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exposure could lead to the different results amongst the herbs. Among the
studied herbs, Rosemary, Tarragon, Dill (Mills), Dill and Basil showed low
absorbance values.

Based on the DPPH assay, radical scavenging activity for both 1:10 and
1:100 diluted extracts were measured in PG equivalent, and is presented in
table 3.

Table 3: Overview of the results obtained by DPPH assay for both 1:10 and 1:100
diluted extracts. According to the correlation formula, the PG concentration was
calculated: (Absorbance - 0.7486) /slope (-1.8). The absorbance values were used to
measure the radical scavenging activity in PG equivalents per gram dried herb.

Name of the herbs PG equivalentsper gram
dried herbs
Lemon Balm 1593.33
Tarragon 1148.89
Chive -49.28
Thyme 1735.00
Parsley -30.39
Sage 1932.22
Rosemary 1412.78
Caraway 30.72
Dill (Mills) 184.61
Lemon pepper 37.94
Dill 382.22
Basil 535.00

Dilution 1:100 was used for the following herb extracts: Lemon balm, Sage,
Rosemary, Thyme, Tarragon, Dill and Basil. Dilution 1:10 was also used for
the rest of the herbs (Chive, Caraway, Parsley, Dill (Mills) Lemon pepper).
To calculate thescavenging activity, PG value was measured in different
extracts through the following formula:

PG concentration= (absorbance—0.7486) / -1.8.

According to table 3, the absorbance values for Chive and Parsleywere so
high that they reached negative PG equivalent values based on the DPPH
method.This means that nothing has happened to the DPPH radical. PG

equivalent value for Parsley was close to zero in both dilutions, neither dilution
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1:10 nor 1:100 could be used. Undiluted extracts could have been analysed,
but as the aim of the AOC assays were to pick good candidates for the

measurements using oxygen uptake rate, this was not done.

The DPPH method is based on the reaction with electron-donating or
hydrogen radicals (H-) producing compounds/antioxidants regarding to the
following reaction (Stratil, Klejdus et al. 2006):

R- + Aox H - RH + Aox-

The purple colour of radical is lost during the reaction and the loss of
absorbance was measured by a spectrophotometer. Basis on the obtained
data, the PG presented a strong reaction with DPPH-. According to the former
studies, DPPH- does not react with flavonoids without any OH-group in the B-
ring or with monophenols containing only one OH-group attached to the
benzene ring.

There have been many studies to prove both HAT and SET mechanisms are
involved in the reaction of hydrogen-atom concept by the DPPH-, although
one of the mechanisms is usually minor while the other dominates (Foti,
Daquino et al. 2004). The hydrogen-binding characteristics of the sample
solvent probably are a factor affecting on the ratio between the HAT and SET
mechanisms. Thekinetic analysis of the reactions between phenolics (ArOH)
and DPPH:- in alcohol was done by (Foti, Daquino et al. 2004). It was
proposed that the presence of phenoxide anions and a cascade of SET
reactions affect the reaction of phenolicswith DPPH- (Foti, Daquino et al.
2004).The solvents with strong hydrogen bond slowly receive the hydrogen-
atom abstracted from neutral ArOH by DPPH- and this becomes a marginal
reaction. The researchers also determined the effect of acids or bases on the
ionization equilibrium of the phenols. This leads to a reduction or
enhancement in reaction rate.

ArOH& ArO~ + H* (Singleton, Orthofer et al. 1999)

ArO~ + DPPH-= ArO~ + DPPH™~ (Huang and Frankel 1997)

DPPH™ + H* =H-DPPH (Foti, Piattelli et al. 1996)
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Some other compounds in the extracts could react with DPPH- and cause the
additional quenching (Prior, Wu et al. 2005). Since phenols react with highly
reactive and transient radicals, they are usually involved in lipid peroxidation
throughHAT mechanism (Halliwell 1995). This has beenone of the main
criticisms in several reviews about DPPH assay ((Prior, Wu et al. 2005),
(Roginsky and Lissi 2005)).

It is difficult to compare the data from other studies directly, since the results
are obtained from different assays with varying conditions. It is even difficult to
compare the same assays due to the several ways of expressing the results,
which could be expressed in different equivalents (different standards) or
different units.

The DPPH free radical (DPPH-) is known as a simple method that does not
need any special preparation (Arnao 2000). It has been said that DPPH can
only be dissolved in organic media such as ethanol, which is an important
limitation, due to the hydrophilic and lipophilic nature of the compounds in
samples (Wojdyto, Oszmianski et al. 2007).

Since the structure-activity of phenolic compounds requires extensive
investigations, the phenolic correlation data figured out by previous studies
are not sufficient enough.

(Wojdyto, Oszmianski et al. 2007) determined the DPPH radical scavenging
activity by following (Yen and Chen 1995). The incubation time used for their
prepared mixture was 10 min, while for the present study the incubation time
was 30 min. They expressed the results in Gallic acid equivalents and
quantified the absorbance with respect to the standard curve of Gallic acid.
According to their report, the radical scavenging activity for Rosemary and
Thyme was very high, whilst it was low for Sage, Lemon balm and Caraway.
The results from (Wojdyto, Oszmianski et al. 2007) present the antioxidant
properties in Rosemary, and Thyme.

There are some weaknesses in the DPPH method, which can affect the
values (Prior, Wu et al. 2005). Many substances react slowly with DPPH-
(Fukumoto and Mazza 2000), therefore low valued and underestimated

radical scavenging activity could be obtained due to a short incubation period.
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The influence of solvent to dissolve the sample on antioxidant activity was
examined by (Pérez-Jiménez and Saura-Calixto 2006), and they observed
that the effect of solvent in the DPPH assay was relatively low compared to
the ABTS assay.

4.1.3 ABTS assay (2,2'-azino-bis), (3-ethylbenzothiazoline-6-sulphonic
acid)

ABTS* is a popular antioxidant method, which measures the capability of an
antioxidant to neutralize a radical cation formed by a single-electron to absorb
ABTS* radical (Pérez-Jiménez and Saura-Calixto 2006).ABTS *can be
dissolved in aqueous and organic media where the antioxidant activity can be
measured (Re, Pellegrini et al. 1999; Wojdyto, Oszmianski et al. 2007) used
the decolorization to define the free radical scavenging activity.

In the present study allthe substances used for ABTS method were dissolved
in 80% methanol as a polar solvent; however, ABTS'* solution was dissolved
with K,S, Og.

In this study 6 min was used for incubation time and 80% methanol was used
as a solvent, which were the same as (Wojdyto, Oszmianski et al. 2007).
Based on the ABTS method, the absorbance values were used to measure
the radical scavenging activity in PG equivalent in the selected herbs. Figure
5 shows the absorbance valuesfor the PG standard curve based on the ABTS

measurement.
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Standard curve in propyl gallate equivalent by ABTS
assay
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Figure 24: Exhibition of absorbance values by different concentrations of propyl
gallate (PG) based on the ABTS Assay. Methanol 80 % was used as blank.

