the 
recommended daily allowances for 
vitamins and minerals and 40% proteins 
for growing children and lactating mothers 
[10]. The high moisture content of fresh 
leafy vegetables renders them perishable 
and seasonal availability limits their 
utilization all round the year. Hence, there 
is a need to preserve this nature's store 
house of nutrients through proper 
processing techniques for safe storage with 
efficient nutrient retention [11]. One 
common processing using before 
consumption of leafy vegetables is 
blanching which could be briefly described 
as the process of heating vegetables to a 
temperature high enough to destroy 
enzymes present in the tissue. It stops the 
enzyme action, sets the colour, and 
shortens the drying and dehydration time 
[12]. It is usually carried out in hot water 
or in steam; this technique is used by 
indigenous people to reduce or eliminate 
the bitterness of the vegetables and acid 
components that are common in leaves 
[13]. Blanching affords also a series of 
secondary benefits, due to its washing 
action, such as elimination of off-flavors 
that may have been formed during the time 
between harvesting and processing, and 
removal of any residual pesticides [14]. 
Blanching, however, has some adverse 
effects, such as pigment modifications, 
tissues softening and nutrient losses 
[15,16]. In Côte d’Ivoire, more than twenty 
(20) species of leafy vegetables belong to 6  

botanical families, are consumed by 
populations through confectionary soups 
using boiling or blanched processing [17]. 
Furthermore, the consumption of these 
leafy vegetables is linked to the region and 
ethno-botanical studies have stated that 
most people in Western Côte d’Ivoire 
consume indigenous green leafy vegetables 
such as Abelmoschus esculentus “gombo”, 
Celosia argentea “soko”, Ipomea batatas 
“patate”, Manihot esculenta “manioc” and 
Myrianthus arboreus “tikliti” [18,19,20]. 
Earlier reports have highlighted the 
nutritive potential of these fresh leafy 
vegetables [7] but there is a lack of 
scientific data with regards to the effect of 
blanching processing on their 
physicochemical and nutritive 
characteristics. Therefore, the purpose of 
this study is to conduct investigation on the 
effect of blanching on the nutritive value of 
these selected leafy vegetables in order to 
provide necessary information for their 
wider utilization and contribution to food 
security of Ivorian populations. 
 
2. Material and methods 
 
2.1. Samples collection  
Leafy vegetables (Abelmoschus esculentus, 
Celosia argentea, Ipomea batatas, 
Manihot esculenta and Myrianthus 
arboreus) were collected fresh and at 
maturity from cultivated farmlands located 
at Dabou (latitude: 5°19′14″ North; 
longitude: 4°22′59″West) (Abidjan 
District). The samples were harvested at 
the early stage (between one and two 
weeks of the appearance of the leaves). 
These plants were previously authenticated 
by the National Floristic Center 
(University Felix Houphouët-Boigny, 
Abidjan-Côte d’Ivoire). 
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2.2. Samples processing 
The fresh leafy vegetables were rinsed 
with deionized water and the edible 
portions were separated from the inedible 
portion. The edible portions were chopped 
into small pieces (500 g) and allowed to 
drain at ambient temperature. Each sample 
was divided into two lots. The first lot 
(raw, 250 g) was dried in an oven 
(Memmert, Germany) [21], ground with a 
laboratory crusher (Culatti, France) 
equipped with a 10 μm mesh sieve. Each 
sample was stored in a clean dry air-tight 
sample bottle in a refrigerator (4°C) until 
further analyses. The second lot (250 g) 
was steam blanched for 15, 25 and 45 min 
in a pressure cooker. The blanched samples 
were cooled, drained at ambient 
temperature and subjected to the same 
treatment using for raw samples.  
2.3. Chemicals  
All solvents (n-hexane, petroleum ether, 
acetone, ethanol and methanol) were 
purchased from Merck. Standards used 
(gallic acid, β-carotene) and reagents 
(metaphosphoric acid, Folin-Ciocalteu, 
DPPH) were purchased from Sigma-
Aldrich. All chemicals used in the study 
were of analytical grade. 
2.4. Nutritive properties  
2.4.1. Proximate analysis 
Ash, proteins and lipids were determined 
using official methods [22]. For crude 
fibres, 2 g of dried powdered sample were 
digested with 0.25 M sulphuric acid and 
0.3 M sodium hydroxide solution. The 
insoluble residue obtained was washed 
with hot water and dried in an oven 
(Memmert, Germany) at 100°C until 
constant weight. The dried residue was 
then incinerated, and weighed for the 
determination of crude fibres content. 
Carbohydrates and calorific value were 
calculated using the following formulas 
[23]: Carbohydrates: 100 – (% moisture + 
% proteins + % lipids + % ash + % 
fibres). 

