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ABSTRACT: Lipid peroxidation reduces quality of fats and oils, result in chemical spoilage and produces free radicals
which have health implications. This work was set to investigate the effect of three spices (Zingiber officinale (ZO),
Xylopia parviflora (ZP) and Eugenia caryophylatta (EC) packaging and storage on shelf life of crude soybean (Glycine
max) oil. The spices and soybeans were obtained from Muea market. Crude oil was extracted from soybean.
Methanolic extracts of the spices were screened for phytochemical constituents and antioxidant potentials. Qualitative
phytochemical tests were used to detect the presence of secondary metabolites, while two quantitative methods; Folin-
Ciocalteu and DPPH free radical scavenging assay were used to determine antioxidant potentials of the extracts.
Antioxidant effectiveness of the extracts were assessed using crude soybean oil (CSO) as oxidation substrate, under
non-accellerated and accelerated storage conditions as well as storage in different types of containers and the quality of
the oils were then determined. Results revealed highest amount of extracts from EC (37.97%) and six classes of
secondary metabolites (steroids, saponins, alkaloids, cardiac glycosides, phenolics, flavonoids, tannins and
triterpenoids) detected to varying degrees in all. Phenols and triterpenoids were detected in all three spices. Total
phenolic content of XP, EC and ZO were 9.23, 12.03 and 16.30g of GAE/100g respectively. Their ability to prevent
lipid oxidation was comparable to synthetic antioxidants and in the order of ZO, EC, XP. Peroxide values were
47.52+3.20, 12.17+0.46, 21.12+0.27, 15.52+2.39, 25.74+0.15, 31.54+0.25 for control (without preservative), ZO,
BHA, EC, BHT and XP respectively. The best storage condition was refrigeration and oil preserved with ZO and stored
in dark containers showed the best oil quality indices. This study therefore revealed the extracts as potent antioxidants
for stabilization of oils.

KEYWORDS: Lipid peroxidation, Spices, Packaging, Phytochemical, Antioxidant, Zingiber officinale, Xylopia
parviflora, Eugenia caryophylatta.

IJIRSET © 2021 |  An SO 9001:2008 Certified Journal | 7725



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ“gﬁ | e-1ISSN: 2319-8753, p-I1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET || Volume 10, Issue 6, June 2021 ||
| DOI:10.15680/1JIRSET.2021.1006313 |

l. INTRODUCTION

Traditionally in all the cultures of the world, herbs and spices are used as flavoring agents in cookery as well as
medicinally to treat various ailments [1]. Spice could be a dried bark, root or vegetable substance of a plant while herb
is termed as the part of leafy green plant such as fruit, berries or any herbaceous plant [2]. Herbs and spices contain
phytochemicals commonly known as antioxidants such as polyphenols, phenolic acids, tannins, flavonols, isoflavones
and curcuminoids [3]. The high proportion of these antioxidants is the reason of various health benefits imparted by the
herbs and spices [4]. The free radicals produced as a result of various metabolic processes taking place in the body are
one of the important causes of premature aging, cancer, diabetes, dementia and myocardial infarction as they interact
with cellular DNA and cause its mutation [5]. Reactive oxygen species (ROS) and nitrogen (RNS) species, as the most
frequent pro-oxidants, either originate from normal metabolism or are induced by UV radiation and different pollutants.
Harmful effects of disturbed antioxidant-prooxidant balance can be largely prevented by intake of antioxidant
substances [6,7]. The antioxidants present in herbs and spices are capable of neutralizing these free radicals by donating
required number of electrons to stabilize them. Once the free radicals are stabilized after the acceptance of electrons,
they become non-reactive to cellular DNA [8]. Due to their natural origin, the antioxidants obtained from plants are of
greater benefit in comparison to synthetic ones [9,10]. The use of natural antioxidants from plants does not induce side
effects, while synthetic antioxidants have been found to have genotoxic effect [11,12]. Therefore, the investigations of
biological activity and chemical composition of medicinal plants as a potential source of natural antioxidants are
numerous Common Cameroonian spices such as Zingiber officinale, Xylopia parviflora and Eugenia caryophylatta are
the focus in this study in order to bring out their antioxidant profile.

Due to their notable pharmacological effects, some spices are widely used in traditional and modern medicine for
preparation of bitter tonics, treatment of digestive disorders, loss of appetite and dyspepsia [13], easing bloating, and as
nervous system stimulant. Medicinal substances from plants exhibit antihypertensive [14], antispasmodic [15],
antioedematogenic [16], analgetic [17], insecticidal [18], anti-inflammatory [19], antimicrobial [20-22], especially
antihelicobacter activity [23], cytoprotective [24] and significant antileukemic activity [25]. Secondary metabolites
from plants have important biological and pharmacological activities, such as anti-oxidative, anti-allergic, antibiotic,
hypoglycemic and anti-carcinogenic properties [26-28].

The amounts of soybeans and total vegetable oil crops have been rising for a number of years. World production of
soybeans in 2003 was estimated to be 184.49 million MT out of 317.89 million MT total for vegetable oil crops,
making soybeans the world’s largest oilseed crop, rivaled only by palm oil [29]. The U.S. production of soybean oil
was estimated at 8.59 million MT for 2002, of which 7.86 million MT was consumed domestically. During 2002—-2003,
Brazil produced 4.90 million MT and Argentina 4.12 million MT of soybean oil [30].

Soybeans owe their dominance of the oilseed market to the value of their protein, which is much greater than that of
other oilseeds. Of the oilseed meals produced in 2003, 129.58 million MT out of a total of 185.69 million MT was
soybean meal [31]. Soybean oil of typical composition performs well as a salad oil, but it is usually hydrogenated for
use as a margarine stock or frying oil. Soybean oil’s stability to oxidation is limited by its content of linolenic acid.
Recent decades have witnessed numerous attempts to manipulate the fatty acid composition of soybean oil to help it
compete better in various uses, but the cost of growing, segregating, and testing special varieties and resistance to
genetically modified oils have limited the appeal of these altered varieties. The use of natural antioxidants from plants
may be very useful for stabilizing soybean oil as well as other vegetable oils [32].

II. METHODOLOGY

2.1 Study design

This was a laboratory based experimental study which was done according to the flow diagram in figure 1.

2.2 Sample collection and preparation

2.2.1 Spices

Fresh plant materials (roots of Zingiber officinale (ginger), flowers of Xylopia parviflora (clove) and leaves of Eugenia
caryophilata) were bought from marketers at Muea market located in Buea, South West Region of Cameroon. The
plants materials were identified at the Department of Botanic and Plant Science, Faculty of Science, University of
Buea.
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2.2.2 Soybean seeds

Soybean seeds were bought from Mbveh market located in Kumbo, Bui Division, North West Region of Cameroon.
The seeds were rinsed with tap water, air dried for an hour and taken to the laboratory for oven drying and further
analysis.

Sample collection

— T~

Soybean Spices
V% v/

Preparation of methanolic extract

Oil extraction

N\
Determination of antioxidant activity: Phytochemical
- DPPH Free Radical Scavenging Screening
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v

Data analysis

Fig. 1 Work flow chart design

2.3 Preparation of plant extracts

The different spices were rinsed with tap water, oven dried at 45°C for72 hours and ground to pass through a 1mm
aperture sieve. Thirty-seven grams (37.5g) each of Zingiber officinale, Xylopia parviflora and Euglena caryophylatta
were weighed into 600ml of methanol and allowed to stand at room temperature with regular shaking for 48hours. The
mixture was then filtered and the residue obtained was redissolved in 300ml of methanol and allowed to stand for 48
hours with regular shaking to ensure the complete extraction of phenolic compounds. The filtrate obtained was
subjected to rotary evaporation at 45°C under reduced pressure to remove the solvent. Residual solvent was removed by
drying in air at room temperature after which the crude extracts were weighed to calculate the yield and stored at 4°C.
An aliquot of each crude extract obtained was used for phytochemical tests while the remaining fraction was kept for
further studies.

2.4 Extraction of crude Soya bean oil

Soybean seeds were extracted according to the method of Womeni et al [33]. Soybean seeds were oven dried at 50°C
for 48 hours and ground to pass through a 1 mm aperture sieve. About 184.2g of soya bean powder was weighed into
500 ml of hexane and allowed to stand at room temperature with regularly shaking for 48 hours. The mixture was
filtered and the filtrate obtained was subjected to rotary evaporation at 55°C under reduced pressure for the removal of
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the solvent. Crude soya bean oil obtained was weighed to calculate the yield and stored at —18°C prior to further
analysis.

2.5 Determination of the antioxidant potential of the methanolic extracts
Both qualitative and quantitative methods were used to determine the antioxidant potential of the methanolic extracts.

1. Quantitative screening of the methanolic extracts of the spices
2. Determination of Total Phenolic Content (TPC)

The total phenolic content of the methanolic extracts was determined using the Folin- Ciocalteu colorimetric method as
described by Gao et al. [34]. Twenty microliters (20 pL) of the plant extracts 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 solution was added to the mixture and re-incubated for 2 hours at room temperature. The
absorbance of the resulting blue color was measured using a quartz cuvet at 765 nm. Gallic acid was used as standard
and total phenolic contents were expressed as gram gallic acid equivalents per 100 g of extracts.