The figureshows that increaseinPG concentration leads to decrease in
absorbance. The obtained ABTS results display a direct relationship between
absorbance and the different concentrations of PG.

The absorbance values, measured by the ABTS method, ranged from 0.330
to 0.671.

The slope value (-0.75) of the linear curve shows how much the absorbance
decrease with respect to the concentration. Antioxidant activity measured in
propyl gallate equivalent, showed a good correlation (R= 0.99532).

(Stratil, Klejdus et al. 2006) observed a linear relationship between the
decrease of ABTS* and the antioxidant concentration, and the antioxidant
activity (ABTS value) was expressed as the slope value andcalculated by

linear regression. Their observation is in agreement with our results.
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Figure 25: Absorbance values for12 herbs (with dilution 1:100) based on the ABTS
assay. Distilled water was used as reference.

Figure6 shows the absorbance values of the herb extracts, which where
diluted 1:100 by the ABTS method.

The absorbance value measured by ABTS assay, varied between the herbs
and ranged from 0.033 to 0.671. The high absorbance values were found in
Chive, Parsley, Caraway, Dill (Mills) and lemon pepper, which were not within
the range of the standard curve. The highest level of absorbance with respect
to the standard curve was presented by Dill (0.63), while the lowest was found
in Sage (0.27). Based on the ABTS method,Tarragon (0.60) and Basil (0.62)
also had high levels of absorbance among the selected herbs. In contrast, the
lowest value of absorbancewas found in Sage (0.27).

On the basis of the ABTS assay, the recorded results following the standard
curve indicate thatLemon balm, Sage and Rosemary exhibited good (low)
absorbance values among the studied herbs.

Based on the ABTS assay, the radical scavenging activities for the 1:100

diluted extracts measured in PG equivalent, and are presented in table 4.
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Table 4: Overview of the results obtained by the ABTS assay for 1:100 diluted extracts.
According to the correlation formula, the PG concentration was calculated:
(Absorbance - 0.6666) /slope (-0.75). The absorbance values were used to measure
radical scavenging activity in PG equivalents per gram dried herb.

Name of the herbs PG equivalentsper gram
dried herbs
Lemon Balm 4604.67
Tarragon 2551.33
Chive 1978.00
Thyme 3018.00
Parsley 1864.67
Sage 4804.67
Rosemary 3378.00
Caraway 1798.00
Dill (Mills) 2104.67
Lemon pepper 1778.00
Dill 2371.33
Basil 2411.33

To calculate the radical scavenging activity PG value was measured in the
extracts through the following formula:

PG concentration= (absorbance—0.6666) / -0.75.

Some of the values are well within the range of the standard curve; however,
some herbs have absorbance values that are out of the range of the standard
curve. On the basis of the ABTS assay, the recorded results following the
standard indicate that Sage had the highest radical scavenging activity, while
the lowest scavenging activity was found in Caraway.It should be noted that
Sage should have been more diluted.

There have been other studies that have used the ABTS assay to measure
the scavenging activities in some selected herbs.

Originally, the HAT reaction mechanism; atom donation by antioxidants was
said to be the only mechanism responsible for quenching ABTS *; however,
advanced studies has reported that the reduction mechanism is involved in
quenching ABTS* (Re, Pellegrini et al. 1999). It has been explained that the
difference of the ratio between the HAT and SET mechanism could be due to
the hydrogen binding of the solvent (Kristinova, Mozuraityte et al. 2009). For
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instance, polar solvents like methanol promote the SET mechanism. The
mechanisms probably change with respect to pH; for example, acid pH is a
favour forelectron transfer (Prior, Wu et al. 2005).1t was believed that HAT
mechanism makes the phenols involved in lipid peroxidation (Halliwell 1995).
Therefore, ABTS* as a scavenger of lipid radicals does not directlyreflect the
antioxidant activity. It was observed that Propyl gallate with three OH group
was the most active compound among the other antioxidants such as Ferulic
acid (one OH group), Caffeic acid (two OH groups) and p-Coumaric (one OH
group) (Kristinova, Mozuraityte et al. 2009). Indeed, more OH group makes
PG more active than the other selected antioxidants.

One of the most controversial issues referring to ABTS limitations is that the
ABTS values describe the ability of the tested substance to react with ABTS*
in comparison with inhibiting the oxidative process (Roginsky and Lissi 2005),
and this feature is common for DPPH assay.

It was found that Caffeic has a slow reaction with ABTS *(Roginsky and Lissi
2005). Therefore, the time of incubation and the ratio of sample quantity affect
the ABTS'* concentration. In this study a 6 min incubation time was used. For
substances that have a slow reaction with ABTS'* this period might not be
sufficient and may lead to miscalculated values.

Another limitation that has been reported by (Roginsky and Lissi 2005) was
that the ABTS method has a poor selectivity in the reaction with H-atom
donors. They declared that the correlation between ABTS* and hydroxylated
aromatics did not depend on their real antioxidative potential. In their review,
the ABTS assay was reduced in order to titrate the aromatic OH group, and
those OH groups did not contribute to the antioxidative action.

(Pulido, Bravo et al. 2000) showed that the used solvents had a strong
association with the ABTS values. It was said that the ABTS" reagent was very
unstable, and it was slowly degraded at the given experimental conditions
(Stratil, Klejdus et al. 2006). They also observed a constant decrease of the

initial absorbance of the ABTS* solution.

(Wojdyto, Oszmianski et al. 2007) determined the ABTS *radical scavenging
activity by followingthe method of (Re, Pellegrini et al. 1999). The incubation
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time used for their prepared mixture was 6 min, and was exactly the same as
used in our study. They expressed the results in Gallic acid equivalents and
quantified the absorbance with respect to the standard curve of Gallic acid.
Regarding to their report, the majority of their selected herbs had medium
amounts of antioxidants.Theradical scavenging activity for Rosemary and
Thyme wasrelatively high, whilst it was low for Sage and Lemon balm. The
results from (Wojdyto, Oszmianski et al. 2007) present the antioxidant
properties in Rosemary, and Thyme.

As mentioned earlier, (Pérez-Jiménez and Saura-Calixto 2006) examined the
influence of solvent used to dissolve the sample on antioxidant activity, and
observed a higher effect in the ABTS assay than the DPPH method.

The herb extracts were also diluted 1:10 and the absorbance values were
measured based on the ABTS method. Most of the absorbance values for
dilution 1:10 were too low and some were below the standard and therefore
their scavenging activities were too high.

In this method, the antioxidant activities ofRosemary, Sage, Lemon balm and
Thyme were high .The selected herbs might act as antioxidants or
prooxidants, which have influence on the oxidation process.

As formerly noticed, it would be difficult to compare the data from other
studies directly, since the results obtained from different assay versions and
conditions. It is also impossible to compare the same versions because of

several ways of expressing the results.

