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ABSTRACT

The aim of this study was to investigate the oitsaeted from seeds of Amaranthus hybridus, Bassdhba and
Celosia argentea for their antioxidant and antifahgotential. The phytochemical characteristics amdioxidant
compounds content of the plant oilseeds were d&tethusing standard methods. Vitamin E content avedyzed
by high performance liquid chromatography. The akice stability of these oils was determined bygthe oven
test method, and their antifungal effect was deiteech by agar dilution method. The studied seed lagélighted
the presence of tannins, steroids and terpenoitlespholipids, carotenoids, vitamin E and phenolsteots of the
studied seed oils were approximately 0.27 + 0.01%0 + 0.01 mg/g, 0.19 + 0.01 mg/g and 6.70 + 0rt§/g,
respectively. Amaranthus hybridus seed oil showext raxidative stability with peroxide value of 32.feq Q/kg
at 17" storage day in oven (60°C). Celosia argentea seiédshowed antifungal activity against Aspergillus
fumigatus, Candida tropicalis and Trichophyton nagmbphytes with minimal inhibitory concentration I@) of
50%. A. hybridus, B. alba and C. argentea seedspiteved pronounced antioxidant and antifungal &@is. These
characteristics should be exploited for possiblglaations in the food supplement, pharmaceuticad @osmetic
industries.
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INTRODUCTION

Many oils for human consumption or for industriakposes are derived from plants. The conventiolzaitils are
mostly represented by palnkléeis guinensjsoil, olive (Olea europaep oil, soybean Glycine mak oil and
sunflower Helianthus annuysoil. These oils consist mainly of mono-, di- anidacylglycerols which act as solvent
for minor constituents such as sterols, fat-soldtamins, pigments including chlorophylls and derwids,
phenolic compounds, phospholipids and free fatigsafl]. These minor constituents can have eithergxidative
(e.g., free fatty acids and hydro-peroxides) oioaidant (e.g., tocopherols, pigments, phenols pinospholipids)
effects [2].

Antioxidant compounds are gaining in importance ttugheir dual role in food and pharmaceutical stdes as
lipid stabilizers [3]. Nutritionally important amtkidants such as-tocopherol (vitamin E) improve the stability of
oils [4]. Phenolic compounds may prevent deteriorathrough the quenching of reactions responsibiipid
rancidity [5]. Moreover, the higher antioxidant iaityy of some crude oils is partly due to polaridip, especially
phospholipids. Indeed, these compounds are uscafigidered free radical scavengers, antioxidantreysts and
extenders for the action of primary antioxidants Mith regard carotenoids, it is accepted that/tben act as
primary antioxidants by trapping free radicals sisacondary antioxidants by quenching singlet oxy@g
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Besides the antioxidant effect of these minor darestts of plant oils, another beneficial propeisy their
antimicrobial activity. Indeed, this activity is €uo the volatile and phytochemical componentsaieal from these
oils [8]. Recent studies showed that some non-auiiv@al seed oils such adigella sativa Coriandrum sativum
andGuizotia abyssinicaeed oils contain essential fatty acids, antioxisiand antimicrobial constituents with high
nutritional, pharmaceutical and cosmetic propef@és

Amaranthus hybridus and Celosia argenbedong both to the family cimaranthaceagvhile Basella albabelongs

to the family ofBasellaceaeln most countries of tropical Africa and partiady in Cote d’lvoire, the leaves of
these plants are widely consumed as green vegstabteéheir seeds are under-exploited. Indeed, sepwts have

revealed the antioxidant and antimicrobial actdtof the leaves and flowers of these two tropiahts [10,11].

However, there is no report dealing with the antdart and antimicrobial properties of the seed oflshe three

plants. Therefore, the aim of this work was to stigate the antioxidant and antimicrobial actiatigf these seed
oils in order to explore their potential applicaison food, pharmaceutical and cosmetic industries.

MATERIALS AND METHODS

Plant materials

Mature seeds ohAmaranthus hybridyBasella albaandCelosia argenteavere collected from market gardening of
Abidjan district (Cote d’lvoire) in June 2013. Thiants were identified and authenticated by Prafiegke Assi
(Botany Department of Félix Houphouét Boigny Unsigr — Abidjan). Voucher specimens (nos AMPTO02,
AMPTO09 and ABAN1O respectively) of the plants wdwept in the herbarium of National Center of Agronom
Research (CNRA) of Cote d’lvoire. The seeds wesshed thoroughly with distilled water to remove dind dried

at 40°C for 24 h in an electric oven (Memmert, Gany).