2.5.1.2 Evaluation of the Antioxidant Activity by the DPPH Free Radical Scavenging Assay

The free radical scavenging ability of the methanolic extracts was determined according to the method described by
Mensor et al. [35]. One milliliter (1 mL) of 0.3 mM alcoholic solution of DPPH was added to 2.5 ml of the samples in
at test tube and shaken to homogenize. The samples were kept at room temperature in the dark and the optical density
was measured after 30 min at 517 nm. The optical density of the samples, the control and the blank, were measured in
comparison with methanol. One synthetic antioxidant, butylatedhydroxytoluene (BHT) was used as positive control
and the antiradical activity (AA) was determined by the following formula:

AA% = 100 - (Abssample— Absblank)x100

Abscontrol

Where; Abs = Absorbance

2.5.2 Qualitative phytochemical screening of the methanolic extracts of spices

The presence of major antioxidant secondary metabolite classes, namely; steroids, saponins, alkaloids, cardiac
glycosides, phenolics, flavonoids, tannins and triterpenoids was determined using standard phytochemical methods
with some modifications [36-39].

2.5.2.1 Test for saponins (Frothing test)
Saponins were tested by dissolving 0.5 g of the crude extract in a test tube containing 3 mL of hot distilled water and
then the mixture was shaken vigorously for 1 min and persistent foaming observed indicated the presence of saponins.

2.5.2.2 Test for flavonoids (Cyanidine test)

Crude extract (0.5 g) was dissolved in methanol and 2 mL of concentrated hydrochloric acid added. A spatula full of
magnesium turnings was added and the mixture observed for effervescence, then a brick red colouration observed
indicated the presence flavonoids.

2.5.2.3 Test for steroids (Lieberman-Burchard test)

About one half gram (0.5 g) of the crude extract was dissolved in dichloromethane to give a dilute solute solution and
then 0.5 mL of acetic anhydride added, followed by three drops of concentrated sulphuric acid. A blue-green
colouration indicated the presence of steroids.

2.5.2.4 Test for tannins (Ferric chloride test)

One half gram (0.5 g) of the crude extract was dissolved in 20 mL of boiling distilled water and then boiled for an hour.
A few drops of ferric chloride were added and allowed to stand for proper colour development. A blue-black
colouration indicated the presence of tannins.
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2.5.2.5 Test for Alkaloids (Dragendorf’s test)

The sample was dissolved in dichloromethane and then spotted on a thin layer chromatographic plate which was
developed in 20 % hexane in ethylacetate. The presence of alkaloids in the developed chromatogram was detected by
spraying with freshly preparedvDragendorf’s reagent in a fume chamber. A positive reaction on the chromatogram
indicated by an orange or darker coloured spot against a yellow background is confirmatory evidence that the plant
extract contained alkaloids.

2.5.2.6 Test for cardiac glycosides

To the plant extract (0.5g), 2 mL of glacial acetic acid plus one drop of ferric chloride were added. The set up was
underplayed with 1 ml of concentrated sulphuric acid. There was the appearance of violet and brownish rings below the
interface, followed by the formation of a greenish ring in the acetic acid layer which indicated the presence of cardiac
glycosides.

2.5.2.7 Test for phenolics
To 1 mL of the plant extract, one drop of 5% FeCI3 (w/v) was added. Formation of greenish precipitate indicated the
presence of phenolics.

2.5.2.8 Test for Terpenoids (Salkowski test)
Five millilitres (5mL) of the sample was mixed with 2mL of chloroform and 3ml of concentrated H,SO, added carefully
to form a layer. A reddish-brown coloration of the inter face formed indicated the presence of terpenoids.

2.6 Evaluation of antioxidant efficacy of extracts using crude soybean as oxidation substrate

The frozen soy oil was melted prior to use for analysis. Antioxidant efficacy of the three plant extracts were determined
according to the method described by Igbal and Bhanger [40] with some modifications. Methanolic extracts of the
spices (Zingiber officinale, Xylopia parviflora and Euglena caryophylatta) were added to 20g of pre-heated crude
soybean oil at 50°C for 3 h at concentration of 500 ppm. Synthetic antioxidants (BHT and BHA) were employed at the
legal limit of 200 ppm [41] to compare the efficacy of natural antioxidants. The air dried extracts as well as the
synthetic antioxidant were mixed with a minimum amount of absolute methanol using a vortex and added to 20g of oil
and mixed again for 3 min. The samples were placed in narrow-necked bottles (transparent, translucent and dark) with
stoppers and stored under different storage conditions (ambient temperature, refrigeration, and sunlight exposure) for
8weeks. Some of the samples were heated in an oven at 65°C for 3 days. Control samples were also placed under the
same storage conditions. Analyses of oxidation parameters of the crude soybean oil were carried out before and after 8
weeks of storage.

2.7 Measurement of oxidation parameters of crude soybean oil

The quality of soybean oil after addition of natural and synthetic antioxidants was evaluated by measuring the
following oxidation parameters; free fatty acid value (FFA), peroxide value (PV) and P-anisidine (AV) value according
to the procedure of AOCS [42]. Total oxidation (TOTOX) values were calculated using the equation: TOTOX = 2PV +
AV according to Shahidi et al. [43].

2.8 Evaluation of the effect of storage condition on the quality of crude soybean oil

2.8.1 Unaccelerated storage conditions

Antioxidant efficacy of extracts was determined according to the method of Igbal and Bhanger [40]. Methanolic
extracts of spices were added to pre-heated crude soybean oil (at 50°C for 3 hours) at concentration of 500ppm.
Synthetic antioxidants (BHT and BHA)) were employed at the legal limit of 200ppm [41] 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 25¢g of oil before mixing again for 5 min. All the samples were placed in
narrow-necked bottles of different types; opaque (O), dark brown (D) and transparent (T) containers (without stoppers)
and placed under different storage conditions (ambient temperature, refrigeration and sunlight exposure). Control
samples were also placed under the same storage conditions and analysis was done after 0 (t0), 2 and 4 months.

2.8.2 Accelerated storage conditions

Lipid oxidation was accelerated by continuously heating the soybean oil samples (both the control and stabilized oil
samples) at 650C for 24 days while analysing after every 4 days (96 hours) since it is known that heat is one of the
factors that accelerate the process of lipid oxidation.
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2.9 Statistical Analysis
The data are presented as means £ SEM. The mean values of the control and test groups were compared using
Bonferroni tests performed using Graphpad Insat 2000 software. P<0.05 considered to be significant.

I11. EXPERIMENTAL RESULTS

3.1. Extract yield of spices and soybean oil

The extract yield of total antioxidative components from the different spices varied from 14.53% to 37.97% as shown
in table 1 with the highest amounts of extracts obtained from Eugenia caryophylatta (37.97%) followed by Xylopia
parviflora (27.07%) and the lowest amount obtained from Zingiber officinale (14.53%). The yield of soybean oil was
20%.

Table 1. Percentage yield of plant extracts and oil yield of soy bean

Plant extracts /soy bean oil % yield

Zinziber officinale 14.53
Xylopia parviflora 27.07
Euglena caryophylatta 37.97
Soy bean oil yield 20.00

3.2. Qualitative Chemical Screening of the Methanolic Extracts of the spices

Table 2 shows the phytochemical profile of Xylopia parviflora (X.P), Eugenia caryophylatta (E.C) and Zingiber
officinale (Z.0). Qualitative analysis of these plant extracts revealed the presence of at least six classes of secondary
metabolites (steroids, saponins, alkaloids, cardiac glycosides, phenolics, flavonoids, tannins and triterpenoids) in all
plant extracts, except that of Zingiber officinale (Z.0).

Table 2. Phytochemical profile of the plant extracts

Phytochemicals Plants extract
constituent E.C Z.0 X.P
Steroids ++ - +
Alkaloids - - -
Cardiac glycosides  + - +
Phenolics ++ + ++
Tannins + - ++
Flavonoids - + ++
Saponins. + - +
Triterpenoids + + +

Where: E.C =Euglena caryophylatta, Z.O= Zinziber officinale, X.P= Xylopia parviflora, + = Positive test, - =Negative test.