4.1.4 Comparison of the antioxidant capacity results

The three spectroscopic methods (DPPH, ABTS and FC) were used to
determine the antioxidant activity of 12 selected herbs with regard to phenolic
contentand radical-scavenging activities.

Comparison of PG equivalents shows differences in the degree of the
capacities for the same compound in the different assays (figure 26).
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Figure 26: Comparison of the antioxidant capacities of the tested herbs determined by
the different AOC assays. The values are expressed in propyl gallate (PG) equivalents
(per gram/dried herb).

According to figure 26, among 12 herbs analyzed, Sage exhibited the highest
scavenging of ABTS™* and DPPH*. Sage had also the highest content of
phenolics measured by the FC assay, and high content of phenolics estimated
in PG equivalents.Rosemary and Lemon balm had also high content of
phenolics evaluated by the FC assay. Besides, they both exhibited a high
scavenging of ABTS* and DPPH™*. On the contrary, Chive had the lowest
scavenging ofDPPH* in PG equivalents.

The relationship between the three AOC assays is shownin different figures.
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FC data Vs. DPPH+ data in PG equivalents
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Figure 27: Comparison of the antioxidant capacities of the tested herbs determined by
the FC and DPPH" methods expressed in PG equivalents per gram dried herbs.

Antioxidant activity, determined using FCand DPPH™* in the 12 different plants
showed a kind of correlation. The correlations with the selected herbs were:
R? = 0.80 between DPPH* and phenolic content.

The recorded values showed some variation in antioxidant activity. These
variations might be due to different reaction mechanisms and some specific
interactions that may occur between the assay reagents and the studied
herbs including some unrelated reactions, such as dimerization of the
antioxidants, in the reaction mixture.The pH values also affect the reducing

capacity of antioxidants (Huang, Ou et al. 2005).
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FC vs. ABTS -+ in PG equivalents
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Figure 28: Comparison of the antioxidant capacities of the tested herbs determined by
the FC and ABTS* methods expressing in PG equivalents per gram dried herbs.

Antioxidant activity, determined using FCand ABTS™* in the 12 different plants
showed a good correlation. The correlations with the selected herbs were: R?
= 0.971 between ABTS'* and phenolic content.

Totally, a significant linear relationship was found between the antioxidant
activity, especially with FCand ABTS™*, while radical scavengers were major

contributors to antioxidant activity.
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DPPH+ vs. ABTS-+ in PG equivalents
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Figure 29: Comparison of the antioxidant capacities of the tested herbs determined by
the DPPH* and ABTS ' methods expressing in PG equivalents (per gram/dried herbs).

Antioxidant activity, determined using DPPH*and ABTS™* in the 12 different
plants showed a kind of good correlation. The correlations with the selected
herbs were: R? = 0.79 between ABTS* and DPPH™.

The variation presented by figure 29 could be generated of reactions between
some reducing compounds and FCreagent.

Antioxidant activity, determined using DPPH*, ABTS™* and FCin the 12
different plants showed the best correlation between ABTS* and FC( R?
=0.97).

The results of this study proved the importance of radical scavengers in the
antioxidant behaviour of the herb extracts and also they contribute
significantly to the antioxidant capacity. Moreover, our results showed that
Rosemary, Sage, Lemon balm and Thyme were rich in phenolic constituents
and demonstrated good antioxidant activity measured by different methods.
These plants, rich in flavonoids and phenolic acids could be a good source of
natural antioxidants.

A positive and significant correlation existed between antioxidant activity and

radical scavenging, measured by ABTS *in most of the selected herbs,
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revealing that free radical scavengers were the dominant antioxidant
components.

It have been reported that the total phenolic content measured by the Folin—
Ciocalteu procedure does not give a full picture of the quality or quantity of the
phenolic constituents in the extracts ((Katsube, Tabata et al. 2004), (Wu,
Beecher et al. 2004)). It has been found that caffeicand
neochlorogenicacidare the main hydroxycynnamic acids in Lemon balm and
Thyme (Wojdyto, Oszmianski et al. 2007). Though, ferulic acid occurred in
small quantities in these plants. They found Caffeicacid with higher activity,
comparable to quercetin (QUE).

Ferulic acid showed an inhibition effect on the photo-peroxidation of linoleic
acid at high concentrations (Carvajal). Rosmarinic acid is the main antioxidant
constituentalso containing hydrocaffeic and caffeic acids

Hydrocaffeic acid and caffeic acid originates from enzymatic degradation of
rosmarinic acid.A trace amount of flavonoids and phenolic acids in Rosemary
was found by (Wojdyto, Oszmianski et al. 2007), but nohydrocaffeic or caffeic
acid was found. Theyrevealed that rosmarinic acid holds higher antioxidant
activity thanCaffeic acid.

Generally, antioxidant activity of flavonoids depends on the structure and

substitution pattern of hydroxyl groups. 3’,4’-orthodihydroxy configuration in

ring B and 4-carbonyl group in ring C is the essential necessity for effective
radical scavenging.The presence of 3-OH group or 3- and 5-OH groups,
giving a catechol-like structure in ring C also affect the antioxidant activity of
flavonoids. The presence of the C2—-C3 double bond configured with a 4-keto
arrangement is known to be responsible for electron delocalization from ring B
and leads to an increase in the radical-scavenging activity.A catechol
structure in ring A cancompensate for flavonoid antioxidant activity in the
absence of the o-dihydroxy structure in ring B.

The relationship between the chemical structure of flavonoids and their
radical-scavenging activities was studied by (Bors, Heller et al. 1990). They
found that Quercetin has a catechol structure in ring B, as well as a 2,3-
double bond in conjunction with a 4-carbonyl group in ring C,admitting for

delocalization of the phenoxyl radical electron to the flavonoid nucleus.The
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presence of a 3-hydroxy group with a 2,3-double bond increases the
resonance stabilization for electron delocalization and therefore it has a higher
antioxidant value. Flavonols (quercetin, myricetin, kaempferol and
isorhamnetin) have a hydroxyl group at position 3 (Kim and Lee 2004), which
proposes an important role of the 3-OH group of the chroman ring leading to
an enhancement of antioxidant activity.

High antioxidant capacities in Thyme, Rosemary and Sage (Wojdyto,
Oszmianski et al. 2007) and they also isolated methylated flavones and
essential oil from these plants. Additionally, many studies revealed that
essential oils (thymol, thyme, rosmanol) were main components that showed
high antioxidant and antimicrobial activity ((Shan, Cai et al. 2005),(Wang
2002)).

Through our systematic comparative study of 12 selected herbs, some herbs
were excellent free radical-scavengers and potent natural phenolic
antioxidants for oxygen uptake measurement. 5 herbs were selected to be
used for oxygen uptake measurement, including Sage, Rosemary, Lemon
balm, Dill and Basil. Sage, Rosemary and Lemon balm was chosen due to
their high antioxidant activity, determined by three AOC methods. Dill and
Basil were selected due to their high antioxidant activity, determined by
ABTS *method.

