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Abstract. Jambolan fruit peel contains anthocyanin with purple-dark color. Jambolan fruit peel 

could be processed to become tea by a simple drying process. The aim of this study was to 

evaluate the effect of drying process both sun and oven drying to produce tea of jambolan fruit 

peel on the anthocyanin content, phenolic content, brewing efficiency, antioxidant activity, and 

hedonic-sensory property of tea. Jambolan fruit peel was dried using sun and oven drying at 

temperatures of 50 and 60oC. Jambolan fruit peel tea were extracted anthocyanin/polyphenol 

compounds using0.1% HCl-methanol or brewed using hot water of 98oC by addition sucrose and 

citric acid. The tea products was determined anthocyanin and polyphenol contents, antioxidant 

activity by using DPPH (2,2-diphenyl-1-picrylhydrazyl)method, FRAP (ferric reducing 

antioxidant power), hydroxyl radical (OH•), and sensory characteristic. The results showed that 

drying temperature significantly affected  content of anthocyanin and polyphenol, antioxidant 

activity, and sensory preference of jambolan fruit peel tea. The drying process using oven at 

temperature 50oC resulted better characteristic of tea with higher anthocyanin content, total 

phenolic content, and antioxidant activities than drying process of tea using sun drying and oven 

at temperature 60oC. The panelists most preferred tea made by oven drying at temperature 50oC 

based on the highest sensory score of color, aroma, taste, and overall attributes (score 3.12 - 4.28, 

moderate to like). Tea of jambolan fruit peel could be developed as functional food with high 

anthocyanin and antioxidant properties. 

1. Introduction 

Jambolan (Syzygium cumini), also known as jambolão, jambul, jamun, java plum, duhat, or jamblang is 

one of the tropical edible fruit, that is widely found in Indonesia. The jambolan fruits have a small size 

(2-4 cm length), egg-shaped, and purple-dark color peel when ripe. Several different phenolic classes, 

such flavonols, flavanonols, anthocyanins have been reported in the jambolan fruit in high amounts [1, 

2, 3, 4]. Anthocyanins, water soluble pigment, are one of the main polyphenols present especially in the 

fruit peel with purple-dark color. The anthocyanin content of whole ripe jambolan fruit is 161 mg/100 

g (fresh weight). The highest level of anthocyanin content was found in the jambolan fruit peel on an 

average of 731 mg/100 g (fresh weight) which was 4.5 fold greater than the whole fruit [5]. The type of 

anthocyanins contained in the jambolan fruit consists of 3,5-diglucoside derivatives of delphinidin, 

petunidin, malvidin, cyanidin, and peonidin [1, 3, 4, 5]. The existence and level of each type of 

anthocyanins depend on jambolan varieties. The potential biological activities of jambolan fruit had 

been highlighted, such antioxidant activity [2, 6, 7]. The antioxidant activity of jambolan fruit was 

contributed to its phenolic constituents, mainly to the high content of anthocyanins in the fruit peel. 
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The ripe jambolan fruits are usually consumed as fresh fruit and also prepared as processed foods, 

such wine, juice, frozen yoghurt, freeze-dried fruit, spray-dried fuit juice powder [8, 9, 10, 11, 12]. The 

jambolan fruit peel had been processed to powder for use as a natural colorant [13]. The anthocyanin 

extract of jambolan fruit peel was also used as natural colorant with addition copigment of cinnamic 

acid and rosemary polyphenolic to increase color intensity of jambolan anthocyanins [14]. The jambolan 

fruit peel with high anthocyanin content are still potential to be processed to other food products, such 

tea product by a simple drying process. The drying process could be done in a natural way (sun drying) 

or by an artificial drying method using a dryer such as an oven. Anthocyanins have low stability 

characteristic toward heat or temperature [15, 16]. Heating during drying process could degrade 

anthocyanins and caused changes in the anthocyanin levels or other polyphenol constituents, that it 

influenced the anthocyanin content of tea product after drying process. However, it has been known the 

temperature suitable for drying of jambolan fruit peel and effect of drying temperature on the 

anthocyanin and total phenolic contents, as well as antioxidant activity. The aim of this study is to 

evaluate the effect of drying process (sun and oven drying) to produce tea from jambolan fruit peel on 

anthocyanin and total phenolic contents, brewing efficiency, antioxidant activity, and hedonic-sensory 

characteristic of tea. 

