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Abstract: Binary combinations of natural antioxidants, narilBocopherolsa-, 8-, y-, 5-T), and synthetic one
named (BHA, BHT, AP) were prepared and their fradigal scavenging activity were evaluated using BPP
test. Results indicate that the synergisms of tit@xdant pairs (synthetic: tocopherol) were diéfet, with
different synthetic antioxidants types. The combores of ascorbyl palmitate showed the highest syete
percentage, while combinations of tocopherols WBBHA and BHT showed similar values, and these
percentages were in low significant importance wutheir low values. The (AP-T) combination shows the
highest percentage of synergism (21.66%) while (BHB) combination was the lowest (4.57%).
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Introduction:

Active oxygen and, in particular, free radicals arensidered to induce oxidative damage in

bimolecular and to play an important role in agimgrdiovascular diseases, cancer, and inflammatory
diseasds®. In addition, they are also well known to be magauses of material degradation and food
deterioration.
Consequently, antioxidants are now known to bep@ctive protective or therapeutic agents. In that paw
years, addition of synthetic antioxidants has begure restricted because of their health riskstaridity. The
importance of exploiting natural antioxidants fraarious sources and replacing synthetic antioxalavith
natural ingredients has attracted increasing adieniAt present, most of the natural antioxidantshs as
traditional nutrients, polyphenols, and flavonaale obtained from plants.

There is an increasing interest in antioxidantsti@adarly in those intended to prevent the presdme
deleterious effects of free radicals in the humadyb and to prevent the deterioration of fats atiteo
constituents of foodstuffs. In both cases, thera jgeference for antioxidants from natural ratifiamn from
synthetic sourcedl. There is therefore a parallel increase in theafiseethods for estimating the efficiency of
antioxidantd>®,

Inhibition of oxidation through the use of antioaids has been observed to increase the induction
period (IP) of lipid to varying degreés.
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Cooperative effects (synergy) of antioxidants its fand oils are documented in several stlfdi&5 Miranova
et al."™ reported that mixtures T and myricetin produced a synergistic effect dyrihe autoxidation of
triglycerols of sunflower oil. Kinetic analysis demstrated that-T regenerates myricetin during autoxidation.

A study conducted by Becker et'™dl.showed that binary combinations of four antioxisa-T,
astaxanthin, quercetin and rutin) revealed fadioas may affect the synergism and antagonism abxidant
blends: structural organization of the lipid; salityp polarity and the hydrophilic nature of thateoxidants. A
transfer of hydrogen from BHT regenerated BHA riisglin higher antioxidant activity than the compats
used singly in soybean oil, lard and methyl oléAte Antioxidants (BHT, alkylated phenol/dithiophospit
acid ester/diphenylamine and zinc diamyl dithioeanhte) and anti-wear additives combinations wese al
reported to have synergistic effects in vegetabitbased lubricants based on the FA profile (esgdgcon the
polyunsaturation) and the effectiveness of thehiidis™**%

Although a few studi¢§®* reveal that antioxidants improve the oxidativéiity of lipid, and reports
have been made about the synergism of antioxidamgible oils and fat™** and in lubricating oil§***! the
synergy of synthetic antioxidants in lipid has taen fully elucidated. The objectives of this pajserto
investigate the synergistic effects of synthetiticxmdants: BHA, BHT, AP when they are combined twit
natural one (tocopherols) in binary formulations.

1 Experiment

1.1. Preparation standards

A series of working standard solutions were preghaby appropriate dilution with methanol. DPPH
standard (0.02 mol/L) was prepared daily by diss¢B.94) g in 50 ml of methanol then diluted to 500 a
1/100 dilution was done to get (0.2 mmol/L).

BHA, BHT, AP, o-T, B-T, y-T andd-T primary stock solutions (0.01 mol/L) were prephrgy dissolve
0.18, 0.22, 0.414, 0.43, 0.416, 0.416, 0.402, Q.4»41, 0.41, 0.396 g from each antioxidant in orihe
methanol. Then diluted to 100 ml, a 1/10 dilutioaswlone, to get (1 mmol/L) secondary stock solutioeach
antioxidant. From the previous secondary stocktewluwas performed to get standards titrating &t 3, 7.5,
10, 12.5, 15 umoal/L in by taking the following vohes from secondary stock solution, 2.5, 5, 7.5120%, 15
ml in series of 1000 ml volumetric flasks respesitjv

1.2. Materials

The Alpha Tocopherolof T], Beta Tocopherol4T], Gamma Tocopherol{T] and Delta Tocopherol
[0-T] was obtain from (Chromad&xIrvine California); the 1,1-Diphenyl-2-picrylhyaryl [DPPH], Butylated
hydroxyanisole [BHA], 2,6-Di-tert-butyl-4-methylphel [BHT] and Ascorbyle Palmitate [AP] from (Sigma-
Aldrich, USA); the methanol p.a. from (Merck Cheali; Germany).