4.2 Oxidation of liposomes

Transition metals and some metalloproteins, such as hemoglobin (#b) and
myoglobin, are known as potent promoters of lipid oxidation even in trace
amounts (Damodaran and Parkin 2008). In this study, the effects of Fe?*,
Fe3* and bovine hemoglobin (Ab), as initiators (prooxidants) of lipid oxidation

was observedin the liposome system.

Figure 30, 31 and 32 show oxygen consumption by liposomesbefore and after

adding prooxidants.
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Figure 30: The kinetics of oxidation of 0.6% liposomes induced by Fe2* (50 uM). 5
mMMES buffer was used as solvent.
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Figure 31: The kinetics of oxidation of 0.6% liposomes induced by Fe®* (MM). 5SmMMMES
buffer was used as solvent.
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Figure 32: The kinetics of oxidation of 0.6% liposomes induced by Hb (60 pM).5
mMMES buffer was used as solvent.

There is a slow and linear decrease in concentration of dissolved oxygen
before adding the prooxidants. This consumption of dissolved oxygen by
liposomes is referred to liposome initial activity. The oxygen uptake rate
(OUR) of pure liposomes was measured as background OUR.

The presence of pre-formed (endogenous) peroxides and the presence of
endogenous transition metals (Pt, Fe, Cr) could be responsible for the
liposome initial activity. These metals can be released into the liposome
solution during sonication of phospholipidsor can be found as contaminants in
chemicals.

When Fe3* was added to the liposome, an initial drop in concentration of
dissolved was observed which was followed by the slower linear decrease in
concentration of dissolved oxygen. The initial drop is caused by oxidation of
Fe?* to Fe3*. After the initial fast oxygen uptake, equilibrium between
Fe?**andFe3* is achieved and a constant rate of oxygen consumption is
observed (Mozuraityte 2007).

As mentioned earlier, the mechanism of Hb-induced oxidation is more
complicated compared to the free iron induced oxidation and this complexity
might lead to variable consumption of dissolved oxygen after the addition of

Hb. After the addition of Hb, more or less Constant OUR was immediately
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observed, and the oxygen consumption slowed down non-linearly (Figure 32).
The average OUR ofFe?*, Fe3tand Hb-catalyzed oxidation ofliposome

solution (0.6%) are presented in Table 5.

Table 5: Average oxygen uptake rates (OUR) of oxidation catalyzed by Fe?*, Fe3* and

Hemoglobin in the liposome solution. N- number of experiments, R3 oxygen uptake

rate.

Prooxidant R3 SD N
Fe2+ (50 uM) 417 0.2 4
Fe2+ (100 uM) 3.8 0.77 5
Fe3+ (30 uM) 6.14 0.81 5
Fe3+ (60 uM) 5.17 1.07 8
Fe3+ (100 uM) 6.3 1.75 13
Fe3+ (160 uM) 5.46 1.65 6
Fe3+ (240 uM) 7.15 3.08 6
Hb (50 uM) 18.69 4 8
Hb (100 M) 30.69 4 10
Hb (150 uM) 34.25 4.2 9
Hb (200 uM) 35.1 7.22 8

N- number of experiments, R3 oxygen uptake rate.

According to the three studied prooxidants, hemoglobin presented the higher
antioxidative effect. Many factors may affect consumption of oxygen by
liposomes, such as preparation of liposome and prooxidant working solutions,
pH and freshness of the solution. Oxidation of electrodes could also lead to
high deviations, whichdecreases electrode sensitivity. Among the 3 studied
prooxidants (Fe2*, Fe3* and HB),Fe3*as the most abundant prooxidant of
emulsified foods was used as a prooxidant in the oxidation of fatty acids and

to study the antioxidaitve effect of PG and the chosen herb extracts.

4.3 Influence of solvents on OUR

The solubility of phenolics in water depends on the polarity of each
compound. The solubility and stability of phenolics in aqueous solutions is
limited. The stability of phenolicshigher in organic solvents (methanol,

ethanol) compared to aqueous solutions. In order to dissolvecompounds
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properly and maintain their stability, stock solutions of all the phenolics were
prepared in 80% methanol. Keeping the solutions at low temperatures (<
4°C)increases stability of compounds in organic solvents.

The influence of methanol 80% on the consumption of oxygen by liposomes is

shown in figure 33.

288.2 [ 1
[

Orygen inmel fml |

121.2 0

om0s Time 25m 38s

Figure 33: Influence of methanol 80% on the initial activity of liposomes.

Figure 33 shows liposome initial activity before and after the addition of 20 ul
of methanol 80% into the system. After injection of methanol 80%, a rapid
increase in dissolved oxygen was observed. After the increase, the OUR
almost remained the same and was constant as before the increase.

This indicates that addition of methanol 80% does not affect the liposomes in
a way that would enhance their initial activity.Higher amounts of methanol
80% (or any other organic solvents) might lead to destabilization of the

liposomes.

After addition of methanol 80%, no significant deviations between the OUR
was observed. As reported by (Asakura, Adachi et al. 1978),low
concentrations of solvents(up to 5 % (v/v)), such as alcohols and ketones,

stabilize the tertiary and quaternary structure of proteins; however, the same
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solvents lead to denaturation of proteins at high temperature.

4.4 Propyl gallate (PG)

As mentioned earlier, propyl gallate (PG) as a synthetic antioxidant was used
as standard in this study. Propyl Gallate is on the FDA's (U.S. Food and Drug
administration) list of ingredients that are Generally Recognized As Safe
(GRAS) for use, but it is limited to a maximum concentration of 0.02% (200
ppm) of the fat or oil content of the food (FDA).

In this study, PG was observed to have antioxidant effects and prooxidant
effects in different concentrations. The antioxidative activity of PG was
calculated in different concentrations, using oxygen uptake rates and the

percent inhibition calculation.
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Figure 34: Oxygen uptake rate measurement



74

S
ul

S
o
|

w
wu
i

w
o
|

N
631
i

N
o
|

Inhibition (%)

[N
921
|

[y
(€] o
| |

.

0,47 0,23 0,12 0,06 0,03 0,01 0,007 0,003
PG concentration (mM)

Figure 35: Inhibition (%) of oxygen uptake rate of Fe3*(20 ul) by different
concentrations of PG (0.47 mM, 0.23 mM, 0.12 mM, 0.06 mM, 0.03 mM, 0.01 mM, 0.007

mM, 0.003 mM). Percent inhibition =(OUR of PG - OUR of background/OUR of
prooxidant (Fe3*)) x100

The tested concentration range was 0.8 — 100 ppm (0.47 — 0.003 mM). In the
liposome system PG turned out to be a good inhibitor of oxidation. The type of
the initiator and the prooxidant-to-PG ratio can limit antioxidant activity.

