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ABSTRACT

Aims: Onion is a common vegetable engaging significant nutritional interests and widely consumed
over the world. In Cbte d'lvoire, 95% of the onion consumption is filled by imports despite the
availability of suitable areas for its local production. The current study aimed to investigate
nutritional features of onion varieties for fitting the agronomical trends in order to strengthen the
onion cultivation in northern Céte d’lvoire.

Study Design: Six onion varieties produced for bulbs, namely ARES, BATI, CARA, DAMANI,
KARIBOU, and SAFARI. Onion bulbs sampled, oven-dried, and then processed to powders for
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analysis. The main study consisted in analyzing the biochemical properties of the resulted onions
powders.

Place and Duration of Study: Experimental farming from the plants experimenting location, and
onion samples analyzed from Laboratory of Peleforo Gon Coulibaly University, Korhogo, Cote
d’lvoire, between March 2020 and April 2021.

Methodology: Batches of 2 kg fresh bulbs collected per onion variety after harvest. Once at Lab,
onion bulbs peeled, washed, cut into small dice-shaped pieces and dried into an oven at 80 °C for
24 h using stainless trays. Dried samples ground and kept for analyses regarding physicochemical
traits (moisture, acidity, ash) and nutritive parameters (glucides, lipids, proteins, antioxidants).
Results: The works showed higher contents in moisture (16.91%), ash (4.46%), and lipids (1.99%)
from CARA variety with more significant acidity; while greatest amounts of total soluble
carbohydrates (14.5%), tannins (1.02%), and proteins (13.6%) were recorded from BATI and more
vitamin C in DAMANI (0.133%). However, SAFARI variety samples were more provided in reducing
carbohydrates (1.04%) and total polyphenols (1.46%) as secondary metabolites; and the ARES
variety revealed highest flavonoids contents (0.057%). In addition, ARES, CARA, and KARIBOU
varieties displayed great dietary fibers amounts compared to BATI, KARIBOU, and SAFARI.
Conclusion: The particular nutritional traits of the studied onion varieties could be confronted with
their agronomical yield and consumption trends for supporting sustainable production of onion in

Cote d’lvoire.

Keywords: Onion variety; local production; nutritional features; Northern Céte d’lvoire.

1. INTRODUCTION

Onion (Allium cepa L., Alliaceae) is a vegetable
crop produced for human consumption over the
world and which main uses are about the bulbs
as most value-added part. Originating from
Central Asia, the most cultivated onions plants
species are of the genus Allium [1]. The onion
bulb is used as an ingredient for flavor and
aroma in various food recipes. Onions are
among the most consumed vegetables
worldwide, especially the fourth most consumed
vegetable behind tomatoes, cabbage, and
watermelon [2].

Onion is cultivated in various agro-climate areas
over the world with a global yield around 100
million tons in 2019, accounting over 66 million
tons produced from Asia. In Western Africa, the
major onion producing countries are Niger and
Nigeria (over 1.3 million tons) and Senegal (445
000 tons) according to FAOSTAT [3].

Onions account significant food, nutritional and
therapeutic interests for consumers [4], since
they are important source of numerous
phytonutrients. From most cultivars, fresh onion
bulbs contain about 89% water, 9%
carbohydrates with 4% soluble sugars and 2%
dietary fibers, 1% proteins, and are fatless [5].
Onion is a significant source of vitamins, namely
vitamins B and C, and is provided in polyphenols
and bioactive compounds such as flavonoids,
and other organosulfur compounds ensuring

potential health benefits [6]. In addition, onion are
known to exhibiting antimicrobial and
pharmacological properties [7] deriving from the
polyphenol compounds, vitamins and minerals
nutrients [8].

Onion is of important interests for global
agriculture and is mainly cultivated in tropical
Africa [9]. So, the onion economy is one of the
most sustainable agricultural values chain in
African countries, especially in Western Africa
where agriculture contributes at 35% gross
domestic product (GDP) and is concerned by
60% active population [10]. Nevertheless, in Céte
d'lvoire, the onion cultivation is practiced in lower
areas, and the country yearly records no more
about 4,500 tons of onion bulbs, against a global
demand over 115,000 tons [11]. For fitting such
onion demand, large onion volumes are usually
imported by Cote d'lvoire, so that the country has
become the top onion importing country in
Western Africa for years. Thus, 95% of Ivorian
onion consumption is provided by external supply
[12]. Consequently, about 75 million dollars were
committed for onion imports between 2015 and
2016 [13].

The onion cultivation is still fairly worked in Céte
d’lvoire although the country possesses wide
areas with favorable climate for this crop,
especially in northern country. For improving the
local sustainable production of onion, the main
varieties spread over the world need to be
assessed about their environmental and
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agronomic adaptation and dietary potentials. The
current study is an investigation of the nutritional
profile of six onion varieties in order to fit quite
valorization and strengthen the local onion
production in Cote d’lvoire.

