The effects of rosemary and grape seed on the oxidation of cocoa butter and melting, rheology, shelf life, antioxidant activity of dark chocolate
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Abstract
The effects of rosemary (Rosmarinus officinalis) powder (RP) and grape seed (Vitis vinifera) powder (GSP) additions at 0.1%, 0.5% and 0.8% on melting, rheology, shelf life and antioxidant activity of dark chocolate and the oxidative induction time (OIT) of cocoa butter were investigated. The melting parameters and OITs were determined by using a differential scanning calorimetry and accelerated shelf-life analysis were monitored by the schaal oven test at 30, 40, 50 oC for 100 days. The melting properties and the rheology of the samples were not affected by the addition of RP or GSP, whereas OIT and the prevention factor (PF) of the cocoa butter increased with the additions. The temperature coefficient (Q10) and the activation energy (Ea) values for the samples decreased with the addition of GSP at 0.8%. Additions of RP at 0.8% or GSP at 0.5% and 0.8% increased the total phenolic contents of chocolate significantly. The outcomes indicated that the shelf-life and nutritional value of dark chocolate increased with the additions of RP or GSP whereas the main process characteristics kept constant. 
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1. Introduction
Dark chocolate with 65-75% total solids is considered as a suspension containing sugar coated by phospholipids and cocoa particles in cocoa butter. Chocolate is manufactured by mixing of ingredients, then grinding and conching, which gives chocolate desirable structural, melting and rheological properties (Afoakwa et al., 2008a). During tempering chocolate gains its stable crystal structure, which provides glossy appearance, optimum melting property and inhibiting fat bloom whereas enhancing sensorial and storage characteristics, thus it extends the shelf life (Afoakwa et al., 2008a, 2008b, 2009a, 2009b; Briggs & Wang, 2004). Chocolates with stable crystals have optimum rheological characteristics as well. Rheological properties, namely plastic viscosity and yield stress are the most important factors affecting production, quality and cost of chocolate. For instance, high plastic viscosity and yield stress result uneven coating, spreading and air bubbles in a chocolate. In addition, the excess or inadequate quantity of chocolate on the product surface due to unsuitable viscosity increases the cost (Steffe, 1996; Afoakwa et al., 2008c; Glicerina et al., 2013; Servais et al., 2004). 
In recent years, cocoa and dark chocolate have attracted continuous interest in terms of their palatable treat, nutritional properties and especially for its antiviral effects and potential health benefits on  cardiovascular diseases, cancer (Friedman, 2007), plasma low density lipoprotein (LDL) and high density lipoprotein (HDL) cholesterol (Baba et al., 2007), platelet function (Pearson et al., 2002). These benefits mainly stem from the high flavonoid content of cocoa and chocolate. Cocoa is a known source of high levels of monomeric, oligomeric and polymeric catechins that are from the family of flavonoids, which are among the most powerful antioxidants (Othman et al., 2007). Dark chocolate has 535 mg/kg, which is four times that in tea (Beckett, 2000). The consumption of dark chocolate increases both the total antioxidant capacity and the (-) epicatechin content of blood plasma [Serafini et al., 2003).
Considering the possibility of undesirable influences of oxidized lipids on the human organism, it has also essential importance to minimise the content of products of lipid oxidation in food (Karpinska et al., 2001). Numerous studies have indicated that lipid oxidation, which is one of the factors for shortening the shelf life of foods, may be controlled or minimized by using antioxidants as additives (Peng et al., 2009). Many spices and herbs including rosemary, thyme, cloves, cinnamon and black pepper exhibit antioxidant activities in a variety of biological systems (Wang et al., 2008). It has been reported that rosemary (Rosmarinus officinalis) extract showed strong antioxidant capacity for the samples as follows in decreasing order: rosemary > cocoa > olive oil (Bubonja-Sonje et al., 2011). It has been found that rosemary extracts were eﬀective antioxidants in corn, soybean, peanut and ﬁsh oils tested in bulk systems (Frankel et al., 1996). There are several researches about grape seeds (Vitis vinifera) having high phenolic content and show high antioxidant activity (Baydar et al., 2004; Jayaprakasha et al., 2001; Karadeniz et al., 2000; Yilmaz & Toledo, 2006). It has been found that the addition of grape seed extract to the bread decreased the amount of endproduct of glycosylation, named carboxymethyllisin, which is an indicator related to the shelf life of breads (Peng et al., 2009).
In this study, the objective was to investigate the effects of rosemary powder (RP) and grape seed powder (GSP) on melting, rheology, accelerated shelf life and antioxidant activity of dark chocolate. The protection factors of RP and GSP including their effects on the OIT of cocoa butter were also determined. 
2 Materials and methods