In oxidation promoted by Fe3*, the highest inhibitory effect was observed at
0.47 mM concentration and inhibited the OUR by 0.68%, while the lowest
inhibition effect was seen at 0.007 mM and inhibited the OUR by 0.68%. Last
concentration (0.003mM) has reached almost zero, which means that the
oxidation of the liposome was stopped. According to the given results, PG
presented a high antioxidant activity by Fe3*- induced oxidation of liposome.
It was reported that PG was efficient in inhibition of iron-ascorbate and Hb-
promoted oxidation of fish microsomes (Pazos, Lois et al. 2006). It was also
found that PG strongly inhibits rancidity of bulk oil, and itdoes not have any
strong prooxidative activity in various emulsions(Schwarz, Huang et al.
2000).(Gal, Lichtenberg et al. 2007) observed prooxidative effect of PG at 0.1
- 5 uM by Cu-promoted (5 uM) oxidation of
palmitoyllinoleoylphosphatidylcholine liposomes.

The location of antioxidants in multi-phase systems has been found as an

important factor that influences the antioxidant activity ((Huang and Frankel
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1997), (Schwarz, Huang et al. 2000), (Pekkarinen, Stéckmann et al. 1999),
(Chatterjee and Agarwal 1988), (Frankel, Huang et al. 1994)).

The affinity of antioxidants towards the phospholipid bilayers is a main factor
in phospholipid bilayers systems (Pazos, Lois et al. 2006). (Nakayama, Ono
et al. 1998) have found that liposome membranes have 10% PG. The affinity
of PG was measured for incorporation into microsomal phospholipid
membranes (Pazos, Lois et al. 2006) and they have reported 52,1 % for PG
amount.

The polarity of a moleculeis the other factor that affects the antioxidant
activity.l has been reported that separation of PG in the oil phase of
emulsions is relatively high (Jacobsen, Schwarz et al. 1999). For instance,
they reported that PG was used as emulsifierin the oil phase of mayonnaise
with the egg lecithin,and its partitioning was 44,9 % and 7 % in the interface
(represented by phospholipids).It was also found high partitioning of PG in
biphasic systems, and the partition coefficient of PG was reported to be 0,895
for an oil-water (1:10) system (Schwarz, Huang et al. 2000).

According to the examples given above, a substantial part of PG could be
located within the phospholipid bilayer, while a smaller part could be held in
the water phase.

Another pathway by which antioxidants can inhibit lipid oxidation was reported
on the chelating properties of phenolic compounds ((Nenadis, Lazaridou et al.
2007), (Pazos, Lois et al. 2006), (Andjelkovi¢, Van Camp et al. 2006),
(Chvatalova, Slaninova et al. 2008)). They found that phenolics bearing
catechol or pyrogallol moiety are capable of metal chelation and PG belongs
to this compounds. (Pazos, Lois et al. 2006)found that 10 uM PG could
chelate 56,6% of 20 uMFe?*. Apparently, only the fraction

of PG present in the aqueous phase would interfere in chelation.

Additionally, PG-to-iron ratio and pH of solutionwere found to be important
affecting the antioxidant activity (Damodaran and Parkin 2008).

((Schwarz, Huang et al. 2000), (Kikuzaki, Hisamoto et al. 2002)) used gallic
acid as a precursor of PG, and they found that

gallic acid, as a polar compound, does not separate in the oil phase and even

remains in the aqueous phase of emulsions. They tested 100 uM of gallic acid
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in MES buffer (5.5 mM, PH 5.5) using Fe?*induced oxidation (GA: Fe= 10:1),
and did not observe any significant decrease in OUR. This indicates that
either chelation does not occur, oronly occur to a very small degree.
((Andjelkovi¢, Van Camp et al. 2006), (Chvatalova, Slaninova et al.
2008))reported low chelating abilities of gallic acid at physiological pH (7.4)by
using more metals. (Andjelkovi¢, Van Camp et al. 2006) also found a
relatively low gallic acid-Fe binding constant (4.78 M~1) at physiological PH.
Regarding to their experiment, iron chelating capability of PG remaining in the
aqueous phase

likely does not contribute to the overall inhibition effect of PG, and only
scavenging of free radicals takes place. Therefore, free radical scavenging
activity is probably the main mechanism.

Once amount of iron is huge, the capacity of PG to scavenge free radicals
seems to be insufficient. It was also reported thatPG contains a strong metal
reducing power (Pazos, Lois et al. 2006). The amount of PG activated as a
free radical scavenger, may be quickly depleted and simultaneously, the
proportion remaining in the aqueous phase may reduce ferric iron, which may

lead to an overall acceleration of lipid oxidation.

4.5 Oxygen uptake measurement of the 5 selected herb extracts

As mentioned formerly, Lemon balm, Sage, Rosemary, Dill and Basil were
chosen to measure their oxygen uptake rates. Inhibition (%) of oxygen uptake
rate of the herb extracts was calculated by different concentrations (Figure
36).
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Figure 36: Inhibition (%) of oxygen uptake rate of the 5 herb extracts (20 ul). Percent

inhibition = (OUR of herb extract- OUR of background /OUR of prooxidant (Fe3*)) x
100.

The figure above presents that Lemon balm and Basil have prooxidant
effects, since they showed negative inhibition. Sage, Rosemary and Dill
showed antioxidant activity, due to shownpositive inhibition.

(Wojdyto, Oszmianski et al. 2007) determined the relationship between
antioxidant activity and phenolic compounds of Sage, Rosemary, Lemon
balm, Thyme and Caraway to confirm that phenolic constituents are
responsible for antioxidant activity of the plants.

They found a significant linear relationship between the antioxidant activities,
especially withABTS* and FRAP; however, phenolic compounds were major
contributors to antioxidant activity.They found the importance of phenolic
compounds in the antioxidant behavior of herb extracts. They also concluded
that phenolic compounds contribute to the total antioxidant capacity.

A linear relationship between the content of total phenolic compounds and
their antioxidant capacity was found by ((Cai, Luo et al. 2004), (Djeridane,
Yousfi et al. 2006), (Katalinic, Milos et al. 2006), (Katsube, Tabata et al.
2004)), while ((Capecka, Mareczek et al. 2005),(Wong, Li et al. 2006))
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demonstrated poor linear relationship between the content of total phenolic
compounds and their antioxidant capacity.

According to results given by (Wojdyto, Oszmianski et al. 2007), Rosemary
and Sage exhibit antioxidant properties, which is in agreement with our
results.Our results are also in agreement with ((Lamaison, Petitjean-Freytet et
al. 1990), (Shan, Cai et al. 2005), (Zheng and Wang 2001)); who presented
that Sage and Rosemary had a very strong antioxidant capacity.

The inhibition (%) of the 5 selected herbs was compared using the three

spectroscopic antioxidant capacity (AOC) assays.

100,00
Dill <
50,00 g
& Rosemary W Sage
<
@ 0,00 T T T T 1
< 0,00 100,00 200,00 300,0& 400,00 500,00
=
2 50,00 @ Series1
% Lemon balm W Series?
= -100,00 -
Basil
-150,00 -
-200,00
phenolic content in PG equivalents

Figure 37: Relationship between inhibition (%) and phenolic content in PG equivalents
in 5 selected herbs using the FC assay. OUR measurement of the herbs was done 2
times, which was followed by series1 and series 2.