2. MATERIALS AND METHODS
2.1 Crops

Biological material consisted of onion bulbs
grown from experimental farming designed in the
plants experimenting location of Peleforo GON
COULIBALY University, Korhogo, northern Céte
d’lvoire.

Analyses were performed from six (6) onion
varieties, namely BATI, CARA, DAMANI,
KARIBOU, and SAFARI varieties produced
during dry season, and ARES variety produced
in rainy season. Batches of 2 kg fresh bulbs were
collected per onion variety after harvest and then
sent to the laboratory for analysis. The analyses
were carried out using the onion powder
processed from the fresh bulbs collected.

2.2 Methods
2.2.1 Onion powders production

Using a stainless knife, onion bulbs were peeled
in order to remove any residues and non-
consumable parts. The peeled onion bulbs were
thus washed in running water and then wrung
out. The layers of bulbs were separated and cut
into small dice-shaped pieces before being
placed in stainless trays and placed into an oven
(Memmert, Germany) for drying at 80 °C for 24
h. The dried onions samples were then ground
using an electric grinder (Blender). Finally, the
resulted samples of onion powders were
recovered into plastic hermetic box and kept in
dried place till analysis.

2.2.2 Determination of the biochemical
properties of onion powders

2.2.2.1 Assessment of moisture, acid value, and
ash contents

Standard AOAC methods were used for the
assessment of moisture, pH, titratable acidity,
and ash contents of the onions studied [14].

The moisture content of onion powder was
determined using gravimetric tries from 5 g (w1l)
powder dried at 105 °C in an oven (Memmert) for
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constant weight (W2) checked upon a two-digit
scale. Moisture content (MoiC) was deduced by
the following relation:

MoiC (%) = (W1-W2)*100 / W1

The pH value and titratable acidity from were
recovered from 10 % (w/v) aqueous onion
powder solution. Thus, 10 g onion powder were
homogenized in 100 mL of distilled water using a
magnetic agitator (Heidolph) for 20 min. The
resulting mixture was filtered and the filtrate
analyzed for acidity parameters. The pH value
was read out using a standard pH-meter (Hanna
Instruments, HI 8010). The titratable acidity was
measured by titration of 10 mL onion filtrate
added with 3 drops of phenolphthalein, using 0.1
N sodium hydroxide solution (NaOH) until
persistent pink coloration. The acidity was
calculated according to the following expression:

TTA (MEq H*/100g) = (0.1 * Veq * 105) / 10 W

With TTA: total titratable acidity; 0.1: normality of
NaOH solution; Veq: volume of NaOH used for
onion filtrate coloration (mL), 105 conversion
factor; 10: volume of the onion filtrate sample
(mL); w: weight of the onion filtrate sample (g).

For ash content determination, 2 g onion powder
were submitted to 12 h incineration into a muffle
furnace (Heraeus) at 550 °C. The incinerated
residue was therefore removed from the furnace,
cooled in a desiccator, weighed upon a 3 digit-
scale, and the ash content calculate using the
relation below:

AShC (%) = (Wa * 100) / W,

With AC: ash content (%); Wa: weight of ash (g);
W,p: weight of onion powder incinerated (2 g)

2.2.2.2 Determination of crude fiber and protein
contents

Crude fiber and protein contents were also
measured using standard methods form AOAC
[14]. The crude fiber content was assessed from
2 g onion powder treated with 50 mL sulfuric acid
(H2S04 0.25N) and 50 mL sodium hydroxide
(NaOH 0.31N) with intermittent boiling for 30 min
under refrigerant. The full extract was filtered
upon Whatman paper and the resulted residue
was washed with hot water till complete removal
of the alkalis. Then, the final residue was dried in
an oven at 105 °C for 8 h, cooled in a desiccator
and then weighed. The crude fiber content was
obtained according to the following expression:
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FibC (%) = (W1 * 100) / W

With FibC: crude fiber content (%); W1: weight of
dry residue; W: weight of onion powder sample
Protein rate in onion powders was assessed
using Kjeldhal technique, following stages of
mineralization, distillation and titration.
Mineralization was performed by boiling a
mixture of 350 mg onion powder, 1 mg of catalyst
(consisted of K2SO4, CuSO4 and Se), and 3 mL
concentrated sulfuric acid for 1 h 30 min at 400
°C. Afterward, 30 mL NaOH (10 N) were added
and the mixture was distilled. The resulted
distillate was then collected in a beaker with 5
mL boric acid and color indicator consisted of
methyl red-bromocresol green reagents. The
final mixture was measured using sulfuric acid
solution (0.01 N) till orange coloration against a
blank test, and the total protein content
calculated.

ProC (%) = (V1-V0) * 14 * 6.25 * N / W

With Pro: protein content (%); VO: volume (mL) of
sulfuric acid used for the blank test; V1: volume
(mL) of sulfuric acid used for sample test; N:
normality of sulfuric acid (0.1N); m: weight (g) of
sample powder; 14: atomic mass of nitrogen;
6.25: conversion coefficient of nitrogen to
proteins.

