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oxidation of margarine, industries add natural and synthetic 
antioxidants, being DL-alpha tocopherol the most widely 
used [4]. Synthetic antioxidants are effective at low tempera-
tures [5] but become unstable during heating, which induces 
their quick degradation producing volatile compounds or 
generating adduct products with food [6]. Indeed, due to the 
toxic effects of synthetic additives, the demand for natural 
antioxidants and the research of alternative resources by 
consumers and industries is continually increasing [7, 8].

Many investigations are focused on natural antioxidants 
able to improve the oxidative stability of food lipid sys-
tems [9, 10]. Scientists have made appreciable progress in 
replacing these synthetic antioxidants with different natural 
antioxidant sources from oilseeds, spices, fruits, vegetables, 
nuts, and barks and numerous products are under investiga-
tion regarding their stability property and antioxidant qual-
ity [11, 12]. Guo et al. [13] employed the ethanol extract of 
rosemary in palm oil during accelerated storage. Fruehwirth 

Introduction

Margarine, a lipidic emulsion-based product, is commonly 
used for thermal processes. Lipid oxidation during stor-
age and heating is one of the principal causes of its quality 
deterioration [1–3]. In order to delay, reduce, or prevent the 
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Abstract
Margarine, an emulsion constituted mainly of fat up to 90%, is used for highly variable cooking purposes. The suscep-
tibility of lipids to oxidation needs processing operations/strategies that increase their shelf life and resistance to high 
temperatures such as the addition of synthetic antioxidants. Due to the toxicity of these later, the demand and search for 
natural antioxidants are continuously increasing by consumers and industrials. In this study, the antioxidant potential of 
Moringa oleífera leaves extract (MOLE), obtained from dry leaves with 80% methanol, for stabilization of margarine was 
evaluated under accelerated storage (30 days at 65 °C). MOLE was added to margarine at 100, 400, 600, and 800 mg/kg 
and compared with the control (no MOLE or additive) and reference margarine supplemented with a standard synthetic 
antioxidant (100 mg/kg of tocopheryl acetate). The progression of oxidation was monitored by analyzing the formation of 
primary and secondary lipid oxidation compounds as well as fatty acid, tocopherol, tocotrienol, and sterol profiles. The 
results revealed that 600 and 800 mg/kg MOLE were endowed with the highest antioxidant properties during accelerated 
storage of margarine. MOLE effectively reduced the peroxide and p-anisidine values as well as the induction time by 
Rancimat, even at 100 mg/kg. Color changes and degradation of fatty acids, especially linoleic acid (C18:2), were also 
statistically reduced. Interestingly, MOLE also exhibited a strong ability to protect endogenous α-tocopherol against oxida-
tive degradation. It revealed also that MOLE expressed an effective antioxidant effect and increased the thermal stability 
of margarine under hot storage. Thus, the application of MOLE as a natural antioxidant can be of particular interest in 
lipid based agro-food industries.
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et al. [14] used green tea extract as a promising antioxidant 
in margarine. Similarly, tomato by-product antioxidants 
were used to increase the storage ability of traditional Tuni-
sian butter [9], and Opuntia ficus-indica peels extract was 
added as a natural antioxidant to ameliorate the storage 
potential of margarine [4].

Among the plant that have been studied, Moringa oleífera, 
is the most widely cultivated species of Moringaceae mono-
generic family, which is native to the sub-Himalayan tracts 
of India, Pakistan, Bangladesh, and Afghanistan. It’s being 
grown in Africa, Tropical Asia, Latin America, Caribbean, 
Florida, and Pacific Islands [15]. In 2001, this plant was 
introduced in Southwestern Algeria by Sahrawi refugees 
[16].

Due to its substantial benefits to human health and impor-
tant nutritional valor (proteins, vitamins A and C, potassium, 
calcium, and iron), Moringa oleífera is qualified as “the mir-
acle tree” [7, 17]. Numerous therapeutic and pharmacologic 
properties of different parts of this plant have been studied 
[18, 19]. M. oleífera was used traditionally as hepatoprotec-
tive, antihypertensive, antispasmodic, antiseptic, antiepilep-
tic, and diuretic as well as used as stimulant and tonic. This 
plant expressed several pharmacological properties such as 
anti-tumor, anti-inflammatory, antidiabetes, and antimicro-
bial activities and is implicated in the regulation of the thy-
roid status and cholesterol level [17, 20]. The majority of 
its medicinal and biological properties have been attributed 
to the presence of some vitamins, minerals, carotenoids, 
glucosinolates, isothiocyanates, and phenolics [21, 22]. M. 
oleífera leaves are endowed particularly with high pheno-
lic content and expressed a high antioxidant capacity [23]. 
Moreover, the antioxidant potential of Moringa oleífera leaf 
extracts, obtained by different solvents, has demonstrated 
the interesting oxidative stability of sunflower oil subjected 
to accelerated storage [24]. Another accelerated oxidation 
study performed by Arabshahi-Delouee et al. [25] confirmed 
the effectiveness of Moringa oleífera leaf extract (MOLE) 
in enhancing the oxidative stability of soybean oil.

In a perspective to valorize the antioxidant potential of 
Moringa oleífera leaves, the supplementation of differ-
ent food matrices with compatible extracts is an interest-
ing approach. The present study comes in the same line as 
our recent work devoted to the structural, textural proper-
ties, and oxidative stability of margarine (palm oil basis) 
enriched with MOLE under refrigeration storage [26]. 
Indeed, the present investigation is focused on phytochemi-
cals preservation (vitamin E profile and sterol composition) 
and the chemical stability of margarine (soybean oil base) 
supplemented by MOLE under heat-accelerated storage.

