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ABSTRACT 

The efficacy of methanolic extracts and powders of 12 
spices (Pimpinella anisum, Scorodophleuszenkeii, Xy- 
lopiaparviflora, Eugenia caryophyllus, Fagara lepri- 
eurii, Fagara macrophylla, Monodora myristica, Olax 
subscorpioidea, Xylopiaaethiopica, Allium sativum, 
Zinziber officinale and Cinnamomum zeylanicum) in 
stabilizing crude soyabean oil during accelerated 
storage was assessed. The phytochemical screening 
revealed the presence of phenols in all the spices ex- 
cept that of Allium sativum. Total phenolic content 
(TPC) and DPPH radical scavenging activity of the 
extracts varied significantly (p < 0.01) ranging from 
1.34 to 17.72 g GAE/100 g and 18.91% to 96.39% re- 
spectively. Extract of Zinziber officinale, Olax sub- 
scorpioidea, Fagaramacrophylla, Eugenia caryophyllus 
and Xylopia parviflora, which offered the highest TPC, 
exhibited superior antioxidant activity with regard to 
the DPPH. Furthermore, the antioxidant effectiveness 
of the extracts and powders was assessed using crude 
soyabean oil (CSO) as the oxidation substrate. CSO 
samples stabilized with extracts at a concentration of 
500 ppm (w/w) and powders at a concentration of 
1000 ppm were subjected to accelerated storage (65˚C, 
oven heating, 24 days, 8 h heating cycle per day), and 
analyzed periodically for the extent of oxidative al- 
terations following the measurement of iodine and 
peroxide value. CSO + BHT at 200 ppm served as 
standards besides the control. Results reveal Zinzibe- 
rofficinale, Cinnamomum zeylanicum, Scorodophleus- 
zenkerii, Monodora myristica, Xylopiaaethiopica, Al- 
lium sativum, Fagara leprieurii extracts and powders 
and the powder of Pimpinella anisum to be potent an- 

tioxidants for stabilization of crude soyabean oil.  
 
Keywords: Natural Antioxidant; Cameroonian Spices; 
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1. INTRODUCTION 

Nature has blessed aerobic organisms with an inner 
defense system that resists against oxidative damage due 
to reactive oxygen species (ROS). However, supplemen- 
ting the natural defense mechanism with dietary antioxi- 
dants might offer better protection against the risk of 
certain diseases. Lipid peroxidation that results from the 
reaction between unsaturated fatty acids and molecular 
oxygen is a severe problem for the oil and fat industry. It 
not only deteriorates the quality of fats and fatty foods, 
bringing about chemical spoilage, but also produces free 
radicals and reactive oxygen species (ROS) which are 
reportedly associated with carcinogenesis, mutagenesis, 
inflammation, aging and cardiovascular diseases [1]. In 
order to overcome the stability problems of oils and fats, 
synthetic antioxidants such as butylatedhydroxyanisole 
(BHA), butylatedhydroxytoluene (BHT), ter-butyl hy- 
droquinone (TBHQ) have been used as food additives. 
But recent reports reveal that these compounds may be 
implicated in many health risks, including cancer and 
carcinogenesis [2]. On the other hand, the use of plant- 
based antioxidant compounds in foods and preventive 
medicine is gaining a great deal of interest because of the 
potential health benefits [3]. It is well accepted that 
plants are the richest source of antioxidants. Among 
plants, spices are prominent because they contain a wide 
array of antioxidants including some vitamins, flavo- 
noids, terpenoids, carotenoids, phytoestrogens, minerals, 
etc. which render them or their antioxidant components 
as preservative agents in food [4]. Polyphenolic com- *Corresponding author. 
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pounds are commonly bound in both edible and inedible 
plants and they have been reported to have multiple 
biological functions such as antioxidant, anti-inflam- 
matory, anti-cancer and anti-microbial activities [5]. In 
view of the beneficial effects and the vital role that 
natural antioxidants can play in human health, there is 
currently a greater demand for their isolation from more 
and more plant materials using effective extraction 
techniques. Following the new trends, in recent years, the 
use of plant extracts as antioxidant additives for impro- 
ving the oxidative stability and shelf-life of vegetable 
oils and fats has also attracted a great deal of scientific 
interest. The antioxidant efficiency of methanolic ex- 
tracts, essential oils and powders of some spices, herbs 
and agrowastes in vegetable oils has been proven [6-8]. 
Among spices, rosemary, sage, thyme, laurier, garlic and 
other spices have been determined as promising sources 
of natural antioxidants for stabilizing vegetable oils 
[6-11]. However, relatively less information is available 
on the stabilization of crude soyabean oil with spices 
produced and consumed in Cameroon.  