3.3. Total Phenolic Content (TPC)

Table 3 presents the total phenolic content of Xylopia parviflora (X.P), Eugenia caryophylatta (E.C) and Zingiber
officinale (Z.0). The amount of phenolics in these plant extracts varied widely and ranged from 9.23 to 16.30 g of
gallic acid equivalents (GAE) /100 g of extract. The total phenolic content of Xylopia parviflora (X.P), Eugenia
caryophylatta (E.C) and Zingiber officinale (Z.0) were 9.23, 12.03 and 16.30g/100 g respectively.
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Table 3. Total phenolic content (TPC) of the plant extracts

Spices TPC (g GAE/100 g of extract)
Zinziber officinale 16.3040.03
Xylopia parviflora 9.23+ 1.02
Euglena caryophylatta 12.03+0.24
4, 2, 2-Diphenyl-1-picryl hydrazyl (DPPH) free radical scavenging assay

The measurement of the ability of a molecule or substance to scavenge free radicals has become routine in testing the
antioxidant property of plant extracts. This has become the fingerprint of primary antioxidants. The DPPH radical has
the property to abstract labile hydrogen atoms, and the ability of an antioxidant to stabilize this radical by donating its
hydrogen is related to its potential capability to inhibit lipid oxidation [44]. The ability of the tested spices extracts to
scavenge the DPPH radical as compared to the synthetic antioxidants BHT and BHA is presented in Figure 2.

Zingiber officinale (ZO) extract exhibited the highest antioxidant activity on DPPH free radicals, similar to that of
butylated hydroxy toluene (BHT) and butylated hydroxyanisole (BHA) followed by Eugenia caryophylatta (EC) while
the lowest antioxidant activity was observed in the extract of Xylopia parviflora (XP).

120
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20
0 o | o | S | . | . |

E.C Z.0 X.P BHT BHA

1
*

1
-

Antioxidant activity

Plant extracts.

EC= Eugenia caryophylatta, ZO = Zinziber officinale, XP = Xylopia parviflora, BHT = Butylatedhydroxytoluene, BHA = Butylatedhydroxyanisole.
* = (P<0.05)
Fig. 2 Scavenging effect of spices extract (Z.0, X.P and E.C) and synthetic antioxidants (BHA and BHT) on 2, 2-
Diphenyl-1-picryl hydrazyl (DPPH) radical.

3.5. Antioxidant efficacy of extracts using crude soybean oil as oxidation substrate

Oxidative stability of oils is defined as the resistance to oxidation during processing and storage [45], which can be
expressed as the period of time necessary to attain the critical point of oxidation, depending on sensorial changes or a
sudden acceleration of the oxidative process [46]. Low-molecular-weight off-flavor compounds are produced during
oxidation, and off-flavor compounds make oil less acceptable to consumers or for industrial use as a food ingredient.
Furthermore, the oxidation of oil also destroys essential fatty acids and produces toxic compounds and oxidized
polymers. Oxidation of oil is very important in terms of nutritional quality and toxicity of edible oils. Storage
conditions and oil quality parameters help to provide useful information on antioxidant efficacy. The results of oil
quality stored with natural and synthetic antioxidants under different conditions are as follows.

3.5.1 Un-accellerated storage conditions for soybean oil

3.5.1.1 Effect of sunlight exposure

Under direct sunlight exposure there was visible deterioration of the color of the oil and the odor of the oil also changed
to rancid by the 4th month. The color changed from greenish yellow to dark yellow. The samples under this study were
exposed to sunlight on daily basis for at least 7 hours. However, the fact that the intensity of sunlight for the different
days varied could be a limiting factor. In addition, this study extended to the rainy season, so rainfall could also be
considered as another limiting factor.
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3.5.1.1.1 Free fatty acid value (% FFA)

Acid value defines the predisposition or susceptibility of oil to oxidation. However free fatty acids are unstable and
decompose to primary products of oxidation. At the same time, other triglycerides are also converted to free fatty acids.
Free fatty acids can also occur in fats and oils as a result of enzymatic hydrolysis by lipases, metal ions acting as free
radicals or at an elevation of temperature. However, decrease in free fatty acid value indicates oxidation state of fats
and oils. Figure 3 shows the effect of sunlight exposure on the acid value (represented as %oleic acid) of crude soybean
oil stored in different containers and treated with different antioxidants. Result reveals a decrease in free fatty acid
value of the soybean oil samples with increase in storage time for all container types compared to control. The highest
acidity was recorded for oil samples stabilized (preserved) with EC and XP and stored in transparent containers
whereas for opaque the highest acidity was recorded for samples stabilized with XP, BHT and ZO for dark brown
container. High FFA symbolizes hydrolysis or less oxidation while very low acid value indicates high oxidation.
Transparent containers compared to dark brown and opaque containers had lower FFA. A significant increase (p<0.05)
in acidity recorded for T2X.P, T2E.C, D2Z.0, 02Z.0 and O2BHT compared to control sample (CTR) indicates that
decrease in acid value is not only by sunlight exposure but also by temperature catalytic hydrolysis of triglycerides and
endogenous and exogenous lipases.

EC= Eugenia caryophylatta, ZO = Zinziber officinale, XP = Xylopia parviflora, BHT = Butylatedhydroxytoluene, BHA =
Butylatedhydroxyanisole, O = Opaque containers, D= Dark containers, T= Transparent containers, t0= Time zero

Fig. 3 Effect of sunlight, container type and storage time on the acid value of crude soybean oil treated with different

antioxidants

3.5.1.1.2 Peroxide value
The peroxide value (PV) measures the primary products of lipid oxidation. Figure 4 shows the effect of sunlight on the
quality of crude soybean oil treated with different antioxidants in different containers. A significant increase in
peroxide value (p<0.05) with storage time and container type was observed for all samples exposed to sunlight. In
addition, oil samples without antioxidants (CTR) also showed high peroxide values compared to stabilized (with
antioxidant) samples with increase in storage time.
After 2 months of storage, almost all samples under sunlight had peroxide values greater than 10.45meq/kg which is the
maximum recommended by CODEX norms for oil quality. This indicates that sunlight is not a good storage condition
as such oil will easily become rancid and develop off flavour.

OCRT 870 mXP HEC H@BHA aoBHT

% Free fatty acid

Containers type and storage time (Months)

EC= Eugenia caryophylatta, ZO = Zinziber officinale, XP = Xylopia parviflora, BHT = Butylatedhydroxytoluene, BHA =
Butylatedhydroxyanisole, O = Opaque containers, D= Dark containers, T= Transparent containers, t0= Time zero

Fig. 4 Effect of sunlight, container type and storage time on the peroxide value of crude soybean oil treated with
different antioxidants
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3.5.1.1.3 P-anisidine value

P-anisidine assay is the most widely used method for the measurement of the secondary oxidation products produced in
the termination phase of lipid oxidation (i.e aldehydes, ketones, alcohols, etc) which may contribute to off-flavor and
rancidity of oils [40]. The P-anisidine value of the control (CTR) and stabilized (with plant extracts and synthetic
antioxidants) soybean oil samples inside transparent (T), dark brown (D) and opaque (O) containers under sunlight
exposure are shown in figure 5.
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Fig.5 Effect of sunlight, container type and storage time on the P-ANISIDINE value of crude soy bean oil treated with different
antioxidants

In comparison with the non-stored oil (t0) a significant decrease in P-anisidine value (p<0.05) was observed which
could be due to the formation of more secondary products of oxidation and since these products are volatile; the P-
anisidine values of stored samples were less than those of t0 (without storage). For the transparent container, a
continuous decrease in P-ANISIDINE value was noted for all the samples with increase in storage time under sunlight
exposure whereas with dark brown and opaque containers the P-anisidine values decreased from 0 to 2 month and later
increased from 2 to 4 months.

The control samples for all the container types presented with the highest P-ANISIDINE values compared to the
stabilized oil samples. This could be explained by the fact that the presence of antioxidants in the stabilized soybean oil
samples slowed down the formation of primary and hence secondary products of lipid oxidation. The lower the P-
anisidine value of oil, the better it is for consumption.

3.5.1.1.4 TOTOX value.
Figure 6, presents the evolution of the total oxidation (TOTOX) of crude soybean oil during storage in transparent
(Figure 6A), dark brown (Figure 6B) and opaque (Figure 6C) glass container and treated with different antioxidants.
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Fig. 6A. Effect of sunlight on the TOTOX value of crude soybean oil treated with different antioxidants and stored in transparent
containers
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Fig. 6B . Effect of sunlight on the totox value of crude soybean oil treated with different antioxidants and stored in dark
brown containers

—=—CRT ++#++ Z0 = 4— XP —@=—FEC —@—BHA == BHT

90 -
80 A __-——“”
70
60
50
40
30
20
10 -
0

.......,-A’...—-.......

=

TOTOX value

t0 02 04
Time (months)

Fig. 6C. Effect of sunlight on the TOTOX value of crude soybean oil treated with different antioxidants and stored in
opaque containers.

In general, the TOTOX values of all the oil samples were significantly increasing (p<0.05) in a regular pattern over the
4 month storage time for all the different storage containers. As observed with the acid and peroxide values, the control
exhibited the highest total oxidation state. For transparent containers, oil samples containing ZO, EC and BHT (in that
order) were much less oxidized compared to the control (CTR); for dark brown containers, samples containing ZO,
BHT, EC, and XP (in that order) were less oxidized where as in opaque containers, samples containing ZO, BHT, BHA
were more stabilized. Globally, samples with ZO showed more preservation followed by BHT and EC while samples
with XP and BHA were the most oxidized.