2. Materials and Methods 

2.1. Materials and chemicals 

The fully ripe Indonesian jambolan fruits were obtained from a local market at Jember district, East Java 

Province, Indonesia. Other ingredients were sucrose and citric acid obtained from modern market. 

Chemicals and reagents used for extraction and analysis were pro analysis purchased from Merck 

(Darmstadt, Germany) and Sigma-Aldrich (St. Louis, MO). 

2.2. Production of tea from jambolan fruit peel 

The jambolan fruits were selected for fully dark purple color peel and washed on tap water. The fruit 

peels were manually separated using stainless steel knife. The peels were placed on trays and subjected 

to dehydration at temperatures of 50 and 60oC for 20 hours using oven drying machine, and sun drying 

for 24 hours. The dried products were ground using a dry blender for particle size reduction and stored 

in polyethylene plastic bags at -20oC until further analysis (anthocyanin extraction and tea brewing). 

2.3. Anthocyanin extraction of jambolan fruit peel tea  

Anthocyanins were extracted with solvent of 0.1% HCl in methanol [17] by vigorous stirring. One gram 

of dried tea was extracted using 25 mL solvent for 1 hours at room temperature, then filtrated using filter 

paper Whatman No. 1. The extraction was performed four times with the same solvent until the filtrate 

obtained was nearly colorless. The extracts were combined and transferred to 100 ml volumetric flask. 

The extracts were determined total phenolic and anthocyanin to calculate brewing efficiency of dried 

tea. 

2.4. Tea brewing preparation  

Dried tea made from jambolan fruit peel was prepared to brewing with procedure according to household 

brewing condition. The dried tea (4 gram), sucrose (8 gram), and citric acid (0.2 gram) in glass cup were 

poured with 100 mL of hot water at 98oC and agitation with spoon for 10 minutes. Tea infusions were 

separated from the solid matrix by filtration and determined the content of total phenolic and 

anthocyanin, antioxidant activity. 

2.5. Determination of total phenolic and anthocyanin content  

The content of total phenolic was determined using the Folin-Ciocalteau method, based on the 

colorimetric oxidation/reduction reaction of phenols [18]. The total phenolic content were calculated 

based on the standard curve of gallic acid (GA) and expressed as milligrams of Gallic Acid Equivalents 

(GAE) per 100 mL of tea infusions (mg GAE/100 mL) or per g of dried tea (mg GAE/g). 
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The total anthocyanin content was determined using the pH differential method [19], which relies 

on the structural transformation of the anthocyanin chromophore as a function of pH. Absorbance was 

measured at 520 and 700 nm. Anthocyanin was calculated as cyanidin-3-glucoside using a molar 

extinction coefficient of 29600 and a molecular weight of 448.8. The total anthocyanin content was 

expressed as milligrams of Cyanidin-3-glucoside Equivalents (CyE) per 100 mL of tea infusions (mg 

CyE/100 mL) or per g of dried tea (mg GAE/g). 

2.6. Determination of antioxidant activity  

The antioxidant activity was determined on the basis of ability of antioxidant compound to scavenge the 

stable radical DPPH, DPPH method [20], scavenge hydroxyl radical (OH•) [21], and reducing power, 

FRAP (ferric reducing antioxidant power) method [22] as indication of the potential antioxidant activity. 

The antioxidant activities of tea infusions or dried tea were expressed in term of trolox equivalent 

antioxidant capacity, TEAC (mmol trolox equivalents per 100 mL of tea infusions, mmol TE/100 mL 

or per g of dried tea, mmol TE/g). 

2.7. Sensory analysis  

Sensory analysis of tea infusions was conducted by hedonic scoring method [23] and performed by 50 

untrained panelists. The attributes of color, aroma, taste, and overall of tea infusions were used in the 

hedonic test with 1-5 grading score, dislike very much (score 1) to like very much (score 5). 