Cameroon, being an agricultural country, is blessed 
with medicinally or economically important flora and 
agricultural crops. There are a number of spices for 
bioprospecting and screening of antioxidant components. 
This study is an attempt to investigate different indigen- 
ously available spices of Cameroon as potential sources 
of natural antioxidants and to appraise their efficacy for 
stabilizing crude soy oil during an accelerated storage. 

2. MATERIALS AND METHODS 

2.1. Extraction of Plant Material 

Spices [Pimpinellaanisum (P.A), Scorodophleuszenkeii 
(S.Z), Xylopiaparviflora (X.P), Eugenia caryophyllus 
(E.C), Fagara leprieurii (F.L), Fagara macrophylla 
(F.M), Monodora myristica (M.M), Olaxsubscorpioidea 
(O.S), Xylopiaaethiopica (X.A), Allium sativum (A.S), 
Zinziberofficinale (Z.O) and Cinnamomum zeylanicum 
(C.Z)] and soyabeans were bought from vendors in a 
market located in Dschang, Menoua’s Head Department 
and identified at the National Herbarium (Yaoundé, 
Cameroon). 

Allium sativum and Zinziber officinale was peeled and 
dried in an oven at 55˚C for 48 h. The dried spices 
(Allium sativum, Zinziber officinale, Scorodophloeus 
zenkerii, Xylopiaparviflora, Eugenia caryophyllus, Faga- 
raleprieurii, Fagara macrophylla, Monodora myristica, 
Pimpinella anisum, Olaxsubscorpioidea, xylopiaaethio- 
pica and Cinnamomum zeylanicum) were ground to pass 
through a 1 mm sieve. About 25 g of any spice was 
extracted into 600 ml of methanol for 48 h; extracts were 
regularly subjected to shaking at room temperature. The 
extracts were filtered and residue was again extracted 

with 300 ml of methanol to ensure the complete extrac- 
tion of phenolic compounds. Then, the filtrate was sub- 
jected to rotary evaporation at 65˚C under reduced 
pressure for the removal of solvent. The extracts were 
weighed to calculate the yield and were stored at 4˚C 
prior to further analysis. 

2.2. Extraction of Crude Soyabean Oil 

Dried soyabean was ground to pass through a 1 mm 
sieve. About 200 g of soyabean powder was extracted 
into 500 ml of hexane for 48 h with regularly shaking at 
room temperature. The extract was filtered and the 
filtrate was subjected to rotary evaporation at 50˚C under 
reduced pressure for the removal of the solvent. Crude 
soyabean oil was weighed to calculate the yield and was 
stored at −18˚C prior to further analysis. 

2.3. Qualitative Chemical Screening of the 
Methanolic Extracts 

The presence of major antioxidant secondary metabolite 
classes, namely, phenols, sterol and triterpenes was deter- 
mined using common phytochemical methods as descri- 
bed by Harborne [12]. 

2.4. Determination of Total Phenolics Content 
(TPC) 

Total phenols content was determined using the Folin- 
Ciocalteu colorimetric method as described by Gao et al. 
[13]. Plant extracts (20 μl) were mixed in a test tube with 
0.2 ml of Folin-Ciocalteu reagent and 2 ml of distilled 
water and incubated at room temperature for 3 min. 
Following this, 1 ml of 20% sodium carbonate was 
added to the mixture, re-incubated for 2 h at room tempe- 
rature. The absorbance of the resulting blue color was 
measured using a quartz cuvet at 765 nm. Gallic acid was 
used as standard and total phenols were expressed as 
gram gallic acid equivalents per 100 g of extracts. 