2.2.2.3 Determination of lipid content

Lipids were extracted from 30 g onion powder
using Soxhlet device and hexane as extraction
solvent [15]. The extraction was processed by
boiling the solvent for 7h at 70 °C, and the final
extracted oil-hexane mixture was separated
using a rotavapor device (Heidolph). As such, the
hexane solution was recovered and the oil was
cleared from hexane residue by oven drying at
100 °C for 20 min. The final oil was weighed for
the lipid content:

LipC (%) = (W1-WO0) * 100 / W

With LIP: lipid content (%); WO: weight of the
empty flask (g); W1: weight of the flask + lipids;
W: weight of the onion sample (g)

2.2.2.4 Total soluble carbohydrates and reducing
carbohydrates

The main soluble glucides were extracted by
diluting one 1 g onion powder into a composite
solution of 10 mL ethanol at 80% (v/v), 1 mL zinc
acetate at 10% (m/v), and 1 mL oxalic acid at
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10% (m/v) according to the method described by
Martinez-Herrera et al. [16]. The mixture was
homogenized and centrifuged for 30 min at 3000
rpm using a LACTER model centrifuge. The
resulting supernatant was collected and the
residue treated as above. All supernatants were
gathered and used for the determination of total
soluble and reducing carbohydrates contents.
Total soluble glucides were measured out with
phenol and sulfuric acid reagents [17]. A volume
of 0.1 mL of ethanosoluble extract was put into a
test tube and added with 0.9 mL of distilled
water, 1 mL of 5% phenol solution (w/v), and 5
mL of 96% sulfuric acid solution. Then the
absorbance was measured at 490 nm with a
spectrophotometer (PG instruments, England).
For the reducing sugars, 1 mL of ethanosoluble
extract was processed with 0.5 mL distilled water
and 0.5 mL of 3, 5- dinitrosalycilic acid [18]. This
solution was then boiled in a hot bath for 5 min
and the absorbance finally measured at 540 nm
using PG instruments spectrophotometer. Both
total soluble and reducing carbohydrates were
measured against control test tubes without any
ethanosoluble  extract.  Calibrations  were
performed with standard solutions of glucose and
sucrose.

2.2.2.5 Assessment of antioxidant nutrients

Phenolic compounds were extracted according to
the method of Singleton et al. [19] from 1 g onion
powder sample homogenized in 10 mL methanol
(70%, v/v). The solution was centrifuged at 1000
rpm for 30 min using LACTER centrifuge. The
supernatant was collected and the residue
treated with 10 mL methanol (70%) for other
centrifugation. All supernatants were gathered
and adjusted to 50 mL added with distilled water.

The total polyphenols content was measured
using folin- ciocalteu reagent [19]. From 1 mL
phenolic extracts taken into test tubes, respective
solutions of 1 mL folin- ciocalteu reagent, 1 mL
sodium carbonate at 20% (w/v) and 7 mL distilled
water were added. These assays were kept at
darkness for 30 min and the absorbance was
measured at 725 nm from PG- instruments
spectrophotometer against a control solution
without phenolic extract. Total polyphenols
content was recovered using calibration
processed from gallic acid.

Flavonoid phenols were quantified according to
Meda et al. [20]. To 0.5 mL phenolic extract,
were respectively added 0.5 mL distilled water,
0.5 mL aluminum chloride solution (10%, w/v),
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0.5 mL sodium acetate and 2 mL distilled water.
Then, the absorbance was measured from PG-
Instruments spectrophotometer at 415 nm
against a control test tube without phenolic
extract. Quercetin solution calibrated as standard
flavonoid led to the recovery of the flavonoids
contents from the onion samples.

The tannins content was determined with the
method proposed by Bainbridge et al. [21]. Onion
phenolic extract (1 mL) was added with 5 mL
sulfuric- vanillin solution (vanillin in 70% sulfuric
acid) into test tubes. The mixtures were kept at
darkness for 20 min and the absorbance was
measured at 500 nm from PG- Instruments
spectrophotometer against a control tube without
phenolic extract. Standard tannic acid solution
was calibrated for the determination of tannins
contents from onion samples.

Vitamin C was also assessed as antioxidant
vitamin according to the method described by
Pongracz et al. [22]. Two grams (2 g) of onion
powder were dissolved in 50 mL of 20%
metaphosphoric acid-acetic acid mixture. After
filtration, 10 mL of the filtrate were titrated with a
solution of 2, 6- dichlorophenol- indophenol (2.6
DCPIP) at 0.5 g/L for persistent pink coloration,
and the final content of vitamin C was calculated.

