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Abstract: Antioxidants prevent the reaction of free radicals with biomolecules and can remind the nutritional
values and physiological properties of foodstuffs. Nowadays there is an increasing trend among food
technologists to replace the synthetic kind of antioxidants with the natural ones. Spices and herbs have been
used not only for flavoring food but also for improving the overall quality of the product and to extend the shelf
life of foods due to their antioxidant properties. Therefore, the present study was designed to evaluate the
antioxidant activity of various extracts of Egyptian sage (Salvia officinalis L.) by two complementary test
systems (DPPH free radical scavenging and -carotene/linoleic acid systems) and butylated hydroxyanisole
(BHA) was used as a comparison as well as the total phenolic content of the extracts was also investigated. In
addition, the effect of addition of sage ethanolic extract on lipid oxidation of mayonnaise during storage for four
months was also studied. The results revealed that water and ethanolic extract were more efficient in scavenging
free radicals with IC values of 10±1.22 and 14±1.46 µg/ml, respectively and the less effective was the essential50

oil with IC  of 8510±317 µg/ml, while the IC  for BHA was 5±0.47 µg/ml. In -carotene / linoleic acid test50 50

system, ethanolic extract was superior to the other extracts studied (inhibition value was 95.45%±0.68) and also
contained the high level of total phenolic compounds (94.35±1.29 mg gallic acid/g dry extract). Mayonnaise
prepared by addition of sage ethanolic extract (at a concentration of 100, 200 and 400 µg/g) was subjected to
sensory studies and chemical analysis. Mayonnaise samples treated by sage ethanolic extract (400 µg/g)
showed higher (p 0.05) panel scores during storage period than the mayonnaise samples without treated.
Addition of sage ethanolic extract (400µg/g) gave an excellent antioxidant effect on the stability of mayonnaise
compared with the effect of BHA, as the % increase in both peroxide and malonaldehyde values after storage
period were lower than that of the control and BHA treated samples. Overall, the results suggested the ethanol
extract of sage could be used as natural antioxidant in food industry. 

Key words: Antioxidant activity  DPPH -carotene/linoleic acid  Total phenolic content  Mayonnaise
 Lipid oxidation

INTRODUCTION other optional ingredients [1]. Mayonnaise’s

Mayonnaise is one of the most sauces or condiments which limits the shelf life of their products. Lipid oxidation
in the world today. It was first produced commercially in occurring in food products is one of the major concerns
the early 1900s and became popular in America since 1917 in food technology. It is responsible for rancid odors and
and more recently in Japan where sales increased by 21% flavors of the products, with a consequent decrease in
a year since 1987. Mayonnaise is an oil-in-water emulsion nutritional quality and safety caused by the formation of
and is traditionally prepared from a mixture of oil, egg secondary, potentially toxic compounds. In order to
yolk, lemon juice or vinegar and seasoning especially control lipid oxidation of lipids and lipid-containing
mustard; it may also include salt, sugar or sweeteners and products,   synthetic    antioxidants    such    as   butylated

manufacturers face a major problem of lipid oxidation
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hydroxytoluene (BHT), butylated hydroxyanisole (BHA), and  Thiobarbituric  acid  (TBA)  were  obtained  from
propyl gallate (PG) and tertiary butyl hydroquinone Sigma-Aldrich,      Chime,        Steinheim,      Germany.
(TBHQ) have been used. This is very important to human While -carotene was purchased from Fluka, Chime,
health protection and also economically important. Germany. All other chemicals and solvents used were of
Nevertheless, toxicological effects of these synthetic analytical grade.
antioxidants together with consumer preference for
natural products have resulted in increased interest in the Isolation of the Essential Oil (EO): The air-dried and
use and research of natural antioxidants from the point of finely ground plant was submitted to water distillation for
view of safety [2-5]. Many sources of antioxidants of 3 h, using a Clevenger-type apparatus. The obtained
plant origin have been studied in recent years. Among essential oil was dried over anhydrous sodium sulphate
these the antioxidant properties of many aromatic plants and after filtration, stored at - 18°C in glass vial in the dark
and species have shown to be effective in retarding the until use [16]. Yield was 1.2 ml/100 g dry plant.
process of lipid peroxidation in oils and fatty foods and
have gained the interest of many research groups. Preparation   of   Ethanolic   Extract   (EE):   A  portion