2.5. Preliminary Evaluation of the Antioxidant 
Activity by the DPPH Free Radical 
Scavenging Assay 

The radical scavenging ability was determined according 
to the method of Mensor et al. [14]. 1 ml of 0.3 mM 
alcoholic solution of DPPH was added to 2.5 ml of the 
samples with different concentration of extracts. The 
samples were kept at room temperature in the dark and 
after 30 min the optic density was measured at 517 nm. 
The optic density of the samples, the control and the 
blank, was measured in comparison with methanol. One 
synthetic antioxidant, butylatedhydroxytoluene (BHT) 
was used as positive control. The antiradical activity (AA) 
was determined by the following formula: 
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 sample empty sample controlAA% 100 Abs Abs 100 Abs      

2.6. Evaluation of Antioxidant Efficacy of 
Extracts Using Crude Soyabean as 
Oxidation Substrate 

Antioxidant efficacy of extracts was determined accor- 
ding to the method of Iqbal and Bhanger [6]. Methanolic 
extracts of spices were added to preheated crude 
soyabean oil (at 50˚C for 3 h) at concentration of 500 
ppm. Synthetic antioxidants (BHT) were employed at the 
legal limit of 200 ppm [15] to compare the efficacy of 
natural antioxidants. The dried extracts as well as the 
synthetic antioxidant were mixed with a minimum 
amount of absolute methanol using a vortex and added to 
100 g oil before mixing again for 5 min. All the samples 
(100 g) were placed in narrow-necked dark brown bottles 
without stoppers and stored in an electric oven at a fixed 
temperature of 65˚C. Control samples were also placed 
under the same storage conditions. Analyses were carried 
out after regular intervals of 4 days (96 h).  

2.7. Evaluation of Antioxidant Efficacy of 
Powders Using Crude Soyabean Oil 
as Oxidation Substrate 

Antioxidant efficacy of powders was determined accor- 
ding to the method of Iqbal and Bhanger [6] with few 
modifications. Powders of spices were directly added to 
preheated crude soyabean oil (at 50˚C for 3 h) at con- 
centration of 1000 ppm. Synthetic antioxidants (BHT) 
were employed at the legal limit of 200 ppm [15] to 
compare the efficacy of natural antioxidants. After mix- 
ing with a vortex (10 min), all the samples (100 g) were 
placed in dark brown coloured bottles with narrow necks 
and stoppers, and stored at ambient temperature for 3 
days with regular shaking. After theses three days, stop- 
pers where removed and the samples were stored in an 
electric oven at a fixed temperature of 65˚C. Control 
samples were also placed under the same storage con- 
ditions. Analyses were carried out after regular intervals 
of 4 days (96 h).  

2.8. Measurement of Oxidation Parameters of 
Crude Soyabean Oil 

Determination of the iodine (IV) and peroxide value (PV) 
of stabilized and control crude soyabean oil samples 
were made following the AFNOR Official methods 
NFGA-203 and NFT 60-220 respectively [16]. 

2.9. Statistical Analysis 

The tests were performed in triplicate and results are 
representative of the mean ± standard deviations. All of 

these results have been submitted to the statistical ana- 
lysis of variance (ANOVA) at 0.05% probability level. 
The Dunnett and Student-Newmann-Keuls tests were 
used to compare means using the software Graphpad- 
InStat, 2000. 