Vit C (mg/100g) = (Cocrir * Veq * 5 * 100) / W

With Vit C: Vitamin C content (mg/100 g); Cocpir:
concentration of DCPIP solution (0.5 g/L); Veq:
volume (mL) of 2.6 DCPIP used for titration; W:
weight (g) of onion powder sample

2.3 Statistical Analysis

With all assays achieved in triplicate, the
collected data were statistically analyzed using
Statistical Package for Social Sciences (SPSS
22.0, USA) and STATISTICA (7.1, France)
softwares at 5% significance. The statistical
treatment consisted first in descriptive calculation
of means and standard deviations per
biochemical trait and onion variety. Then, a one-
way analysis of variance (ANOVA-1) was
performed considering onion variety as the sole
source of variation, followed by means
comparison using Student Newman Keuls (SNK)
post-hoc test. Finally, multivariate analysis
(Principal Component Analysis and Ascending
Hierarchical Clustering) was achieved to check
the correlation between biochemical parameters
and the overall onion varieties studied.
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3. RESULTS AND DISCUSSION

Statistical analysis shows a significant difference
(P <0.05) between onion varieties for overall
characteristics determined.

3.1 Moisture, Ash Content and Acidity of
Onion Powders

Table 1 displays physicochemical parameters of
onion powders. The results show more moisture
from CARA onion (16.91%), while SAFARI onion
powder records least moisture content (11.58%).
The highest ash content is also recovered from
CARA onion (4.46%) followed by DAMANI
(3.95%) and ARES (3.85%). Overall onion
varieties present acid pH close to 4. But the
highest titratable acidity value is obtained from
CARA (358.34 mEq H*/5 g Onion Powder) and
the weakest value is recorded from ARES
(250.01 mEq H*/5 g OP). BATI, DAMANI,
KARIBOU and SAFARI varieties exhibit
statistically similar titratable acidity between 308
and 325 mEq H*/5 g OP.

3.2 Macronutrients in Onion Powders

The main macronutrients in onion powders are
recorded in Table 2. From crude fiber content,
top values derive from ARES, CARA,
and KARIBOU (over 10.4%), when BATI,
DAMANI and SAFARI provide only around 8%
fiber.

CARA variety displays a preponderant lipid
content (1.99%) compared to the other varieties.
On the other hand, the onion powders of BATI,
KARIBOU and SAFARI varieties record lower
lipid contents below 1%.

Regarding  glucides, the total soluble
carbohydrates contents are highly concentrated
from BATI variety (14.5%) while SAFARI is more
provided in reducing carbohydrates (1.04%),
followed by ARES (0.99%). KARIBOU and
DAMANI display lower values for respective
total soluble and reducing carbohydrates.
As such, the reducing sugars represent 3.90%
to 9.29% total carbohydrates in onion
powders.

Table 2 also shows significant protein contents
from the studied onion varieties (10.6% to
13.6%), except from ARES variety which
contains only 6.7% protein.
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3.3 Antioxidant
Powders

Compounds of Onion

Table 3 shows the contents of antioxidant
compounds, namely vitamin C and phenolic
compounds of onion powders. KARIBOU, CARA,
DAMANI and SAFARI record more significant
vitamin C contents (116.67 to 133.33 mg/100 g)
compared to BATI (104.17 mg/100 g) and ARES
(87.5 mg/100 g). About phenolic derivatives,
values of total polyphenols are more consistent
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from SAFARI (1456.59 mg/100 g) followed by
ARES (1227.96 mg/100 g), whereas CARA
displays lower content of 604.3 mg/100 g.
Tannins are the most represented polyphenols
molecular group, with a rate over 60% of the
polyphenols. BATI, DAMANI and KARIBOU
onions show more tannins contents (about 1000
mg/100 g). Oppositely, flavonoids constitute
2.6% of the polyphenols and ARES and CARA
reveal greater flavonoids contents (57.44 and
45.33 mg/100 g).

Table 1. Physicochemical characteristics of onion powders

Varieties MoiC (%) AshC (%) pH TTA (mEq H*/5 g OP)
ARES 13.61 +£ 0.03¢ 3.85 + 0.05P 4.29 £ 0.01° 250.01 + 0.00¢

BATI 15.58 + 0.40° 3.56 + 0.05b¢ 4.31+0.01° 325.01 + 25.00°

CARA 16.91 + 0.002 4.46 + 0.092 4.09 + 0.00d 358.34 + 14.432
DAMANI 12.26 £ 0.044 3.95 + 0.46° 4.31 £ 0.01° 308.34 £ 14.43b
KARIBOU 13.97 + 0.03¢ 3.24 £ 0.24¢ 4.18 £ 0.01¢ 316.67 + 28.86°
SAFARI 11.58 + 0.31¢ 3.47 £ 0.17v¢ 4.44 + 0.002 308.34 £ 14.43b

F-value 272.23 10.42 277.84 10.72

P-value <0.001 <0.001 <0.001 <0.001

MoiC= moisture content; AshC= ash content; pH= potential hydrogen; TTA= total titrable acidity; OP= onion
powder; Fvae= value of statistical Fisher test; P-vaue= value of statistical probability. For each variable, the means
+ standard deviations with different lower scripts are statistically different at 5% significance