Calorific value: (% proteins x 2.44) + (% 
carbohydrates x 3.57) + (% lipids x 8.37). 
The results of ash, fibres, proteins, lipids 
and carbohydrates contents were expressed 
on dry matter basis.  
2.4.2. Mineral analysis 
The dried powdered samples (5 g) were 
burned to ashes in a muffle furnace 
(Pyrolabo, France). The ashes obtained 
were dissolved in 10 mL of HCl/HNO3, 
transferred into 100 mL flasks and the 
volume was made up using deionized 
water. The mineral composition of each 
sample was determined using an Agilent 
7500c inductively coupled argon plasma 
mass spectrometer (ICP-MS). Calibrations 
were performed using external standards 
prepared from a 1000 ppm single stock 
solution made up with 2% nitric acid. 
2.4.3. Anti-nutritional factors 
Oxalates content was performed using a 
titration method [24]. One (1) g of dried 
powdered sample 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 [25]. 
A quantity (1 g) of dried powdered sample 
was mixed with 20 mL of hydrochloric 
acid (0.65 N) and stirred for 12 h with a 
magnetic. 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  
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2.5. Antioxidant properties  
2.5.1 Vitamin C and carotenoids 
determination  
Vitamin C contained in analysed samples 
was determined by titration [26]. About 10 
g of ground fresh leaves were soaked for 
10 min in 40 mL metaphosphoric acid-
acetic acid (2%, w/v). The mixture was 
centrifuged at 3000 rpm for 20 min and the 
supernatant obtained was diluted and 
adjusted with 50 mL of bi-distilled water. 
Ten (10) mL of this mixture was titrated to 
the end point with dichlorophenol-
indophenol (DCPIP) 0.5 g/L. Carotenoids 
were extracted and quantified by using a 
spectrophotometric method [27]. Two (2) g 
of ground fresh leaves were mixed three 
times with 50 mL of acetone until loss of 
pigmentation. The mixture obtained was 
filtered and total carotenoids were 
extracted with 100 mL of petroleum ether. 
Absorbance of extracted fraction was then 
read at 450 nm by using a 
spectrophotometer (PG Instruments, 
England). Total carotenoids content was 
subsequently estimated using a calibration 
curve of β-carotene (1 mg/mL) as standard. 
2.5.2. Polyphenols determination 
Polyphenols were extracted and 
determined using Folin–Ciocalteu’s 
reagent [28]. A quantity (1 g) of dried 
powdered sample was soaked in 10 mL of 
methanol 70% (w/v) 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% (w/v) sodium carbonate. 
The reaction mixture was incubated for 30 
min at ambient temperature and 
absorbance was measured at 745 nm by 
using a spectrophotometer (PG 
Instruments, England). The polyphenols 
content was obtained using a calibration 
curve of gallic acid (1 mg/mL) as standard. 
Antioxidant activity Antioxidant activity 
assay was carried out using the 2,2-
diphenyl-1-pycrilhydrazyl (DPPH) 

spectrophotometric method [29]. About 1 
mL of 0.3 mM DPPH solution in ethanol 
was added to 2.5 mL of sample solution (1 
g of dried powdered sample mixed in 10 
mL of methanol and filtered through 
Whatman No. 4 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]  
2.6 Statistical analysis  
All the analyses were performed in 
triplicate and data were analyzed using 
EXCELL and STATISTICA 7.1 (StatSoft). 
Values were expressed as means ± 
standard deviation.  
 
3. Results and discussion  
 
The proximate composition of the 
blanched leafy vegetables examined in this 
study is presented in Table 1. The ash 
content after 15 min of blanching ranged 
from 7.36 ± 0.01 % (M. esculenta) to 11.99 
± 0.02 % (C. argentea). Besides the 
decrease rate at 15 min (3.78 – 55.81 %) 
the studied leafy vegetables may be 
considered as good sources of minerals 
when compared to values obtained for 
cereals and tubers [30]. Blanching of all 
selected leafy vegetables resulted in a 
significant increase (0.4 – 29.94 %) in their 
crude fibres content at 15 min. Indeed, the 
increased temperature during blanching 
leads to breakage of weak bonds between 
polysaccharides and the cleavage of 
glycosidic linkages, which may result in 
solubilization of the dietary fibre [31]. 
With regard to their fibres content at 15 
min (15.84 – 29.78 %), adequate intake of 
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blanched leafy vegetables could lower the 
risk of constipation, diabetes, colon and 
breast cancer [32]. As concern proteins 
content, blanching processing used in this 
study caused 0.1 to 10.79 % reduction after 
15 min. This reduced protein contents of 
blanched leafy vegetables could be 
attributed to the severity of thermal process 
during blanching which leads to protein 
degradation [33].  
With regards to their protein contents 
(21.52 ± 0.02; 15.08 ± 0.02 and 15.12 ± 
0.02%) at 15 min, blanched leaves of M. 
esculenta, I. batatas and M. arboreus could 

be considered as non negligible sources in 
view to the minimal value (12%) 
recommended for protein foods [34]. The 
relatively low values of lipids contents at 
15 min of blanching (2.11 – 7.58 %) in the 
studied cooked leafy vegetables 
corroborate the findings of many authors 
which showed that leafy vegetables are 
poor sources of fat [35]. The estimated 
calorific values agree with general 
observation that vegetables have low 
energy values due to their low crude fat 
and relatively high level of moisture [36].  
 