1.3. Apparatus

Spectrophotometer UV-Vis (Thuramed T60, Germanygropipette 100-100Q (Iso lab, Germany),
sensitive balance (Sartorius, Germany), quartz Geiveolumetric flask (10, 25, 50, 100 ml), beak&s0, 500
ml), pipette (1, 2, 5, 10 ml).

1.4. Reaction time

In the original method a reaction time of 30 mirsueas recommended, and this has been followed in
more recent work”.

Shorter times have also been used, such as 5 mitfjter 10 minute®’. However, in view of the fact
that the rate of reaction varies widely among sabes'*?% the best practice seems to be to follow the i@mct
until it has gone to completion (“plateau®}?®. The rate of reaction has also been proposed fastrer
parameter to characterize the antioxidant actif&/.

In our study, we have followed the reaction urithas gone to completion for each antioxidant, togs of
absorption changes according to the time for eatibxadant.

1.5. Absorbance measurements - wavelength and instment used

The working wavelength of maximum absorbangeeax, to be used for the absorbance measurements
is given variously as 515 fth?%?2?°! 516 nnf!, 517 nn¥*?®, 518 nnff”, and 520 nM". However, in practice,
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given that the “peak” is a maximum, that is, rouogped, and that the absolute absorbance valuesoare
important, the wavelength can be set to that gitiregmaximum absorbance in the instrument thasesiu

It is general practice to use a spectrophotometatetermine the absorbance with DPPH solutions.
Maximum absorbance of DPPH (200 micro mol/liteQamtly prepared, has been determined. The solbsn
been studied under deferent wavelength (400 tan@H0rmax turned out to be (517 nm) for DPPH.

1.6. DPPH radical-scavenging capacity

The antioxidant activity of different combinatiomgeere measured in term of hydrogen donating or
radical scavenging capacity using the stable DPR#thod according to the method proposed by Brand-
Williams et al®®. (1) ml of DPPH solution (200 umol/L) to 3 ml ohtixidant solution found within
appropriate dilution for getting diverse binaryiaridants survey, so that the total concentratibuse was
equivalent to (10 umol/L), and studied in pairsa®ws:

(BHA: a-T), (BHA: 4-T), (BHA: y-T), (BHA: 5-T), (BHT: &-T), (BHT: A-T), (BHT: y-T), (BHT: 5-T), (AP: o-
T), (AP: 8-T), (AP:7-T), and (AP%-T).

The absorbance at 517 nm of the resulting solutiwas measured. The antiradical activity was
expressed in terms of the percentage reductioheoDPPH. The ability to scavenge the DPPH radiczs w
calculated using the equation [1]:

% Scavenging capacity = [ 1-ANAg x 100 ----- Euation [1]

Where A is the absorbance of blank DPPH Solution,i#\the absorbance of the solution after additibn o
antioxidant and access to the state of stabilil&tnm. All samples were analyzed in duplicates.

1.7. Synergistic Effect

To determine the existence of synergies betweeipxdaénts, the existence of synergies between
antioxidants in free radical scavenging capacitg wetermined for the preparation of bilateral corabons of
different antioxidants.

The free radical scavenging capacity of combinatitetween antioxidantSA; . and for each
antioxidantSA.y and SA;) separatelywere determined within the concentrations usedhg combination
within the same conditions, and the presence dfrgygnwas assessed by the equation [2]:

S =SA4, 2— SAw) +SAp - Equation [2]

S > 0 this refers to the existence of synergies betwantioxidants.
S< 0 this refers to the absence of synergy betwegoxihants.

2 Results & Discussion

The effectiveness of eight natural antioxidantse Tdur known naturally occurring tocopherols termed
a-, -, y- andod-tocopherol and a synthetic antioxidant:[BHA], [BHahd [AP] were studied by determined the
free radical scavenging capacity.

The naturally occurring antioxidant, tocopherol®revfound not to be an effective antioxidant, only
slightly increasing the free radical scavengingacéy comparing with synthetic one. The study iatkd that
the synthetic antioxidants were more effectiveniareasing the free radical scavenging capacitydifherent
combination resulted different synergism.