Salvia is the largest genus of Lamiaceae family, (100  g)  of  air-dried  powder samples of sage was
includes about 900 species which are widespread extracted  by  maceration  in  80%   ethanol   over  night
throughout the world. Some members of this genus are of and filtered using suction pump. The residue was re-
economic since they have been used as food flavoring extracted (ca 3-4 times) with ethanol until it was
and  seasoning,  as  well  as in perfumery and cosmetics exhausted. Ethanol was evaporated using vacuum rotary
[6, 7]. Salvia officinalis L. the common sage, is the most evaporator  at   50°C   (Fisher-Bioblock   4000,  France).
representative species within the genus Salvia. The plant The ethanol-free extract was dried using lyophilizer
has been credited with a long list of medicinal uses: e.g. (Snijders, type 2040, Holland) and kept in the dark at 4°C
anti-inflammatory [8], antiplasmodial [9] and antiseptic until use [17]. Yield of sage ethanolic extract was 40 g/100
activities [10]. Some of the phenolic compounds of plants g dry plant.
belonging to this genus have also shown excellent
antimicrobial activity as well as antioxidant and Preparation of Water Extract (WE): A portion of 100 g of
hypoglycemic properties [11-13]. The main antioxidant sage ground samples was extracted by maceration in cold
and antimutagenic effect of sage is more often related to distilled water (1:4 w/v) and homogenized for 1 min at
the presence of active compounds like: carnosic acid, higher speed of a Waring blender. The mixture was filtered
carnosol, rosmarinic acid and camphor [14]. through cheesecloth and centrifuged for 15 min at 5000
Consequently, the corresponding extracts have been rpm. The supernatant was filtered through Whatman No.1
widely used to stabilize fat and fat-containing foods [15]. filter paper and dried by lyophilizer and kept in dark at 4°C

The aim of the present study was to evaluate the until use [18]. Yield of sage water extract was 3 g/100 g dry
antioxidant potential of the essential oil and various plant.
extracts of Egyptian sage and to determine the total
phenolic content as well as to check the efficacy of sage Assays for the Antioxidant Evaluation of Sage Extracts
ethanolic extract in minimizing the oxidative rancidity of DPPH Scavenging Assay: The free radical scavenging
mayonnaise during storage at ambient temperature for activity of various extracts was performed according to
four months. the method of Tepe et al. [16]. One ml of (0.1 mM)

MATERIALS AND METHODS concentrations (10-250 µg/ml) for the ethanol and water

Plant Material: Dried aerial parts of medicinal plant, disappearance of DPPH reagent was read
Salvia officinalis L. collected in the late July, 2007 from spectrophotometrically using (Jenway UV-visible
Medicinal and Aromatic Plant Research Department, spectrophotometer, UK) at 517 nm after 30 min of
Agriculture Research Center, Giza, Egypt. incubation at room temperature. Inhibition of free radical

Chemicals: All reagents such as 2, 2-diphenyl-1-picryl- equation:
hydrazyl (DPPH), Folin-Ciocalteu, Butylated
hydroxyanisole  (BHA),  gallic  acid,  linoleic  fatty  acid I% = (A  - A  / A ) x 100

ethanolic solution of DPPH was added to 3 ml of different

extracts and (5-25 µl/ml) for the essential oil. The

DPPH in percent (I %) was calculated using the following

blank sample blank



Degradation rate of control-degradation rate of sampleAA (%) = 100
Degradation rate of control

×
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Where A is the absorbance of the control reaction UK). The same procedure was repeated for all differentblank

(containing all reagents except the test compound) and A concentrations of gallic acid which prepared in 10%
 is the absorbance of the test compound. The IC , ethanol and a standard curve was obtained by thesample 50

defined as the concentration of extract providing 50% following equation:
inhibition of DPPH was calculated from the graph plotting
inhibition percentage against extract concentration. Tests Absorbance = 0.0012 x Gallic acid (µg) + 0.0033. 
were carried out in triplicate.

-Carotene/linoleic Acid Assay: Antioxidant activity of expressed as milligram of gallic acid equivalent per gram
sage extracts was determined using the -carotene of dry extract weight [22]. 
bleaching test according to Miller et al. [19] with
modifications  of   Wanasundara   et   al.   [20]. -carotene Inhibitory Effect of Sage Ethanolic Extract on Lipid
(2 mg) was dissolved in 20 ml of chloroform. A 4 ml aliquot Peroxidation in Mayonnaise: Mayonnaise was prepared
of the solution was added to a conical flask with 40 mg using  the  suggested  formula  according  to  Kishk  [23]
linoleic acid and 400 mg Tween-40. Chloroform was as following: salt (1.26 g), mustard (2.20 g) and white
evaporated with a rotary vacuum evaporator at 50°C. pepper (0.32 g) were mixed with fresh whole egg (22.17 g),
Oxygenated  distilled  water  (100  ml)  was  added  to  the vinegar (0.63 g) and lemon juice (2.20 g) using blender on

-carotene emulsion with vigorous shaking and aliquots low velocity for 5 sec; the previous mixture called the
of oxygenated -carotene emulsion (3 ml) and 0.2 ml of the aqueous phase. The oil (70.0 g) was slowly added to the
extract were placed in capped culture tubes, mixed well system during the first 30 sec. In order to evaluate the
and the absorbance was immediately measured at 470 nm antioxidant effect of sage, ethanolic extract of sage (the
against a blank. The tubes were placed in a water bath at most effective antioxidant extract) was added to the
50°C and the oxidation of the emulsion was monitored aqueous phase to make final concentrations in
spectrophotometrically  by  measuring   absorbance at mayonnaise ranged from 100 to 400 µg/g and for
470 nm for 100 min at 20 min intervals. The synthetic comparison, BHA (200 µg/g) was added only to the
antioxidant butylated hydroxyanisole (BHA) was used as positive control samples and mayonnaise samples were
reference. The antioxidant activity was expressed as stored at room temperature for four months.
inhibition percentage of the sample compared to the
control after incubation for 100 min and calculated using pH Value: The pH values of mayonnaise samples were
the following equation: measured using laboratory pH meter (HANNA-

Where degradation rate of the control = [ln (a/b) / 100]; values were estimated according to AOAC [25]. The TBA
and degradation rate in presence of the sample = [ln (a/b) values were determined colorimetrically as mentioned by
/100]; a = absorbance at time zero; b = absorbance at time Harold et al. [26].
100 min AA = antioxidant activity.