Chemicals

Analytical grade solvents, standards, reagentscaitdre media were used to perform the study. Gegsolvents
and Folin-Ciocalteu’s phenol reagent were obtaifrech Merck. All reference standards-focopherol acetate,
gallic acid,p-carotene) used were from Sigma-Aldrich. CulturediagSabouraud agar) was manufactured by Bio-
Merieux.

Extraction of oil from the seeds

Oils were extracted from 50 g crushed seeds (Labrarusher, Culatti, France) with 300 mL of n-hag (40-
60°C) in a Soxhlet extractor. Then the solvent wamoved (vacuum-packed) at 40°C with a rotary exatpo
(Heidolph, Hei-Vap, Germany). The extracted lipidsmveighed to determine the oil content of the s€edde oils
were stored at 4°C in air tight brown sterile glbsttles prior to analysis.

Phytochemical screening
The extracted oilseeds were tested for the presehb@active compounds such as tannins, sapofimsnoids,
steroids, terpenoids and glycosides by using stdmuathods [12, 13].

Test for tannins
Crude extract was mixed with 2 mL of 2% solution F#Ck. A blue-green or black coloration indicated the
presence of phenols and tannins.

Test for saponins
Crude extract was mixed with 5 mL of distilled waite a test tube and it was shaken vigorously. fBinmation of
stable foam was taken as an indication for thegues of saponins

Test for flavonoids
Crude extract was mixed with few fragments of maguma ribbon and concentrated HCl was added drop. Wik
scarlet colour appeared after few minutes whiclicatedd the presence of flavonoids.

Test for alkaloids
Crude extract was mixed with 2 mL of 1% HCI andtkdagently. Mayer’s And Wagner’s reagents were theeed
to the mixture. Turbidity of the resulting precgt# was taken as evidence for the presence obalkal

Test for steroid

Crude extract was mixed with 2 mL of chloroform.efh2 mL of each of concentrated3®, and acetic acid were
poured into the mixture. The development of a gaeooloration indicated the presence of steroids.
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Test for terpenoids
Crude extract was dissolved in 2 mL of chlorofomma @vaporated to dryness. To this, 2 mL of cone¢edtr SO,
was added and heated for about 2 min. A grayisbucahdicated the presence of terpenoids.

Determination of phospholipids content

Phospholipids content of oil samples was determifedldwing a spectrophotometric method [14]. Thstteil
portion (5 g) was burned to ashes in the presehoeggnesium oxide. The ashes obtained were dissatvdiluted
nitric acid solution (65%). Absorbance was then soeed at 460 nm using a spectrophotometer (T80+, PG
instruments, England) after adding 10 mL of aquesmmsnonium molybdate and 10 mL of agueous ammonium
metavanadate solutions. A standard curve of phasgh@ mg/mL) was used as reference.

Determination of carotenoids and total phenol contets

The carotenoids content of the oils was determimedheasuring the absorbance of hexanic oil soludiof#50 nm
using a UV-Vis spectrophotometer (T80+, PG InstroteeUK). Different quantities (varying from 0 ton2g) of -
carotene were used as standards.

Total phenols were extracted four times with 10 wiL methanol-water in the proportion of 80:20v§vby

centrifugation at 1000 rpm for 10 min. Then, tqgihknols were quantified by Folin-Ciocalteu colorirreemethod
[15]. Briefly, 1 mL of methanolic extract was mix@dth 1 mL of Folin-Ciocalteu reagent. After 3 mih,mL of

saturated sodium carbonate solution (20%) was atidgge mixture and adjusted to 10 mL with distlleater. The
reaction mixture was kept in the dark for 1 h wittermittent shaking. The absorbance was measuré@sanm
using a spectrophotometer (T80+, PG Instruments). Benolic contents were calculated on the bakithe®
standard curve for gallic acid (1 mg/mL).

Determination of vitamin E content

The oil sample (1 g) was diluted in 10 mL of hexahbereafter, 200 puL of this mixture was transférieto a
screw-capped tube where 800 pL of methanol wereddhifter being vortex-mixed and centrifuged (30pt for

5 min), the samples were filtered through a 0.45pome size filter and the overlay was used for tpghformance
liquid chromatography (HPLC) analysis [16]. Separatby HPLC was carried out using an Acquity liquid
chromatography system (Waters, USA) equipped witbgtical detector TUV system and a BEk} €olumn (150
X 0.25 mm i.d., 1.7 um particle size) (Waters, USAhe injection volume was 10 pL. The mobile phases
methanol-water (98:2, v/v) and the elution was @ened at a flow rate of 2 mL/min. The analyticaluwon was
kept at 45 °C. Vitamin E of oil sample was detecie@92 nm and identified by comparing its retemtione with
this of authentic standard. Quantification of vitark identified in oil sample was done by usingtandard curve
(concentration versus peak area)osfocopherol acetate. All the data obtained wereestcand processed by
Empower software (Waters, USA).