To provide a scientific basis for the replacement of syn-
thetic antioxidants with MOLE, this study aims to com-
pare the oxidative stability under accelerated storage of 

margarines enriched with four different MOLE concentra-
tions (100, 400, 600, and 800 mg/kg) with control margarine 
(without any addition) and reference margarine (supple-
mented with synthetic vitamin E). The margarine oxidation 
is monitored by the measurement of primary and secondary 
lipid oxidation products (peroxide value (PV), p-Anisidine 
value (PAV), and Rancimat (induction time) and composi-
tion profiles (fatty acid, tocopherols, and sterols).

Materials and methods

Moringa oleífera leaves preparation and 
antioxidants extraction

The Moringa oleífera leaves harvested from Oud Souf 
department (Algeria) were dried in free air under shadow 
and temperatures ranging from 20 to 28 °C, then ground 
to pass a 0.5 mm sieve (Retsch Analytical sieve shaker 
AS 200), and defatted by Soxhlet extraction with hexane. 
Extraction was performed by maceration of powder of M. 
oleífera leaves for two hours in 80% methanol under mag-
netic stirring [27]. The hydro-alcoholic extract was filtered 
and centrifuged for 30 min at 11,000 g. The dried extract 
was obtained after solvent removal using a rotary evapora-
tor (40 °C) followed by lyophilization using a freeze drier 
system (ALPHA 1–4 LD plus, lyophilizer, Christ, Osterode, 
Germany) to insuring maximum moisture removal.

Margarines preparation

In the present study, margarine was produced at a laboratory 
scale in COGB Labelle fat industry (Bejaia Algeria) accord-
ing to the process applied by the company. Three types of 
margarines were prepared: negative control margarine (mar-
garine without any antioxidant/extract addition), enriched 
margarines (added with Moringa Oleífera leaves extract 
(MOLE) at different concentrations (100, 400, 600, 800 mg/
kg MOLE, mg of dry Moriga oleífera leaves extract/kg of 
margarine), and reference margarine (the commercial mar-
garine was added with 100 mg/kg of vitamin E (DL-alpha 
tocopheryl acetate ≥ 98% purity) as a synthetic antioxidant), 
as commercially available in Algeria. The MOLE concen-
trations used were chosen according to the literature and 
after some tested concentrations.

Lipid (84%) and aqueous phases (16% ) were prepared 
separately. The lipid phase consisted of a mixture of veg-
etable oils mainly from refined soybean oil and three 
esterified oils (palm, stearin, and soybean), the emulsifi-
ers (0.28%) mono and diglycerides (E471), and 0.2% soy 
lecithin (E322). The aqueous phase consisted of osmosis 
water and 0.28% salt (NaCl). The lyophilized MOLE was 
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incorporated in the aqueous phase of the enriched marga-
rines while 100 mg/kg of vitamin E was incorporated into 
the lipid phase of the reference margarine. After mixing the 
two phases for approximately 10 min to create the emul-
sion, the mixtures were cooled with iced water for 30 min 
for the crystallization of the product. All margarines were 
prepared on the same day under the same conditions. Mar-
garine emulsions produced were packed in sticks of 250 g. 
Each margarine was prepared in triplicate and each sample 
was at least analyzed two times.

Storage procedure

The margarine samples were subjected to accelerated oxi-
dation following Shin et al. [28]. This test, used by most 
researchers to estimate the stability of margarines to oxida-
tion, is representative of commonly used methods for food 
thermal processing as cooking. Margarines were packed 
in glass jar containers, opened to the atmosphere, and sub-
jected to storage under accelerated temperature using 65 °C 
in a controlled temperature oven (Memmert, Schwabach, 
Germany) for 30 days. The analyses were performed for 
samples stored for 0, 5, 10, 15, 20, 25, and 30 days.

Analytical methods

Extraction and estimation of total phenolic content of 
enriched margarines

The extraction of phenolic compounds was performed using 
10 g of margarine that was dissolved in hexane (20 mL) and 
the solution was subjected to extraction three times succes-
sively with 20 mL of mixture methanol/water (60/40). The 
mixture was shaken and the polar phase was recovered after 
centrifugation (4000 rpm/10min).

The determination of total phenolic content was estimated 
by the Folin-Ciocalteu method, as described by Škerget et 
al. [29] and using gallic acid as a standard reference. For 
this, an aliquot of margarine extract (500 µL) was mixed 
with 2.5 mL of Folin–Ciocalteu (10%). After 5 min, 2 mL 
of sodium carbonate (75 g/L) was added. The mixture was 
incubated at 50 °C for 5 min and the absorbance was read at 
760 nm. Results were expressed as milligrams of gallic acid 
equivalent per 100 g of margarine (mg GAE/100 g).

Induction period by Rancimat

The induction period of prepared margarines was deter-
mined by Rancimat test according to ISO-6886 method 
[30]. About 3 g of each lipid phase of margarine sample 
was weighed in individual reaction vessels of the Rancimat 
apparatus (Metrohm CH 679, Herisau, Switzerland) and 

vessels were placed in a heating block. After that, the air 
was supplied by a flow rate of 15 L/h and the temperature 
was adjusted to 120 ± 1.6 °C. The volatile compounds being 
collected in water and the time necessary to reach the con-
ductivity inflection was recorded.

Lipid oxidation

Before analysis, samples were heated just above the melting 
point, then sodium sulfate was added and the mixture was 
stirred thoroughly, filtered then centrifuged. The peroxide 
index was determined following AOAC methods [31]. The 
p-anisidine value, used as an indicator of unsaturated alde-
hydes during secondary oxidation was determined accord-
ing to ISO 6885 method [32].

Color

Color coordinates of fresh and stored margarines were 
determined on the homogenized samples using a Chroma 
Meter CR-400 (Konica Minolta, Tokyo, Japan). The color 
of samples was described by L*, a*, and b* color scale cali-
brated with a white tile, measuring lightness (L*), redness 
(a*, red/green), and yellowness (b*, yellow/blue) [33].