Total Phenols Assay: Total phenolic compounds of different concentrations of sage ethanolic extract were
various extracts of sage was determined by the method of evaluated by ten staff members of Food Science
Slinkard and Singleton [21], using the Folin-Ciocalteu Department, Faculty of Agriculture, Ain Shams
reagent and gallic acid as standard. A 200 µl of various University. They asked for evaluation of mayonnaise
extracts  was  taken  in  test  tube   and   then   1.0 ml samples for color, odor, flavor, consistency, overall
Folin-Ciocalteu reagent was added and shaked acceptability. Untreated mayonnaise sample was given as
thoroughly.  After  3  min, 0.8 ml of sodium carbonate control. The mayonnaise samples were evaluated using
(7.5% concentration) was added and the mixture was the report sheet according to Ziprin et al. [27], as follows:
allowed to stand for 1.5 h. Absorbance was measured at No difference from reference sample = 5; more desirable
765 nm using (Jenway UV-Visible spectrophotometer, than  reference  sample: slight = 6; moderate = 7; much =8;

All tests were performed in duplicate. Results were

instrument, USA) according to DeFreitas et al. [24].

Peroxide and Thiobarbituric Acid Values: The oil was
extracted from mayonnaise samples and the peroxide

Sensory Evaluation: Mayonnaise samples prepared using
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extreme  =  9;  less  desirable  than  reference  sample:
slight = 4; moderate = 3; much = 2; extreme = 1.
Additionally, the development of rancidity in mayonnaise
samples was evaluated during storage period by the same
staff members. They were also asked to smile the
mayonnaise samples and score them according to the
rancidity grading which was based upon four point
intensity scale: 1 = no perception; 2 = weak; 3 = medium;
4 = extreme [28]. 

Statistical Analysis: The results were expressed as mean
values, standard deviations and analyzed for variance
(ANOVA). Significant differences between control and
treatments were determined using Duncan’s multiple
range test at a level of P 0.05. Relationships among
measurement variables were studied using Pearson
correlation, R being the correlation factor. Statistical
analysis was performed using the statistical analysis
system [29].

RESULTS AND DISCUSSION

Antioxidant Activity
DPPH Radical Scavenging Activity: In the DPPH radical
scavenging method, relatively stable radical DPPH has
been widely used in the determination of the antioxidant
activity of single compounds as well as the different plant
extracts through the ability of compounds to act as free
radical scavengers or hydrogen donors and thus to
evaluate the antioxidant activity [30]. Data presented in
Table 1 showed the percentage scavenging activities of
both water and ethanol extracts of the DPPH free radical.
Within the test range of concentrations, all extracts
exhibited a dose - dependent and scavenging activity of
various degrees. Water and ethanol extracts of sage
showed a strong correlation between their antioxidant
activities and concentrations (r=0.99 and 0.94,
respectively, p 0.05), while the corresponding r for the
synthetic antioxidant (BHA) was 0.99. Sage essential oil
exhibited lowest antioxidant activity compared to other
extracts and BHA, (Table 2) and the results indicated that
the DPPH scavenging activities (%) were increased
significantly with increasing the concentration from 5 to
25 µl/ml sage essential oil (r=0.95, p 0.5). At a
concentration of 200 µg/ml, the ethanol extract showed
the highest (89.34±1.3%) radical scavenging activity
compared to other extracts and BHA. However, the
synthetic antioxidant BHA can not be used beyond a
concentration of 200 ppm, there is no such limit in using
the antioxidants from natural sources [31].

Table 1: DPPH  radical  scavenging activity percentage of different extracts

of sage

Concentration

(µg/ml) Water extract Ethanolic extract BHT

10 50.56±1.0 39.75±2.0 64.89±0.7Bc Cd Ae

20 54.52±0.7 71.85±1.7 73.22±0.2Cc Bc Ad

50 55.50±3.0 81.96±0.5 78.96±0.7Cc Ab Bc

100 55.08±1.9 83.33±2.4 79.78±0.4Cc Ab Bbc

150 55.36±1.7 85.51±0.3 80.87±0.9Cc Ab Bb

200 74.71±7.4 89.34±1.3 82.24±0.2Cb Aa Ba

250 83.89±0.0 90.16±1.8 82.78±0.0Ba Aa Ca

Data expressed as mean of 3 replicates ± standard deviation

Means in the same row showing the same capital letters are not significantly

different (P  0.05)