2.1 Samples
 In this study, chocolate samples were made in the laboratory using cocoa powder, cocoa butter, sugar and lecithin, which were provided from the cocoa manufacturer (Altinmarka, Istanbul, Turkey). RP and GSP were purchased from a local market. 
2.2 Sample preparation
Chocolate samples were made in the laboratory using sugar (40.0%), cocoa butter (36.8%), cocoa powder (22.6%) and lecithin (0.3%) by weight. Sugar in crystal form was grounded using a grinder in a porcelain mortar, then sieved to a certain fineness. Cocoa butter was melted in the container at 60 oC, and cocoa powder and sugar were added. The mix was conched by a mixer at 60 oC for 3 hours. At the last half hour of conching, lecithin and the rest of cocoa butter were added to the mix. The RP and GSP were grounded by a grinder in a porcelain mortar. Grounded powders were taken from a sieve having 200 μm aperture size. After conching, RP or GSP were added to the chocolate samples at 0.1, 0.5, 0.8 and 1.0% (w/w). However, the analyses were conducted with the first three additions due to fact that the additions of RP or GSP at 1% to the sample made the taste of chocolate too strong. RP or GSP added samples were mixed by hand for 10 min at 60 oC. The tempering consisted of three steps. The mix was cooled from 60 oC to 29 oC by hand mixing, and they were kept at 29 oC for 10 min, then the temperature increased from 29 oC to 32 oC. The samples were kept at 32 oC for 10 min. The tempered chocolates were stored at 10 oC for 72 hours. Two batches were prepared and tested for each sample.

2.3 Melting measurements

 Crystallization parameters were measured by using a differential scanning calorimeter (DSC) (TA Instruments, Q10, New Castle, USA) calibrated with indium at 5 oC/min. 5 mg of sample was weighed and put in an aluminum pan and then hermetically sealed. Samples were scanned from 15 oC to 55 oC under nitrogen gas at 5 oC/min. The melting parameters (To, Tp, Te, ∆Hm) were obtained using the software program (TA Instruments, New Castle, USA), and (Te-To) values were calculated. To is the temperature where melting starts, Tp is the temperature where melting reaches a peak, Te is the temperature where melting ends and ∆Hm is the enthalpy that required for melting. The (Te -To) difference is defined as a melting index (Afoakwa et al., 2008a, 2008b; Briggs & Wang, 2004). Each sample was analysed in triplicate. The mean values and standard deviations were reported.

2.4 Rheological measurements

Rheological measurements of samples were conducted using a rheometer (Haake Rheostress 1, Germany) equipped with a plate-plate sensor (dia=35 mm, gap=1 mm) at 40, 50 and 60 oC. The shear rate was increased from 0 to 300 s-1 in 60 s (upwards) and decreased from 300 to 0 s-1 in 60 s (backwards). The rheological data were modelled using the Bingham plastic model by a software program (Haake Rheowin3, Germany) (Equation 1) (Steffe, 1996):
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 The effect of temperature on the rheological parameters of samples was expressed using an Arrhenius type Equation 2 (Steffe, 1996):
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where η is viscosity (Pa s), η( is a constant (Pa s), Ea is an activation energy (J/mol), R is the gas constant as 8.314 (J/mol K), T is the absolute temperature (K). Measurements were performed in duplicate for each sample. The mean values were reported.
2.5 Shelf life analysis
The Schaal oven test
Chocolate samples placed in open petri dishes were stored at 30, 40 and 50 oC for 100 days. Oil phase of chocolate samples were extracted by hexane, which was added to samples in a glass jar and shaked for 30 min. The supernatant was withdrawn by pipette and filtered after addition of sodium sulphate using two layered filtration paper (Whatman paper no 42). Hexane was removed using a rotary evaporator at 40 oC. The peroxide value (PV) and p-Anisidine value (p-AnV) analyses were conducted for the oil phase of samples (Nielsen, 1998; Suja et al., 2004). The total oxidation (TOTOX) values were calculated. Each samples were analyzed in duplicate. Mean values and standard deviations were reported. 
PV tests 
Chloroform (10 mL), glacial acetic acid (15 mL) and saturated potassium iodide solution (1 mL) were added to the 2 g of oil extracted from chocolate. The mixture was sealed and left in a dark place for 5 min after mixing. Then, 75 mL distilled water and 1-2 drops of saturated starch solution were added. After mixing, it was titrated with 0.002 N adjusted sodium thiosulphate solution. The blank sample was prepared without oil sample. PV was calculated ( Equation 3).
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where PV is a peroxide value (meq/kg), a and b are the volumes of 0.002 N adjusted sodium thiosulphate solution, N is the normality of adjusted sodium thiosulphate, ƒ is the adjust factor for the 0.002 N sodium thiosulphate solution, and m is the amount of oil (g) (Nielsen, 1998; Turkish Standards TS. 4964-1986).