Table 2. Biochemical characteristics of onion powders

Varieties FibC (%) LipC (%) TCarbC (%) RCarbC (%) ProC (%)
ARES 10.43+£0.112 1.29+0.12° 13.6 £ 0.01¢ 0.99 + 0.00° 6.7 £ 0.67¢
BATI 8.47 + 0.05b 0.89 + 0.08¢ 14.5 £ 0.102 0.76 £ 0.00¢ 13.6 £ 1.362
CARA 10.73+£0.752 1.99+0.22 14.21 £0.06® 0.59 +0.01¢ 11.7+1.17%
DAMANI 8.25 + 0.25P 1.33+0.13° 12.55+0.05¢  0.49 + 0.00 10.9 £ 1.09b
KARIBOU 10.5+ 0.52 0.96 + 0.09¢ 9.98 + 0.09f 0.68 + 0.00¢ 10.6 + 1.06"
SAFARI 8.48 + 0.02b 0.94 £+ 0.09¢ 11.2 + 0.16¢ 1.04 + 0.002 11+1.1°
F-value 28.42 31.12 1044.91 15608.87 12.79

P-value < 0.001 <0.001 <0.001 <0.001 <0.001

FibC= fiber content; LipC= lipid content; TCarbC= total sugar content; RCarbC= reducing sugar content; ProC=
protein content; F.vae= value of statistical Fisher test; P.vaue= value of statistical probability. For each variable, the
means + standard deviations with different letters are statistically different at 5% significance

Table 3. Content of antioxidant compounds (Vitamin C and polyphenols) in onion powders

Varieties VitC (mg/1009) TPC (mg/100q) TNC (mg/100g) FLC (mg/1009)
ARES 87.5 + 0.00¢ 1227.96 + 2.14° 920.53 + 9.58¢ 57.44 £ 0.812
BATI 104.17 £ 7.21°¢ 1190.4 + 0.68¢ 1022.86 £ 0.823  24.67 £ 0.92¢
CARA 129.17 + 7.213 604.3 + 0.73f 481.32 + 0.90¢ 45.33 + 0.88°
DAMANI 133.33+ 7.212 1199.02 £ 1.18¢ 990.53 + 0.95° 32.79 £ 1.254
KARIBOU 120.83 + 7.21a 1070.14 £ 1.16° 997.01 £ 0.91° 41.63 £ 0.95¢
SAFARI 116.67 £ 7.21b 1456.59 + 1.612 890.08 + 1.62¢ 23.99 +£0.73¢
F.value 20.00 132589.63 7625.89 570.29

P-value <0.001 <0.001 <0.001 <0.001

VitC= vitamin C content; TPC= total polyphenols content; TNC= tannins content; FLC= flavonoids content; F.vaiue=
value of statistical Fisher test; P-vaue= value of statistical probability. For each variable, the means + standard
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3.4 Multivariate Characteristics of Onion
Powders

The overall parameters assessed are
significantly shared around four (4) factors (F1 to
F4), from the Principal Components Analysis
(PCA), engaging eigenvalues superior to 1 and
supporting 89.35% total variance and therefore
used to describe the PCA. Among these factors,
both F1 and F2 factors assuming 69% total
variance are used for the PCA draw.

Fig. 1 shows correlations between F1-F2 factorial
design and the variables and onion samples. It
appears that the onion samples from SAFARI
variety are located in the negative part of the F1
factor and are more correlated to pH value and
contents of total polyphenols, tannins and
reducing sugars for which they present greatest
values. Onions samples of BATI and DAMANI
varieties are located from the negative part of F2
factor and have the highest levels of protein,
vitamin C and titratable acidity. The onion
samples of CARA \variety are negatively
correlated with F1 factor and the moisture, ash
and lipid contents. As for ARES variety, higher
levels of crude fibers and flavonoids are rated,
with strong positive correlation to the F2 factor.

As from PCA, the ascending hierarchical
clustering (AHC) assembles the onion samples
into five (05) groups at the aggregation distance
of 60 (Fig. 2). Group 1 consists of ARES variety,
while group 2 gathers BATI and DAMANI
varieties. Groups 3, 4 and 5 include respective
KARIBOU, SAFARI, and CARA onion varieties.
Thus, the PCA and AHC display similar variability
trend: pH, polyphenols, tannins and reducing
carbohydrates are in higher amount from
SAFARI onion variety; vitamin C, protein and
titratable acidity record more significant content
in BATI and DAMANI onion varieties; greater
moisture, ash and fat are found in CARA onion;
while higher crude fiber and flavonoid contents
are provided from ARES variety.

4. DISCUSSION

The results of the biochemical analysis show
higher nutrients concentrations from the onion
powders compared to fresh onion bulbs, since
the drying processing facilitates dehydration from
the raw product [23].

The significant difference of the residual moisture
from onion varieties was recorded, suggesting an
unequal water absorption capacity depending on
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the variety [24]. Moisture is a quite trait of
significant involvement on crops preservation.
Thus, the lower moisture content in foods, the
better preservation is succeeded for long.
Indeed, high moisture above 15% promotes
microbial development in crops stocks using
nutrients compounds [25]. Based on our results,
the SAFARI onion powder displaying 11.58%
moisture could therefore be kept for nutrients
than that of CARA onion (16.91%).