Means in the same column showing the same small letters are not

significantly different (P  0.05)

Table 2: DPPH scavenging activity (%) of sage essential oil

Concentration (µl/ml) DPPH scavenging activity (%)

5 33.57±1.27d

10 51.00±3.0c

15 60.00±2.8b

20 59.16±6.4b

25 79.50±0.9a

Data expressed as mean of 3 replicates ± standard deviation

Means in the same column showing the same small letters are not

significantly different (P  0.05)

The extract concentration providing 50% inhibition
of DPPH (IC ) was used in evaluation the efficiency of50

different investigated extracts. As could be seen in Fig. 1
polar extracts exhibited stronger activity than non-polar
extracts, whereas, the free radical scavenging activities of
water and ethanol extracts were superior to essential oil
(IC =10±1.22, 14.0±1.46 and 8510±317 µg/ml,50

respectively). While IC  for the synthetic antioxidant50

BHA was 5.0±0.47 µg/ml. Data presented in Fig. 1
indicated that both water and ethanol extracts were
comparable to the BHA. These results are in harmony
with those obtained by Tepe et al. [16], who mentioned
that IC  of the aqueous methanol extract (18.7µg/ml) of50

Salvia tomentosa was superior to all other extracts.
Another study revealed that IC  values of the polar50

subfractions of extracts from Salvia euphratica, Salvia
sclarea and the synthetic antioxidant BHA ranged from
18.8±1.21 to 23.4±0.97 µg/ml [32]. Additionally, Kelen and
Tepe [12] showed that Salvia namaensis and Salvia
aurita exhibited good antioxidants using the DPPH
method, whereas, IC  values were < 19 µg/ml.50
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Fig. 1: Concentration of different sage extracts and  BHA Fig. 3: Absorbance change of ß-carotene in presence of
providing 50% inhibition of DPPH  (IC50) 200 µg/ml sage extracts along with BHA and

Fig. 2: Antioxidant activity percentage of different of sage was ranked and found to be BHA = ethanol
extracts of sage determined by ß-carotene extract > water extract > essential oil (Fig. 2). The kinetic
bleaching test behavior  of  various  extracts  in  relation to the

-Carotene/linoleic  Acid  Assay: -carotene/linoleic (linoleic acid without an extract) and the synthetic
acid assay, showed quite similar results compared to antioxidant  BHA   during   incubation   at  different
those obtained in DPPH reaction. In the - periods  is  illustrated  in  Fig.  3.  The  time  course  study
carotene/linoleic acid assay, the decrease  in absorbance of the reaction with -carotene/linoleic acid mixture
of -carotene in the presence of various extracts of sage differed  between  extracts studied. After mixing the
with the oxidation of -carotene and linoleic acid is shown ethanol extract of sage with -carotene/linoleic acid
in Fig. 2. A large variation in the antioxidant activities emulsion, leading to a rapid inhibition of more than 98%
ranging from as high as 95.45±0.68% in ethanol extract to of linoleic acid oxidation within 20 min incubation at a
as low as 36.30±1.57% in essential oil, was observed. concentration of 200µg/ml. In both water extract and
Concentration significantly influenced the antioxidant essential oil, the inhibition of linoleic acid oxidation also
potential of the extracts, the correlation coefficients (r) rapid but required higher concentrations of extracts only
were 0.998 for both water and ethanol extracts and 0.972 after 20 and 40 min incubation times.
for essential oil (P 0.05), while, the corresponding (r) for After  100 min incubation time, all extracts differed
the BHA was 0.956. The ethanol extract of Salvia significantly   (p 0.05)   among   themselves.  The
officinalis was the most active: it inhibited nearly 96% of inhibition  of  linoleic  acid  oxidation  after  sufficiently
linoleic acid oxidation compared to other extracts. long incubation (100 min) exceed 95% only in sage
However, inhibition of linoleic acid oxidation was ethanolic  extract  and  the  concentration  only  required
74.46±0.18 and 36.30±1.57% in the presence of 200 µg/ml for that effect was 200 µg/ml. While, the lowest
of  both  water  extract  and  essential   oil,   respectively. antioxidant    activity      was    always      exhibited    by

control

Therefore, both water extract and essential oil can be
regarded as possessing moderate and weak antioxidant
activities, in comparison to the synthetic BHA and the
ethanol extract of sage, according to Kaur and Kapoor
[33], who divided the capability of the plant extracts
depends on the inhibition of linolenic acid oxidation to
three groups: high antioxidant activity > 70%, moderate
antioxidant activity from 60-70% and low antioxidant
activity < 60%.