Based on the FC assay, Lemon balm and Basil showed no antioxidant activity
due to their negative percent of inhibition, while Dill, Sage and Rosemary
presented antioxidant activities due to their positive inhibition (%). The
correlation between phenolic content and inhibition was found low (R2 =
0.028). Based on the FC assay and among the selected herbs, no direct

relationship was found between phenolic content and antioxidative effect of
the selected herb extracts.

Sage and Lemon balm both presented high phenolic content, though an
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antioxidant effect was only found in Sage, and Lemon balm was found as a

prooxidantprooxidant on iron induced oxidation at the studied lipid oxidation
conditions.
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Figure 38: Relationship between inhibition (%) and radical scavenging activities in PG
equivalents in 5 selected herbs using the DPPH assay. OUR measurement of the herbs
was done 2 times, which was followed by series1 and series 2.

The correlation between phenolic content and inhibition was found low (R2 =

0.035). No direct relationship was found betweenradical scavenging activity
and antioxidativeeffect among the selected herb extracts and on the basis of
DPPH assay.

Rosemary and Lemon balm both presented high scavenging activities;
Rosemary presented an antioxidant effect, while Lemon balm showed a

prooxidative effect.
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Figure 39: Relationship between inhibition (%) and radical scavenging activities in
PG equivalents in 5 selected herbs using the ABTS assay. OUR measurement of
the herbs was done 2 times, which was followed by series1 and series 2.

According to the results and based on the ABTS method, no direct
relationship was found between radical scavenging activity and antioxidative
effect among the selected herbs. The correlation between phenolic content
and inhibition was found low (R? = 0.09).

Sage and Rosemary presented high scavenging activities and acted as good
antioxidants, while Lemon balm showed high scavenging activities but
appeared as a prooxidant.

(Shan, Cai et al. 2005) estimated total phenolic contentin 26 spice extracts
using the Folin-Ciocalteucolorimetric method and using TEAC (trolox
equivalent antioxidant capacity). Their results were expressed as g of gallic
acid/ 100 r DW (dried weight).

They observed highly positive linearrelationship (R2= 0.95) between TEAC
values and total phenolic content, and they concluded that phenolic
compounds in the tested spices contributed significantly to their antioxidant
capacity. They foundphenolic acids, phenolic diterpenes, flavonoids, and

volatile oils (e.g., aromatic compounds) as the major types of phenolic
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constituents in the spice extracts. They reported rosmarinic acid as themain

phenolic compound in Sage, Rosemary and Lemon balm.

(Shan, Cai et al. 2005) determined the antioxidant capacity of Rosemary,
Sage, Basil, Thymeand Caraway measuring phenolic content. The first three
herbs had high phenolic content, though a relatively low phenolic content was
observed in Caraway.

The importance of phenolic compounds in the antioxidant behaviour of spice
extracts was reported by (Wojdyto, Oszmianski et al. 2007). They also said
that phenolic compounds contribute significantly to the total antioxidant
capacity. They believed that qualitative and quantitative analysis of major
individual phenolic in Sage, Rosemary, Dill, Basil and Lemon balm could be
helpful for explaining the relationships between total antioxidant capacity and
total phenolic contents in the herb extracts. They found a positive and
significant correlation existed between antioxidant activity and total phenolics,
measured by HPLC analysis in some selected family herbs, indicating that

phenolic compounds were the major antioxidant components.

According to our results, Sage and Rosemary were excellent free radical-
scavengers and a potent natural phenolic antioxidant for commercial
exploration.The three spectroscopic antioxidant capacity (AOC) assays can
be used to detect oxidation products of phospholipids. However (Kristinova,
Mozuraityte et al. 2008) observed that antioxidative activity of phenolic
compounds can be affected by prooxidants in the lipid oxidation system, such
as caffeic acid asprooxidant in iron-catalized oxidation and antioxidant in
haemoglobin-induced oxidation. pH can also affect antioxidative effect.
Therefore in order to get better view of possible effect of herbal extracts on
lipid oxidation, different affects of prooxidants and pH buffers could probably

be investigated.
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5 Conclusion

In this study, both direct and indirect methods were used to measure
antioxidantive activity of the 12 different herb extracts were. Three antioxidant
capacity assays (FC, ABTS, DPPH) have been used to evaluate antioxidant
activity of propyl gallate and the herb extracts. Propyl gallate was used as a
reference due to its high antioxidant capacity, which led to obtaining good
results in all the assays.

Among the tested herbs, Lemon balm, Rosemary, Basil and Thyme had high
phenolic content using FC method. Base on the DPPH assay, Rosemary, Dill,
Dill (Mills), Tarragon and Basil showed high radical scavenging activities,
while Lemon balm, Sage and Rosemary presented high radical scavenging
activities on the basis of ABTS assay.

The different results of the radical scavenging activities of the selected herbs,
using ABTS and DPPH methods, indicate that more than one AOC assay is
required in order to correctly evaluate antioxidant capacity.

Although the antioxidant capacities of all the given herbs were high, Lemon
balm, Sage, Rosemary, Dill and Basil were finally selected for oxygen uptake
measurement. Oxygen uptake method uses a direct approach to determine
the antioxidant ability in order to reduce the lipid oxidation. In this study, the
inhibitory effects of phenolics and radical scavengers were not correlated with
their reduction potentials.

The prooxidant activity of Fe3*, Fe?* and Hb was tested and Fe3* was
selected as a prooxidant in the studied lipid system as it is the most common
prooxidant in the emulsified system. Hb was observed to be a strong
prooxidant, but due to time limit it was left for further investigation in future.
Antioxidant activity of the 5 selected herbs was measured by means of
inhibition percentage of oxygen uptake in the liposome (phospholipid
dispersion in buffer). Following the obtained results, Sage, Rosemary and Dill
exhibited antioxidative effects, while Lemon balm and basil were found to be

prooxidants at the tested concentrations.



83

The contribution of radical scavenging could be significant only for Rosemary,
Sage and Basil. The comparison of the results obtained by the assays and by
the study of the antioxidant effects in the liposome model system with
catalyzed oxidation indicates that the AOC of the compounds was not the only
factor affected the liposome model system. Other factors, such as reducing
abilities determined the effectiveness of the studied compounds in the
liposome system. The results show that antioxidant activity could be
dependent on the oxidation system and the applied prooxidants.

Propyl gallate, a representative of a synthetic food antioxidant showed
inhibitory effects on catalyzed oxidation of marine phospholipids in liposomes.
The results of this work gave better prospective of some basic pro- and
antioxidant mechanisms and factors affecting lipid oxidation.