Fatty acids profile

Fatty acids (FA) composition was determined by gas-liq-
uid chromatography with flame ionization detection (GC-
FID) (Palo Alto, CA, USA), equipped with a Select FAME 
column (100 m 50 × 0.25mmi.d.; Agilent J&W). Briefly, 
the margarine oil glycerides were hydrolyzed with boil-
ing methanolic potassium hydroxide solution (0.5 M). The 
released FA were converted to methyl esters by the reac-
tion with boron trifluoride-methanol solution (BF3/MeOH, 
14%), and extracted with n-heptane. The fatty acids profile 
was analyzed with a Chrompack CP 9001 chromatography 
(Chrompack, Middelburg, Netherlands). The temperatures 
of 250 and 260 °C were set for the injector and detector, 
respectively. Helium was used as carrier gas at an internal 
pressure of 190 kPa. The column temperature was 180 °C, 
for a 3 min hold, and then programmed to increase to 250 °C 
at a rate of 3 °C/min and then held for 10 min. The split 
ratio was 1:50, with a total run time of 60 min. The results 
were expressed as grams per 100 g of margarine oil. A certi-
fied fatty acids methyl ester (FAME) mixture (37 fatty acids 
from C4:0 to C24:0) from Supelco (TraceCERT, Bellefonte, 
PA, USA) was used as standards [34].
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Results and discussion

Total phenolic content

The results of TPC at time zero were presented in Table 1. 
Margarines represented by the control, supplemented with 
100 mg/kg vitamin E and 100 mg/kg MOLE expressed sta-
tistically similar and lower TPC. The latter increased signif-
icantly with the increase of MOLE concentrations from 100 
to 800 mg/kg, demonstrating the enrichment of elaborated 
margarines with moringa phenolics.

Previous results from our laboratory team on the charac-
terization of phenolic profile by high-resolution mass spec-
trometry (HPLC-DAD-ESI-MSn) on the same sample of 
Moringa oleífera leaves harvested from Oued Souf (south 
Algeria), led to the identification of twelve compounds, 
mainly phenolics, with chlorogenic acids (3-caffeoylquinic 
and 4-caffeoylquinic acids) and quercetin glycosides (quer-
cetin-3-O-glucoside, quercetin-3-O-galactoside, and quer-
cetin 3-O-(6′′-malonyl glucoside) that expressed a high 
quenching capacity towards DPPH radical [37].

Some other works demonstrated the enrichment of 
elaborated products with phenolic extracted from natural 
products. Abid et al. [9] observed that the incorporation of 
tomato processing by-product extract in traditional Tunisian 
butter enriched it in bioactive compounds endowed with 
potent antioxidative properties. Similarly, the butter supple-
mented with cinnamon, characterized by an elevated level 
of bioactive compounds, revealed a high TPC and expressed 
better antioxidant activity than the control butter [38].

Induction period

The measurement of Rancimat induction period represents 
another interesting parameter that indicates on resistance 
aptitude of lipids to oxidation induced by heating under 
oxygen flow. From the results, it was noticed that the con-
trol margarine at time zero had the lowest induction period 
(4 h), the addition of vitamin E at 100 mg/kg or MOLE 
at 100 and 400 mg/kg ameliorate significantly the oxida-
tive properties of corresponding margarines (Table 1). The 
induction period was gradually prolonged with the increase 

Free vitamin E profile

Free vitamin E contents were analyzed by HPLC with fluo-
rescence detection (Jasco, Japan) following Malheiro et 
al. [35]. A 20 mg portion of fresh margarine oils or about 
80 mg amount of stored margarine oils was blended with 
7.5 µL of internal standard solution (tocol) in a 1 mL vol-
ume of n-hexane and homogenized by stirring. The mixture 
was centrifuged for 5 min at 3500 rpm and the superna-
tant was analyzed by HPLC. The chromatographic separa-
tion was achieved on a Supelcosil™ LC-SI column (3 μm) 
75 × 3.0 mm (Supelco, Bellefonte, PA), conditioned at 23 °C 
(ECOM, ECO 2000, Czech Republic). A mixture of n-hex-
ane: dioxane (97:3) was used as eluent, at a flow rate of 
1.0 mL/min with a total run time of 12 min. The analysis 
of results was performed with ChromNAV Control Cen-
ter — JASCO Chromatography Data Station (Japan). The 
identification of compounds was achieved by comparison to 
authentic standards. Quantification was based on the inter-
nal standard method using the fluorescence signal response 
and individual calibration curves for each compound (α, β, 
γ, and δ tocopherols and tocotrienols).

Sterol composition

Sterols composition was evaluated by GC-FID (TRACE 
GC, Thermo Finnigan, Milan, Italy) equipped with a DB-
5MS column (30 m × 0.25 mm, 0.25 mm; Agilent J&W). 
The procedure was based on alkaline saponification using 
α-cholestanol (0.2%) as the internal standard, followed by 
extraction and conversion to trimethylsilyl esters [36]. A 
temperature gradient from 250 to 280 °C was used with a 
helium flow rate of 1 mL/min for a total run time of 45 min. 
Individual sterol amount was reported in mg per kg of mar-
garine oil, based on the area ratio to the internal standard.

Statistical data treatment

All analyses were carried out in triplicate and data were 
reported as mean ± standard deviation. Differences between 
the treatments regarding the stability of margarines under 
accelerated storage were tested using STATISTICA soft-
ware (5.5) following the one-way ANOVA and Fisher LSD 
post hoc test. Differences were considered statistically sig-
nificant at p < 0.05.