Table 1 
 Proximate composition of raw and blanched leafy vegetables consumed in Western Côte d’Ivoire 

 Ash 
(%) 

Fibres 
(%) 

Proteins 
(%) 

Lipids 
(%) 

Carbohydr
ates 
(%) 

Calorific value 
(kcal /100g) 

A. esculentus       
Raw 11.90 ± 0.10 15.66 ± 0.05 9.19 ± 0.15 3.38 ± 1.59 59.87± 1.90 264.44± 2.51 
15 min 11.45 ± 0.02 18.93 ± 0.25 9.18 ± 0.00 7.04 ± 0.08 48.19 ± 0.42 263.64 ± 2.63 
25 min 11.16 ± 0.02 18.35 ± 0.02 9.15 ± 0.02 7.59 ± 0.16 48.66 ± 0.95 271.78 ± 5.31 
45 min 11.06 ± 0.02 18.37 ± 0.06 9.15 ± 0.02 6.92 ± 0.03 47.99 ± 0.92 265.25 ± 5.77 
M.esculenta       
Raw 9.03 ± 2.12 26.23 ± 0.31 23.39 ± 0.71 4.09 ± 0.02 37.27 ± 3.16 224.35 ± 15.67 
15 min 7.36 ± 0.01 26.34 ± 0.02 21.52 ± 0.02 7.58 ± 0.13 38.20 ± 0.31 252.31 ± 3.04 
25 min 7.09 ± 0.09 26.87 ± 1.09 21.21 ± 0.00 8.15 ± 0.25 40.90 ± 0.73 256.17 ± 5.34 
45 min 7.00 ± 0.05 26.88 ± 0.10 21.02 ± 0.00 7.84 ± 0.16 41.66 ± 0.23 254.91 ± 2.20 
I. batatas       
Raw 23.56 ± 2.13 21.5 ± 0.82 15.52 ± 0.40 2.63 ± 0.06 36.79 ± 3.41 232.91 ± 15.78 
15 min 10.41 ± 0.11 24.62 ± 0.54 15.08 ± 0.02 3.02 ± 0.03 42.87 ± 0.73 224.85 ± 3.21 
25 min  10.24 ± 0.08 23.25 ± 0.44 15.00 ± 0.02 3.87 ± 0.12 45.15 ± 0.54 236.01 ± 3.31 
45 min 9.84 ± 0.05 23.55 ± 1.36 15.00 ± 0.02 3.63 ± 0.14 42.98 ± 1.30 232.59 ± 7.93 
C. argentea       
Raw 22.10 ± 0.75 30.83 ± 1.61 9.77 ± 0.10 1.79 ± 0.20 35.52 ± 0.6 165.62 ± 6.40 
15 min 11.99 ± 0.02 29.78 ± 0.02 9.21 ± 0.00 4.71 ± 0.01 44.32 ± 1.49 244.47 ± 7.42 
25 min 11.72 ± 0.12 22.80 ± 1.44 9.13 ± 0.00 4.59 ± 0.08 41.84 ± 2.70 234.93 ± 13.82 
45 min 11.64 ± 0.10 22.09 ± 0.08 9.10 ± 0.02 4.75 ± 0.08 41.72 ± 1.51 237.00 ± 9.51 
M. arboreus       
Raw 11.73 ± 0,76 12.19 ± 0,73 16.95 ± 0.05 1.47 ± 0.02 56.70 ± 1.74 259.5 ± 5.26 
15 min 9.14 ± 0.58 15.84 ± 1.10 15.12 ± 0.02 2.11 ± 0.18 49.80 ± 0.94 227.42 ± 4.90 
25 min 8.92 ± 0.03 14.67 ± 0.83 15.08 ± 0.00 3.52 ± 0.07 48.59 ± 0.88 237.28 ± 4.50 
45 min 8.56 ± 0.05 13.25 ± 0.65 15.00 ± 0.00 2.42 ± 0.13 52.31 ± 0.60 239.86 ± 3.48 