2.1. Combination between AP and Beta-Tocopherol (AR3-T)

The free radical scavenging capacity were deteminfoe binary SAxe. 4.1y, and for eacl8A,.r and
SAxe individually in the same concentration and witkine same conditions. (Table 1) shows the difference
between practical scavenging capacitysé{,p. 5.1y combination, and theoretical one resulting from sum of
the free radical scavenging capacity for each aikemts mentione®Ag.n+ SAxr). (Fig.1) curve showing the
differences between actual free radical scavengapcity ofSAue. 1) and the theoretical one 0BAup) +

SApT):
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Table 1 the results of the partnership between APrad (8-T)

(AP:5-T) umol/L SAgT) SAnp) | SApm + SAsp) | SAgT.PA)
(0:10) 38.18 0 38.18 38.18
(19) 34.614 3.92 38534 42.24
(2:8) 30.44 7.88 38.32 42.454
(3:7) 26.632 11.61 38.242 43.752
(4:6) 23.09 15.69 38.78 44.3923
(55) 18.75 195 38.25 44523
(6:4) 154 23.302 38.702 44.623
(7:3) 11.443 27.29 38.733 43.403
(82) 7536 30.93 38.466 42.904
(9:1) 3.78 34.765 38.545 41.821
(10:0) 0 38.57 38.57 38.57

SApT):

2542

Results showed that there was a difference betieecalculated values SA. SA ;) and the practical
oneSA, ) of free radical scavenging capacity, they weregnethan zero $0 ) for all binary combinations
with different values of synergism. The (Fig. 2)osled the difference between the practical values an
theoretical one of free radical scavenging capadfithe combinations (BHA:T3), (AP$-T). (Fig. 1) showing
the differences between actual free radical scangrappacity ofSAxp. 4.1y and the theoretical one @Ap) +

m SA(AP)+SA(BTocopherol)

SA(AP,BT)

Fig. 2 comparison between theoretical and practicacavenging capacity of the combination between (ARnd (8-T)

Following the previous steps, the theoretical ahd practical values calculated for all binary
combinations (Table 2), shows the results of thaluoation between tocopherols and synthetic ardamdts.

Table 2 the results of the combinations between sthetic antioxidants and tocopherols