Determination of ash content is part of the
proximate analysis for nutritional assessment
because ash is the representative residue of the
total minerals in foods [26] after destruction of
the organic compounds. As such, the variation in
mineral presence could reflect a variation in the
hydro-mineral absorption from the onion varieties
studied since they are grown on the same soil.
The ash contents obtained (from 3.24 to 4.46%)
are comparable to those reported by Yahaya et
al. [27]. The significant presence of mineral
nutrient supports the nutritional value of onion for
human diet.

The crude fiber contents recorded are lower
compared to the results (close to 14%) reported
by Yahaya et al. [27]. Nevertheless, the onion
samples deriving from ARES and at a lesser
extent CARA and KARIBOU varieties provide
significant fiber amounts. These onions could be
valued in the diet for protection against digestive
concerns. In fact, adequate intake of dietary fiber
ensures protection against colon cancer and also
supports maintenance of lipidemia in normal
range reducing physiological hazards of
obesity, hypertension, and cardiovascular
diseases [28].

The results reveal general divergence between
varieties of onions for nutrients. According to
Shewfelt [29], the main sources of variation in
plant products are genes, pre-harvest conditions,

stage of maturity for harvest, harvesting
methods, postharvest handling, and storage
conditions.

From lipids content, a greater rate was measured
from CARA variety (1.99%). However, the values
resulting from the current work are lower than
those reported by Konaté et al. [30]. Plants food
lipids provides energy benefit and functional role
through their liposoluble vitamins [31].

Along with ethanosoluble glucides, the results
showed general contents over 10%. However, as
any other vegetable, onions are not considered
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Table 4. Eigen- values and variability expressed supported by the first six components of the
principal component analysis (PCA) achieved for the onions varieties parameters studied

PCA Factors F1 F2 F3 F4 F5 F6
Eigen-values 5.92 3.05 1.52 1.12 0.74 0.39
Variability (%) 45.54 23.45 11.72 8.63 5.67 2.99
Cumulative variability (%) 45.54 69.00 80.71 89.35 95.01 98.00
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Fig. 1. Correlation between the F1-F2 factorial design and the studied onion samples (A) and
their characteristics (B) drawn from the principal component analysis
MoiC= moisture content; AshC= ash content; FibC= crude fiber content; pH= potential of hydrogen; TTA= total
titrable acidity; LipC= lipid content; TCarbC= total soluble carbohydrates content; RCarbC= reducing
carbohydrates content; ProC= protein content; VitC= vitamin C content; TPolC= total polyphenols content; TanC=
tannins content; FlaC= flavonoids content
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Fig. 2. Diagram of ascending hierarchical clustering drawn from the unweighted pair group
methods with arithmetic means (UPGMA) deriving from powders samples of onion varieties
according to their studied characteristics

as carbohydrates foods thought they could
contribute for caloric intake when combined with
common starchy products as potato and other
tubers [32].

The variation in the protein content recorded
from the work could be related to the intrinsic
physiology of each onion variety involving protein
metabolism. In fact, plants are known to be
different in their ability to use the same amount of
soil nutrients (e.g. nitrogen) even cultivated
under similar agro-conditions [33]. Onion
varieties with great protein contents could meet
successful biological functions such as growth
and maintenance for consumers [34].

Antioxidant compounds also differed significantly
from the onion samples. The plant variety and
the main cultivation stress sources as soll
nutritive richness, season of production and other
bio-agents faced are scientifically known to
induce production of secondary metabolites as
polyphenols in plants [35]. Regarding vitamin C,
the amounts could significantly depend on the
species or variety within the same plant genus
[36]. The consumption of foods containing
vitamin C may prove to be beneficial because
vitamin C is an antioxidant which role is crucial
against stress [37]. For total polyphenols content,
the values resulted from the onions powders
studied are highly appreciable for nutritional
interest. Indeed, several studies have reported a

good correlation between the total phenols
content and antioxidant activity [38]. The
polyphenols support the body prevention against
metabolic disorders. According to the results,
tannins are the major polyphenols compounds in
the onion powder. However, in the literature,
flavonoids are identified as the main polyphenolic
compounds in onions. The resulting low flavonoid
contents of the onion powder is explained by the
degradation reactions of bioactive compounds
that could have been occurred during drying
process [39].

5. CONCLUSION

The physicochemical and nutritive analyses of
the onion powder performed using six onion
varieties showed particular group of nutrients
highly expressed from each variety; that can
stand as basis for their optimal promotion. ARES
variety has a good fiber and flavonoid content.
BATI and DAMANI varieties are richer in Vitamin
C and proteins. As for the CARA variety, more
lipids, moisture, and ash contents are found,
while SAFARI onion is rated by total polyphenols
and tannins. These onion varieties could meet
successful contribution in the proper functioning
of the organism. Thanks to their various
nutritional profile, the sustainable production of
the onion varieties should also be implemented
accounting other trends as agronomical values,
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preservation qualities, organoleptic profile and
preferences from consumers.