The  antioxidant  activity  of  the  examined extracts

antioxidant   activity   along   with   those  of  control
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the  essential  oil  followed  by  the  water  extract
compared  to  the  BHA.  The  differences  in the
antioxidant  efficiency  after  20  and  100  min  in  all
extracts  studied  might  be  partly  explained  by  the
thermal instability of the active compounds in sage
extracts.   Here,   sage   ethanolic   extract  displayed
higher and  stable  absorbance  values  (higher
antioxidative   activity)   than   those   of   other  extracts
at  all  the  incubation times studied. Hence, from the
results shown in Fig. 3, it could be noticed that the
performance  of  sage  ethanolic  extract  and  BHA
solution   in    the    model   system   was   very  similar,
thus   the    ethanol    extract    of    sage  was   determined Fig. 4: Total phenolic content of sage extract (mg gallic
to  be  equivalent  to  the  synthetic  antioxidant BHA. acid/g dry extract)
These  results  are  in  agreement   with   those  obtained
by  Tepe  et al. [16], who reported that, oxidation of Amount of Total Phenolic Compounds: Based on the
linoleic acid was effectively inhibited by the polar absorbance values of the various extracts of sage, reacted
subfraction   of   methanol/water   extract   (90.6%) of with Folin-Ciocalteu reagent and compared with the
Salvia tomentosa, that in close to the synthetic standard solutions of gallic acid equivalents as described
antioxidant reagent BHT, while, the essential oil was less above. The amount of the total phenolic compounds was
effective. highest in the ethanol extract (94.35±1.29 mg gallic acid/g

In an earlier study, sage acetone oleoresins fraction dry weight extract), followed by water extract (59.07±0.017
was found to be the most efficient in inhibiting oxidation mg gallic acid/g dry weight extract). The lowest amount of
in -carotene/linoleic acid model system at the end of 56 the total phenolics was recorded in the essential oil
h incubation time and the absorbance of sage acetone (0.708±0.003 mg gallic acid/g dry weight extract) as shown
oleoresins fraction and BHT didn’t differ during the in Fig. 4. These results are in accordance with those of
incubation periods [34]. It is well known that free radicals Tepe et al. [16], who found that hexane extract of Salvia
play an important role in auto-oxidation of unsaturated tomentosa contained the highest total phenolics
lipids in foodstuffs [35]. On the other hand, antioxidants (27.5±3.06 gallic equivalent and the total phenolics
are believed to intercept the free radical chain of content of essential oil was too small to detect. 
oxidations and to contribute hydrogen from the phenolic
hydroxyl groups themselves, thereby forming stable free Changes in the pH of Mayonnaise Samples During
radicals which do not initiate or propagate further Storage at Ambient Temperature: Changes in the pH
oxidation of lipids [36]. Our results demonstrated that values of mayonnaise samples during storage at ambient
water and ethanol extracts of sage have effective activities temperature are given in Table (3). The initial pH values of
as a hydrogen donor and as a primary antioxidant by the control and samples treated with BHA and SEE at
reacting with the free radical DPPH. This might be different concentrations were 4.43 for all samples. During
responsible for the main cause of suppression of auto- storage, the pH values increased slightly to reach values
oxidation, both in DPPH and linoleic acid assays. of4.88±0.21, 4.85±0.01, 4.84±0.11, 4.78±0.09 and 4.72±0.02,

Table 3: pH values of mayonnaise samples containing different concentrations of sage ethanolic extract  (SEE) during storage at ambient temperature
SEE concentration (µg/gm)

Storage period -------------------------------------------------------------------------------------
(months) Control BHA(200 µg/gm) 100 200 400
0 4.43±0.26 4.43±0.01 4.43±0.11 4.43±0.01 4.43±0.18b b b b b

1 4.66±0.59 4.65±0.37 4.65±0.27 4.64±0.03 4.63±0.21a ab ab ab ab

2 4.67±0.32 4.65±0.06 4.66±0.13 4.65±0.01 4.64±0.04a ab ab ab ab

3 4.85±0.66 4.85±0.12 4.84±0.10 4.72±0.10 4.72±0.02a a a a a

4 4.88±0.21 4.85±0.01 4.84±0.11 4.78±0.09 4.72±0.02a a a a a

Means ± standard deviation
Different small letters within the same column are significantly different (p 0.05)
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Fig. 5: Peroxide values of mayonnaise samples containing Fig. 6: Thiobarbituric acid (TBA) values of mayonnaise
different concentrations of sage ethanolic extract samples containing different concentrations of
during storage at ambient temperature sage ethanolic extract during storage at ambient

respectively for the control and treated samples at the end
of the storage period. These results are in agreement with storage  period,  while  PV  values   of  mayonnaise
previous study showed that the pH values of normal and samples containing 400 µg/g of sage extract were not
light mayonnaise containing 0.1 and 0.5 polysaccharide significantly increased  during  the  storage  period  for
were increased  slightly  on storage [37]. In contrast, four   months.  It  was  clear  that  treatment of
Abu-Salem and Abou-Arab [38] evaluated and compared mayonnaise   samples   either   with   BHA   (200  µg/g),
mayonnaise prepared from ostrich and chicken eggs and SEE  (100  µg/g),  SEE  (200 µg/g) or SEE (400 µg/g)
found that pH of pasteurized mayonnaise made from resulted  in  inhibition  of  oil  oxidation   in  mayonnaise
ostrich eggs was stable up to 15 weeks (3.55±0.01), while by  69.8,  29.57,  40.24  and  87.13%,  respectively,
the pH in the unpasteurized one was decreased compared  to  the  control  ones,  at  the  end  of  the
significantly after 15 weeks of storage (3.51±0.01), as well storage period.
as the pH was no changed significantly in pasteurized and Furthermore, during storage for four months,   there
unpasteurized mayonnaise prepared from chicken eggs  were   significant   differences   (P activity between the
during storage. synthetic antioxidant  (200  µg/g,  BHA)  and  the  natural