Values are mean of triplicate determination ± standard deviation 

Mineral composition of blanched leafy 
vegetables used in this study is shown in 
table 2. The residual contents of minerals 
after 15 min of blanching were: calcium 

(228.62 – 402.39 mg/100g), magnesium 
(92.19 – 270.82 mg/100g), potassium 
(1255.24 – 2215.65 mg/100g), iron (17.24 
– 43.48 mg/100g) and zinc (10.91 – 32.30 
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mg/100g). These observed reductions may 
be due to the losses of ashes as observed 
previously. Considering the recommended 
dietary allowance (RDA) for minerals [37]: 
calcium (1000 mg/day); magnesium (400 
mg/day), iron (8 mg/day) and zinc (6 
mg/day), consumption of 15 min blanched 
leafy vegetables could cover at least 50% 
RDA. Therefore, they could contribute 
substantially for improving human diet. 

Calcium and phosphorus are associated for 
growth and maintenance of bones, teeth 
and muscles [38]. As concern magnesium, 
this mineral is known to prevent 
cardiomyopathy, muscle degeneration, 
growth retardation, congenital 
malformations and bleeding disorders [39]. 
Iron plays important role in prevention of 
anemia while zinc is important for vitamin 
A and vitamin E metabolism [37, 40]. 

 
Table 2. 

 Mineral composition of raw and blanched leafy vegetables consumed in Western Côte d’Ivoire 
 Ca Mg P K Fe Na Zn 
A. esculentus        
Raw 468.45±0.55 364.11±0.43 671.5 ± 0.79 1844.25 ± 8.22 130.95±0.15 35.76 ± 0.04 41.45 ±0.04 
15 min 386.39±1.72 154.44±0.68 222.80±0.99 1695.10±14.98 41.32 ± 0.31 19.94 ± 0.08 32.30 ±0.28 
25 min 374.41±2.81 151.23±1.33 176.53±1.32 1636.85 ± 1.94 34.11 ± 0.30 18.12 ± 0.16 25.34 ±0.11 
45 min 376.46±3.32 149.49±1.12 166.21±1.46 1531.42±11.50 31.34 ± 0.13 16.75 ± 0.12 21.50 ±0.16 
M.esculenta        
Raw 296.66±0.46 229.45±0.35 759.81±1.18 2306.09 ± 3.61 48.69 ± 0.07 18.30 ± 0.02 45.48 ±0.31 
15 min 248.61±0.47 92.19 ± 0.63 229.21±0.44 1405.93 ± 2.70 43.48 ± 0.30 9.53 ± 0.01 21.01 ±0.03 
25 min 239.28±1.65 80.57 ± 0.15 201.81±1.40 1320.68 ± 9.16 42.52 ±0. 08 8.75 ± 0.06 27.46 ±0.24 
45 min 194.75±1.77 56.61 ±0. 51 188.86±1.71 935.00 ± 8.50 29.26 ± 0.26 8.52 ± 0.07 36.76 ±0.07 
I. batatas        
Raw 898.83±0.53 501.75±0.30 494.76±0.29 1377.81 ± 0.22 53.54 ± 0.03 404.30±3.62 30.10 ±0.01 
15 min 228.62±1.39 165.18±1.00 281.06±1.70 1362.73±12.20 19.74 ± 0.17 236.58±0.34 10.91 ±0.01 
25 min  246.59 ± 2.2 161.55±1.44 266.89±2.39 1282.98± 2.13 18.67 ± 0.11 199.66±1.21 10.26 ±0.06 
45 min 230.03±0.33 154.66±0.22 220.02±0.31 1280.07 ± 7.78 17.57 ± 0.02 139.69±0.08 10.20 ±0.09 
C. argentea        
Raw 788.02±0.50 981.31±0.62 650.37±0.41 4987.15 ± 3.19 285.31±0.18 42.26 ± 0.02 62.01 ±0.03 
15 min 402.39±0.95 270.82±3.20 172.85±0.40 1255.24 ± 2.96 17.24 ± 0.20 34.64±0.041 26.58 ±0.06 
25 min 407.75±4.90 249.91±0.59 151.07±1.81 1190.69±14.33 16.44 ± 0.03 32.58 ± 0.07 23.92 ±0.27 
45 min 340.60±3.92 199.33±2.29 148.18±1.70 840.41 ± 9.68 13.76 ± 0.15 26.29 ±0.30 23.31 ±0.28 
M. arboreus        
Raw 436.64±0.52 354.23±0.42 283.19±0.34 2350.58 ± 2.83 79.54 ± 0.09 20.83 ± 0.02 75.20 ±0.09 
15 min 293.81±3.53 213.89±2.46 269.64±7.78 2215.65±25.54 21.09 ± 0.24 18.34 ±0.04 22.43 ±0.25 
25 min 277.74±3.20 205.23±2.47 232.31±0.91 1809.88±21.78 18.51 ± 0.04 15.85 ± 0.18 21.98 ±0.26 
45 min 248.01±0.58 177.60±0.41 193.98±0.96 1688.05 ± 3.98 18.42 ± 0.22 15.19 ± 0.18 18.72 ±0.04 