p-AnV tests 
4 or 5 g of oil extracted from chocolate was put in a beaker and completed to 25 mL volume with isooctane. The absorbance of the mixture was measured against isooctane at 350 nm (the absorbance of oil). 1 mL p-Anisidine solution was added to the oil extracted from chocolate (5 mL) in another beaker and mixed for 1 min. The absorbance of the mixture was measured at 350 nm (the absorbance of the product after reaction). The reference sample was the mixture of isooctane and 1 mL of p-Anisidine solution. The spectrophotometer was zeroed against reference sample. p-AnV was calculated using as follows (Equation 4).
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where A1 is the absorbance of oil, A2 is the absorbance after reaction, m is the amount of oil (g), 1.2 is the correction factor (the dilution ratio of the mixture of p-Anisidine and oil-solvent is 1:2) (Nielsen, 1998; Suja et al., 2004).
TOTOX values

      The TOTOX values were calculated (Equation 5). (Briggs & Wang, 2004; Nielsen, 1998):
TOTOX = (p-AnV) + (2x PV)                                      (5)
Oxidative Induction Time (OIT) Values
 The OIT values were determined for cocoa butter extracted from chocolate samples without addition and with RP or GSP using a DSC (TA Instruments, Q10, New Castle, USA) according to a method (Anon, 1998; Tan et al., 2002) at atmospheric pressure with modifications. The measurements were conducted in duplicate for each sample. 5 mg of sample were placed in an aluminum pan without lid. An empty pan without lid was used as a reference. In the first stage, the temperature was kept at 40 oC for 1 min, and then N2 was applied at 20 mL/min at the isothermal condition. In the second stage, the temperature was increased from 40 oC to 165 oC at 30 oC/min under N2 gas at 20 mL/min. In the third stage, the system was kept at 165 oC for 2 min under N2 gas at 20 mL/min. In the fourth stage (oxidation stage), samples were kept at 165 oC for 60 min under O2 at 150 mL/min.
In the DSC scan, the point where the O2 was given to the system was called as zero point (ZP). The beginning point where an increase in heat depending on the oxidation of oil that is an exothermic reaction was detected as the onset point (OP). The time between OP and ZP was defined as OIT. In order to determine the effect of temperature on the oxidative stability of the chocolate, the same experimental procedure was applied to the cocoa butter extracted from chocolate samples at 155, 165 and 175 oC. The ZP and OP were determined from DSC scans and OIT and PF values were calculated (Equation 6 and Equation 7), respectively 
OIT = OP - ZP                                   
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where PF is a protection factor. The Q10 is an indicator for the shelf life of a food due to a 10 oC increase in the temperature, meaning if Q10 increases the shelf life decreases. The Q10 depends on the temperature and Ea. The Q10 and Ea were found (Equation 8 and Equation 9), respectively (Mizrahi, 2011):
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where T is the absolute temperature (K) and Ea is the activation energy (cal/mol).
2.6 Antioxidant activity analyses
Sample preparation from chocolates
The extraction of bioactive components of chocolate samples was performed according to Serafini et al. (2003). Chocolate sample (2 g) was grounded using a grinder in a porcelain mortar. 1 g of grounded sample was defatted with 10 ml hexane. The mixture was hold in the ultrasonic bath for 10 min at 30 oC and then was centrifuged for 10 min at 3000 rpm. This process was repeated twice. After the hexane was removed, the residue solid part was extracted with 5 mL of a mixture of acetone, water and acetic acid (70.0:29.8:0.2 by volume). The mixture was hold in an ultrasonic bath for 15 min at 30 oC, and then centrifuged for 4 min at 875 g. The supernatant was separated, and the process was repeated with 2 mL of a mixture of acetone, water and acetic acid (70.0:29.8:0.2 by volume). The total supernatant was filtered using a 0.45 µm polytetrafloroethylene (PTFE) and the organic solvent was evaporated at 45 oC using a rotary evaporator. The extract obtained was completed to a final volume of 10 mL with distilled water. 