Table 1 Total phenolic content in margarine and induction period (IP) 
of margarine oils at time zero
Margarine TPC

(mg GAE/100 g)
IP (h)

Control 0.33 ± 0.01d 3.99 ± 0.16d

100 mg/kg Vit E 0.40 ± 0.02d 5.52 ± 0.05c

100 mg/kg MOLE 1.04 ± 0.23d 5.54 ± 0.06c

400 mg/kg MOLE 6.96 ± 0.30c 5.75 ± 0.31c

600 mg/kg MOLE 8.77 ± 1.30b 6.46 ± 0.04b

800 mg/kg MOLE 10.56 ± 0.59a 6.90 ± 0.03a
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et al. [25]. This effect can be directly related to the pres-
ence of MOLE bioactive compounds, particularly phenolic 
compounds known to offer a great deal of resistance toward 
oxidation in the accelerated oxidation reaction [40].

Effect of MOLE on p-anisidine value

Anisidine analysis is commonly used for evaluating second-
ary lipid oxidation, measuring the accumulation of aldehyde 
carbonyl bonds generated during the secondary lipid oxida-
tion [13]. P-Anisidine value (PAV) of margarines incorpo-
rated with MOLE at 65 °C during the 30 days of sampling 
were detailed in Fig. 1B. The addition of MOLE into mar-
garine reduces the PAV significantly (p < 0.05) in compari-
son with the control and reference margarines. There were 
no statistically significant differences between PAV for 400, 
600, and 800 mg/kg MOLE margarines during the first 20 
days (p > 0.05) nor between 600 and 800 mg/kg MOLE 
during the entire storage period. At the 10th day, PAV of 
margarine with 100 mg/kg MOLE had also no significant 
difference compared to 400, 600, and 800 mg/kg MOLE but 
had a significantly lower PAV compared to both control and 
reference margarines (p < 0.05). However, for longer storage 
times the 100 mg/kg MOLE margarine had no significant 
difference compared to reference margarine with vitamin E 
and control margarines.

According to peroxide values and PAV as well as Ran-
cimat results of margarines over the 30 days of storage 
at elevated temperature, it can be concluded that 800 and 
600 mg/kg MOLE margarines expressed the highest resis-
tance to oxidation. Similar results were observed between 
the samples prepared with 100 mg/kg MOLE and vitamin E.

In addition, MOLE contained a large number of diverse 
compounds that can probably act in synergy [41] at a high 
temperature compared to the synthetic antioxidant (vitamin 
E) that most likely becomes unstable under the used storage 
temperature [13].

Color

The effect of the supplementation by MOLE on the color 
of margarine during storage at elevated temperature was 
investigated and CieLab coordinates (L*, a*, b*) were 
given in Table 2. L* values of all samples were significantly 
(p < 0.05) decreased during the first period of storage and 
this is due to the reduction of the lightness of margarine. In 
fact, hydroperoxides were formed during hot storage, from 
fatty acids, particularly the unsaturated ones, where their 
broken led to the formation of ketones and aldehydes. These 
last react with amines of phospholipid through the Maillard 
reaction resulting in components that increase the darkening 
thus reducing lightness. Due to the instability of Maillard 

of moringa extract concentrations, and this was most likely 
related to TPC.

MOLE addition at concentrations of 400, 600, or 800 mg/
kg to margarine induced an increase in oxidation resistance, 
with better antioxidant properties as compared to margarine 
with vitamin E or that without antioxidants. Peroxide and 
acid values of MOLE supplemented margarines were con-
siderably reduced demonstrating the efficiency of Moringa 
oleífera leaves [12]. The results reported by Nadeem et al. 
[39] concluded also that Moringa oleífera leaf extract at 
600 mg/kg was proposed to improve the oxidative stability 
of butter oil.

In the same line, the addition of green tea extract in mar-
garine preparation was enhanced significantly the induction 
period of oxidation, suggesting that polyphenols of green 
tea decrease lipid mobility at the surface of the water drop-
lets and might chelate the transition metals at the interface 
thus decreasing lipid oxidation [14].

Margarines were supplemented with 100–800 mg/kg of 
MOLE or 100 mg/kg of vitamin E; TPC, total phenolic con-
tent expressed as mg gallic acid equivalent/100 g margarine; 
IP, induction period; Results in the same column with dif-
ferent letters are statistically different (p < 0.05, a > b > c > d); 
mean ± SD; N = 3.

Accelerated oxidation test

Effect of MOLE on peroxide value (PV)

PV is commonly used as a measure of the degree of primary 
oxidation. The influence of MOLE addition during acceler-
ated storage of margarines was detailed in Fig. 1 A, where 
a continuous increase in PV during the storage period was 
observed for all samples. This increase in PV was attrib-
uted to the continual formation of peroxides (hydroperox-
ides, dihydroperoxides, and cyclic peroxides). Initially, the 
progression in PV was relatively slow, but a rapid increase 
was observed after the 5th day of storage. At the end of the 
30 days of storage at 65 °C, the control sample (margarine 
without any antioxidant/extract) exhibited a significantly 
higher (p < 0.05) peroxide value (136 meq/kg), while the 
lowest value was registered in the 800 mg/kg MOLE marga-
rine (103 meq/kg). The results also showed that the addition 
of MOLE in the margarines provided statistically lower PV 
than the reference margarine with vitamin E, with exception 
of margarine added with 100 mg/kg MOLE, and this effect 
was concentration dependent.