Determination of oxidative stability

Oxidative stability of oil samples was determingdusing an electric oven test [17]. Oil sample 3@vere poured
into a 50 mL open beaker and then, kept in therdesk of an oven (Memmert, Germany) at 60 + 1°CGufoto 21
days. At 3 days interval, samples were withdravamled at room temperature (25°C) for 15 min and thealyzed
for peroxide value determination.

Fungal cultures

Standard fungal species were obtained from theeBlotology Laboratory, UFR Biosciences, UniversigliF
Houphouét Boigny-Abidjan (Cb6te d’lvoire). Six furlgapecies, namelyAspergillus fumigatus(896/AB),
Trichophyton mentagrophyt€4$3801/D), Trichophyton rubrun{14301/D),Candida albicang3076/PV),Candida
tropicalis (13763/D) andCryptococcus neoformar8812/B), were used.

Determination of antifungal activity

Antifungal activity was determined using the agi#wtasbn method. First, oil samples were dissolvéayéene glycol
[18]. Series of culture media at different oil centrations (varying from 0 to 100%) were prepafdte Sabouraud
plate’s agar surfaces were inoculated with 10 pmigfrobial inoculum (1®cells/mL). An inoculated and incubated
agar culture medium without the test oils was uaedpositive growth control for each assay. Theeplatvere
incubated at 30°C for 72 h. In each case, the @@dowere counted by using a colony counter (JPc&el&pain)
and the minimum inhibitory concentration (MIC) dfet oils was determined. The MICs were determinethas
lowest concentration of oil that produced no visibiicrobial growth after incubation period.
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Statistical analysis

Each sample was analyzed in triplicate and datargperted as mean + standard deviation (SD). Amalgé
variance (ANOVA) was performed using StatPlus 20®8alystsoft Inc) software. Statistical significanwas set at
p < 0.05.

RESULTS

The phytochemical analysis &f hybridusB. albaandC. argenteaseed oils is shown in Table 1. The screening of
phytochemical compounds revealed the presencenafrts, steroids and terpenoids in the three oilseedlyzed.
Only C. argenteaseed oil was characterized by the presence afffieids and alkaloids. The studied oilseeds were
saponins free.

Table 1: Phytochemical analysis oA. hybridus, B. alba and C. argentea oilseeds

Phytoconstituents Seed oil
A hybridus Balba Cargentea

Tannins + + +
Saponins - -
Flavonoids - +
Alkaloids - - +
Steroids + + +
Terpenoids + + +

- absence; +: presence

The oil yield and antioxidant constituentsAafhybridusB. albaandC. argenteavilseeds are shown in Table 2. The
chromatographic profile of vitamin E is depictedrigure 1. The oil yields of. hybridusB. albaandC. argentea
seeds were 9.76 £+ 0.74, 25.46 + 0.67 and 7.82 & W AParameters such as carotenoids and vitamin Emtsn
showed significant difference (p < 0.05) for thadséd oilseeds. The contents of these constitugate (1.02 +
0.01, 0.72 £ 0.01, 1.27 £ 0.01 mg/g) and (0.25@100.20 + 0.01, 0.12 + 0.01 mg/g), respectivelgere was no
significant difference (p > 0.05) concerning thegpholipids content (mean value of 0.29 + 0.01%3.0&lbaand

C. argenteanilseeds. The same observation was noted forotia¢ ghenols (mean value of 6.40 £ 0.1 mg/100g) of
A. hybridusandB. albaoilseeds.

Table 2: Extraction yield and antioxidant constituents contents ofA. hybridus, B. alba and C. argentea oilseeds

Parameters Seed oil

A hybridus B alba C argentea
Extraction yield (%) 9.76 +0.74 25.46+0.67 7.82+0.48
Phospholipids (%) 0.44+0.0f 0.50+0.0 0.48=+0.01
Carotenoids (mg/g) 1.02+0.0f 072+00% 1.27+0.01
Vitamin E (mg/g) 0.25+0.0f 0.20+0.0% 0.12+0.0%

Total phenols (mg/100g 6.30 £0.10 6.50+0.16" 7.20+0.10
Means in the lines with no common superscript défignificantly (p < 0.05).