Total phenolic concentration

The total phenolic concentrations of the samples were determined according to the Folin-Ciocalteu method. The antioxidant solution (2 mL) was mixed with 10 mL Folin-Ciocalteu reactive (diluted with water at a ratio of 1:10) in an erlenmayer flask and kept 5 min at 24 oC. 8 mL of solution containing 0.6 g anhydrous sodium carbonate was added. After 2 h, the absorbance of the mixture was measured at 765 nm. The blank (2 mL distilled water) was also measured with the same procedure. The gallic acid was used as a standard and the total phenolic concentration was found as mg gallic acid equivalent (GAE)/mL and then expressed in terms of   mg GAE/g chocolate (Cervellati et al., 2008). 
Antioxidant activity in terms of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylicacid) equivalent
The ABTS (2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) stock solution in water was prepared at 7 mmol/L. The ABTS radical cation (ABTS•+) was obtained by mixing the ABTS stock solution with 2.45 mmol/L potassium persulfate at a volume ratio of 1:0.5 and kept in a dark place at room temperature for 12–16 h. The solution of the ABTS•+ was diluted with ethanol until obtaining 0.70 (±0.02) absorbance value at 734 nm and left at 30 oC. 2.5 mmol/L solution of the trolox in the ethanol, which is antioxidant standard solution, was prepared. The solution of the ABTS•+ (1 mL) (A734nm=0.70±0.02) was added to the antioxidant solution prepared in the ethanol (10 µL) or to the trolox standard solution (10 µL) in the range of 0-15 µmol/L without mixing and the absorbance values at 734 nm were measured after 4 min at 30 oC. The same procedure was applied for the blank. The inhibition values as percent were calculated and placed in a graph versus concentration of the trolox. The antioxidant activity of the sample was determined from the same inhibition percent value of the sample and the trolox standard, which has the same inhibition percent value in the standard trolox graph. The antioxidant activity was expressed as mg trolox equivalent (TE)/g chocolate. The inhibition percent values were calculated (Equation 10) (Servais et al., 2004).
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where Ar is the absorbance of the reference and As is the absorbance of the sample or trolox standard (Re et al., 1999).
2.7  Statistical analysis
    The mean and standard deviation were determined and one-way analysis of variance (ANOVA) was used for the significance of the differences at p=0.05, using a commercial statistical software (MINITAB Version 16, Pennsylvania, USA).
3 Results and discussions

3.1 Melting parameters

DSC results for melting of the chocolate samples without any addition, with RP and GSP at 0.8% were given in Figure 1. The melting parameters of the samples were presented in Table 1. The addition of RP or GSP at different ratios did not affect melting parameters of chocolate significantly. This is probably due to the addition levels of RP and GSP were very low. However, To values had a tendency to decrease as GSP increased in the samples. In contrast, To values increased a little with the RP addition. Tp values seemed constant for all samples while Te of the samples increased with the RP addition. It appears that the onset of melting of the samples with RP shifted higher temperatures, as opposed to the effect of GSP additions. The little shifts in To values resulted wider peaks for the samples with GSP. The sample with 0.8% GSP had the highest melting enthalpy; meaning that the addition of GSP resulted a wider melting peak containing more crytals to melt.       

It has been reported that To, Tp, Te, Te-To, and ∆Hm of dark chocolate containing 35% oil and 0.5% lecithin with 50±1.0 µm particle size as 26.8±0.3, 32.4±0.1, 33.0±0.4, 6.2±0.4 oC and 43.43±0.46 J/g, respectively (Afoakwa et al., 2008b). In the different study, it has been found that Te values were 28.7, 32.4, 33.0, 35.3, 35.7 oC, for storage times of 0, 24, 48, 72, 96 h, respectively (Afoakwa et al., 2009a). In this study, particle size and storage time were 200 µm and 72 h, respectively. It has been reported that To, Te and ∆Hm of the dark chocolate after tempering as 25.66±0.13, 35.34±0.55 oC and 37.76±2.95 J/g, respectively (Glicerina et al., 2013). Our results were accordance with the published data.
3.2 Rheological parameters