2.8. Statistical analysis  

The experiments were carried out in triplicates. The values in the results were represented as mean ± 

standard deviation. Statistical analysis was performed using one way - analysis of variance (SPSS 

version 17 statistical software). The significant differences in the total phenolic content, anthocyanin 

content, and antioxidant activities were verified based on Duncan’s multiple range test. Differences at 

p<0.05 were considered to be statistically significant. 

 

3. Results and Discussion 

3.1. Dried and infusion tea 

Production of jambolan fruit peel tea was conducted by two drying methods, namely sun and oven 

(temperatures 50 and 60oC) drying. The dried teas of jambolan fruit peel are presented in Figure 1. The 

color of dried teas obtained by both sun and oven drying have no color difference (purple-dark color). 

Anthocyanins in the dried tea of jambolan fruit peel were extracted using solvent of 0.1% HCl-

methanol to determine brewing efficiency. Anthocyanins are polar compound, they are more soluble in 

polar solvents such methanol. The extracts of jambolan fruit peel tea are presented in Figure 2a. The 

color of extracts showed a deep red color and there is no difference on color of extract of dried tea made 

from 3 different drying process. Dried tea was also brewed according to household brewing condition 

to obtain tea infusion with addition of sucrose and citric acid. The tea infusions by brewing are presented 

in Figure 2b. Tea infusion from tea production using oven drying at temperature 50oC has deeper red 

color. Tea infusions from tea production using sun drying and oven drying at temperature 60oC have 

faded color and tends to brownish red color. Usage higher temperature of drying during tea production 

could degrade anthocyanins and cause higher color loss. Color loss and formation of brown color during 

drying occurs because of water nucleophilic attack in the position 2 of flavylium cation, resulting 

formation of the colorless carbinol (hemiketal), open chalcone forms, and subsequent color loss. 

Anthocyanin degradation continues to formation of brown colored compounds of alpha diketon in the 

presence of oxygen [24, 25, 26]. 

 

 

 

 

 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


6th International Conference on Sustainable Agriculture, Food and Energy

IOP Conf. Series: Earth and Environmental Science 347 (2019) 012085

IOP Publishing

doi:10.1088/1755-1315/347/1/012085

4

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 1. Dried tea of jambolan fruit peel 
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Figure 2. Anthocyanin extracts of dried tea by extraction using 0,1% HCl-methanol solvent (A) and 

tea infusions by brewing (B) 

3.2. Total anthocyanin and phenolic content 

The total anthocyanin and phenolic contents of jambolan fruit peel tea are presented in Table 1. The 

total anthocyanin contents were significantly different (p<0.05) among drying process (sun drying, oven 

drying at temperatures of 50 and 60oC) in the samples of dried tea and tea infusion, respectively. The 

highest anthocyanin contents were found in the tea sample made by oven drying at 50oC (5.09 mg CyE/g 

dried tea and 15.81 mg CyE/100 mL tea infusion), followed by sun drying (3.83 mg CyE/g dried tea and 

11.51 mg CyE/100 mL tea infusion) and the lowest value was tea made by oven drying at temperature 

60oC (3.12 mg CyE/g dried tea and 9.17 mg CyE/100 mL tea infusion). The brewing efficiency (based 

on anthocyanin content) ranged from 73.62 to 77.72% and the highest value was also found in the tea 

sample made by oven drying at temperature 50oC.  

The total phenolic content of tea samples shown trend data similar with anthocyanin content. 

Jambolan fruit peel tea made by oven drying at temperature 50oC showed highest value of total phenolic 

content (11.38 mg GAE/g dried tea and 31.09 mg GAE/100 mL tea infusion) and brewing efficiency 

based on phenolic content (67.37%).   