3. RESULTS AND DISCUSSION 

3.1. Extraction of Plant Materials 

The extract yield of antioxidative components from dif- 
ferent spices varied over a wide range 8.25% to 41.27% 
(Table 1). The highest amounts were extracted from Fa- 
gara leprieurii (41.27%), followed by Xylopia aethiopica 
(39.75%), Eugenia caryophyllus (32.75%), Xylopia parvi- 
flora (29.5%), Monodora myristica (27.75%), Cinnamo- 
mum zeylanicum (25%), Pimpinella anisum (21.25%), 
Allium sativum (20.25%), Fagara macrophylla (19.5%), 
Olaxsubscorpioidea (12.5%), Scorodophloeus zenkerii 
(10.25%) and Zinziber officinale (8.25%). Iqbal and 
Bhanger [6] investigated the extract yield of Garlic 
(Allium sativum) in pure methanol and found it to be 
23.1%. The amount of extractable components from Mo- 
nodoramyristica, Cinnamomum zeylanicum, Scorodo- 
phloeus zenkerii and Fagara leprieurii using methanol 
was revealed in the literature as 23.5%, 8.4%, 9.2% and 
26.2% respectively [17], from Eugenia caryophyllus and 
Zinziber officinale as 23.9% and 9.2% respectively [18] 
and from Olax subscorpioidea, Xylopia aethiopicaas 
12.34% and 26.42% respectively [19]. Our present ana- 
lysis revealed somewhat higher extract yields of the 
investigated plant materials. 

Variations in the yield of extracts from different plant 
 

Table 1. Yield of extracts and total phenolic contents. 

Plants Yield (%) 
TPC (g GAE/100 g 

of extract) 

Scorodophloeus zenkerii 10.25 ± 1.06a 3.25 ± 0.00b 

Xylopia parviflora 29.5 ± 0.00c,d 10.77 ± 0.33f 

Eugenia caryophyllus 32.75 ± 0.35d 12.35 ± 0.18g 

Fagara leprieurii 41.27 ± 2.47e 3.08 ± 0.31b 

Fagara macrophylla 19.5 ± 1.41b 6.13 ± 1.00d 

Monodora myristica 27.75 ± 0.35c 3.22 ± 0.59b 

Pimpinella anisum 21.25 ± 1.76b 2.96 ± 0.17b 

Olax subscorpioidea 12.5 ± 3.53a 8.39 ± 0.53e 

Xylopia aethiopica 39.75 ± 2.47e 2.74 ± 0.37b 

Allium sativum 20.25 ± 2.47b 1.34 ± 0.05a 

Cinnamomum zeylanicum 25 ± 1.41b,c 4.31 ± 0.46c 

Zinziber officinale 8.25 ± 0.35a 17.72 ± 0.72h 

Values with different letters differ significantly p < 0.05. 
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materials might be attributed to the availability of differ- 
ent extractable components, defined by the chemical 
composition of the plant, nature of the soil and agro- 
climatic conditions [20]. Among other parameters, the 
effectiveness of the extracting solvent to dissolve endo- 
genous compounds might also be a contributing factor. 

3.2. Extraction of Crude Soyabean Oil 

The oil yield of soyabeans extracted with hexane was 
18.3%. This value was in agreement with the classifi- 
cation of ITERG [21] where soyabeans are classified as 
oleaginous with an oil yield less than 35%. 

3.3. Qualitative Chemical Screening of the 
Methanolic Extracts 

The qualitative analysis revealed the presence of at least 
two classes of secondary metabolites (phenols, triter- 
penes and sterols) (Table 2) in all plant extracts, except 
that of Allium sativum and Scorodophloeus zenkerii. 
Phenols have been detected in all plants, excepted that of 
Allium sativum. The presence of phenols in almost all the 
spices could be explained by the fact that they are mostly 
distributed in plants due to their important function in 
defense mechanisms [22]. Some of these results are in 
accordance with those obtained by Voukeng [17], 
Fankam et al. [19], N’Guessan et al. [23] and Lacmata et 
al. [24] after a chemical screening of the same plants. 
The differences in composition of certain plants observed 
in the work of other authors might be attributed to the 
environmental variations, age of the plant, extraction 
process, nature of the extraction solvent and part of the 
plants used [12]. Though the detection of such metabo- 
 

Table 2. Phytochemical composition of the plant extracts. 

plants extracts Phenols Triterpenes Sterols

Scorodophloeus zenkerii + - - 

Xylopia parviflora + + - 

Eugenia caryophyllus + + + 

Fagara leprieurii + + - 

Fagara macrophylla + + - 

Monodora myristica + + - 

Pimpinella anisum + - + 

Olax subscorpioidea + + - 

Xylopia aethiopica + - + 

Allium sativum - - - 

Cinnamomum zeylanicum + + - 

Zinziber officinale + + - 

lites does not automatically predict the antioxidant 
activity of a plant extract, it has clearly been demon- 
strated that several compounds belonging to the investi- 
gated classes of metabolites showed antioxidant activi- 
ties [8,25]. 