3.5.1.2 Effect of ambient temperature

Room temperature varied from 23-28°C and only indirect light exposure was available to the samples under study.
There was mild colour change towards the 4th month, which became overtly yellowish towards the end of the 4th
month and mild rancid smell was noticed by this time.
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3.5.1.2.1 Free fatty acid value (FFA)

FFA values of soybean oil with different sources of antioxidants stored for a period of 4 months at ambient temperature
is shown in Figure 7. A significant decrease in acid value (p<0.05) was observed during the storage period. The lowest
acid values were observed for the control (CTR) compared with the stabilized samples containing plant extracts (Z.0,
E.C and X.P) at 500ppm and synthetic antioxidants (BHA and BHT) at 200ppm for each of the storage container type.
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Fig.7 Effect of ambient temperature, container type and storage time on the acid value of crude soybean oil treated with
different antioxidants and stored in different containers

3.5.1.2.2 Peroxide value.

A significant increase in peroxide value (p<0.05) with the increase in storage time was observed for all the soy oil

samples in the different container types (Figure 8). The control (CTR) crude oil for all the storage containers presented

the highest peroxide value in comparison with samples containing preservatives.
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Fig. 8 Effect of ambient temperature, container type and storage time on the peroxide value of crude soy bean oil treated with
different antioxidants

3.5.1.2.3 P-anisidine value

P-anisidine values of crude soybean oil during ambient temperature storage in different containers after 0, 2 and 4
months are presented in figure 9. A significant decrease in P-anisidine values were observed with increase in storage
time. However control samples showed significantly higher P-anisidine values compared to preserved oil. The initial P-
anisidine value (t0) was 11mg/kg and after 2 months storage (control, CTR) presented with significantly higher P-
Anisidine values (P<0.05) compared to samples with preservatives (2.0, X.P, E.C, BHA and BHT) indicating high
oxidation state. Samples stored in dark and opaque containers were generally had lower values than those stored in
transparent containers.
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Fig.9 Effect of ambient temperature, container type and storage time on the P-anisidine value of crude soybean oil
treated with different antioxidants

3.5.1.2.4 TOTOX value

Figure 10A, 10B and 10C present the total oxidation (TOTOX) of soybean oil samples during a storage period of 4
months at ambient temperature. There was an increase in the total oxidation (TOTOX) values of all the oil samples
over the storage period. As observed with peroxide values, the controls exhibited the highest total oxidation.
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Fig. 10A . Effect of ambient temperature, container type and storage time on the TOTOX value of crude soybean oil
treated with different antioxidants and stored in transparent containers.
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Fig.10B Effect of ambient temperature, container type and storage time on the TOTOX value of crude soybean oil
treated with different antioxidants and stored in a dark brown containers
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Fig. 10C Effect of ambient temperature, container type and storage time on the TOTOX value of crude soybean oil
treated with different antioxidants and stored in a opaque containers

3.5.1.3 Effect of refrigeration

3.5.1.3.1 Free fatty acid value.

The changes in free fatty acid values expressed as % oleic acid during refrigerated storage of soybean oil in different
containers at 4°C for a period of 4 months are shown in figure 11. A significant decrease in acid value (p<0.05) was
observed in all samples compared to the initial acid value (t0).
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Fig.11. Effect of refrigeration, container type and storage time on the acid value of crude soybean oil treated with
different antioxidants

3.5.1.3.2 Peroxide value

A significant increase in peroxide value (p<0.05) with the increase in storage time was observed for all the samples in
the different containers. Figure 12 shows the effect of refrigeration, container type and storage time on the peroxide
value of crude soybean oil treated with different antioxidants and stored in different containers.
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Fig.12 Effect of refrigeration, container type and storage time on the peroxide value of crude soy bean oil treated with
different antioxidants

Soybean oil without antioxidant (control (CTR)), exhibited the highest peroxide value for all container types compared
to those containing preservatives during the complete storage period. The lowest peroxide value was observed with ZO,
BHA and BHT samples.

3.5.1.3.3 P-anisidine value

P-anisidine value assay is the most widely used method for the measurement of secondary oxidation products, which
may contribute to the off-flavour in oxidized oils [40]. The changes in P-anisidine value of stabilized and control
soybean oil samples are presented in Figure 13. A significant increase in P-anisidine value (p<0.05) was observed for
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soybean oil samples stored under this condition with increase in storage time. It is noted that at all stages of analyses
during oil storage, control samples exhibited the highest P-anisidine value, while the values in soy oil treated with
synthetic or natural antioxidants were lower. P-anisidine values of oil samples containing plant extracts (ZO, EC and
XP) as a source of natural antioxidants were close to those of BHT and BHA during the storage period.

OCRT ©®Z0 wmXP BEC ®aBHA GQBHT

e S
N DN O 0O
| I I N E— )

P-anisidine value
[E=Y
o
1

O N B~ O 0
1

Containers type and storage time (Months)

Fig.13. Effect of refrigeration, container type and storage time on the P-ANISIDINE value of crude soy bean oil treated
with different antioxidants

3.5.1.3.4 TOTOX value

Figure 14 (A, B,and C) presents the evolution of total oxidation of soybean oil samples during a 4 month storage period
under refrigeration conditions in different containers. Significant increases TOTOX values (p<0.05) of all the samples
were observed over the storage time.

As observed with peroxide values, the control (CTR) samples exhibited the highest total oxidation (TOTOX) values.
Soybean oil samples containing were much less oxidized than the control (CTR) samples. It was also observed that the
TOTOX values of soybean oil samples supplemented with plant extracts were not far from those of BHT and BHA.
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Fig. 14A. Effect of refrigeration, container type and storage time on the TOTOX value of crude soybean oil treated
with different antioxidants and stored in transparent containers
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Fig. 14 B. Effect of refrigeration, container type and storage time on the TOTOX value of crude soybean oil treated
with different antioxidants and stored in a dark brown container.
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Fig.14C. Effect of refrigeration, container type and storage time on the TOTOX value of crude soybean oil treated with
different antioxidants and stored in opaque containers

3.5.2 Accelerated storage conditions

Data of oil quality parameters stored under accelerated conditions are as follows.

Variation in acid value of the control and stabilized soybean oil samples over an incubation period of 24 days at 65 °C
is shown in Figure 15. A progressive significant decrease in FFA value (p<0.05) was observed during the storage
period. The lowest acid values were observed in the control (CTR) compared with the stabilized samples containing
plant extracts (ZO, EC and XP) and synthetic antioxidants (BHA and BHT).
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Fig. 15 Effect of heating time on the acid value of crude soybean oil treated with different antioxidants

The peroxide value of stabilized oils and control crude soya bean oil samples over a storage period of 24 days at 65°C
is shown in Figure 16. A significant increase in peroxide value (p<0.05) was observed in all the samples up to the 12th
day and thereafter decreased except that of ZO and BHA which decreased after 16 and 20 days respectively. The
control (CTR) presented the highest value of peroxide showing that this sample was more oxidized. The lowest values
of peroxide were observed in samples stored with BHA, EC, XP and BHT.
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Fig. 16. Effect of heating time on the peroxide value of crude soybean oil treated with different antioxidants

A significant increase in P-anisidine value (p<0.05) was noted for all the samples with increasing heating time. It was
observed that control (CTR) samples exhibited higher P-anisidine values throughout the 24 day period while the P-
anisidine values in samples supplemented with synthetic or natural antioxidants were lower.
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Fig.17 Effect of heating time on P-anisidine value of crude soybean oil treated with different antioxidants

The TOTOX value value of stabilized oils and control crude soya bean oil samples over a storage period of 24 days at
65°C is shown in Figure 18. A significant increase in TOTOX value (p<0.05) was observed in all the samples up to the
12th day and thereafter decreased except that of ZO which decreased after 16 days. The control (CTR) presented the
highest value of TOTOX showing that this sample was more oxidized due to the lack of Preservative. The lowest
values of TOTOX were observed in samples stored with BHA, EC, XP and BHT.
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Fig.18 Effect of heating time on TOTOX value of crude soybean oil treated with different antioxidants

IJIRSET © 2021

| An ISO 9001:2008 Certified Journal | 7742



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ“gﬁ | e-1ISSN: 2319-8753, p-I1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET || Volume 10, Issue 6, June 2021 ||
| DOI:10.15680/1JIRSET.2021.1006313 |

IV. DISCUSSION

Vegetable oils form a good part of human diet, providing concentrated sources of energy and essential nutrients. Lipid
peroxidation which results from the reaction between unsaturated fatty acids and molecular oxygen has been identified
to be the main cause of stability problems of these oils. This lack of stability is also a severe problem for the oil and fat
industry as retarding lipid oxidation does not only extend product’s shelf life but also reduces raw material waste,
nutrient losses, and widens the range of lipids that can be used in specific products. Thus, control of lipid oxidation
would allow food processors to use more available, less costly and more nutritionally favorable oils for product
formulations.