The interesting protective effect of MOLE in the first 
stages of oxidation might be attributed to the ability of the 
extract in stabilizing peroxides, thus inhibiting the propa-
gation stage of lipid oxidation. The present results were in 
good agreement with those reported by Arabshahi-Delouee 
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occurred later resulting in the increase of lightness [42]. compounds, the degradation of these formed molecules 

Fig. 1 Oxidative stability of margarines during the 30 days of storage 
at 65 °C. (A) Peroxide index (B) p-anisidine value
Margarines were supplemented with 100–800 mg/kg of MOLE or 

100 mg/kg of vitamin E; for each time, results with different letters 
are statistically different at p < 0.05 with a < b < c < d (mean ± SD, N = 3)
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The margarines freshly produced have practically the 
same fatty acids profile. Therefore, the inclusion of MOLE 
at all levels did not affect appreciably the fatty acid com-
position of different margarines produced. When compar-
ing the amounts of fatty acids before and after storage, a 
clear reduction of unsaturated fatty acids was observed. The 
decrease was particularly noticeable for fatty acids that are 
more prone to oxidation such as linoleic acid, clearly behind 
the formation of primary and secondary products [44]. How-
ever, the decrease in C18:2 was sensitively lower in mar-
garines enriched with MOLE at 400, 600, and 800 mg/kg. 
Additionally, the ratio of linoleic acid/palmitic acid (C18:2/
C16:0), used as an indicator of the level of oxidative dete-
rioration [45], decreased from 1.21 at day zero, to around 
0.76–0.90 on all margarines after 30 days being higher in 
the margarine with 600 and 800 mg/kg.

Unsaturated fats expressed a high susceptibility to ther-
mal oxidation but the addition of bioactive compounds such 
as those of M. oleífera can prevent or reduce the oxidation 
reactions of fatty acids. MOLE at all used concentrations 
reduce sensitively the degradation of polyunsaturated fatty 
acids especially linoleic acid (C18:2) compared to the con-
trol without addition. The smaller efficiency of vitamin E 
in comparison with MOLE extract that requires more than 
400 mg/kg for equivalent effect can be due to the nature 
of antioxidants, particularly their polarity/solubility. MOLE 
compounds were probably more concentrated in the aque-
ous phase interface, while α-tocopherol should be totally 
incorporated in the oil phase which is related to the chemical 

The decomposition products consisted of non-volatile polar 
compounds (in particular aldehydes, alkylbenzenes, and 
other aromatic hydrocarbons), triacylglycerol dimers and 
polymers, and cyclic compounds produced and accumulated 
during hot storage [43] lead to the decrease in a* value. The 
formation and degradation of several compounds during the 
heating process caused fluctuations of yellowness (+ b*) of 
margarines. The heat treatment of the fat leads to very com-
plex reactions of formation and degradation of compounds 
which affect the color. It was noticed that the color change 
of samples with MOLE at 400, 600, and 800 mg/kg was 
relatively smaller than that of the control demonstrating the 
contribution of moringa extract to maintaining margarine 
quality.

Fatty acid profile

Determination of fatty acid balance ratios is an effective way 
to measure the degree of oil degradation. The modifications 
of fatty acid composition can be used as a good parameter to 
estimate the magnitude of margarine oxidation. Initial and 
final fatty acid profiles of the margarines stored at acceler-
ated conditions were determined (Table 3). The major fatty 
acids in all margarines were linoleic acid (C18:2), palmitic 
acid (C16:0), and oleic acid (C18:1). Stearic acid (C18:0) 
and linolenic acid (C18:3) were also detected but with low 
amounts. The fatty acid composition reflects the fatty acid 
content of the oils used for margarine preparation.

Table 2 Color measurement CieLab coordinates (L*, a*, b*) of the margarines produced
Storage (days) Control 100 mg/kg

Vit E
100 mg/kg
MOLE

400 mg/kg
MOLE

600 mg/kg
MOLE

800 mg/kg
MOLE

L* values
0 76.59 ± 0.07aB 77.91 ± 0.04aA 75.58 ± 0.05aE 75.72 ± 0.06aD 76.27 ± 0.04aC 75.40 ± 0.04aF

10 66.06 ± 0.02bA 61.88 ± 0.10dBC 62.50 ± 1.90dBC 61.50 ± 0.10dC 62.38 ± 0.23dBC 62.96 ± 0.28dB

20 64.91 ± 0.06cC 67.61 ± 1.34bB 70.74 ± 0.10bA 69.91 ± 0.51cA 69.77 ± 0.07cA 63.44 ± 0.27cD

30 64.62 ± 0.07dD 65.90 ± 0.20cC 66.04 ± 0.29cC 67.38 ± 0.10bA 67.51 ± 0.12bA 66.88 ± 0.04bB

Variation 11.97 12.01 9.54 8.34 8.76 8.52
a* values
0 -6.75 ± 0.03aB -6.57 ± 0.01aBC -6.79 ± 0.01aC -6.89 ± 0.01aC -6.81 ± 0.12aBC -6.57 ± 0.07aA

10 -8.16 ± 0.03cE -7.12 ± 0.01bB -6.92 ± 0.02abA -7.35 ± 0.00cD -7.15 ± 0.01bBC -7.18 ± 0.04bC

20 -8.07 ± 0.03bD -7.95 ± 0.06dCD -7.25 ± 0.05bA -7.14 ± 0.02bA -7.71 ± 0.09cBC -7.59 ± 0.42cB

30 -8.02 ± 0.02bBC -7.89 ± 0.01cAB -8.25 ± 0.39cC -7.78 ± 0.02dAB -7.81 ± 0.01cAB -7.62 ± 0.02cA

Variation 1.27 1.32 1.46 0.89 1.00 1.05
b* values
0 10.85 ± 0.03cE 11.62 ± 0.02bD 11.68 ± 0.02bC 13.71 ± 0.01bB 14.26 ± 0.02aA 14.27 ± 0.03bA

10 11.00 ± 0.03bC 13.70 ± 0.03aB 10.81 ± 0.33cC 14.04 ± 0.08aA 14.06 ± 0.18bA 13.97 ± 0.01cAB

20 11.81 ± 0.06aD 11.86 ± 0.35bD 14.14 ± 0.06aB 13.53 ± 0.05cC 13.30 ± 0.01cC 15.26 ± 0.04aA