Values are mean of triplicate determination ± standard deviation 

To predict the bioavailability of calcium 
and iron, anti-nutrients to nutrients ratios 
of blanched leafy vegetables were 
calculated (Table 3). The calculated 
[phytates]/[Ca] and [phytates]/[Fe] ratios 
in all the blanched species were below the 
critical levels of 2.5 and 0.4 which are 
known to impair calcium and iron 
bioavailability [41,42]. The effect of 

blanching on anti-nutritional factors 
(oxalates and phytates) contents is depicted 
in figure 1. Levels losses at 15 min were 
5.51 – 33.33 % and 43.83– 78.16 % for 
oxalates and phytates, respectively. The 
reductions in oxalates and phytates 
contents during blanching could be 
advantageous for improving the health 
status of consumers. Indeed, oxalates and 
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phytates are anti-nutrients which chelate 
divalent cations such as calcium, 
magnesium, zinc and iron, thereby 
reducing their bioavailability [43]. 
Therefore, blanching of leafy vegetables 
appears as a detoxification procedure by 
removing these anti-nutritional factors [44] 

 
Table 3  

Anti-nutritional factors/mineral ratios of raw 
and blanched leafy vegetables consumed in 

Western Côte d’Ivoire 
 Phytate/ 

Ca 
Phytate/ 

Fe 
Oxalate/ 

Ca 
A. esculentus    
Raw 0.07 0.28 1.66 
15 min 0.02 0.27 1.50 
25 min 0.02 0.23 1.46 
45 min 0.01 0.22 1.34 
M.esculenta    
Raw 0.12 0.75 2.69 
15 min 0.05 0.32 2.43 
25 min 0.04 0.27 2.43 
45 min 0.05 0.37 2.82 
I. batatas    
Raw 0.01 0.31 0.08 
15 min 0.03 0.34 0.22 
25 min  0.02 0.32 0.11 
45 min 0.01 0.17 0.11 
C. argentea    
Raw 0.03 0.08 1.01 
15 min 0.01 0.30 1.45 
25 min 0.005 0.12 1.34 
45 min 0.001 0.02 1.46 
M. arboreus    
Raw 0.05 0.31 1.19 
15 min 0.04 0.66 1.67 
25 min 0.04 0.68 1.16 
45 min 0.04 0.63 1.24 
 

Blanching also resulted in a decrease of 
carotenoids and vitamin C contents in the 
studied leafy vegetables (Figure 2). For 
carotenoids, losses at 15 min were 
estimated to 47.91 to 66.28%. The 
decrease in the concentration of the total 
carotenoids could be attributed to the 
oxidation and isomerization of β-carotene 
[45]. Carotenoids are considered as sources 
of provitamin A in plants and their amount 
determine their bioavailability in human 
diet [27]. Therefore, increased intake of 
blanched leafy with fat added, contributed 
significantly to improving the vitamin A 
status in children [46]. For vitamin C 
content, a significant reduction (1.04 – 
79.70 %) was highlighted at 15 min during 
blanching processing (Figure 2). This 
decrease in vitamin C content agrees with 
earlier findings on some tropical 
vegetables that reported 47.5 - 82.4% loss 
in vitamin C content during blanching [16]. 
It is important noting that ascorbic acid is 
heat labile and water-soluble antioxidant 
that promotes absorption of soluble iron by 
chelating or by maintaining the iron in the 
reduced form [47]. With regard to the 
decrease of vitamin C, consumption of 
blanched leafy vegetables may be 
supplemented with other sources of 
vitamin C such as tropical fruits to cover 
the daily need for humans (40 mg/day) as 
recommended by food agriculture 
organization [37]. 

 
Figure 1: Oxalates (A) and phytates (B) contents of raw and blanched leafy vegetables consumed in 

Western Côte d’Ivoire 

0
200
400
600
800

1000

O
xa

la
te

s 
(m

g/
10

0g
) A

0
10
20
30
40

Ph
yt

at
es

 
(m

g/
10

0g
) B

Raw

15 min

25 min

45 min



Food and Environment Safety - Journal of Faculty of Food Engineering, Ştefan cel Mare University - Suceava 
Volume XIII, Issue 2 – 2014 

 

 
Armel F. ZORO, Lessoy T. ZOUE, Sébastien L. NIAMKE, Evaluation of nutritive and antioxidant properties of blanched 
leafy vegetables  consumed in western Cote d’Ivoire, Volume XIII, Issue 2 - 2014, pag. 99 – 108 