This problem (lipid oxidation) has been overcome by the use of synthetic antioxidants such as butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA), propyl gallate (PG), etc. but recent reports have revealed that
these compounds may be implicated in many health risks, including mutagenesis and carcinogenesis [47]. It is well
accepted that plants are the richest source of antioxidants among which spices are the most prominent because they
contain a wide array of antioxidants including some vitamins, flavonoids, terpenoids, carotenoids, phytoestrogens,
minerals, etc. which render them or their antioxidant components good preservative agents in food [48]. These spices
also contain polyphenolic compounds which have been proven to have antioxidant activity. 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 plants. Hence the ability of extracts from Zingiber officinale, Euglena caryophylatta and Xylopia
parviflora to stabilize crude soybean oil in comparison with synthetic antioxidants BHA and BHT were investigated in
this study.

Phenolic compounds are a much diversified group of phytochemicals that are widely distributed in plants such as fruits,
vegetables, tea, olive oil, tobacco and so on. Nowadays, there is a growing interest in substances exhibiting antioxidant
properties, which are supplied to human organisms as food components or as specific preventive pharmaceuticals.
Consequently, antioxidants have become an essential part of food preservation technology and contemporary health
care. It is well known that plants which possess antioxidative and pharmacological properties are related to the presence
of phenolic compounds, especially phenolic acids and flavonoids.

The amount of methanol extractable components from Eugenia caryophylatta (37.97%) and Zingiber officinale
(14.53%) are higher than values of 23.9% and 9.2% respectively reported in literature by Voukeng [49] and 32.75%,
29.5% and 8.25% respectively reported by Womeni et al. for the same plant extracts[33]. The yield of soybean oil
(20%) in this study is in agreement with the classification of [50] where soya beans are classified as oleaginous with an
oil yield less than 35%. The difference in the yield of extracts from the different plant materials might be attributed to
the availability of different extractable components, defined by the chemical composition of the plant, nature of the soil
and agro-climatic conditions [51]. Among other parameters, the effectiveness of the extracting solvent to dissolve
endogenous compounds might also be a contributing factor.

The differences in composition of the secondary metabolites observed might be attributed to the environmental
variations, age of the plant, extraction process, nature of the extraction solvent and part of the plants used [52].
Although the detection of such metabolites does not automatically predict the antioxidant activity of a plant extract, it
has clearly been demonstrated that several compounds belonging to the investigated classes of metabolites showed
antioxidant activities [53]. Phenols and triterpenoids were detected in the three plant extracts. 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 [54]. Osabor [55] also reported the presence of such phytochemicals in Zingiber
officinale while Mujeeb et al. reported the presence of alkaloids, glycosides, steroids, carbohydrates, terpenoids, tannins
and phenolic agents in dichlormethane extract of Euglena caryophyllata and Aegle marmelos Correa (Rutaceae) [56].
The TPC values obtained in these extracts were found to be similar to the values of 8.96, 12.35 and 17.72g reported for
Z0, EC and XP respectively [33].

The antioxidant activity of EC and XP were significantly (P<0.05) low compared to BHA and BHT while that of ZO
was similar. It was observed that extracts with greater amounts of total phenolics also exhibited higher antioxidant
activity while the extract of Xylopia parviflora (XP) which showed the lowest total phenolics exhibited the lowest
antioxidant activity. These results are in line with the findings of Zahra et al. [57], Naima et al [58]and Velioglu et al
[59], who reported that extracts with higher total phenolic content also showed strong antioxidant activity against
linoleic acid peroxidation. So, the antioxidant activity of these extracts might be attributed to the presence of phenols.
Moreover, the phytochemical screening showed the presence of triterpenes and phenolics in all of the spices extracts
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which have been proven to have good antioxidant properties [53]. These compounds might have contributed to the
antioxidant properties observed in these spices.

Oil quality parameters (FFA, PV, P-anisidine and Totox values) under different storage conditions of sunlight
exposure, ambiant temperature and refregeration as well as different storage containers presented interesting results.
Free fatty acids (FFA) measures fatty acid changes that occur in oils. They are pro-oxidants and contribute to the
decreased shelf life of oil [60]. In the early stages of oil storage, free fatty acids are produced by oxidative breakdown,
but in later stages, hydrolysis of the fat causes the increase in free fatty acids [61]. FFA produced by hydrolysis is too
small to affect the quality of food, while FFA formed by oxidation adversely affects the product [62]. Detection of
increases in FFA by titration does not measure oil quality because it does not differentiate between acids formed by
oxidation and those formed by hydrolysis. Under sunlight exposure, transparent containers compared to dark brown
and opaque containers recorded lower FFA values indicating that dark brown and opaque containers preserved oil
better. This could be explained by the fact that transparent containers allow sunlight to pass through promoting photo-
oxidation.

The gradual decrease in acid value of soybean oil observed under ambient temperature might generally be attributed to
the conversion of free fatty acids to the primary products of lipid oxidation caused by oxidation reactions during the
storage period. These results are in accordance with those of Womeni et al [33] who reported that methanolic extracts
and powders of some Cameroonian spices were able to limit the transformation of free fatty acid to other products of
lipid oxidation of soybean oil during an accelerated storage. Higher acid values obtained for the control compared to
oils stabilized with synthetic and plant extracts indicate that triglyceride hydrolysis can still occur on such samples
since the ambient temperature was close to optimal conditions of ester bond hydrolysis by lipases.

The initial % oleic acid value (t0) of the control under refrigeration storage was seen to be 31.22 which decreased
significantly during the first 2 months of storage and thereafter started increasing. This increase may be brought about
by the presence of active lipase in the soybean seeds which upon grinding are activated and begins to hydrolyse
triglycerides into free fatty acids, diglycerides and monoglycerides and the lipase eventually will decompose all the
triglycerides present over a period of several months even under refrigeration. Similar changes were reported by Aslam
et al, Sarojini and Bhavani, and Semwal and Arya [63-65]. Although hydrolytic changes may not be predominant, free
fatty acid formation was found to increase with increase in time of storage.

Oxidation of oils often take place when oil, oxygen, and catalysts are in contact. Both concentration and type of oxygen
affect the oxidation of oils. Oxygen in oil is dependent on its partial pressure in the headspace of the oil [66], when the
partial pressure of oxygen in the headspace is high, a higher amount of oxygen is dissolved in the oil, which leads to
increase oxidation of the oil [67]. Incorporation of different preservatives (ZO, EC, XP, BHA and BHT) reduced
oxidation and improved sensory stability of soybean oil under sunlight exposure as observed in this study and as
reported by Madhujith and Sivakanthan [68] and Kozlowska and Gruczyriska [69]. The increase in peroxide value
observed could be attributed to the formation of hydroperoxides which are the principal markers of primary oxidation
of lipids. This increase in peroxide value variations can also arise from different factors such as the degree of
unsaturation of the fatty acids present in the oil and the content of metals or other compounds that may catalyze the
oxidation processes [70]. These hydroperoxides are converted to other secondary oxidation products when their
concentration reaches a certain level [45]. Other factors that could affect PV are differences in conditions and climate
of area where the process of refinement takes place. Moreover, storage time also has an effect on the quality of oil.

The lowest peroxide value under ambient temperature storage was obtained with ZO under dark container storage
which indicated that dark brown containers do not allow light to pass through them. Lower peroxide values in crude
soybean oil containing natural antioxidant in comparison with the control indicated the highest antioxidant activity of
this extract in preventing lipid oxidation. This activity could be attributed to the detected phenolic and triterpenoids
antioxidant compounds. Many other authors have proven the same activity with other plants methanolic extracts in
sunflower oils [71]. The observed increase in peroxide value as storage time increases could be due to the conversion of
free fatty acids to hydroperoxides during the storage period. However, the slow rise in peroxide value of the treated oils
compared to control, clearly indicated a good antioxidant activity of the extracts and synthetic antioxidants. This
increase 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 [72].

The significant increase in peroxide value under refrigeration temperature with increase in storage time could be
attributed to the formation of hydroperoxides, which are the principal markers of primary lipid oxidation. Lower
peroxide values in crude soybean oil containing natural antioxidants in comparison with the control indicated the
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highest antioxidant activity of this extract in retarding peroxide formation during storage. This activity could be
attributed to the detected phenolic antioxidant compounds through their ability to stop free radicals by donating their
hydrogen atoms or electrons. Many other authors have proven the same activity with other plants methanolic extracts in
soybean and sunflower oils [33, 73, 71].

Total oxidation (TOTOX) value, calculated from twice the peroxide value plus the acid value, is another useful
indicator of measuring the onset of progressive deterioration of vegetable oils and provides information regarding the
progression of the formation of primary (mainly hydroperoxides) and secondary oxidation products (aldehydes,
ketones, alcohols, etc) bi-products [74, 75]. After 4 months of sunlight exposure, the oils already had TOTOX values
greater than 40 according to CODEX norms except for those packaged in dark containers with ZO, BHA, BHT and EC
as preservatives. However, increase in Totox value could also be due to the presence of polyunsaturated fatty acids
(PUFA) and mono unsaturated fatty acids (MUFA) [76].