Increase in the drying temperature results in loss of anthocyanin and polyphenol concentration in 

the tea samples. Stability of anthocyanin and polyphenol are influenced by temperature. Increase in the 

drying temperature can stimulate the accumulation of anthocyanin degradation compounds such as 

chalcone and its colorless derivatives. This causes a decrease in anthocyanin content during drying 

process.  
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Table 1. Total anthocyanin and phenolic contents of tea made from jambolan fruit peel 

Parameter 

Tea process 

Sun drying Oven drying (50oC) Oven drying 

(60oC) 

Total anthocyanin 

Total anthocyanin content  

(mg CyE/g dried tea)1 

3.83 ± 0.103b3) 5.09 ± 0.030c 3.12 ± 0.089a 

Total anthocyanin content  

(mg CyE/100 mL tea infusion)2 

11.51 ± 0.224b 15.81 ± 0.066c 9.17 ± 0.151a 

Total anthocyanin content  

(mg CyE/100 mL tea extract)1 

15.34 ± 0.410b 20.34 ± 0.125c 12.46 ± 0.357a 

Brewing efficiency- based on 

anthocyanin content 

75.04 ± 1.343a 77.72 ± 0.813b 73.62 ± 0.905a 

Total phenolic 

Total phenolic content  

(mg GAE/g dried tea)1 

7.38 ± 0.059b 11.38 ± 0.110c 6.51 ± 0.087a 

Total phenolic content  

(mg GAE/100 mL tea infusion)2 

19.34 ± 0.658b 31.09 ± 0.138c 16.95 ± 0.060a 

Total phenolic content  

(mg GAE/100 mL tea extract)1 

29.53 ± 0.235b 45.51 ± 0.442c 26.02 ± 0.347a 

Brewing efficiency -based on 

phenolic content 

66.78 ± 0.646a 67.37 ± 0.974a 65.45 ± 0.824a 

1 Determining on extract by extraction using 0.1% HCl-methanol solvent 
2 Determining on tea infusion by brewing using hot water (98oC) 
3 Data were expressed as a mean±standard deviation (SD). Different superscripts in the sama raw indicate 

significant differences based on Duncan’s multiple range test (p<0.05) 

3.3. Antioxidant activity 

Antioxidant activities of jambolan fruit peel tea, shown in Table 2 were determined based on DPPH and 

OH (hydroxyl) radical scavenging activities, ferric reducing antioxidant power (FRAP). The range of 

DPPH radical scavenging activity of tea samples was 1.11 to 1.76 mmol TE/g of dried tea and 4.11 to 

6.02 mmol TE/100 mL of tea infusion. The range of hydroxyl radical (OH•) scavenging activity of tea 

samples was 3.13 to 5.52 mmol TE/g of dried tea and 9.06 to 17.97 mmol TE/100 mL of tea infusion. 

The value of ferric reducing antioxidant power ranged from 0.95 to 1.37 mmol TE/g of dried tea and 

3.37 to 4.91 mmol TE/100 mL of tea infusion. Jambolan fruit peel tea made by oven drying at 

temperature 50oC had significantly (p<0.05) highest antioxidant activities determined by 3 different 

methods of antioxidant activity.  

Antioxidant activity of tea samples were contributed by polyphenol especially anthocyanin 

compounds. Anthocyanin contained in the tea had ability to donate hydrogen atom to radical and as 

metal chelator. Anthocyanin are flavonoid class of polyphenol compound. The type of anthocyanins 

contained in the jambolan fruit peel consists of 3,5-diglucoside derivatives of delphinidin, petunidin, 

malvidin, cyanidin, and peonidin [1, 3, 4, 5].Antioxidant activity of anthocyanin is influenced by 

hydroxylation and the presence of sugar group (glycoside). Anthocyanin in the form of aglycone is more 

active as antioxidant than the form of glycosides [27].  
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Table 2. Antioxidant activity of tea made from jambolan fruit peel 

Parameter 

Tea Process 

Sun drying Oven drying 

(50oC) 

Oven drying 

(60oC) 

DPPH radical scavenging 

Antioxidant activity (mmol 

TE/g dried tea)1 

1.41 ± 0.033b3) 1.76 ± 0.020c 1.11 ± 0.021a 

Antioxidant activity (mmol 

TE/100 mL tea infusion)2 

5.11 ± 0.278b 6.02 ± 0.109c 4.11 ± 0.051a 

OH radical scavenging  

Antioxidant activity (mmol 

TE/g dried tea)1 

4.07 ± 0.015b 5.52 ± 0.018c 3.13 ± 0.109a 

Antioxidant activity (mmol 

TE/100 mL tea infusion)2 

13.53 ± 0.561b 17.97 ± 0.448c 9.06 ± 0.234a 

FRAP (ferric reducing antioxidant power) 