106 
 

The effect of blanching on polyphenols 
content and antioxidant activity of the 
selected leafy vegetables is depicted in 
figure 3. The losses of polyphenols 
contents at 15 min of cooking were 13.84 – 
38.23 %. The decrease of the polyphenolic 
compounds content and overall antioxidant 
activity could be due to the heat lability of 
specific flavonoids [48]. Indeed, 
flavonoids such as myricetin, quercetin, 
kaempferol, isorhamnetin and luteolin have 

been previously reported in leafy 
vegetables [49]. The negative impact of 
blanching on polyphenols content may 
affect the medicinal potentialities of leafy 
vegetables as previously mentioned [5]. 
Therefore, other processing methods such 
as soaking, solar drying and refrigeration 
of leafy vegetables should be used to limit 
or avoid losses of polyphenols as observed 
during blanching. 

 
Figure 2: Vitamin C (A) and carotenoids (B) contents of raw and blanched leafy vegetables consumed in 

Western Côte d’Ivoire 

 
Figure 3: Polyphenols contents (A) and antioxidant activity (B) of raw and blanched leafy vegetables 

consumed in Western Côte d’Ivoire 
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significant levels of nutrients that are 
essential for human health. The result of 
this study revealed that blanching at 15, 25 

and 45 minutes decreased considerably the 
nutritional value of these leafy vegetables. 
Nevertheless, the losses in anti-nutrients 
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beneficial effect on bioavailability of 
minerals like calcium, iron and zinc. Thus, 
the study suggests that the recommended 
time of domestic blanching must be less 

than 15 min for the studied leafy 
vegetables in order to contribute efficiently 
to the nutritional requirement and to the 
food security of Ivorian population. 

5. References 
 
[1] CHWEYA J.A., EYZAGUIRRE P.B. The 
biodiversity of traditional leafy vegetables. 
International Plant Genetic Resources Institute, 
Rome, Italy. (1999). 
[2] MAUNDU P.M. The status of traditional 
vegetable utilization in Kenya. In: L Guarino (ed.). 
Proceedings of the IPGRI International workshop 
on genetic resources of traditional vegetables in 
Africa: Conservation and use. ICRAF-HQ, Nairobi, 
Kenya. p. 66-75.(1997). 
[3] ABUKUTSA-ONYANGO M.O. Market survey 
on African indigenous vegetables in Western 
Kenya. Proceedings of the second horticulture 
seminar on sustainable horticultural production in 
the tropics. p. 39-46. (2002). 
[4] MNZAVA N.A. Vegetable crop diversification 
and the place of traditional species in the tropics. 
Proceedings of the IPGRI International workshop 
on genetic resources of traditional vegetables in 
Africa: Conservation and use. ICRAF-HQ, Nairobi, 
Kenya. p.1-15. (1997). 
[5]. SCHIPPERS RR. African indigenous 
vegetables: an overview of the cultivated species. 
Chatham, UK. Natural Resources Institute /ACP-
EU Technical Centre for Agricultural and Rural 
Cooperation. (2002). 
[6] ABUKUTSA-ONYANGO M.O. Unexploited 
potential of African indigenous vegetables in 
Western Kenya. Maseno J. Educ Arts Sci. 4. p. 103-
122. (2003). 
[7]. ZORO A.F., ZOUE L.T., KRA A.K., YEPIE 
A.E., NIAMKE S.L. An Overview of Nutritive 
Potential of Leafy Vegetables Consumed in 
Western Côte d’Ivoire. Pak. J.  Nutr. 12. p. 
949.956. (2013). 
[8] OULAI P., ZOUE L., MEGNANOU R.M., 
DOUE R., NIAMKE S. (2014). Proximate 
composition and nutritive value of leafy vegetables 
consumed in Northern Côte d’Ivoire. Eur. Sci. J. 
10. p. 212-227. (2014). 
[9] ACHO C.F., ZOUÉ L.T., AKPA E.E., YAPO 
V.G., NIAMKÉ S.L. Leafy vegetables consumed in 
Southern Côte d’Ivoire: a source of high value 
nutrients. J. Anim. Plant Sci. 20. p. 3159-3170. 
(2014). 
[10] CHWEYA J.A. Identification and nutritional 
importance of indigenous green leafy vegetables in 
Kenya. Acta Hort. 153. p. 99-108. (1985). 
 