Changes in PV and TBA of Mayonnaise During Storage hydroperoxides formation, whereas, the inhibitory effect
at Ambient Temperature: Mayonnaise is susceptible to of SEE on PV development during storage period was
spoilage through the auto-oxidation of unsaturated and found to be much more effective (6.4±0.9 meq peroxide/kg
polyunsaturated fatty acids in oil. Lipid peroxidation, in oil) than that of BHA (15.0±1.1 meq peroxide/Kg oil).
food emulsions leads to the production of off-flavors and These results are consistent with those of Kishk, [41] who
off-odors, thereby shortening the shelf life of these found that the peroxide value of normal mayonnaise
products [39]. The peroxide value (PV) and stored at ambient temperature increased linearly with
malonaldehyde (TBA) value are both well established increase in time storage and reached 47.59 meq
methods for determining oxidation products (both primary peroxide/kg oil after 6 months of storage.
and secondary products) in fats and oils [40]. Changes in Abdalla and Roozen [42] mentioned that oregano and
the PV of mayonnaise during storage at ambient sage extracts (600 ppm) possessed high antioxidant
temperature are illustrated in Fig. 5. Data revealed that PV activity in terms of inhibition of the formation of
values for all investigated samples except mayonnaise conjugated diene hydroperoxides in salad dressing,
samples containing 400 µg/g of sage ethanolic extract similar  to  BHA  (300  ppm)  during  6  months  storage in
(SEE) were significantly (P 0.05) increased as storage the dark at ambient temperature. Sage and oregano
period increased compared with the control sample, extracts   demonstrate   a   strong   antioxidative   effect in
reached 49.7±4.1, 15.0±1.1, 35.0±3.0, 29.7±2.7 and 6.4±0.9 vegetable  oils   [43-45], lard [46, 47] and oil-in-water
meq peroxide/kg oil, for the control sample, samples emulsions  [48,  49].  Secondary   oxidative   products
containing BHA (200 µg/g), 100, 200 and 400 µg/g of  sage which   were   determined   as    malonaldehyde    (Fig.   6),
ethanolic   extract,   respectively,   after   four   months   of showed  a  similar  development   as   in   hydroperoxides.

temperature

antioxidant (400 µg/g, SEE), in terms of inhibition of
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The rate of malonaldehyde generation during storage was ethanolic extract (400 µg/g). Furthermore, phenol
found to vary significantly (P 0.05) depending on the compounds complex with Fe  (catalyst from the aqueous
concentration of the sage extract incorporated during phase) preventing hydroxyl radical formation (OH ).
processing of mayonnaise. The TBA values increased According to other authors Frankel et al. [56, 57], the
from 0.551±0.02 to 1.284±0.05, 0.744±0.02, 0.962±0.01, antioxidant effect of carnosic acid and carnosol is due to
0.915±0.01 and 0.775±0.07 mg malonaldehyde/Kg oil for their lipophilic characteristics. These compounds were
the  control  and  samples treated with BHA (200 µg/g), located at the oil-water interface where hydroperoxides
SEE (100 µg/g), SEE (200 µg/g) and SEE (400 µg/g), were in contact with pro-oxidant, thus these phenolic
respectively, by the end of the storage period. compounds prevents hydroperoxides interactions with
Additionally, among all treatments, the synthetic pro-oxidants.
antioxidant BHA (200 µg/g) and sage ethanolic extract
(400 µg/g) were determined as being the most effective Changes in Sensory Properties of Mayonnaise Samples
antioxidants in terms of inhibition of malonaldehyde During Storage at Ambient Temperature: The results of
formation (42.06 and 39.64%, respectively) at the end of sensory evaluation of mayonnaise samples during the
the storage period. From the results in Fig. 5 and 6, it storage period are summarized in Table 4. From the five
could  be  concluded  that  the  oxidation  products  were sensory attributes evaluated, only two (taste and overall
initially low and increased rapidly in the control samples acceptability) provided useful information on the changes
during storage, however, a much slower rate of increase due to the treatments with BHA and sage ethanolic extract
in oxidation products was observed in mayonnaise as well as the storage period. On the other hand,
samples treated with BHA (200 µg/g) and SEE (400 µg/g). consistency, color and odor of mayonnaise samples
These results are matched with those of McCarthy et al. treated either with BHA or sage ethanolic extract at
[50] who reported that tea catchins (0.25%), rosemary different concentrations did not differ significantly
(0.1%) and sage (0.05%) were identified as being the most comparing with the control ones (P 0.05) during storage
effective antioxidants as they reducing lipid oxidation in for four months. However, mayonnaise samples
patties manufactured. Similarly, Estevez et al. [51] containing 400 µg/g of sage ethanolic extract recorded
concluded that BHA, sage and rosemary essential oils significant higher scores in color and odor (7.25, 7.00, 7.25
decreased the lipid oxidation in liver patties, while Abdalla and 7.00, respectively, P 0.05) during the third and fourth
and Roozen [44] found that sage extracts (600 and 1200 month of storage than that of the control ones. In
ppm) inhibited both primary and secondary oxidation addition,  samples  containing  s age  ethanolic extract
products in sunflower oil and in oil- in- water emulsion. (400 µg/g) recorded significant higher scores (7.00, 6.75,
Moreover, Ayar et al. [52] showed that sage, rosemary 7.00, 6.75; 7.75, 7.50, 7.00 and 6.75, P 0.05) in taste and
and oregano extracts (0.02 or 0.05%) exhibited a better overall acceptability, respectively, compared to the
effect than that of BHA (0.02%) in stabilizing butter control samples during the storage period. No significant
against oxidation. differences were found between samples containing BHA