Peroxide and acid values analyses together gives a more complete picture of total oxidation than each test separately
[77]. Since peroxide value measures hydroperoxides (which increase and decrease) and acid value measures free fatty
acids, the totox value usually rises continually during the course of lipid oxidation [78]. Soybean oil containing BHT,
BHA and plant extracts (ZO, EC and XP) stored under ambient temperature were much less oxidized than the controls
(CTR) andtotox values of soybean oil supplemented with plant extractswere not far from those of BHT and BHA,
meaning that the plant extracts significantly limited the oxidation of soybean oil during storage. Antioxidant
compounds detected in the plant extracts from phytochemical screening could be responsible for their observed
protective effect. These results are in accordance with those of [79] who have proven that extracts of Kenaf and Roselle
(at 1500ppm) significantly limited the total oxidation of sunflower oil during an accelerated storage.

The significant decrease in P-anisidine value (p<0.05) at the end of the storage period could be due to the formation of
more secondary products of oxidation and since these products are volatile; the P-anisidine values of stored samples
were less than those of t0. This could be explained by the fact that antioxidant activities of plant extracts reduced with
time. A saturated lipid matrix and the existence of water in the lipid matrix can accelerate polyphenol oxidation which
leads to decrease in antioxidant activity [76] (Yashi and Anil, 2015). The significant (p<0.05) decrease in P-anisidine
values under ambient temperature can be explained by the fact that at ambient temperature, less oxidation occurs and
initial malonaldehyde production is low.

The closeness of P-anisidine values of oils s containing plant extracts (ZO, EC and XP) as a source of natural
antioxidants to those of BHT and BHA during refrigeration showed low formation of malonaldehyde in these oils
which is the main compound detected by this method. These results confirm the efficiency of the natural antioxidant in
limiting the formation of secondary oxidation products in soybean oil at approximately the same level as BHT and
BHA especially under low temperature of refrigeration. The antioxidant compounds found in these extracts might also
be responsible for the inhibition of malonaldehyde formation. Similar results were obtained by Igbal and Bhanger [40,
73] in sunflower oil supplemented with garlic and pomegranate methanolic extracts, respectively.

The significant decrease in acid value (p<0.05) of oils as shown in figure 20 might generally be attributed to the
conversion of free fatty acids to the primary products of lipid oxidation caused by oxidation reactions during the
storage period. The slow decrease of the acid value in stabilized soybean oils compared to the control might be the
consequence of the protective action of these antioxidants on the unsaturated fatty acids of the oil. Womeni et al.[33]
have shown that methanolic extracts and powders of some Cameroonian spices were able to limit the transformation of
free fatty acid to other products of lipid oxidation of soybean oil during an accelerated storage at 65 °C for 24 days.

The significant increase in peroxide value (p<0.05) of the oil was due to the formation of hydroperoxides which are the
primary products of lipid oxidation. The lowest values of peroxide were observed in BHA, E.C, X.P and BHT, showing
good stability of the oils. The significant decrease in peroxide value from day 12 forward might be explained by a
volatilization of antioxidant compounds. In fact, it might be hypothesized that after volatilization of antioxidant
compounds [80], the oils oxidize more rapidly and when the hydroperoxide content is very high, the primary oxidation
products which are hydroperoxides break down in secondary oxidation products which can be volatiles or non-volatiles
[81]. It is known that the alteration of fatty acid double bond is due to their attack by free radicals.
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The significant increase in P-anisidine value (p<0.05) confirms the efficiency of the natural antioxidant in limiting the
formation of secondary products of lipid oxidation in soybean oil at almost the same level as BHT. The antioxidants
found in this extract might also be responsible for the inhibition of malonaldehyde formation. Similar results were
obtained by Igbal and Bhanger [40, 73] in sunflower oil supplemented with garlic and pomegranate methanolic
extracts, respectively, during accelerated storage at 65 °C for 24 days.

V.CONCLUSION

The plant crude extracts are rich in phenolic content and secondary metabolites. The plants possess antioxidant
activities similar to those of BHA and BHT. The best spices in preventing lipid oxidation was Zingiber officinale (ZO)
followed by Euglena caryophylatta (EC) and then Xylopia parviflora (XP). Extracts with high total phenolic content
also possessed high antioxidant activity. Effectiveness of the extracts in slowing down the process of lipid oxidation
depended on the storage container and condition with the best storage container and condition being dark and
refrigeration respectively. The spices might therefore be explored as viable sources of potent antioxidants for the
protection of vegetable oils from oxidation. This study showed that extracts with high total phenolic content also
possess high antioxidant activities. The spices should be used in the preservation of oils and oils for long term storage
should be stored in dark containers.

REFERENCES

[1] P.K. Lai, J. Roy, “Antimicrobial and chemo-preventive properties of herbs and spices”, in Curr. Med. Chem., Vol
11, pp. 1451-1460, 2004

[2] H. Iris, D. H. J. Damien, R. Hiltunen. “Antioxidant activities of extracts from selected culinary herbs and spices”.
Food chemistry; Vol. 97(1), pp. 122-129, 2006.

[3] N. Nobuji “Phenolic antioxidants from herbs and spices* Biofactors; Vol. 13(1) pp 141-146, 2000.

[4] G. B. Douglas, M. Stienezen, G. C. Waghorn, A. G. Foote, R. W. Purchas, “Effect of condensed tannins in birdsfoot
trefoil (Lotus corniculatus) and sulla (Hedysarum coronarium) on body weight, carcass fat depth, and wool growth
of lambs in New Zealand”, in New Zeal. J. Agric. Res., vol. 42(1), pp. 55 — 64.

[5] R. Helmut, “Steroidal alkaloid glycosides from Solanum uporo”. Phytochemistry Vol. 44(4), pp. 731-734, 1997.

[6] T Ghosh, K.T. Maity, P. Sengupta, K.D. Dash and A. Bose, “Antidiabetic and in vivo antioxidant activity of
ethanolic extract of Bacopa monnieri Linn. aerial parts: a possible mechanism of action”, in Iranian J. Pharm. Res.,
Vol 7, pp. 61-68, 2008.

[7] B. I. Ognjanovi¢, S. D. Markovié, S .Z., Pavlovi¢, R.V. Zikié,., A. S. Stajn,., Z. S. Saigié, “Effect of chronic
cadmium exposure on antioxidant defense system in some tissues of rats: protective effect of selenium ”. Physiol.
Res. Vol. 57, pp.403-411, 2008.

[8] C. Enrique and K. Davies, “Mitichondrial free radical generation, oxidative stress and aging”, in Free radical
biology and medicine, vol. 29 (3 - 4), pp. 222 — 230.

[9 1 A. Rohman, S. Riyanto, N. Yuniarti, W. R. Saputra, R. Utami and W. Mulatsih, “Antioxidant activity, total
phenolic and total flavonoid of extracts and fractions of red fruit (Pandanus conoideus Lam), in Int. Food Res. J.,
vol 17, pp. 97 — 106, 2010

[10] W. Zheng and Y.S. Wang, “Antioxidant Activity and Phenolic Compounds in Selected Herbs”, in .J. Agric. Food
Chem, vol 49, pp. 5165 — 5170, 2001.

[11] C. Chen, A. Pearson and J. Gray, “Effects of synthetic antioxidants (BHA, BHT, and PG) on the mutagenicity of
1Q-like compounds”, in Food Chem., vol. 43(3), pp. 177 — 183, 1992.

[12] R. Kahl and H. Kappus, “Toxicology of the synthetic antioxidants BHA and BHT in comparison with the natural
antioxidant vitamin E.”, in Z. Lebensm. Unters.Forsch, Vol. 196, pp. 329-338, 1993.

[13] M. Blumenthal, A. Goldberg and J. Brinckmann, “Herbal Medicine. Expanded Commission E Monographs”, in
American Botanical Council.Integrative Medicine Communications, Newton, MA, vol. 76, pp. 86-89, 2000.

[14] S. El Bardai, B. Lyoussi, M. Wibo and N. Morel,“Comparative study of the antihypertensive activity of
Marrubium vulgareand of the dihydropyridine calcium antagonist amlodipine in spontaneously hypertensive rat” in
Clin. Exp. Hypertens. Vol. 26, pp. 465-474, 2004.

[15] D. Rigano, G. Aviello, M. Bruno, C. Formisano, S. Rosselli, R. Capasso, F. Senatore, A. Izzo, , A. F. Borrelli,
“Antispasmodic Effects and Structure—Activity Relationships of Labdane Diterpenoids from Marrubium globosum
ssp. Libanoticum”, in J. Nat. Prod., Vol 72, pp. 1477-148, 2009.