[11] GUPTA S., LAKSHMI J., PRAKASH A.J. 
Effect of different blanching treatments on ascorbic 
acid retention in green leafy vegetables. Nat. Prod. 
Rad. 7. p.111-116. (2008). 
[12] CANET W. Quality and stability of frozen 
vegetables. In S. Thorne (Ed.). Developments in 
food preservation. New York: Elsevier Science 
Publishing Inc. 
[13] AKINDAHUNSI A.A., OBOH G. Effect of 
some post-harvest treatments on the bioavailability 
of zinc from some selected tropical vegetables. La 
Rivista Italiana Delle Sostanze Grasse. LXXVI. p. 
285–287. (1999). 
[14] PRESTAMO G., FUSTER C., RISUENO 
M.C. Effects of blanching and freezing on the 
structure of carrots cells and their implications for 
food processing. J. Sci. Food Agric. 77. p. 223–229. 
(1998). 
[15] MURCIA M.A., LOPEZ-AYERRA B., 
GARCIA-CARMONA F. Effect of processing 
methods and different blanching times on broccoli: 
proximate composition and fatty acids. 
Lebensmittel-Wissenschaft Technol. 32. p. 238–243. 
(1999). 
[16] OBOH G. Effect of blanching on the 
antioxidant properties of some tropical green leafy 
vegetables. Lebensmittel-Wissenschaft Technol. 38. 
p. 513–517. (2005). 
[17]. CNRA. Socio-economical importance of leafy 
vegetables for the urban populations of Côte 
d’Ivoire, CNRA Ed. (2011). 
[18]. KOUAME N.M. Contribution à l’étude des 
plantes spontanées alimentaires du department 
d’Oumé (Côte d’Ivoire). Mémoire de D.E.A 
d’Ecologie tropicale. Université de Cocody-
Abidjan, Côte d’Ivoire, 122 p. (2000). 
[19]. FONDIO L.,  KOUAME C., N’ZI J.C., 
MAHYAO A.,  AGBO E., DJIDJI A.H. Survey of 
Indigenous Leafy Vegetable in the Urban and Peri-
urban areas of Côte d’Ivoire. Acta Hort. 752. p. 
287-289. (2007). 
[20]. N’DRI M.T., KOUAME G.M., KONAN E., 
TRAORE D. Plantes alimentaires spontanées de la 
région du Fromager (Centre-Ouest de la Côte 
d’Ivoire): flore, habitats et organes consommés. Sci. 
Nat. 1. p. 61-70. (2008). 
[21]. CHINMA C.E., IGYOR M.A. Micro-
nutriments and anti-nutritional content of select 
tropical vegetables grown in south-east, Nigeria. 
Nig. Food J., 25. p. 111-115. (2007). 



Food and Environment Safety - Journal of Faculty of Food Engineering, Ştefan cel Mare University - Suceava 
Volume XIII, Issue 2 – 2014 

 

 
Armel F. ZORO, Lessoy T. ZOUE, Sébastien L. NIAMKE, Evaluation of nutritive and antioxidant properties of blanched 
leafy vegetables  consumed in western Cote d’Ivoire, Volume XIII, Issue 2 - 2014, pag. 99 – 108 

108 
 

[22]. AOAC. Official methods of analysis. 
Association of Official Analytical Chemists Ed., 
Washington DC. 684 p. (1990). 
[23]. FAO. Food energy-methods of analysis and 
conversion factors. FAO Ed, Rome. 97 p. (2002). 
[24]. Day R.A., Underwood A.L. Quantitative 
analysis. 5th ed. Prentice Hall. 701 p. (1986). 
[25]. LATTA M., ESKIN M. A simple method for 
phytate determination. J. Agric. Food Chem. 28. p. 
1313-1315. (1980). 
[26]. PONGRACZ G., WEISER H., MATZINGER 
D. Tocopherols- Antioxydant. Fat Sci. Technol. 97. 
p. 90-104. (1971).  
[27]. RODRIGUEZ-AMAYA D.B. A guide to 
carotenoids analysis in foods. ILSI Press, 
Washington DC. 64 p. (2001). 
[28]. SINGLETON V.L., ORTHOFER R., 
LAMUELA-RAVENTOS R.M. Analysis of total 
phenols and other oxydant substrates and 
antioxydants by means of Folin-ciocalteu reagent. 
Methods Enzymol. 299. p. 152-178. (1999). 
[29]. CHOI C.W., KIM S.C., HWANG S.S., CHOI 
B.K., AHN H.J., LEE M.Z., PARK S.H., KIM S.K. 
Antioxydant activity and free radical scavenging 
capacity between Korean medicinal plant and 
flavonoids by assay guided comparison. Plant Sci. 
163. p. 1161-1168. (2002). 
[30]. ANTIA B.S., AKPAN E.J., OKON P. A., 
UMOREN I.U., Nutritive and antinutritive 
evaluation of sweet potato (Ipomea batatas) leaves. 
Pak. J. Nutr. 5. p. 166-168. (2006). 
[31]. SVANBERG S.M., NYMAN E.M. G., 
ANDERSSON L., NILSSON R. Effects of boiling 
and storage on dietary fiber and digestible 
carbohydrates in various cultivars of carrots. J. Sci. 
Food Agric. 73. p. 245–254. (1997). 
[32]. ISHIDA H., SUZUNO H., SUGIYAMA N., 
INNAMI S., TODOKORO T., MAEKAWA A. 
Nutritional evaluation of chemical component of 
leaves stalks and stems of sweet potatoes (Ipomea 
batatas). Food Chem. 68. p. 359-367. (2000). 
[33]. LUND D.B. Effects of heat processing on 
nutrients. In: Nutritional Evaluation of Food 
Processing, (R. Harries and E. Karmas, eds). The 
AVI Publishing Co. Inc Westport. p. 205 – 203. 
(1997). 
[34]. ALI A. Proximate and mineral composition of 
the marchubeh (Asparagus officinalis). World 
Dairy Food Sci. 4 p. 142-149. (2009). 
[35]. EJOH A.R., TCHOUANGUEP M.F., FOKOU 
E. Nutrient composition of the leaves and flowers 
of Colocasia esculenta and the fruits of Solanum 
melongena. Plant Food Hum. Nutr. 49. p. 107-112. 
(1996). 
[36]. SOBOWALE S.S., OLATIDOYE O. P., 
OLORODE O.O., AKINLOTAN J.V. Nutritional 
potentials and chemical value of some tropical leafy 