The antioxidant activity of sage ethanolic extract in (200 µg/g) and samples containing sage ethanolic extract
terms of retarding the formation of both primary and (400 µg/g) in the overall acceptability and taste during
secondary oxidation products (hydroperoxides and four months of the storage period. From the results
malonaldehydes) in mayonnaise during storage is closely obtained in Table 4, it could be noticed that, mayonnaise
related as mentioned above to the presence of phenolic samples containing 400 µg/g of sage ethanolic extract
compounds. As carnosic acid, carnosol and rosmarinic were superior in taste and overall acceptability compared
acid are the most abundant phenol compounds in sage to the control ones and also were equivalent to the
extracts, they are mainly responsible for free radical samples containing BHA (200 µg/g) during the storage
inhibitors, likely due to their ability to break the chain period.
during the propagation phase of oxidation by scavenging
or reacting with free radicals to produce non-radical Development of Rancidity in Mayonnaise During Storage
compounds, through their high level of dissolved at Ambient Temperature: The word rancidity is applied
hydrogen and low level of dissolved oxygen [53, 54]. In principally to a certain disagreeable odor and flavor and
this case, phenols stabilized hydroperoxides preventing recognize as one of the results of oxidation of fatty
further degradation to more active oxidizing forms, such material. Rancidity has long been used and will long
as malonaldehyde [55], thus the lowest TBA values were continue in use as a general term for offensive taste and
recorded in mayonnaise samples treated with sage smell,  regardless  of  any  effort  to   restrict  its  meaning.

2+
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Table 4: Mean values of sensory evaluation of mayonnaise samples containing sage ethanolic extract (SEE) at different concentrations

Storage period (months)

-------------------------------------------------------------------------------------------------------------------------

Quality attributes Mayonnaise samples 0 1 2 3 4

Color control 5.00 5.00 5.00 5.00 5.00A A A B B

BHA 5.25 6.25 6.25 6.25 6.00A A A AB AB

SEE (µg/g)

100 5.25 5.75 5.75 6.00 5.75A A A AB AB

200 5.25 6.25 6.25 6.25 6.25A A A AB AB

400 5.25 6.00 6.00 7.25 7.00A A A A A

Odor control 5.00 5.00 5.00 5.00 5.00A A A B B

BHA 5.75 6.00 6.00 6.25 6.00A A A AB AB

SEE (µg/g)

100 5.50 5.75 5.75 6.00 5.75A A A AB AB

200 4.75 6.00 6.00 6.25 6.25A A A AB AB

400 4.75 6.50 6.50 7.25 7.00A A A A A

Taste control 5.00 5.00 5.00 5.00 5.00A B B B B

BHA 6.00 7.50 7.25 6.50 6.25A A A AB AB

SEE (µg/g)

100 5.75 6.75 6.50 6.25 5.75A A AB AB AB

200 5.25 6.50 6.50 6.00 5.75A AB AB AB AB

400 5.25 7.00 6.75 7.00 6.75A A A A A

Consistency control 5.00 5.00 5.00 5.00 5.00A A A A A

BHA 5.00 5.00 5.00 5.00 5.00A A A A A

SEE (µg/g)

100 5.50 6.25 6.00 5.00 5.00A A A A A

200 5.00 5.25 5.25 5.25 5.25A A A A A

400 5.00 5.75 5.75 5.50 5.50A A A A A

Overall acceptability control 5.00 5.00 5.00 5.00 5.00A B B B B

BHA 6.50 7.75 7.75 7.00 6.25A A A A AB

SEE (µg/g)

100 6.25 6.75 6.25 6.25 5.00A A AB AB B

200 5.50 7.00 6.75 6.00 6.50A A A AB AB

400 5.50 7.75 7.50 7.00 6.75A A A A A

The same letters in each attribute within the same month are not significantly different (P  0.05)

Table 5: Means values of rancidity evaluation of mayonnaise samples containing sage ethanolic extract (SEE) at different concentrations