IJIRSET © 2021 |  An SO 9001:2008 Certified Journal | 7746


https://www.sciencedirect.com/science/journal/00319422
https://www.sciencedirect.com/science/journal/00319422/44/4

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ“gﬁg | e-1ISSN: 2319-8753, p-I1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET || Volume 10, Issue 6, June 2021 ||
| DOI:10.15680/1JIRSET.2021.1006313 |

[16] H. Stulzer, M. Tagliari, J. Zampirolo, V. Cechinel-Filho and V. Schlemper, “Antioedematogenic effect of
marrubiin obtained from Marrubium vulgare”, in J. Ethnopharmacol., Vol 108, pp. 379-384, 2006

[17] C Meyre-Silva, R. A. Yunes, V. Schlemper, F. Campos-Buzzi and V. Cechinel, “Analgesic  potential  of
marrubiin derivatives, a bioactive diterpene present in Marrubium vulgare (Lamiaceae)”, in Il Farmaco, Vol
60, pp. 321-326, 2005.

[18] R. Pavela, “Insecticidal activity of certain medicinal plants ”. Fitoterapia Vol. 75, pp. 745-749, 2004.

[19] S. Sahpaz, N.Garbacki, M. Tits and F. Bailleul, “Isolation and pharmacological activity of phenylpropanoid esters
from Marrubium vulgare”, in J. Ethnopharmacol, Vol 79, 389-392, 2002a

[20] D. Rigano, C. Formisano, A. Basile, A. Lavitola, F. Senatore, S. Rosselli and M. Bruno, “Antibacterial activity of
flavonoids and phenylpropanoids from Marrubium globosum ssp. libanoticum. Phytother”, in Res., Vol. 21, pp.
395 — 397, 2006.

[21] C. Quave, L. Plano, T. Pantuso, B. Bennett, “Effects of extracts from Italian medicinal plants on planktonic
growth, biofilm formation and adherence of methicillin-resistant Staphylococcus aureus”, in J. Ethnopharmacol.,
Vol 118, pp. 418-428, 2008.

[22] K. Warda, M. Markouk, K. Bekkouche, M. Larhsini, A. Abbad, A. Romane and M. Bouskraoui, “Antibacterial
evaluation of selected Moroccan medicinal plants against Streptococcus pneumonie”, in Afr. J. Pharm. and
Pharmacol., Vol 3, pp. 101-104, 2009

[23] M. Ramadan and N. Safwat, “Antihelicobacter Activity of a Flavonoid Compound Isolated from Desmostachya
bipinnata”, in Aust. J. Basic. App. Sci., Vol 3, pp. 2270-2277, 20009.

[24] F. Martin-Nizard, S. Sahpaz, C. Furman, J. C. Fruchart, P. Duriez, and F. Bailleul, “Natural phenylpropanoids
protect endothelial cells against oxidized LDL-induced cytotoxicity. Planta Med. 69: 207-211, 2003.

[25] R. Alkhatib, S. Joha, M. Cheok, V. Roumy, T. ldziorek, C. Preudhomme, B. Quesnel, S. Sahpaz, F. Bailleul
and T. Hennebelle, “Activity of ladanein on leukemia cell lines and its occurrence in Marrubium vulgare”,
in Planta Med., Vol. 76, pp. 86-87, 2010

[26] R. Borneo, E. A Ledn, A. Aguirre, P. Ribotta, P and J. J. Cantero, “Antioxidant capacity of medicinal plants from
the Province of Cordoba (Argentina) and their in vitro testing in model food system”, in Food Chem., Vol. 112, pp.
664-670, 2008.

[27] V. Katalini¢, M. Milos, T. Kulisi¢, M. Jukié¢, “Screening of 70 medicinal plant extracts for antioxidant capacity
and total phenols ”. Food Chem. Vol. 94, pp. 550-557, 2004.

[28] V. Mulabagal, H. Tsay, “Plant Cell Cultures- an alternative and efficient source for the production of biologically
Important secondary metabolites ™. Int. J. Appl. Sci. Eng. Tech. Vol. 2, pp. 29-48. 2004.

[29] Economic Research Service of United States Department of Agriculture. Oil Crop Situation and Outlook
Yearbook.p;oliy 09ii b= Auvailable: http://usda.mannlib. cornell. edu/ reports/ erssor/field/ocs-bby/ocs2002.pdf.
2002.

[30] Y. 1. Ishiwata, and J. Furuya, “ Evaluating the Contribution of Soybean RustResistant Cultivars to Soybean
Production and the Soybean Market in Brazil: A Supply and Demand Model Analysis ”. Sustainability, Vol. 12, pp.
1422, 2020. doi:10.3390/s5u12041422

[31] M. Ash, J. Livezey, and E. Dohlman, “Soybean Backgrounder, Soybean Backgrounder/ OCS-2006-01 Economic
Research Service/USDA, 2006.

[32] E. O. Aluyor, and Mudiakeoghene Ori-Jesu “The use of antioxidants in vegetable oils. A review*. African Journal
of Biotechnology. Vol. 7 (25), pp. 4836-4842, 29, 2008.

[33] H. M. Womeni, D. F Tonfack, B. Tiencheu and M. Linder, “Antioxidant potential of methanolic extracts and
powders of some Cameroonian spices during accelerated storage of soybean o0il”, in Adv. Biol. Chem., Vol 3, pp.
304-313, 2013.

[34] X. Gao, M. Ohlander, N. Jeppsson, L. Bjork, V. Trajkovski “Changes in antioxidant effects and their relationship
to phytonutrients in fruits of sea buckthorn (Hippophae rhamnoides L.) during maturation* J. Agric. Food Chem.,
Vol 48 pp. 1485-1490, 2000

[35] L.L. Mensor, F.S. Menezez, G.G. Leitao, A. S. Reis, T. C. Dos Santos, C. S. Coube and S. G. Leitao, “Screning
of Brazilian plant extracts for antioxidant activity by the use of DPPH free radical method”, in Phytotherapy
Research, Vol. 15, pp. 127-130, 2001.

[36] F. Mujeeb, P. Bajpai, N. Pathak, “Phytochemical Evaluation, Antimicrobial Activity, and Determination of
Bioactive Components from Leaves of Aegle marmelos ”, Biomed Res Int. vol. 2014. pp. 497-606. 2014;
doi: 10.1155/2014/497606

[37] G. E. Trease, W. C. Evans. Pharmacognosy. 11" edition. brailliar tiridal Can Macmillian Publishers; 1989.

IJIRSET © 2021 |  An SO 9001:2008 Certified Journal | 7747


http://usda.mannlib/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ“gﬁg | e-1ISSN: 2319-8753, p-I1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET || Volume 10, Issue 6, June 2021 ||
| DOI:10.15680/1JIRSET.2021.1006313 |

[38] I. S. Young, J. V. Woodside “Antioxidants in health and disease”. J. Clin. Pathol., Vol. 54: pp. 176-186, 2001.

[39] B. K. Ghimirel, E. S. Seong, E. H. Kim, A. K. Ghimeray, C. Y. Yu, B. K. Ghimire, and Ill M. Chung, “A
comparative evaluation of the antioxidant activity of some medicinal plants popularly used in Nepal “Journal of
Medicinal Plants Research, Vol. 5(10), pp. 1884-1891, 2011.

[40] S. igbal and M. 1. Bhanger “Stabilization of sun- flower oil by garlic extract under accelerated storage . Food
Chemistry, Vol. 100, 246-254, 2007.

[41] P. D. Duh and G. C. Yen, “Antioxidant efficacy of methanolic extracts of peanut hulls in soybean and peanut oils”,
in Journal of American Oil Chemists Society, Vol. 74, pp. 745- 748, 1997.

[42] American Qil Chemists' Society (AOCS), Official Methods and Recommended Practices of the American Qil
Chemists' Society, Campaign: American Oil Chemists' Society, 1999.

[43] F. Shahidi, P. K. Janitha & P. D. Wanasundara “Phenolic antioxidants ”, Critical Reviews in Food Science and
Nutrition, Vol. 32(1), pp. 67-103, 1992. DOI: 10.1080/10408399209527581

[44] N. Matsubara S. Fuchimoto, H. lwagaki, Y. Nonaka, T. Kimura, H. Kashino, R. Edamatsu, M. Hiramatsu and K.
Orita, “The possible involvement of free radical scavenging properties in the action of cytokines”, in Res. Commun.
Chem. Pathol. Pharmacol., Vol 71, pp. 239-242, 1991.

[45] M. D. Guillen and N. Cabo, “Fourier transform infrared spectra data versus peroxide and anisidine values to
determine oxidative stability of edible oils”, in Food Chem., Vol. 77, pp. 503-510, 2020.

[46] F.A.M. Silva, F. Borges and M.A. Ferreira “Effects of phenolic propyl esters on the oxidative stability of refined
sunflower o0il”, in J. Agric. Food Chem. Vol 49, pp. 3936-41, 2001

[47] R. L. Prior, X. Wu, K. Schaich, “Standardized methods for the determination of antioxidant capacity and phenolics
in foods and dietary supplements”. Journal of Agricultural and Food Chemistry, Vol. 53 pp. 4290-4302, 2005.