More investigation of antioxidants effects is still needed to clarify the
mechanisms and factors determining the antioxidant efficacy. Food-related

conditions should be focused ahead.
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6 Appendix

A. Experimental data for the antioxidant capacity assays.

A. 1 FC assay values for PG

Concentration Absorbance
(mM) (725 nm, 60 min)
0 0.012

0.5 0.421

1 0.792

1.5 1.262

2 1.684

A. 2 Absorbance values of the herbs using FC assay

Herbs Absorbance PG
equivalents
Lemon Balm 0.552 331.42
Tarragon 0.199 120.55
Chive 0.051 32.14
Thyme 0.289 174.31
Parsley 0.061 38.11
Sage 0.715 428.79
Rosemary 0.438 263.32
Caraway 0.038 24 .37
Dill (Mill)) 0.136 82.92
Lemon 0.035 22.58
pepper
Dill 0.15 91.28
Basil 0.209 126.52

A.3 DPPH assay values for PG

Concentration Absorbance

(mM) (517 nm, 30
min)

0 0.82

0.1 0.515

0.2 0.347

0.3 0.167

0.4 0.094
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A. 4 Absorbance values of the herbs using DPPH assay

Dilution Herbs Absorbance PG

1:10 equivalents
Lemon Balm 0.175 1593.33
Tarragon 0.335 1148.89
Thyme 0.124 1735
Sage 0.053 1932
Rosemary 0.24 1412.78
Dill 0.611 1932.22
Basil 0.556 1414.78

Dilution Chive 0.926 -49.28

1:10
Parsley 0.858 30.39
Caraway 0.638 30.72
Dill (Mills) 0.084 382
Lemon 0.612 535
pepper

A. 5 ABTS assay values for PG

Concentration Absorbance

(mM) (734 nm, 6
min)

0 0.671

0.1 0.581

0.2 0.515

0.3 0.459

0.4 0.357




95

A. 6 Absorbance values of the herbs using DPPH assay

Herbs Absorbance (734 nm, 6 PG equivalents
min)

Lemon 0.3 4604.67

Balm

Tarragon 0.608 2551.33

Chive 0.694 1978.00

Thyme 0.538 3018.00

Parsley 0.711 1864.67

Sage 0.27 4804.67

Rosemary 0.484 3378.00

Caraway 0.721 1798.00

Dill 0.675 2104.67

Lemon 0.724 1778.00

pepper

Dill 0.635 2371.33

Basil 0.629 2411.33

A. 7 Comparison of AOC results (in PG equivalents per gram dried herbs)

FC DPPH ABTS

Lemon Balm 331.42 1593.33 4604.67
Tarragon 120.55 1148.89 2551.33
Chive 32.14 -212.22 1978.00
Thyme 174.31 1735.00 3018.00
Parsley 38.11 -317.78 1864.67
Sage 428.79 1932.22 4804.67
Rosemary 263.32 1412.78 3378.00
Caraway 24 .37 30.72 1798.00
Dill 82.92 112.78 2104.67
Lemon 22.58 37.94 1778.00
pepper

Dill 91.28 382.22 2371.33

Basil 126.52 535.00 2411.33
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B. Oxygen Uptake Rate (OUR) measurements

B.1 OUR for Fe2+

Prooxidant Background Adding
Fe2+
Fe2+ conc r1 r2 r3 =r2-r1 avg r3 pH SD
50 mM 28 7 4.2 4175 5.6 0.206155281
50 mM 2.1 6.3 4.2 5.6
50 mM 1.9 5.8 3.9 5.6
50 mM 1.7 6.1 4.4 5.6
100 mM 1.2 4 2.8 3.78 5.6
100 mM 1.7 5.5 3.8 5.6 0.77588659
100 mM 1.3 6.2 4.9 5.6
100 mM 2.4 5.8 3.4 5.6
100 mM 21 6.1 4 5.6
B.2 OUR for HB
Prooxidant Background Adding Hb
Hb conc R1 R2 R3 = r2-r1 Avg of r3 pH SD
50 mM 2 244 22.4 18.6875 5.6 4.00657941
50mM 25 17.2 14.7 5.5
50mM 29 19.3 16.4 5.5
50 mM 2.3 17.3 15 5.5
50 mM 2.8 23.1 20.3 5.5
50 mM 2.5 21.3 18.8 5.5
50 mM 2 17.9 15.9 5.5
50 mM 2 28 26 5.5
Hb Background Adding R3 =r2-r1 Avg of r3 pH SD
Fe3+
100 mM 1.8 28.2 26.4 30.69 5.5 3.962729138
100 mM 2 33 31 5.5
100 mM 21 37 34.9 5.5
100 mM 24 38 35.6 5.5
100 mM 2.2 37.6 35.4 5.5
100 mM 24 34 31.6 5.5
100 mM 1.5 28.7 27.2 5.5
100 mM 24 35 32.6 5.5
100 mM 2.2 28.4 26.2 5.5
100 mM 1.7 27.7 26 5.5




97

Hb Background  Adding r3 = r2-r1 Avg of r3 pH SD
150 mM 3.7 31.7 28 34.25555556 5.5 4.203008182
150 mM 3.1 36.7 33.6 5.5
150 mM 3.1 39.7 36.6 5.5
150 mM 24 36.5 34.1 5.5
150 mM 21 38 35.9 5.5
150 mM 2.1 37.3 35.2 5.5
150 mM 2 43.7 41.7 5.5
150 mM 2.1 30.3 28.2 5.5
150 mM 2.6 37.6 35 5.5
Hb Background Adding R3 =r2-r1 Avg of r3 pH SD
Fe3+
200 mM 3.1 33.8 30.7 35.1 5.5 7.225154472
200 mM 3.6 38.3 34.7 5.5
200 mM 3.7 24 20.3 5.5
200 mM 3.3 48 44.7 5.5
200 mM 3.6 41.3 37.7 5.5
200 mM 26 38 35.4 5.5
200 mM 2.7 40.2 37.5 5.5
200 mM 24 422 39.8 5.5
B.3 OUR for Fe3+
Prooxidant Background Adding Fe3+
Fe3+ conc R1 R2 R3 =r2-r1 Avg of r3 pH SD
30 mM 3.7 8.9 5.2 6.14 5.5 0.814248119
30 mM 2 7.6 5.6 5.5
30 mM 1.7 8.2 6.5 5.5
30 mM 2.7 8.8 6.1 5.5
30 mM 24 9.7 7.3 5.5
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Fe3+ Background Adding R3 =r2-r1 Avg of r3 pH SD
Fe3+