3.4. Total Phenolic Content (TPC) 

The amount of phenolics, measured by Folin-Ciocalteu 
method, varied widely in spices materials and ranged 
from 1.34 to 17.72 g of gallic acid equivalents (GAE) 
/100 g of extract (Table 1). Eugenia caryophyllus and 
Zinziber officinale with respective mean values of 12.35 
and 17.72 g/100 g were found to contain the highest 
levels while a low level (1.34 g/100 g) was found in 
Allium sativum. From a comparative view point, the 
values found with the extracts of Monodoramyristica, 
and Allium sativum were higher than those reported by 
George and Osioma [26] with respective mean values of 
2.93 and 0.41 mg GAE/g dw. Those found with the 
extracts of Xylopiaaethiopica, Fagara leprieurii, Xylop- 
iaparviflora, Scorodophloeus zenkerii and Eugenia cary- 
ophyllus were less than those reported in the literature 
[11,27,28] with respective mean values of 5.86, 5.05, 
51.83 mg ECA/g of plant, 4.46 and 8.96 g GAE/100 g 
dw. Significant differences between the results were 
likely due to genotopic and environmental differences 
(namely climate, location, temperature, fertility, diseases 
and pest exposure) within species, choice of parts tested, 
time of taking samples and determination methods [29, 
30]. Several researchers have used this assay to deter- 
mine total phenolics and often established a good linear 
correlation between the “total phenolic profile” and 
antioxidant activity. 

3.5. DPPH Free Radical Scavenging Assay 

In the present study, we also investigated the free radical 
scavenging capacity of our extracts. The DPPH radical 
scavenging activity of all the extracts increased in a 
concentration dependent manner (Figure 1). Extracts of 
Zinziber officinale, Xylopia parviflora, Eugenia caryo- 
phyllus and Olax subscorpioidea exhibited the highest 
antioxidant activity on DPPH free radicals, similar to that 
of BHT, range from 43.57% (at 6.25 µg/ml) to 95.34% 
(at 200 µg/ml), while the lowest antioxidant activity was 
observed in the extract of Allium sativum, ranging from 
20% (at 6.25 µg/ml) to 46.46% (at 200 µg/ml). We also 
observed that the extracts showing greater amounts of 
total phenolics also exhibited higher antioxidant activity 
while the extract of Allium sativum, which showed the 
lowest total phenolics exhibited the lowest antioxidant 
activity. These results are in line with the findings of 
Velioglu et al. [31] who reported that extracts with 
higher total phenolic content also showed strong activity 
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Figure 1. Scavenging effects of spices extracts on DPPH ra- 
dical. 
 
against linoleic acid peroxidation. So, the antioxidant 
activity of theses extracts might be attributed to the pre- 
sence of phenols. Moreover, the phytochemical screening 
showed the presence of triterpenes and sterols in some of 
the spices extracts which have been proven to have good 
antioxidant properties [8,32]. These compounds would 
contribute to the antioxidant properties observed in 
theses spices. The results obtained in this study are not 
far to those found in the literature: 90.1% for Zinziber 
officinale [10]; 90.55% and 48.82% for Xylopia parvi- 
flora and Xylopia aethiopicarespectively [28]; 70% for 
Eugenia caryophyllus [18]; 50% for Allium sativum [33]; 
94.42% for essential oils of Cinnamomum zeylanicum 
[34] and 90% for Pimpinella anisum [35]. The differ- 
ences observed might be attributed to the nature of the 
extraction solvent, to the part of plant used and also to 
the method used. 