SEE concentration (µg/g)

Storage period --------------------------------------------------------------------------------------

(months) Control BHA (200 µg/gm) 100 200 400

0 1.0±0.00 1.0±0.00 1.0±0.00 1.0±0.00 1.0±0.00CA BA CA CA CA

1 2.8±0.93 1.2±0.35 1.2±0.12 1.5±0.22 1.0±0.05BA BB CB BCB CB

2 3.2±0.54 1.4±0.22 1.8±0.15 1.7±0.55 1.4±0.17BA BC BB BBC BCBC

3 3.9±0.12 2.3±0.10 2.8±0.23 2.2±0.17 1.6±0.55Aa AC AB ABC ABd

4 4.0±0.32 2.6±0.13 3.3±0.11 3.0±0.08 2.0±0.32Aa AB Aa Aa AC

Data expressed as mean of 10 replicates ± standard deviation.

Different capital letters within the same column are significantly different (P  0.05)

Different small letters within the same row are significantly different (P 0.05)
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Development of rancidity in mayonnaise samples who mentioned that turmeric, betel leaves and clove
containing BHA and different concentrations of sage
ethanolic extract during storage at ambient temperature
are given in Table 5. During storage, the intensity of
rancidity for the control sample increased with time of
storage reached 4.0±0.32 (extreme rancidity) at the end of
the storage period, that indicating oil in mayonnaise had
oxidized to lipid hydroperoxides. Consequently broken
down to give the hydroxyl free radical and many types of
secondary products such as ketones, alcohols, aldehydes
and malonaldehydes which give off-flavors. Although, in
mayonnaise samples containing BHA (200 µg/g), the
intensity of rancidity was not changed significantly
(P 0.05) during the first and second month of storage
(1.2±0.35 and 1.4±0.22, respectively), the appearance of a
weak rancid odor was observed in the third and fourth
month of storage (2.3±0.1 and 2.6±0.13, respectively)
compared to the control ones. 

Mayonnaise samples containing 100 and 200 µg/g of
sage ethanolic extract, the intensity of rancidity was not
changed significantly (P 0.05) after one month of storage
and recorded 1.2±0.12 and 1.5±0.22, respectively,
compared to the control samples. While a wake and
medium perception of rancid odor was detected after the
third month and fourth month of storage. Furthermore,
lower levels of rancidity ranged from no perception to
weak rancid odor (1.6±0.55 and 2.0±0.32, respectively)
were observed in mayonnaise samples containing 400
µg/g of sage ethanolic extract in comparison with other
mayonnaise samples during the third and fourth month of
the storage period. The intensity of rancidity was in the
following order: control>SEE (100 µg/g)>SEE (200
µg/g)>BHA (200 µg/g)>SEE (400 µg/g). These results
demonstrated that, the differences in rancidity perception
between control and all treatments are consistent with
differences measured as peroxide and malonaldehyde
values (Figs. 5 and 6) as a good correlation between
rancidity  and  peroxide as well as malonaldehyde values
(r = 0.87, 0.91 at P< 0.01, respectively) were observed and
about 30% of rancidity (measured as TBA values) can be
controlled by the  sage ethanolic extract (400 µg/g) after
a period of four months compared to the control samples.
It seems that, sage ethanolic extract (400 µg/g) was able to
extend the shelf life of mayonnaise samples for four
months as compared with the control sample (extreme
rancidity) and other mayonnaise samples containing sage
ethanolic extract (100 and 200 µg/g, medium rancidity), as
well as, it was comparable to the synthetic antioxidant
BHA (200 µg/g, weak rancidity). These results are in
harmony    with    those    of    Lean    and    Suhaila   [58],

effectively retarded the rancidity of butter cakes and
extended their storage life from 2 weeks (control) to more
than four weeks, while lemongrass, asam gelugur and
butylated hydroxyl toluene (BHT) extended the butter
cake storage life to four weeks. Similarly, Fernández-lópez
et al. [59], found that cooked Swedish style meatball
treated with rosemary extracts (0.25%) resulted in
complete elimination of rancidity (measured as TBA
values) after a period of 12 days while about 50% of
rancidity can be controlled by the citrus preparations
(5%). In addition, biscuits treated with natural
antioxidants extracted from raisins and drumstick leaves
(1 and 2%) recorded higher panel scores for the
acceptability than the control, BHA and amla extract
incorporated biscuits during storage period of six weeks
[60].

CONCLUSION

In this study, ethanol extract of sage (Salvia
officinalis) grown in Egypt was the strongest radical
scavenging and the most effective antioxidant in both
DPPH and -carotene/linoleic acid assays among the
extracts examined. Its antiradical and antioxidant activities
were much  closer to the synthetic antioxidants BHA.
Sage ethanolic extract (400µg/g) inhibited lipid
peroxidation  by  87.12%  and  about  30%  of  rancidity.
The application of sage ethanolic extract (400µg/g) in
mayonnaise could be useful to control the development
of rancidity and to maintain the quality and extend the
shelf life of mayonnaise during storage at ambient
temperature.
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