ACKNOWLEDGEMENTS

The authors hereby thankfully address due
acknowledgments to funders of the project
number KAH20200103 entitled “Enhancement of
tomato and onion production in Africa for
maximum  sustainable vyield” for ensuring
sufficient grants regarding any analysis
implemented throughout the document.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Bindu B, Podikunju B. Performance

evaluation of onion (Allium cepa L. Var.
cepa) varieties for their suitability in Kollam
district. International Journal of Research
in Agricultural Sciences. 2015;1(1):18-20.

2. Silué S, Fondio L, Coulibaly MY, Magein
H. Selection of onion (Allium cepa L)
varieties fiting Northern Cote d'lvoire.
Tropicultura. 2003;21(3):129-134. French.

3. FAOSTAT. Agriculture statistical Database
of the FAO; 2019.

Accessed at: http://faostat.fao.org/

4. Bianchini F, Vainio H. Allium vegetables
and organosulfur compounds: do they help
prevent cancer? Environmental Health
Perspectives. 2001;109(9):893-902.

5. USDA (United States Department of
Agriculture) Agricultural Research Service.
National Nutrients Database for
standard reference, Release 21. Food
Group: 11: Vegetables and Vegetable
Products. Raw onion (Allium cepa L.)
Refuse: 10% Stem ends, sprouts and
defects;2008.
Available:http://www.ars.usda.gov/nea/bhn
rc/mafcl

6. Olaniyi JO. Effects of planting dates on
nutritional and phytochemical compositions
of onion varieties under rain-fed and
irrigation facilities in Ogbomoso, Nigeria.
Journal of Horticultural Science and Crop
Research. 2019;1(2):201-208.

7. Tattelman E. Health effects of garlic.
American Family Physician. 2005;72(1):
103-106.

8.

10.

11.

12.

13.

14.

15.

16.

17.

177

Konan et al.; JEAI, 43(11): 168-179, 2021; Article no.JEAI.78217

Ly TN, Hazama C, Shimoyamada M, Ando
H, Kato K, Yamauchi R. Antioxidative
compounds from the outer scales of onion.
Journal of  Agricultural and Food
Chemistry. 2005;53(21):8183-8189.
Bennacer M. & Bouderbala A. Study of the
weeding (chemical and manual) at nursery
stage of onion (A. cepa) production (Two
F1 hybrids and one population variety).
Report of Master. Abdelhamid lbn Badis-
Mostaganem University, Algeria. 2016; 66.
French.

Blein R, Soulé BG, Dupaigre BF, Yérima
B. Agricultural potentialities in Western
Africa (ECOWAS). Foundation for
Agriculture and Rural conditions over the
world (FARW). Presles, France. 2008;
116. French.

RONGEAD. Diagnosis of the onion sector
in Cbéte d’lvoire. Project «Revitalize the
productions, the market entry and the farm
advisory for the supply chain of the foods
and marketed crops of Northern Céte
d’lvoire». Study report. 2015; 35p. French.
Konan S, Affery A, Bomisso EL, Bire A,
Zouzou M. Evaluation of the agronomic
performance of onion varieties in the rainy
and dry season in Northern Ivory Coast.
Indian Journal of Pure and Applied
Biosciences. 2020;8(2):8-15.

Dagnogo F, Coulibaly SS, Konaté D,
Fofana L. Low Productivity of onion in Cote
d’lvoire: Causes and Recommendations.
SSRG International Journal of Agriculture
& Environmental Science. 2018;5(5):49-
56.

AOAC. Official Methods of Analysis,
Association of Official Analytical Chemists.
14t Ed., Washington DC, USA. 1990;684.
AFNOR. French national organization for
standardization; Fats, oilseeds,
derivatives. Ed. French Standardization
Association, Paris. 1986;527. French
Martinez-Herrera J, Siddhuraju P, Francis
G, Davila-Ortiz G, Becker B. Chemical

composition, toxico/ antimetabolic
constituents, and effects of different
treatment on their levels, in four

provenances of Jatropha curcas L. from
Mexico. Food Chemistry. 2006;98:80-89.
Dubois M, Gilles KA, Hamilton JK, Rebers
PA, Smith F. Colorimetric method for
determination of sugars and related
substances. Analytical Chemistry. 1956;
28:350-356.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bernfeld P. Amylase a and B methods in
enzymology 1, 9" Ed., Colowich and
Kaplan, Academic Inc., New York, USA.
1955:149-154.

Singleton VL, Orthofer R, Lamuela-
Raventos RM. Analysis of total phenols
and other oxidant substrates and
antioxidants by means of Folin-ciocalteu
reagent. Methods in Enzymology. 1999;
299:152-178.

Meda A, Larnien CE, Romito M, Millogo J,
Nacoulma OG. Determination of total
phenolic, flavonoid and praline contents in
Burkina Faso honeys as well as well as
their radical scavenging activity. Food
Chemistry. 2005;91:571-577.