The flow curve of the sample containing 0.8% GSP at 40 oC was given in Supplementary Figure 1. The flow curves of all samples were found as similar. The rheological measurements of chocolate samples containing 0.1%, 0.5% and 0.8% RP or GSP at 40, 50 and 60 oC were modelled using the Bingham plastic equation (Table 2). The model was represented data very well. It appears that the addition of RP or GSP did not show any significant difference on the rheological parameters of dark chocolate at any given temperature. This is probably the addition levels of RP and GSP were very small to make a difference in rheological properties. It was seen that the yield stress and the plastic viscosity obtained from the Bingham model showed a decreasing tendency with temperature, as it has been stated that the plastic viscosity generally decreases with temperature (Steffe, 1996). It has been reported that the addition of limonene to the chocolate decreased the viscosity and the hardness of chocolate (Do et al., 2008). Loisel et al. (1998) found that plastic viscosity and yield stress mean values were 1.65 Pa.s and 6.18 Pa for dark chocolate with 35% fat content at 28.2 oC. The plastic viscosity and yield stress of dry mix milk chocolate type were found as 1-1.5 Pa.s and 7-11 Pa (Liang & Hartel, 2004), 0.6-4.5 Pa.s and 2-17 Pa for dry mix milk, dark and white chocolate types (Servais et al., 2004), 2-3 Pa.s and 4-60 Pa for dark chocolate (Afoakwa et al., 2008c), 1-10 Pa.s and 0.5-20 Pa for dry mix milk, crumb, dark and white chocolate types (Aeschlimann & Beckett, 2000), 6.3 Pa.s and 2.6 Pa for dry mix milk chocolate type (Wichchukit et al., 2005), 3.8-5.3 Pa.s and 13.1-15.4 Pa for milk chocolate at 30 oC (Briggs & Wang, 2004), respectively. In another study, it has been found that plastic viscosity of dry mix milk chocolate as 0.8-1.7 Pa.s [Bolenz et al., 2003]. In this study, plastic viscosity and yield stress were found as 0.68 Pa.s and 6.09 Pa for dark chocolate with 36.8 % fat content at 40 oC, respectively. Results found in this study were accordance with the literature. The different values in the literature may be attributed to different fat content or recipe.

    The effect of temperature on the plastic viscosities of the samples containing RP or GSP were modeled using the Arrhenius equation (Equation 2). The Arrhenius plot for the sample without addition was given in Supplementary Figure 2. The constants of the Arrhenius equation (η( and Ea) were calculated from the relation found in the Supplementary Figure 2. All Arrhenius parameters obtained from the plots were presented in Supplementary Table 1. The activation energies of samples with the addition of RP or GSP appeared to be similar. 
3.3 Shelf life analyses
The Schaal oven test
The PV and p-AnV values of chocolate samples containing RP or GSP at 0.1%, 0.5% and 0.8% stored for 0, 7, 15, 30, 45 and 100 days were obtained, and TOTOX values were calculated from Equation 5. The PV of samples from the Schaal oven test conducted at 30, 40 and 50 oC were given in Supplementary Tables 2, 3, 4.

The maximum PV’s were found as 2.69(0.30; 2.98(0.20 and 3.28(0.30 meq O2/kg oil at the 100th day for chocolate samples without addition stored at 30, 40 and 50 oC, respectively. It appears that the addition of RP or GSP did not affect the PV’s at constant temperature during storage. There were increases with storage time, but the PV’s did not go above 10, which could be considered as the beginning of the alteration of the cocoa butter. It has been found that 9.5 meq O2/kg oil, which is the maximum PV for white chocolate storaged at 20oC and 65% relative humidity, was reached after storage over 15 months (Vercet, 2003). The p-AnV’s of the chocolate samples at 30-50 oC were given in Supplementary Tables 5, 6, 7. It was found that p-AnV increased with time at constant temperature and the additions of RP or GSP did not affect the p-AnV’s of the samples. The TOTOX values of samples stored at 30, 40 and 50 oC were given in Supplementary Tables 8, 9, 10, respectively. It was seen that TOTOX values increased with storage time and RP or GSP additions did not affect the TOTOX values. From the schaal oven test, it was seen that PV, p-AnV and TOTOX values did not increase rapidly with time or temperature. The chocolate sample even without the addition of RP or GSP kept acceptable during 100 days of storage at 30, 40 and 50 oC, probably the naturally occuring antioxidant effect of cocoa on the oxidation of samples.  
 OIT determination
No peak for the chocolate samples was observed at 165 oC during 60 min in the oxidation studies from the DSC measurements. Therefore, only cocoa butter was analyzed and its OIT value was found to be 16 min. The OIT values of the cocoa oil samples with 0.8% RP or GSP were 30 min and 32 min, respectively, meaning the addition of RP or GSP extended the oxidation time for cocoa butter almost twice. The next step was to extract cocoa butter from the chocolate samples. The oxidation analysis were conducted for these extracted cocoa butter samples without addition and with RP or GSP at 0.1, 0.5 and 0.8%. In addition, a chocolate sample containing both 0.8% RP and 0.8% GSP was prepared and the oil content of this sample was extracted. The DSC oxidation diagrams at 165 oC were presented in Figure 2.
 The ZP was found as 7.5 min and calculated OP, OIT and PF values of cocoa butter extracted from chocolates at 165 oC were given in Table 3. 
 It appears that the addition of RP or GSP or both increased the OIT and PF values of cocoa butter extracted from chocolate. The addition of RP or GSP at 0.8% was effective to protect the cocoa butter against the oxidation almost twice. It is interesting to note that the combined effect of the additions of RP and GSP at 0.8% was approximately four times effective compared to their separate effects (Table 3). In a study, rosemary extracts increased the OIT and PF values of hazelnut puree with the addition of rosemary seed (Ozcelik, 1999). Our results were accordance with the literature. 