The antifungal activity o€. argenteaseed oilis presented in Figure 3. In the concentration eamig0 — 100%(.
argenteaseed oiltotally inhibited the growth oA. fumigatusC. tropicalisand T. mentagrophyte@vIC, 50%) All
the other tested fungi(ichophyton rubrumCandida albicansandCryptococcus neoformanwere resistant to the
three oils in the concentration range of 0 to 1q@%a not shown)B. albaandA. hybridusoilseeds did not showed
antifungal activity on all selected fungal species.

DISCUSSION

In terms of their oil content, the seedsBofalbaare richer in lipids than most of most well knoseed oils such as
cotton (13%), soybean (14%), and palm fruit (20%9][ Therefore, the tests seeds could be exploseatdternative
sources of oils for industrial purposes.

The phospholipids content &f. hybridus B. albg andC. argenteaoilseeds is lower than that (15 to 25 mg/g) of
soybean oil but higher than that (0.3 mg/g) of smeel oil which is often used in cosmetic formuladigl4, 20].
This level of phospholipids may contribute to tha&bdlity and antioxidant activity of the oils. Inelé, phospholipids
are usually considered free radical scavengerspxadnt synergists and extenders for the actiorpmary
antioxidants [6]. Test oils are richer in carotatsthan expensive oils such as nigeuigotia abyssinicaseed oil
(70.2 + 0.03 mgp-carotene/100 g) and coriand€ofiandrum sativuinseed oil (89.2 + 0.05 mgrcarotene/100 @)
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[21]. Carotenoids are important ingredients in cemindustries due to their antioxidant activitydagrotective
effect on the skin [22]. Thus, in this respect, tiwt oils could find use in the cosmetic indus
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Fig 2: Variation of peroxide value olA. hybridus, B. alba, and C. argentea oilseedsduring storage at 60°C
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Fig 3: Antifungal activity of C. argentea seed oil.

Total phenol content of the test oils is lower thia&t reported for olive oil which is in the rangiel0 to 30 mg/100
g [20]. Nevertheless, the oils are richer in phenobmpounds than other oils such as that of pump&eds (3.9 +
2.6 mg/100g) [23]. These compounds have previobsgn correlated with the oxidative stability of e&aple oils.
As a result, the relatively high concentration hrepolic compounds of the studied seed oils could lgecat asset
for their use as stabilizers in the food and cognietlustries.

Oxidative stability decreased in the ordar:hybridusseed oil> B. albaseed oib> C. argenteaseed oil. The initial
increase in peroxide values may be due to the ti@muof its production by elevation in temperatyge]. In
contrast, the decrease in peroxide value may stigesveak stability of hydroperoxides at high temgures [17].
The oxidative stability ofA. hybridusis an essential parameter for its sensorial ardtional qualities [25]. This
oxidative stability may be explained by the relalyw high content of vitamin E which is a strong iaridant
compound. Indeed, the main biological function dmin E is the protection of the polyunsaturatatlyf acids of
cell membranes from free-radical damage in the aikid stress [26]. Thereford. hybridusseed oil could be
suitable as antioxidant additive to preserve fttds and skin care products against oxidativerabesgion [3].

C. argenteaseed oil showed antifungal activities agaiAstfumigatus C. tropicalis and T. mentagrophytesThe
antifungal activity of this oil is worthy of noteebause fixed oils which are mainly used as dilutgssential oils,
usually do not show significant antimicrobial a@t\27]. The antimicrobial activity of this oilsdemay probably
be due to the presence of flavonoids and alkaleiikh were reported to possess biological actiagainst
microorganisms [28]. Consequently, argenteaseed oil could be used as antifungal agents fior ke products
sinceA. fumigatusC. tropicalisandT. mentagrophyteare mostly involved in superficial infections bktskin.

CONCLUSION

The relatively high content of antioxidant composirfdarotenoids, phospholipids, vitamin E and tptanol) and
the oxidative stability, confer oA. hybridus B. albg andC. argenteaseed oils higher antioxidant activity than
other well-known and high-value oils. FurthermdZe argenteaseed oil has the potential to be used in antirbiato
therapy againsf. fumigatus C. tropicalis and T. mentagrophytesvhich are usually involved in skin mycosis.
Consequently, seeds & hybridus B. alba andC. argenteaare potential new sources of high-value oils with
pharmaceutical, cosmetic and nutritional applicgio
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