Antioxidant activity (mmol 

TE/g dried tea)1 

1.25 ± 0.006b 1.37 ± 0.004c 0.95 ± 0.009a 

Antioxidant activity (mmol 

TE/100 mL tea infusion)2 

4.45 ± 0.031b 4.91 ± 0.052c 3.37 ± 0.021a 

1 Determining on extract by extraction using 0.1% HCl-metahnol solvent 
2 Determining on tea infusion by brewing using hot water (98oC) 
3 Data were expressed as a mean±standard deviation (SD). Different superscripts in the sama raw indicate 

significant differences based on Duncan’s multiple range test (p<0.05) 

3.4. Sensory preference 

Sensory analysis was performed by hedonic scoring method to identify the tea product which most 

preferred by panelist. The characteristic of sensory preference on attributes of color, aroma, taste and 

overal was shown in Table 3. Table 3 showed that the panelists preferred tea made by oven drying at 

temperature 50oC based on the highest preference score of attributes color, aroma, taste, and overall 

(score 3.12 - 4.28, moderate to like). The panelist did not prefer tea made by higher temperature (60oC). 

This drying condition resulted a bitter taste, a more faded color and a less preferred aroma when the tea 

is brewed in the hot water. 

 

Table 3. Sensory preference characteristic of tea infusion 

Tea Process 
Hedonic score of sensory attributes 

Color Aroma Taste Overall 

Sun drying 2.98 2.88 2.98 2.86 

Oven drying (50oC) 4.28 3.12 3.40 3.68 

Oven drying (60oC) 2.70 2.60 2.36 2.52 
Hedonic score 1=dislike very much, 2=dislike, 3=moderate (neither like nor dislike), 4=like. 5=like very much  

4. Conclusion 

The drying process using oven at temperature 50oC resulted better characteristic of tea with higher 

anthocyanin content, total phenolic content, and antioxidant capacity than drying process of tea using 

sun drying and oven at temperature 60oC. Panelists also preferred tea made by drying process using 

oven at temperature 50oC based on hedonic-sensory attribute of color, aroma, taste, and overall. Tea 

made from jambolan fruit peel can be developed as new functional food product with healthy properties. 

References 

[1] Brito,E. S., Araũjo,M. C. P., Alves,R. E., Carkeet,C., Clevidence, B. A., Novotny, J. A.2007. 

Anthocyanins present in selected tropical fruits: Acerola, jambolao, jussara, and guajiru. 

Journal of Agricultural and Food Chemistry, 55, 9389-9394. 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


6th International Conference on Sustainable Agriculture, Food and Energy

IOP Conf. Series: Earth and Environmental Science 347 (2019) 012085

IOP Publishing

doi:10.1088/1755-1315/347/1/012085

7

 
 
 
 
 
 

[2] Veigas, J. M., Narayan,M. S., Laxman,P. M., Neelwarne, B.2007. Chemical nature,stability and 

bioefficacies of anthocyanins from fruit peel of Syzygium cuminiSkeels. Food Chemistry, 105, 

619-627. 

[3] Faria, A. F., Marques,M. C., Mercadante, A. Z.2011. Identification of bioactive compounds from 

jambolao (Syzygium cumini) and antioxidant capacity evaluation in different pH conditions. 

Food Chemistry, 126, 1571-1578. 

[4] Tavares,I. M. C., Lago-Vanzela,E. S., Rebello, L. P. G., Ramos,A. M., Gómez-Alonso,S., García-

Romero, E., Da-Silva, R., Hermosín-Gutiérrez, I.2016.Comprehensive study of the phenolic 

composition of the edible parts of jambolan fruit (Syzygium cumini (L.) Skeels). Food 

Research International, 82, 1-13.  

[5] Sari, P., Wijaya, C. H., Sajuthi, D., Supratman, U.2009. Identification of anthocyanins in 

jambolan (Syzygium cumini) fruit by high performance liquid chromatography-diode array 

detection. Journal of Food Technology and Industry, 20(2), 102-108(Indonesian). 