Antioxidant (X:Y)
X Y (10:0) | (9:1) (8:2) (7:3) (6:4) (5:5) (4:6) (3:7) (2:8) (1:9) (0:10)
BHT a-T Theoretical | 51.95 [ 51.15 | 50.81 [ 50.01 | 48.77 [ 47.71 | 46.85 | 45.84 | 44.99 | 44.63 | 43.25
Practical 51.95 | 52.79 | 52.5 | 52.24 | 51.23 | 50.56 | 49.26 | 48.01 | 46.65 | 46.05 | 43.25
p-T Theoretical | 51.95 | 50.38 | 49.49 [ 48.23 | 46.73 | 44.73 | 43.86 [ 42.38 | 40.76 40 38.18
Practical 51.95 | 50.87 | 51.14 | 50.08 | 49.35 | 47.54 | 46.68 | 43.64 | 41.83 | 41.07 | 38.18
y-T Theoretical | 51.95 [ 50.26 | 49.25 [ 47.34 | 4541 | 44.2 | 4239 | 40.97 | 39.23 | 37.92 | 35.98
Practical 51.95 | 51.46 | 50.78 | 49.36 | 47.86 | 46.98 | 45.12 | 43.29 | 41.2 | 39.27 | 35.98
o-T Theoretical | 51.95 [ 50.04 | 48.86 [ 47.16 | 45.05 [ 43.23 | 41.35 | 39.66 | 37.72 | 36.25 | 34.13
Practical 51.95 | 51.05 | 50.19 | 48.92 | 46.98 | 4543 | 43.11 | 41.2 | 38.89 [ 37.11 | 34.13
BHA a-T Theoretical | 48.85 | 48.26 | 47.96 | 47.49 | 46.88 [ 46.3 45.7 | 4484 | 4451 | 442 | 43.25
Practical 48.85 | 49.19 [ 49.41 | 49.38 | 48.94 | 48.71 | 47.88 | 46.76 | 45.89 | 44.98 | 43.25
B-T Theoretical | 48.85 | 47.49 | 46.64 | 45.72 | 4484 | 43.32 | 42.71 | 41.38 | 40.28 | 39.56 | 38.18
Practical 48.85 | 48.12 | 47.65 | 4731 | 46.63 | 453 | 44.11 | 427 41.3 40 38.18
y-T Theoretical | 48.85 | 47.37 | 46.4 | 44.82 | 4352 | 42.79 | 41.24 | 39.97 | 38.75 | 37.49 | 35.98
Practical 48.85 | 48.33 | 47.71 | 46.68 | 45.61 | 44.74 | 42.99 | 4159 | 40.18 | 38.18 | 35.98
o-T Theoretical | 48.85 [ 47.15 | 46.01 | 44.64 | 43.16 | 41.82 | 40.2 | 38.66 | 37.24 | 35.82 | 34.13
Practical 48.85 | 47.93 | 47.17 | 46.39 [ 45.1 | 4395 | 41.75| 404 | 3841 | 364 34.13
AP a-T Theoretical | 38.57 [ 39.32 | 39.79 [ 40.51 | 40.74 | 41.23 | 41.77 | 41.71 | 42.55 | 43.17 | 43.25
Practical 38.57 | 43.62 | 45.67 | 47.32 | 48.06 | 49.03 | 49.39 | 49.07 | 49.74 | 48.01 | 43.25
p-T Theoretical | 38.57 [ 38.55 | 38.47 [ 38.73 | 38.7 [ 38.25| 38.78 | 38.24 | 38.32 | 38.53 | 38.18
Practical 38.57 | 41.82 | 42.9 434 | 44.62 | 4452 | 4439 | 43.75 | 42.45 | 42.24 | 38.18
y-T Theoretical | 38.57 [ 38.43 | 38.23 [ 37.84 | 37.38 [ 37.72 | 37.31 | 36.83 | 36.79 | 36.46 | 35.98
Practical 38.57 | 42.95 | 43.14 | 43.19 | 43.35 | 44.13 | 43.69 | 42.71 | 42.12 | 41.17 | 35.98
o-T Theoretical | 38.57 [ 38.21 | 37.84 [ 37.66 | 37.02 [ 36.75 | 36.27 [ 35.52 | 35.28 | 34.79 | 34.13
Practical 38.57 | 44.48 | 44.47 | 44.77 | 4457 | 44.71 | 43.92 | 42.93 | 42.37 | 41.35 | 34.13
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In order to assess the fact that these differeatasstically significant, the application of thet¢st
paired) for comparison between practical scavengapacity and the ability of theoretical scavengiagacity
after merger process of the combination was appli€de Py, <0.05 for all combinations was noted that
there was substantial difference between the paictvalues and theoretical one of the merger and
thus led to an increase in the scavenging capaaitlythere was synergistic partnerships betweedifédrent
combinations and different concentrations have .used

To determine the importance of synergies resulfmogn the various combinations, the synergies
percentages of antioxidants combinations were cded, when using same concentrations for eachxaatdiat
(5umol/L) within binary combinations according tguation [3]:

%S = [SAu) - (SAw + SAx)] X 100/ (SAy + SA)  equation [3]

Where: %S: is thesynergies percentages of antioxidants combinatiBisg, ) is the practical free
radical scavenging capacity of the blend, $&hd SAy)is the free radical scavenging capacity of each
antioxidant separately.

(Table 3) shows different synergies ratios of ddfé combinations; also, Fig. 3 shows the diffeeenc
between percentages of synergy for various combmatvhen used in equal concentrations.

Table 3 the percentage of synergies (S%) of variosynergies combinations

Participation of Synergies (S) The percentage of synergies|
antioxidants (S%)
(BHT, a-T) 2.853 5.98
(BHT, A-T) 2.814 6.29
(BHT, y-T) 2.781 6.29
(BHT, &-T) 2.204 5.1
(BHA, ¢-T) 2.411 521
(BHA, A-T) 1.983 4.58
(BHA, 3-T) 1.955 457
(BHA, 6-T) 2.131 5.09
(AP, 0-T) 7.799 18.91
(AP, B-T) 6.273 16.4
(AP, y-T) 6.411 16.998
(AP, 5-T) 7.96 21.66

The percentage of synergies (S%)

Fig. 3 shows the percentages of synergy for varioeembinations when used in equal concentrations

3 Conclusion

The combinations of tocopherols with ascorbyl ptdiaei showed the highest synergetic percentage, and
the best synergistic effect was observed with #e: ¢-T) blend with all mixing proportions, suggesting a
dependence on that ascorbyl palmitate donates hgdrto regenerate tocopherols. While combinatioitis w
BHA and BHT showed similar values, and these peaagms were in low significant importance due tdrthe
low values.
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