30 10.26 ± 0.04dF 10.90 ± 0.05cE 14.44 ± 0.04aA 11.88 ± 0.04dC 11.04 ± 0.08dD 12.25 ± 0.12dB

Variation 0.59 0.72 2.76 1.83 3.22 2.02
Margarines were added with 100–800 mg/kg of MOLE or 100 mg/kg of vitamin E; Results in the same column for each parameter with different 
lower case letters are statistically different (p < 0.05, a > b > c > d) and results of margarines in the same row with different higher case letters are 
statistically different (p < 0.05, A > B > C > D > E > F); mean ± SD; N = 3
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being natural components of refined soybean oil. The stor-
age at 65 °C caused a huge decrease for all compounds 
but was more noticeable for α-tocopherol. The loss of 
α-tocotrienol was lower in margarines containing 600 and 
800 mg/kg MOLE compared to margarines with 100 and 
400 mg/kg MOLE, reference, and control ones. The storage 
under heating affected differently tocopherol and tocotrienol 
contents. Indeed, α analogs decreased the most followed by 
β and then γ forms while δ analogs were the best preserved. 
Overall, the loss of vitamin E in margarines containing 600 
and 800 mg/kg of MOLE (34% of loss) was lower than in 
margarines with 400 and 100 mg/kg MOLE (42% of loss) 
followed by control and reference margarines (50% of loss). 
The MOLE addition, particularly at high concentrations, 
could potentially delay the depletion of endogenous vita-
min E. Different degradation patterns were also observed 
by Chen et al. [48] using storage at 45 °C in base algae oil 
and water-in-algae oil emulsions had different patterns, 
α-tocopherol disappeared first, followed by γ-tocopherol, 
while δ- tocopherol was the most stable one. Strong cor-
relations were also found between α- and γ-tocopherols 
degradation and the oxidation extent of many oils, such as 
purified rapeseed oil, but not for δ-tocopherol [49].

affinity and the polarity of molecules thus expressing dif-
ferent protection mechanisms according to the “Polar Para-
dox” [46]. Once more, this data indicates that the addition 
of MOLE to margarine seems to be beneficial during the 
accelerated storage, and corroborates with the data obtained 
for PV, PAV, and Rancimat test.

.

Vitamin E composition

Vitamin E, particularly tocopherols, is an important com-
ponent contributing to the nutritional value, both by its 
vitaminic actions and antioxidant properties. Its presence is 
also important from a technological point of view due to its 
antioxidant activity, being generally oxidized to quinidine 
and dimers while protecting the fat [47]. Table 4 presented 
the changes that occurred in the tocopherol and tocotrienol 
contents for the first 10 days of storage. The choice of ana-
lyzing vitamin E after only the first period of storage was 
due to its sensitivity and will be highly probable to disap-
pear after 30 days.

Based on the HPLC analysis, margarines contained four 
major tocopherols and four tocotrienols (α, β, γ, and δ ana-
logs) with α- and γ-tocopherols being the most relevant 

Table 3 Fatty acids composition of margarine oils (g/100 g) during storage at 65 °C for 30 days
Fatty acid
(g/100 g marga-
rine oil)

Storage
period

Control 100 mg/kg
Vit E

100 mg/kg
MOLE

400 mg/kg
MOLE

600 mg/kg
MOLE

800 mg/kg
MOLE

C16:0 Day 0 27.31 ± 0.24aB 28.02 ± 0.14aA 27.92 ± 0.03aA 27.26 ± 0.06bB 27.85 ± 0.10aA 26.70 ± 0.32aC

Day 30 25.74 ± 0.17bD 26.65 ± 0.01bC 26.97 ± 0.03bB 27.87 ± 0.10aA 26.41 ± 0.19bC 24.53 ± 0.04bE

C18:0 Day 0 3.96 ± 0.08aAB 3.99 ± 0.04aA 3.90 ± 0.02aBC 3.90 ± 0.00bBC 3.93 ± 0.02bABC 3.87 ± 0.06aC

Day 30 3.75 ± 0.04bD 3.97 ± 0.00aC 4.05 ± 0.00bB 4.13 ± 0.02aA 3.99 ± 0.01aC 3.64 ± 0.01bE

18:1 Day 0 26.49 ± 0.37aAB 26.36 ± 0.15aBC 26.07 ± 0.06aC 26.36 ± 0.04bBC 26.34 ± 0.13bBC 26.89 ± 0.37aA

Day 30 23.81 ± 0.14bE 26.44 ± 0.14aC 25.00 ± 0.02bD 26.82 ± 0.13aB 27.10 ± 0.07aA 24.82 ± 0.07bD

18:2 Day 0 33.43 ± 0.42aB 33.12 ± 0.32aB 32.92 ± 0.02aB 33.37 ± 0.02aB 33.30 ± 0.18aB 34.10 ± 0.50aA

Day 30 19.57 ± 0.14bE 23.10 ± 0.05bB 21.28 ± 0.01bD 23.17 ± 0.09bB 23.62 ± 0.06bA 22.14 ± 0.03bC

18:3 Day 0 1.79 ± 0.02aA 1.74 ± 0.04bAB 1.76 ± 0.02aAB 1.64 ± 0.08bB 1.76 ± 0.00aAB 1.79 ± 0.18aB

Day 30 1.46 ± 0.02bB 1.83 ± 0.00aA 1.66 ± 0.01bB 1.86 ± 0.03aA 1.79 ± 0.09aA 1.80 ± 0.00aA

SAT Day 0 32.55 ± 0.13aB 33.16 ± 0.28aA 33.06 ± 0.06aAB 32.93 ± 0.65aAB 33.02 ± 0.12aAB 31.67 ± 0.35aC