3.6. Antioxidant Efficacy of Extracts Using 
Crude Soyabean Oil as Oxidation Substrate 

3.6.1. Iodine Value 
After preliminary assessment of antioxidant efficacy of 
different extracts, the effectiveness of the extracts 
towards the stabilization of crude soyabean oil was also 
examined. The iodine values of the stabilized and control 
(without extract) crude soyabean oil, over an incubation 
period of 24 days at 65˚C, is shown in Figure 2. It is 
observed that the iodine value decreases gradually during 
storage. The rate of decrement in oils without antioxi- 
dants was higher than that in oil containing synthetic and 
natural antioxidants. A decreasing of the iodine value of 
oils is generally attributed to the destruction of the fatty 
acid double bonds caused by oxidation process [36]. It is 
clear from the results that the addition of both the 
synthetic antioxidant at a concentration of 200 ppm and 
methanolic extracts of Xylopiaparviflora, Zinzibe- 
rofficinale, Cinnamomum zeylanicum, Scorodophloeus 
zenkerii, Monodora myristica, Fagara leprieurii, Allium 
Sativum and Xylopia aethiopica at 500 ppm have inhi- 

 
(a) 

 
(b) 

 
(c) 

Figure 2. (a)-(c) Effect of heating time on iodine values of 
crude soyabean oil treated with different antioxidants. 
 
bited the oxidation in crude soyabean oil significantly (p 
< 0.05) as compared with the control. The antioxidant 
activity of these extracts might be attributed to phenols, 
triterpenes or sterols. In addition to a few phenol content 
of the extract of Allium sativum, its antioxidant activity 
might be also due to other compounds. It has been 
proven that Allium sativum is rich in selenium and 
organosulfur compounds, which have pronounced antio- 
xidant activity [37]. These compounds might contribute 
to the antioxidant activity of this extract. The rapid 
decrease of the iodine value of certain stabilized samples 
after a certain period of storage would be due to the 
volatilization of natural antioxidant under heating. It has 
been proven that all antioxidants remain effective over a 
specific period of time, and with the passage of time their 
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effectiveness decreases until they finally become ineffec- 
tive [38]. Such antioxidants end or at least interrupt oil 
and fat deterioration in the early stages, thus delaying the 
onset of the reaction and are found to be efficient only up 
to a specific period. It may be hypothesized that phenolic 
antioxidants inhibit lipid peroxidation at the cost of their 
own life and thus decompose and deteriorate themselves 
with the course of time [39]. Result found in this study 
proved that the above cited extracts inhibited the altera- 
tion of fatty acids double bonds in crude soyabean oil, a 
result which is in accordance with that obtained by 
Kahouli [8]. This author showed that the ethanolic ex- 
tracts and essential oils of the spices Laurusnobilis, 
Rosmarinus offininalis and Origanum majorana at 1%, 
limit the degradation of the fatty acid C18:2 and C18:3 in 
canola oil during a 5 days storage at 120˚C and 180˚C. 
The similar result were also obtained by Al-Dalain et al. 
[40] which showed that essential oil of ginger, rosemary 
and fernel inhibit the alteration of fatty acid double 
bonds in sunflower oil during heating and storage. 

3.6.2. Peroxide Value 
The peroxide value, which measures hydroperoxide 
products of the oils [41], is a good indicator of the 
oxidation state of the oils. The peroxide values of the 
stabilized and control (without extract) crude soyabean 
oil, over an incubation period of 24 days at 65˚C is 
shown in Figure 3. A typical pattern in the rise of 
Peroxide value was observed for almost all the oil 
treatments under storage conditions but, after a certain 
period, a decreasing of the peroxide values of control, 
CSO + EC and CSO + FM was observed. The control 
had the highest Peroxide value among all the oil treat- 
ments, followed by CSO + EC and CSO + FM showing 
a higher degree of oxidation. The lowest Peroxide value 
was observed in CSO + BHT, showing a good stability of 
the oil due to the strong antioxidant efficacy of BHT at 
200 ppm. Through methanolic extract, Xylopiaparvi- 
flora, Zinziber officinale, Cinnamomum zeylanicum, Sco- 
rodophloeus zenkerii, Monodora myristica, Fagara- 
leprieurii, Allium sativum and Xylopia aethiopica at 500 
ppm were found to be the most effective in retarding the 
peroxidation of crude soyabean oil treatments, whereas 
others were relatively less effective. A significance 
difference (p < 0.05) was observed between the control 
and CSO + BHT, CSO + X.P, CSO + Z.O, CSO + C.Z, 
CSO + S.Z, CSO + M.M, CSO + F.L, CSO + A.S and CSO 
+ X.A, showing an antioxidant potential of these extracts 
and synthetic antioxidant. The antioxidant efficacy of 
theses spices might be attributed in part to the presence 
of phenols, monoterpenes and sterols. Selenium and 
organosulphur compounds of Allium sativum might also 
be implicated in it antioxidant activity [37]. A slow rise 
in the Peroxide value of the above cited oil treatments, 