60 mM 2.5 7 4.5 5.1675 5.5 1.072190681

60 mM 2.8 6.84 4.04 55

60 mM 3.4 9.2 5.8 5.6

60 mM 2.1 8.6 6.5 5.6

60 mM 1.8 7.8 6 5.6

60 mM 1.2 6.9 5.7 5.6

60 mM 1.9 5.3 3.4 5.6

60 mM 1.6 7 5.4 5.6

Fe3+ Background Adding R3 =r2-r1 Avg of r3 pH SD
Fe3+

100 mM 1.6 7 5.4 6.307692308 5.5 1.175770342

100 mM 1.2 7.3 6.1 5.5

100 mM 1.1 8.4 7.3 5.5

100 mM 3.1 9.7 6.6 5.5

100 mM 3.8 8.5 4.7 5.5

100 mM 3.7 8 4.3 5.5

100 mM 2.3 8 5.7 5.6

100 mM 2.2 8.5 6.3 5.6

100 mM 1.7 9.8 8.1 5.6

100 mM 1.2 9 7.8 5.6

100 mM 2.5 9.2 6.7 5.6

100 mM 2.8 8.3 5.5 5.6

100 mM 2.2 9.7 7.5 5.6

Fe3+ Background Adding R3 =r2-r1 Avg of r3 pH SD
Fe3+

160 mM 2.7 6.7 4 5.466666667 5.6 1.647624553

160 mM 2 6.1 4.1 5.6

160 mM 1.3 7.5 6.2 5.6

160 mM 3 7.5 4.5 5.6

160 mM 23 8 5.7 5.6

160 mM 1.7 10 8.3 5.6
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Fe3+ Background Adding r3 =r2-r1 Avg of r3 pH SD
Fe3+
240 mM 3.6 13.4 9.8 7.15 5.5 3.076849038
240 mM 3.3 13.2 9.9 5.5
240 mM 3.8 13.5 9.7 5.5
240 mM 3.2 6 2.8 5.6
240 mM 2.8 8.8 6 5.6
240 mM 2.3 7 4.7 5.6
B.4 OUR for PG
Background Adding 80% met
Fe3+
Control PG R1 R2 R3= r2-r1 R4 R5=r4-r1
Fe3+ + 80% Met (100 1.65 3.5 1.85 3.4 1.75
ppm )
B.5 OUR for different concentrations of PG
Background Adding Fe3+ Adding PG
PG R1 R2 R3= r2-r1 R4 r5=r4-r1 inhibition
PG (0.47 mM) 1.7 8.3 6.6 3.4 1.7 20.48
PG (0.47 mM) 1.2 3.3 2.1 3.8 2.6 78.79
PG (0.47 mM) 2.4 6 3.6 4.4 2 33.33
PG (0.47 mM) 2.1 5.5 3.4 4.1 2 36.36
PG (0.23 mM) 1.7 9.5 7.8 3.8 2.1 22.11
PG (0.23 mM) 2.4 8.3 5.9 41 1.7 20.48
PG (0.12 mM) 2 7 5 3.5 1.5 21.43
PG (0.12 mM) 1.2 6.8 5.6 2.3 1.1 16.18
PG (0.06 mM) 1.9 7.1 5.2 2.8 0.9 12.68
PG (0.06 mM) 2.2 8.6 6.4 3.2 1 11.63
PG (0.03 mM) 1.7 8.1 6.4 2.1 0.4 4.94
PG (0.03 mM) 1.2 8.9 7.7 2.2 1 11.24
PG (0.01 mM) 15 6.7 5.2 1.8 0.3 4.48
PG (0.01 mM) 1.2 6 4.8 1.6 0.4 6.67
PG (0.007 mM) 2.8 12.1 9.3 1.2 1 8.26
PG (0.007 mM) 1.8 12.5 10.7 1.3 -0.5 -4.00
PG (0.007 mM) 1.8 18 16.2 1.4 -0.4 -2.22
PG (0.003 mM) 238 12 9.2 1.1 1.7 -14.17
PG (0.003 mM) 1.9 12.6 10.7 1.1 1.8 14.29
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B.6 Inhibition of the herbs applying ABTS, DPPH and FC assay

Herbs FC
Lemon 331.42
Balm

Sage 428.79
Rosemary 263.32
Dill 91.28
Basil 126.52

DPPH
1593.33

1932.22
1412.78
382.22
535.00

ABTS
4604.67

4804.67
3378.00
2371.33
2411.33

Inhibition
130.00

36.36
72.41
42.86
209.30

Inhibition
202.78

54.10
55.36
35.90
256.52

B.7 Inhibition of the herbs applying ABTS, DPPH and FC assay

Herbs Series 1 Series 2
Lemon -30.00 -102.78
balm

Sage 63.64 45.90
Rosemary 27.59 44.64
Dill 57.14 64.10
Basil -109.30 -156.52




	Preface
	List of Figures
	List of Tables
	Abstract
	1 Introduction
	1.1 Background
	1.2 Marine Lipids
	1.3 Marine phospholipids
	1.4 Phospholipid chemistry
	1.5 Liposomes
	1.5.1 Liposomes- model systems for studies of lipid oxidation

	1.6 Lipid oxidation
	1.6.1 Initiation
	1.6.2 Propagation
	1.6.3 Termination

	1.7 Prooxidants
	1.7.1 Iron
	1.7.1.1 Iron-catalyzed lipid oxidation

	1.7.2 Hemoglobin (Hb)

	1.8 Antioxidants
	1.8.1 Primary antioxidants
	1.8.1.1 Reaction mechanism of hydrogen donation

	1.8.2 Secondary antioxidants
	1.8.2.1 Metal chelators

	1.8.3 Physical location of antioxidants
	1.8.4 Natural antioxidants
	1.8.4.1 Phenolic compounds
	1.8.4.2 Phenolic acids

	1.8.5 Synthetic antioxidants
	1.8.5.1 Propyl gallate


	1.9 Evaluation of antioxidant activity
	1.9.1 Methods for antioxidant capacity assay (AOC) evaluation
	1.9.1.1 Direct methods
	1.9.1.2 Indirect methods

	1.9.2 Antioxidant capacity assays
	1.9.2.1 HAT-based assays
	1.9.2.2 SET-based assays
	1.9.2.3 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay
	1.9.2.4 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)(ABTS) assay
	1.9.2.5 The total phenol assay by Folin-Ciocalteu reagent



	2 Materials
	3 Methods
	3.1 Preparation of extracts from dried herbs
	3.2 Phospholipid isolation
	3.3 Preparation of liposomes
	3.4 Antioxidant capacity assays
	3.4.1 Free radical-scavenging ability by the use of Folin-Ciocalteu assay
	3.4.2 Free radical-scavenging ability by the use of DPPHassay
	3.4.3 Free radical-scavenging ability by the use ofABTS+assay

	3.5 Oxygen uptake measurements
	3.5.1 Oxygen uptake rate (OUR)


	4 Results and Discussion
	4.1 Antioxidant capacity assays
	4.1.1  Folin-Ciocalteu Assay
	4.1.2 DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging Assay
	4.1.3 ABTS assay (2,2'-azino-bis), (3-ethylbenzothiazoline-6-sulphonic acid)
	4.1.4 Comparison of the antioxidant capacity results

	4.2 Oxidation of liposomes
	4.3 Influence of solvents on OUR
	4.4 Propyl gallate (PG)
	4.5 Oxygen uptake measurement of the 5 selected herb extracts

	5 Conclusion
	6 Appendix