Day 30 30.82 ± 0.21bD 32.06 ± 0.01bBC 32.31 ± 0.12bB 33.29 ± 0.26aA 31.81 ± 0.20bC 29.46 ± 0.03bE

MUFA Day 0 27.62 ± 0.33aB 27.55 ± 0.16aB 27.23 ± 0.09aB 27.51 ± 0.05bB 27.50 ± 0.15bB 28.06 ± 0.38aA

Day 30 24.89 ± 0.11bE 27.65 ± 0.17aC 26.07 ± 0.02bD 27.98 ± 0.18aB 28.31 ± 0.08aA 25.92 ± 0.08bD

PUFA Day 0 35.53 ± 0.41aB 35.30 ± 0.25aBC 35.03 ± 0.02aC 35.39 ± 0.08aBC 35.44 ± 0.15aBC 36.29 ± 0.34aA

Day 30 21.23 ± 0.16bE 25.23 ± 0.06bB 23.17 ± 0.01bD 25.29 ± 0.09bB 25.62 ± 0.13bA 24.20 ± 0.02bC

U/S Day 0 1.09 ± 0.02aB 1.06 ± 0.00aC 1.06 ± 0.00aC 1.07 ± 0.03aBC 1.07 ± 0.00aBC 1.15 ± 0.00aA

Day 30
Day 0
Day 30

0.69 ± 0.00bE 0.79 ± 0.00bC 0.72 ± 0.00bE 0.76 ± 0.00bD 0.81 ± 0.00bB 0.82 ± 0.00bA

C18:2/C16:0 1.22 ± 0.04aB 1.18 ± 0.01aC 1.18 ± 0.00aC 1.22 ± 0.00aB 1.20 ± 0.00aBC 1.28 ± 0.01aA

0.76 ± 0.00bF 0.87 ± 0.00bC 0.79 ± 0.00bE 0.83 ± 0.00bD 0.89 ± 0.01bB 0.90 ± 0.00bA

Margarines were added with 100–800 mg/kg of MOLE or 100 mg/kg of vitamin E; Results of storage period (0 and 30 days) in the same column 
for each parameter with different lower case letters are statistically different (p < 0.05, a > b) and results of margarines in the same row with 
different higher case letters are statistically different (p < 0.05, A > B > C > D > E > F); mean ± SD; N = 3; C16:0, palmitic acid; C18:0, stearic acid; 
C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; PUFA, polyunsaturated fatty acids; SAT, saturated fatty acids; MUFA, monoun-
saturated fatty acid; U/S, unsaturated /saturated
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particularly in the first steps of oil autoxidation. Similarly, 
grape phenolics were endowed with a good ability to protect 
α-tocopherol levels of fish muscle during frozen storage that 
preserves the endogenous antioxidant system [51]. Main-
taining vitamin E with antioxidants such as polyphenols is a 
good measure to prevent lipid oxidation.

Sterol

In margarine, four phytosterols (campesterol, stigmasterol, 
β-sitosterol, 5-avenasterol) and two phytostanols (Δ-7-
stigmastenol and Δ-7-avenasterol) were identified (Table 5). 
Overall, no statistical differences were found in total amounts 
of sterols at the beginning of the experiment between con-
trol margarine and margarine with 800 mg/kg MOLE. The 
main components were β-Sitosterol with 1437 mg/kg for 
the control margarine and 1461 g/kg for 800 mg/kg MOLE 
margarine. At the end of storage, a loss of total sterols was 
observed and was statistically lower in margarine contain-
ing 800 mg/kg MOLE (1874 mg/kg) than control margarine 
(1806 mg/kg). Panpipat et al. [52] found similarly that the 
sterols amount was also reduced in margarine stored at ele-
vated temperature (55 °C). However, Soupas et al. [53] have 
not found losses in phytosterols content when storage was 
done using a microcrystalline suspension of different fats/
oils at 4 °C for 12 months, demonstrating thus the deleteri-
ous effect of heating on phytosterols.

Indeed, Wang et al. [50] when studying the dependence of 
autoxidation of perilla oil and tocopherol degradation, have 
found that phenolic compounds were implicated in oxida-
tive stability by protecting tocopherols from degradation, 

Table 4 Accelerated storage effect on free vitamin E composition (mg/kg) of fresh and stored margarines during 10 days at 65 °C
Vit E Storage 

period
Control 100 mg/kg

Vit E
100 mg/kg
MOLE

400 mg/kg
MOLE

600 mg/kg
MOLE

800 mg/kg
MOLE

α-TF Day 0 288.74 ± 2.72aC 310.7 ± 0.2aA 273.22 ± 0.7aE 278.84 ± 2.24aD 296.8 ± 0.6aB 287.50 ± 0.12aC

Day 10 34.03 ± 0.12bE 47.6 ± 2.44bC 44.5 ± 0.6bD 53.2 ± 0.3bB 84.24 ± 0.43bA 86.22 ± 1.70bA

α-TƷ Day 0 36.93 ± 0.8aC 41.4 ± 0.2aA 34.41 ± 0.54aE 36 ± 0.41aD 38.61 ± 0.43aB 36.42 ± 0.30aCD

Day 10 7.61 ± 0.11bD 12.5 ± 0.73bB 10.41 ± 0.23bC 12.53 ± 0.84bB 21.5 ± 0.6bA 21.71 ± 0.50bA

β-TF Day 0 16.04 ± 0.7aA 16.54 ± 1.63aA 15.81 ± 0.03aA 15.5 ± 0.33aA 16.24 ± 0.02aA 16.11 ± 0.00aA

Day 10 8.23 ± 0.14bC 8.33 ± 0.2bC 8.74 ± 0.3bB 8.72 ± 0.14bB 9.21 ± 0.05bA 9.18 ± 0.02bA

β-TƷ Day 0 10.53 ± 0.01aA 11.01 ± 1.11aA 9.53 ± 0.03aB 10.24 ± 0.3aAB 10.92 ± 0.33aA 10.23 ± 0.41aAB