 
(a) 

 
(b) 

 
(c) 

Figure 3. (a)-(c) Effect of heating time on peroxide values of 
crude soyabean oil treated with different antioxidants. 
 
as compared to those of the control, clearly indicated a 
good antioxidant activity of the extracts and BHT. This 
increasing in Peroxide value might be due to the fact that 
antioxidants remain effective over a specific period of 
time, and with the passage of time their effectiveness 
decreases until they finally become ineffective [38]. The 
decrease in peroxide value of certain oil treatments ob- 
served in Figure 3 after a certain period might be related 
to the observation of Shahidi et al. [42], who suggested 
that a decrease in peroxide value after long heating times 
may be due to volatilization of some breakdown products 
of lipid hydroperoxides, formed in the primary stages of 
oxidation. The good antioxidant activity obtained with 
the extract of Allium sativumin crude soyabean oil con- 
firm the result obtained by Iqbal and Bhanger [6] with 
the same extract in sunflower oil. Apart from the extract  
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of Zinziber officinale, where the antioxidant activity in 
crude soyabean oil is related to the total phenolic com- 
pounds, it is clear for the other extracts that their 
antioxidant activity in oil is not correlated to their total 
phenolic content. Their antioxidant potential would be 
completed by the presence of other active compounds 
such as monoterpenes and sterols. Findings from our 
present study are also supported in the literature where it 
is stated that plant extracts may sometimes exhibit con- 
tradictory antioxidant activity when used under different 
conditions [43]. The results found in this study prove that 
the above cited extracts inhibit the peroxidation of crude 
soyabean oil. The same results were reported by Sultana 
et al. [44] in corn oil by the methanolic extracts of some 
agrowastes, and by Anwar et al. [45] in sunflower oil by 
the 100% and 80% methanol extracts from barley seeds. 

3.7. Antioxidant Efficacy of Plant Powders Using 
Crude Soya Oil as Oxidation Substrate 

3.7.1. Iodine Value 
After assessment of antioxidant efficacies of different 
extracts in crude soyabean oil, the effectiveness of their 
powders (at 1000 ppm) towards the stabilization of crude 
soyabean oil was also examined. The iodine values of the 
stabilized and control (without powders) crude soyabean 
oil, over an incubation period of 24 days at 65˚C is 
shown in Figure 4. It is observed that the iodine value 
decreases gradually during storage. The rate of decre- 
ment in the control, CSO + O.S and CSO + X.A was 
higher than that of other samples, but this decrement was 
higher in CSO + O.S and CSO + X.A than in the control. 
This might be explained by the presence in these spices 
powders of prooxidants compounds such as metals (iron 
and copper) which have been proved to be good cataly- 
sers of oxidation reactions [46]. Apart from CSO + O.S 
and CSO + X.A all the stabilized samples significantly 
improved an appreciable stability for at least 12 days of 
storage when compared with the control. The samples 
CSO + BHT, CSO + P.A, CSO + E.C, CSO + C.Z, CSO + 
M.M, CSO + A.S, CSO + F.L and CSO + F.M were more 
stable than all others. The stability observed might be 
due to the action of liposoluble active metabolites with 
antioxidant properties, which include monoterpenes, 
sterols and certain phenols. The results of the chemical 
screening showed the presence of these classes of meta- 
bolites in certain extracts. It can be hypothesized that 
during storage, antioxidant compounds by a mechanism 
of infusion migrate from plant powders to oil. The rapid 
decrement of the iodine value observed after a period of 
treatment might be attributed to the volatilization of 
antioxidant compounds from oil [47]. Certain phenols 
and monoterpenes are volatile compounds and have been 
proved to volatilize rapidly during heating. Results ob- 
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Figure 4. (a)-(c) Effect of heating time on iodine values of 
crude soyabean oil treated with different antioxidants. 
 