vegetables consumed in south west Nigeria J. Sci. 
Multidisciplinary Res. 3. p. 55-65. (2011). 
[37]. FAO. Human vitamin and mineral 
requirements. FAO Ed. 361p. (2004). 
[38]. TURAN M., KORDALI S., ZENGIN H., 
DURSUN A., SEZEN Y. Macro and micro-mineral 
content of some wild edible leaves consumed in 
Eastern Anatolia. Plant Soil Sci. 53. p. 129-137. 
(2003). 
[39]. CHATURVEDI V.C., SHRIVASTAVA R., 
UPRETI R.K. Viral infections and trace elements: 
A complex trace element. Curr. Sci. 87. p. 1536-
1554. (2004). 
[40]. TROWBRIDGE F. AND MARTORELL M. 
Forging effective strategies to combat iron 
deficiency. J. Nutri. 85. p. 875-880. (2002). 
[41]. HASSAN L.G., UMAR K.J. AND UMAR Z., 
Antinutritive factors in Tribulus terrestris (Linn) 
leaves and predicted calcium and zinc 
bioavailability. J. Trop. Biosci. 7. p. 33-36. (2007). 
[42]. UMAR K.J., HASSAN L.G., DANGOGGO 
S.M., INUWA M., AMUSTAPHA M.N. 
Nutritional content of Melochia corchorifolia 
(Linn.) leaves. Int. J. Biol. Chem. 1. p. 250-255. 
(2007). 
[43]. SANDBERG A.S. Bioavailability of minerals 
in legumes. Brit. J. Nutr. 88. p. 281-285. (2002). 
[44]. EKOP A.S., EDDY N.O. Comparative Studies 
of the level of toxicants in the seed of Indian 
almond (Terminalia catappa) and African walnut 
(Coula edulis). Chem. Class J. 2. p. 74-76. (2005). 
[45]. SPEEK A.J., TEMALILWA G.R., 
SCHRIJVER J. Determination of β-carotene 
content and vitamin A activity of vegetables by 
HPLC. Food Chem. 19. p. 65-74. (1986).  
[46]. TAKYI E.E. Children’s consumption of dark 
green leafy vegetables with added fat enhances 
serum retinol. J. Nutr. 129. p. 1549–1554. (1999).  
[47]. YAMAGUCHI T., MIZOBUCHI T., 
KAJINAWA H., MIYABE F., TERAO J., 
TAKAMURA H., MATOBA T. Radical-
scavenging activity of vegetables and the effect of 
cooking on their activity. Food Sci. Technol. Res. 7. 
p. 250–257. (2001). 
[48]. TRICHOPOULOU A., VASILOPOULOU E., 
HOLLMAN P., CHAMALIDES C., FOUFA E., 
KALOUDIS T., KROMHOUT D., MISKAKI P., 
PETROCHILOU I., POULIMA E., STAFILAKIS 
K., THEOPHILOU D., Nutritional composition and 
flavonoid content of edible wild greens and green 
pies: a potential rich source of antioxidant nutrients 
in the Mediterranean diet. Food Chem. 70. p. 319-
323. (2000). 
[49]. WONG S.P., LEONG L.P., KOH J. H. 
Antioxidant activities of aqueous extracts of 
selected plants. Food Chem. 99. p. 775-783. (2006). 
 