Day 10 5.2 ± 0.11bC 5.91 ± 0.22bB 5.31 ± 0.41bC 5.73 ± 0.04bB 6.7 ± 0.12bA 5.82 ± 0.10bB

γ-TF Day 0 214.34 ± 1.04aB 216.84 ± 1.61aA 205.72 ± 0.43aE 208.6 ± 0.64aD 215.21 ± 1.04aAB 212.63 ± 0.01aC

Day 10 165.6 ± 1.63bE 176.31 ± 3.33bD 189.93 ± 0.63bC 193.24 ± 1.31bB 213.54 ± 0.3bA 210.65 ± 0.71bA

γ-TƷ Day 0 75.24 ± 0.74aBC 77.43 ± 2.11aA 72.94 ± 0.13aD 72.3 ± 1.24aD 76.02 ± 0.02aAB 73.38 ± 0.80aCD

Day 10 47.74 ± 0.01bE 52.91 ± 0.1bD 54.43 ± 0.8bC 54.23 ± 0.84bC 61.62 ± 0.03bA 60.58 ± 0.74bB

δ-TF Day 0 95.82 ± 0.64aB 98.43 ± 1.61aA 92 ± 2.12aC 94.11 ± 0.53aBC 98.04 ± 0.64aA 94.77 ± 0.57aB

Day 10 86.51 ± 0.81bB 80.83 ± 3.82bC 85.03 ± 0.24bB 86.41 ± 1.12bB 90.64 ± 1.53bA 90.00 ± 0.80bA

δ-TƷ Day 0 17.43 ± 0.11aB 18.54 ± 0.53aAB 18.63 ± 1.54aAB 18.42 ± 0.24aAB 18.71 ± 0.01aA 17.77 ± 0.47aAB

Day 10 14.73 ± 0.93bC 16.34 ± 0.3bB 15.72 ± 0.14bB 16.01 ± 0.23aB 17.72 ± 0.01bA 17.70 ± 0.00bA

Total Day 0 754.81 ± 6.64aC 790.72 ± 8.92aA 649.22 ± 5.72aE 733.94 ± 5.3aD 770.4 ± 2.92bB 748.81 ± 2.74bC

Day 10 369.51 ± 3.72bE 400.62 ± 11.02bD 413.93 ± 4.6bC 429.9 ± 3.21bB 505 ± 2.92aA 501.79 ± 4.52aA

Margarines were added with 100–800 mg/kg of MOLE or 100 mg/kg of vitamin E; Results of storage period (0 and 10 days) in the same column 
for each parameter with different lower case letters are statistically different (p < 0.05, a > b) and results of margarines in the same row with 
different higher case letters are statistically different (p < 0.05, A > B > C > D > E); mean ± SD, N = 3; Day 0, before storage; Day 10, after 10 day 
storage at 65 °C; TF, tocopherols; TƷ, tocotrienols

Table 5 Change in phytosterol contents after storage during 30 days 
at accelerated condition of margarines without and with 800 mg/kg 
MOLE.
Phytosterols (mg/
kg)

Storage 
period

Control 800 mg/kg 
MOLE

Campesterol Day 0 395.68 ± 6.76aA 405.89 ± 4.29aA

Day 30 374.61 ± 3.04bB 388.72 ± 3.33bA

Stigmasterol Day 0 340.73 ± 4.04aA 348.45 ± 5.55aA

Day 30 310.52 ± 1.89bB 318.87 ± 2.37bA

β-Sitosterol Day 0 1437.02 ± 23.95aA 1461.03 ± 16.95aA

Day 30 975.18 ± 10.36bB 1008.00 ± 9.02bA

5-Avenasterol Day 0 125.66 ± 3.22aA 131.19 ± 3.90aA

Day 30 77.48 ± 2.60bA 80.76 ± 5.41bA

Δ-7-stigmastenol Day 0 85.84 ± 4.32aA 91.78 ± 4.50aA

Day 30 35.20 ± 2.03bA 37.28 ± 3.32bA

Δ-7-Avenasterol Day 0 26.17 ± 1.50aA 27.93 ± 1.44aA

Day 30 25.02 ± 1.33aA 27.68 ± 2.28aA

Total sterols Day 0 2422.03 ± 36.02aA 2474.03 ± 34.90aA

Day 30 1806.04 ± 21.04bB 1874.04 ± 18.96bA

Results of storage period (0 and 30 days) in the same column for each 
parameter with different lower case letters are statistically different 
(p < 0.05, a > b) and results of margarines in the same row with dif-
ferent higher case letters are statistically different (p < 0.05, A > B); 
mean ± SD, N = 3; Day 0, before storage; Day 30, after 30 day storage 
at 65 °C
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Conclusion

In this study, Moringa oleífera leaves extract (MOLE) was 
used to improve the stability of margarine under acceler-
ated thermal storage (65 °C for 30 days). The supplemented 
margarines with the different concentration of moringa 
leaf extract demonstrated a significant increase in pheno-
lic compounds and manifested an amelioration of induction 
period of oxidation proportional to increase of MOLE con-
centration. The concentrations of 400, 600, and 800 mg/kg 
MOLE decreased the incidence of lipids oxidation evalu-
ated by peroxide and p-anisidine test. The hot storage of 
margarines revealed also that MOLE at particularly the 
concentrations of 600 and 800 mg/kg protect unsaturated 
fatty acids and tocopherols from oxidation. Thus, Moringa 
oleífera leaves extract at concentrations of 600 and 800 mg/
kg demonstrated interesting protective properties against 
the peroxidation and degradation of margarine lipids. Thus, 
the moringa extract can be recommended as an alternative 
source of natural antioxidants for lipid base products, in par-
ticular for margarines.
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