Bainbridge Z, Tomlins K, Westby A.
Analysis of condensed tannins using
acidified  vanillin.  Journal of Food
Sciences. 1996;29:77-79.

Pongracz G, Weiser H, Matzinger D.
Tocopherols-Antioxidant. Fat  Science
Technology. 1971;97:90-104.

Mota CL, Lucianoa C, Diasa A, Barrocab
MJ, Guinéa RPF. Convective drying of
onion: Kinetics and nutritional evaluation.
Food and Bioproducts Processing.
2010;88(2):115-123.

Kouakou AA. Comparative study of the
biochemical and physicochemical
composition of leaves from three varieties
of cassava (Manihot esculenta crantz)
produced in Céte d'lvoire. Report of Master
in Food Sciences and Technologies,
Nangui Abrogoua University, Abidjan, Cote
d’lvoire. 2017;60. French.

Umar KJ, Hassan LG, Garba HL. Nutritive
value of some indigenous spices: Cloves
(Eugenia caryophyllus) and African black
pepper (Piper guineense). Chemclass
Journal. 2006;3:81-84.

Edeogu CO, Ezeonu FC, Okaka ANC,

Ekuma CE, Elom SO. Proximate
composition of staple food crops in Ebonyi
State (South Eastern Nigeria).

International Journal of Biotechnology and
Biochemistry. 2007;3(1):1-8.

Yahaya Y, Yauri UAB, Bagudo BU. Study
of Nutrient content variation in bulb and
stalk of onions (Allium cepa) cultivated in
Aliero, Aliero, Kebbi State, Nigeria.
Nigerian Journal of Basic and Applied
Science. 2010;18(1):83-89.

Bemiller JN. Carbohydrate Analysis. In.
Foods analysis. Nielsen SS. Springer

Konan et al.; JEAI, 43(11): 168-179, 2021; Article no.JEAI.78217

29.

30.

31.

32.

33.

34.

35.

36.

37.

178

Sciences and Business Media. West
Lafayette. 2010;147-177.

Shewfelt RL. Sources of variation in the
nutrients content of agricultural
commodities from the farm to the
consumer. Journal of Food Quality. 1990;
13(1):37-54.

Konaté M, Parkouda C, Tarpaga V, Guira
F, Rouamba A, Sawadogo LH.
Assessment of the nutritive potentialities
and the preservation ability of eleven
varieties of onion (Allium cepa L.) bulbs
introduced in Burkina Faso. International
Journal of Biological and Chemical
Sciences. 2017;11(5):2005-2015. French.
Bogert JL, Briggs GM, Galloway DH.
Nutrition and physical fitness. International
Journal of Food Science. 1994;45:223-
230.

Niamke AM, Diby NS, Konan NY, Sea TB,
Djaman AJ. Comparison of the
physicochemical properties of aubergine
(Solanaceae) varieties Solanum
aethiopicum gilo and Solanum melogena
grown in Northern Céte d'lvoire. Journal of

Experimental  Agriculture International.
2019;29(2):1-9.
Ajakaiye CO, Chukwuma 1S. Nitrate

reductase activity in the different whorls of
Cabbage (B. Oleracea L. and Lettuce L.
Sativa L.) leaves. Nigerian Journal of Basic
and Applied Sciences. 1995;4(2):37-39.
Kandoliya UK, Bodar NP, Bajaniya VK,
Bhadja NV, Golakiya BA. Determination of
nutritional value and antioxidant from bulbs
of different onion (Allium cepa) variety: A
comparative study. International Journal of
Current  Microbiology and  Applied
Sciences. 2015;4(1):635-641.

Salem AZM. Impact of season of harvest
on in vitro gas production and dry matter
degradability of Acacia saligna leaves with
inoculum from three ruminant species.
Animal Feed Science and Technology.
2005;123(1):67-69.

Massot C. Analysis of the variation of the
content in vitamin C from tomato fruit and
role of the lighting environment. PhD
Thesis in Agronomical Sciences, Avignon
and Vaucluse University, France. 2010;
230. French.

Xavier SM, Barbosa CO, Barros DO, Silva
RF, Oliveira AA, Freitas RM. Vitamin C
antioxidant effects in hippocampus of adult
Wistar rats after seizures and status



38.

epilepticus  induced by pilocarpine.
Neuroscience Letters. 2007; 420(1):76—79.
Bahorun T, Luximon RA, Crozier A,
Aruoma OIl. Total phenol, flavonoid,
proanthocyanidin and vitamin C levels and
antioxidant activities of Mauritian

Konan et al.; JEAI, 43(11): 168-179, 2021; Article no.JEAI.78217

39.

vegetables. Journal of the Science of Food
and Agriculture. 2004;84(12):1553-1561.
Yean-Yean S, Philip JB. Antioxidant
activity and phenolic content of selected
fruit seeds. Journal of Food chemistry.
2004;88(3):411-417.

© 2021 Konan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/78217

179


http://creativecommons.org/licenses/by/4.0