 The OP and OIT values of oils extracted from chocolate without addition and chocolate with 0.8% GSP were obtained at 155, 165 and 175 oC from the DSC measurements (Table 4). The Q10 and Ea values of oils extracted from chocolate without addition and chocolate with 0.8% GSP for 155-165 oC and 165-175 oC were calculated (Equation 8 and Equation 9). OIT values (Table 4) were substituted as shelf life of oils.
The Q10 and Ea values were presented in Table 5. It appears that Q10 values increased with temperature for the samples without the addition whereas they were lower for the samples with GSP at 0.8%. The Ea for oxidation decreases in the presence of an antioxidant. It was seen that Q10 and Ea values of the samples with the addition of GSP were lower than samples without antioxidant addition.

3.4 Antioxidant Activity
It was not found significant difference among chocolate without addition and chocolate samples with 0.1% RP, 0.5% RP or 0.1% GSP addition (p>0.05). The additions of RP at 0.8% and GSP at 0.5% and 0.8% had a significant effect on phenolic contents of chocolate samples (p<0.05) (Table 6).

It has been reported that total phenolic contents of some dark chocolates change between 11.7 and 14.9 mg GAE/g chocolate (Miller et al., 2006). It has been reported that total phenolic contents of cocoa powder and milk chocolate were 20 and 5.0 mg GAE/g chocolate, respectively (Bruinsima & Taren, 1999). 

The trolox antioxidant activity values of the samples were also given in Table 6. The additions of RP at 0.5% and 0.8% concentrations and GSP at all concentrations had significant effects on the trolox antioxidant activities of the chocolates (p<0.05).     
The total phenolic content and the trolox antioxidant activity of the dark chocolate were found as 9.60±0.00 mg GAE/g and 21.65±1.00 mg TE/g chocolate, respectively. It has been found that antioxidant activity of dark chocolate as 9100 µmol Trolox/40 g which corresponds to 56.94 mg trolox/g chocolate (Gu et al., 2006). It has been reported that total phenolic contents were found as 45.30, 11.73 and 5.38 mg GAE/g while antioxidant activities were found 720, 195.7 and 72.3 µmol TE/kg for cocoa powder, dark and milk chocolate, respectively (Miller et al., 2006). It was seen that total phenolic content results were accordance with the literature; however, the discrepancies in the antioxidant capacity may be attributed to the type of chocolate and/or method of analysis. A correlation between total phenolic content and antioxidant activity was expressed in Figure 3.
It appears that there is a linear relation between total phenolic content and antioxidant activity. In a study it has been reported that total phenolic contents and antioxidant capacities of extracts from chocolates had the same trend, they both increased with the additions of red pepper and rosemary (Cervellati et al., 2008). 

4 Conclusion 
In this study, the additions of RP or GSP at 0.1, 0.5 and 0.8% had no significant effect on melting and rheological properties of dark chocolate. However, it was determined that shelf life and antioxidant capacity of chocolate increased with increasing concentrations of RP or GSP. Furthermore, the additions of RP and GSP increased the OIT of cocoa butter. Whereas the addition of RP and GSP gave different tastes to dark chocolate with higher shelf life and antioxidant activity, the processing parameters kept same. It means that the cost of chocolate processing in terms of pumping and heating/cooling during manufacturing would not be affected by the RP or GSP addition, yet dark chocolates with increased shelf life and antioxidant acitivity can be obtained with the available equipment. 
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