tained in this study, show that some spice powders could 
reduce the alteration of fatty acid double bonds to justify 
those obtained by Kahouli [8]. In fact, this author show- 
ed that powders of the spices Laurusnobilis, Rosmarinus 
offininalis and Origanummajorana at 1% inhibit the 
alteration of fatty acid double bonds in canola oil during 
a storage of 5 days at 120˚C and 180˚C. 

3.7.2. Peroxide Value 
The peroxide value of stabilized (with plant powders at 
1000 ppm) and control (without powder) crude soyabean 
oil samples over a storage of 24 days at 65˚C is shown in 
Figure 5. A rise of peroxide value is observed in all the 
samples during at least the 12 first days. After a certain 
period, a decrement in peroxide value is observed in all 
the samples except that of CSO + BHT, CSO + P.A and 
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Figure 5. (a)-(c) Effect of heating time on peroxide values of 
crude soyabean oil treated with different antioxidants. 
 
CSO + F.L. The control and CSO + O.S have presented 
the highest value of peroxide showing that these samples 
were more oxidized. The lowest values of peroxide were 
observed in CSO + BHT, CSO + P.A and CSO + F.L, 
showing a good stability due to the antioxidant property 
BHT and the powder of these plant materials. Good 
stability was also observed in CSO + Z.O, CSO + C.Z, 
CSO + S.Z, CSO + M.M, CSO + A.S for at least 16 days 
of storage, but from the 16th forward, their peroxide 
value increased considerably and began to decline. This 
might be explained by a volatilization of antioxidant 
compounds. In fact, it might be hypothesized that after 
volatilization of antioxidant compounds [47], oil samples 
oxidized more rapidly and, when the content in hydrope- 
roxides is very high, the primary oxidation products 
which are hydroperoxides break down in secondary oxi- 
dation products which can be volatiles or non volatiles 
[42]. The high oxidation state observed in stabilized 
samples CSO + O.S and CSO + X.A might be attributed 

to the presence in the powdered samples of prooxydant 
compounds such as metals, which are known to be good 
catalysers of oxidation reactions [46]. The results ob- 
tained in this study which show that some spice powders 
at 1000 ppm, could reduce the peroxide formation justify 
the results obtained by Kahouli [8]. In fact, this author 
showed that powders of the spices Laurusnobilis, Ros- 
marinus offininalis and Origanum majorana at 1% in- 
hibit the alteration of fatty acid double bonds in canola 
oil during a storage of 5 days at 120˚C and 180˚C. It is 
known that the alteration of fatty acid double bond is due 
to their attack by free radicals  

4. CONCLUSION 

The antioxidant activity of methanolic extracts (at 500 
ppm) and powders (at 1000 ppm) tested in crude soya- 
bean oil reveal Zinziber officinale, Cinnamomum zey- 
lanicum, Scorodophleus zenkerii, Monodora myristica, 
Xylopiaaethiopica, Allium sativum, Fagara leprieurii ex- 
tracts and powders, in addition to the powder of 
Pimpinella anisum to be potent antioxidants for stabiliza- 
tion of crude soyabean oil. However, this antioxidant 
effectiveness was dependent not only on the action of 
phenols but also on that of monoterpenes and sterols. 
These extracts were found to be quite effective towards 
suppressing the primary oxidation products and presser- 
vation of fatty acid double bonds in the tested oil. This 
suggests that these plants might be explored as viable 
sources of potent antioxidants for the protection of vege- 
table oils from oxidation. 
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