[48] L. Calucci, C. Pinzono, M. Zandomeneghi and A. Capoc- chi, “Effect of gamma irradiation on the free radical
and antioxidant contents in nine aromatic herbs and spices”, in Journal of Agricultural and Food Chemistry, Vol.
51, pp. 927-934, 2003.

[49] Voukeng, Activités antibactériennes de onze épices Camerounaises et leurs effets en association avec les
antibiotiques sur les bactéries Gram negative mul- tirésistantes in vitro. Thése de Master 11, Université de Dschang,
Dschang, pp. 71, 2011

[50] Institut des Corps gras (ITERG), Huiles végétales: Guide d’aide a ’application des meilleures technologies
disponibles (MTD), Réseau Mixte Technologique. pp. 73, 2010.

[51] B. Hsu, I. M. Coupar and K. Ng, “Antioxidant activity of hot water extract from the fruit of the Doum palm,
Hyphaenethebaica” in Food Chemistry, Vol 98, pp. 317-328, 2006.

[52] J.B. Harbone, “Phytochemical methods: A guide to modern techniques of plant analysis” Chapman and Hall Ltd.,
London, pp. 116, 1973.

[53] I. Kahouli, ‘Effet antioxydant d’extraits de plantes (Laurus nobilis L., Rosmarinus officinalis, Origanum ma-
jorana, Oléa europea L.) dans I’huile de canola chauffée’, Thése de Master, Université Laval Québec, 16-52. 2010.

[54] F.N. Muanda, “Identification de polyphénols, évaluation de leur activité antioxydante et étude de leurs propriétés
biologiques. Thése de Doctorat, Université Paul Verlaine-Met ”, 55-86, 2010.

[55] V. N. Osabor, F. I. Bassey and U. U. Umoh. “ Phytochemical Screening and Quantitative Evaluation of Nutritional
Values of Zingiber officinale (Ginger) ” American Chemical Science Journal Vol. 8(4)pp 1-6, 2015.

[56] F. Mujeeb, P. Bajpai, N. Pathak, “Phytochemical evaluation, antimicrobial activity, and determination of bioactive
components from leaves of Aegle marmelos. ” Biomed Res Int.VVol.pp. 497-606, 2014. doi:10.1155/2014/497606
[57] S. S. Zahra, M. Ahmed, M. Qasim, B. Gul, M, Zia, B. Mirza and I. U. Haq, “Polarity based characterization of
biologically active extracts of Ajuga bracteosa Wall. ex Benth. and RPHPLC analysis ”. BMC Complement.

Altern. Med Vol.17, pp. 443-58, 2017.

[58] R. Naima, M. Dumam, H. Hannache, A Sesbou, B. Charrier, A Pizzi,
& F. Charrier-El Bouhtoury, “Comparison of the impact of different extraction methods on polyphenols yields and
tannins extracted from Moroccan Acacia mollissima barks. ” Industrial Crops and Products, VOL.70, pp. 245-252.
(2015). http://dx.doi.org/10.1016/j.indcrop.2015.03.016.

[59] M. S. G. Velioglu, L. Gao, and Oomah, B.D., “Antioxidant activity and total phenolics in selected fruits,
vegetables, and grain products”, in Journal of Agricultural and Food Chemistry,Vol 46, pp. 4113-4117, 1998.

[60] N. Frega, M. Mozzon and G. Lercker, “Effects of free fatty acids on oxidative stability of vegetable oil” in J. Am.
Oil Chem. Soc. Vol 76(3), pp. 325-329, 1999.

[61 M. blumenthal, A., Goldberg, J. Brinckmann, “Herbal Medicine. Expande Commission E Monographs”. American
Botanical Council. Integrative Medicine Communications, Newton, MA. 2000.

IJIRSET © 2021 |  An SO 9001:2008 Certified Journal | 7748


http://dx.doi.org/10.1016/j.indcrop.2015.03.016

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ“gﬁg | e-1ISSN: 2319-8753, p-I1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET || Volume 10, Issue 6, June 2021 ||
| DOI:10.15680/1JIRSET.2021.1006313 |

[62] V. K. Tyagi and A. K. Vasishtha, “Changes in the characteristics and composition of oils during deep-fat fiying”,
in J. Am. Oil Chem. Soc., Vol 73(4), pp. 499-506, 1996.

[63] M. Aslam, R. Dayal, K. Javed, N. Fahamiya, M. Mujeeb, A. Husain, “Pharmacognostical and Phytochemical
Evaluation of Rheum emodi Wall ”. Current Pharma Research, CPR VoL. 2(2), Pp. 471-479, 2012.

[64] G. sarojini, K. N. Bhavani, “Physico-chemical properties of stored red palm (Elaeis guineensis) oil blends . J.
Oil technol Assoc India. Vol. 29, pp. 20-25, 1997.

[65] A.D. Semwal, S. S. Arya “Studies on the stability of some edible oils and their blends during storage”. J Food Sci
Technol. Vol 38(5), pp. 515-518, 2001.

[66] K. Andersson and H. Lingnert, “Influence of reduced oxygen and copper concentrations on lipid oxidation in rap-
seed 0il”, inJ. Am. Oil. Chemists Soc., Vol. 75, pp. 1041-1046, 1998.

[67] E. Choe and D. B. Min., “Mechanisms and Factors for Edible Oil Oxidation ” A comprehensive review in food
science and food safety, Vol. 5(4), pp, 169-186, 2006. https://doi.org/10.1111/].1541-4337.2006.00009.x

[68] T. Madhujith, S. Sivakanthan, “Oxidative Stability of Edible Plant Oils” Springer International Publishing AG,
part of Springer Nature J.-M. Mérillon, K. G. Ramawat (eds.), Bioactive Molecules in Food, Reference Series in
Phytochemistry, 2018. https://doi.org/10.1007/978-3-319-54528-8 94-1

[69] M. Koztowska, E. Gruczynska. “ comparison of the oxidative stability of soybean and sunflower oils enriched
with herbal plant extracts”. Chem Zvesti. Vol. 72(10), pp .2607-2615. 2018. doi:10.1007/s11696-018-0516-5

[70] E. Choe and D. B. Min, “Mechanisms and factors for edible oil oxidation,” in Comp. Rev. Food Sci Food Safety,
Vol. 5, pp. 169-86, 2006.

[71] F. Anwar, A. Jamil, S. Igbal and M. A. Sheikh, “Antioxidant activity of various plant extracts under ambient and
accelerated storage of sunflower o0il”, in Grasas Aceites, Vol. 57, pp. 189-197, 2006.

[72] N. Laandrault, P. Pouchert, P. Ravel, F. Gase, G. Cros, and P. L. Teissedro, “Antioxidant activities and phenolic
level of French wines from different varieties and vintages”, in Journal of Agricultural and Food Chemistry, Vol 49,
pp. 3341-3343, 2001.

[73] S. Igbal, S. Haleem, M. Akhtar, M. Zia-ul-Haq and J. Akbar, “Efficiency of pomegranate peel extracts in
stabilization if sunflower oil under accelerated conditions”, in Food Res. Int., Vol 41, pp. 194-200, 2008.

[74] R. S. Hamilton and J. B. Rossell, “Analysis of Oils and Fats”, in Elsevier Applied Science, London, pp. 23-32,
1986.

[75] C. Akoh and D. B. Min. “Mechanisms of antioxidants in the oxidation of foods.” Comprehensive reviews in food
science and food safety Vol. 8, pp. 245-258, 2009.

[76] S. Yashi and D. S. Anil, “A study on monitoring of frying performance and oxidative stability of virgin coconut
oil (VCO) during continuous/prolonged deep fat frying  process using chemical and FTIR spectroscopy” in J.
Food Sci. Technol., Vol 52(2), pp. 984-991, 2015.

[77] AOCS (American Qil Chemists' Society). Official methods and recommended practices of the American oil
Chemists' Society, Methods Cg 3-91, 5th ed. Champaign, Illinois: American Oil Chemists' Society.(Page), 1998

[78] S.S. Nielson, Food analysis, 2™ ed. Gaithersburg, MD: Aspen Publishers, Inc, p.227, 1998.

[79] K.L. Nyam, M.M. Wong, K. Long, C.P. Tan, “Oxidative stability of sunflower oils supplemented with kenaf
seeds extract, roselle seeds extract and roselle extract, respectively under accelerated storage”, in Int. Food. Res. J.,
Vol. 20, pp. 695-701, 2013.

[80] A. Kamal-Eldin and L.A. Appelqvist, “The chemistry and antioxidant properties of tocopherols and tocotrienols”,
in Lipids, Vol. 31, pp. 671-701, 1996.

[81] F. Shahidi, P.K. Janitha and P.D. Wanasundara, ‘“Phenolic antioxidants”, in Critical Reviews in Food Science and
Nutrition, Vol 32, pp. 67-103, 1992.

IJIRSET © 2021 |  An SO 9001:2008 Certified Journal | 7749


https://doi.org/10.1111/j.1541-4337.2006.00009.x
https://doi.org/10.1007/978-3-319-54528-8_94-1