[6] Margaret, E., Shailaja, A. M., Rao, V. V.2015.Evaluation of antioxidant activity in different parts 

of Syzygium cumini (Linn.). Int. J. Curr. Microbiol. App. Sci., 4(9), 372-379.  

[7] Banerjee, A., Dasgupta, N., De., B. 2005.In vitro study of antioxidant activity of Syzygium cumini 

fruit. Food Chemistry, 90, 727-733.  

[8] Nuengchamnong, N., Ingkaninan, K. 2009. On-line characterizaton of phenolic antioxidants in 

fruit wines from family Myrtaceae by liquid chromatography combined with electrospray 

ionization tandem mass spectrometry and radical scavenging detection. LWT - Food Science 

and Technology, 42(1), 297-302. 

[9] Swami, S. B., Thakor, N. S., Patil, M. M., Haldankar, P. M. 2012. Jamun (Syzygium cumini L.): 

a review of its food and medicinal uses. Food and Nutrition Sciences, 3(8), 1100-1117. 

[10] Bezerra, M., Araujo, A., Santos, K., Correia, R. 2015. Caprine frozen yoghurt produced with fresh 

and spray dried jambolan fruit pulp (Eugenia jambolana Lam) and Bifidobacterium animalis 

subsp. lactis BI-07. LWT - Food Science and Technology, 62(2), 1099-1104. 

[11] Santana, R. F., Oliveira Neto, E. R., Santos, A. V., Soares, C. M. F., Lima, A. S., Cardoso, J. C. 

2015. Water sorption isotherm and glass transition temperature of freeze-dried Syzygium 

cumini fruit (jambolan). Journal of Thermal Analysis and Calorimetry, 120(1), 519-524. 

[12] Santhalakshmy, S., Don Bosco, S. J., Francis, S., Sabeena, M. 2015. Effect of inlet temperature 

on physicochemical properties of spray-dried jamun fruit juice powder. Powder Technology, 

274, 37-43. 

[13] Santiago, M. C. P. A., Gouvêa, A. C. M. S., Peixoto, F. M., Borguini, R. G., Godoy, R. L. O., 

Pacheco, S., Nascimento, L. S. M., Nogueira, R. I. 2016. Characterization of jamelão 

(Syzygium  cumini (L.) Skeels) fruit peel powder for use as natural colorant. Fruits, 71(1), 3-

8. 

[14] Sari, P., Wijaya, C. H., Sajuthi, D., Supratman, U.2012.Color properties, stability, and free radical 

scavenging activity of jambolan (Syzygium cumini) fruit anthocyanins in a beverage model 

system: native and copigmented anthocyanins. Food Chemistry, 132, 1908-1914.  

[15] Francis, F. J.1989. Food colorants: Anthocyanins. Critical Reviews in Food Science and 

Nutrition, 28, 273-314. 

[16] Castaňeda-Ovando,A., Pacheco-Hernandez, M. L. Paez-Hernandez, M. E., Rodriguez, J. A., 

Galan-Vidal, C. A.2009.Chemical studies of anthocyanins: A review. Food Chemistry, 113, 

859-871.  

[17] Sari, P., Setiawan,A., Siswoyo, T. A.2015.Stability and antioxidant activity of acylated jambolan 

(Syzygium cumini) anthocyanins synthesized by lipase-catalyzed transesterification. 

International Food Research Journal, 22(2), 671-676.  

[18] Waterhouse A.L.2002. Determination of Total Phenolics. In Wrolstad, R.E., Acree, T.E., Decker, 

E.A., Penner, M.H., Reid, D.S., Schwartz, S.J., Shoemaker, C.F., Smith, D., Sporns, P. (Ed.), 

Handbook of Food Analytical Chemistry: Pigments, Colorants, Flavors, Texture, and 

Bioactive Food Components. New Jersey: John Wiley & Sons Inc.  

[19] Giusti, M. M., Wrolstad, R. E.2002.Characterization and Measurement of Anthocyanins by UV-

visible Spectroscopy. In Wrolstad, R. E., Acree, T. E., Decker, E. A., Penner, M. H., Reid, D. 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


6th International Conference on Sustainable Agriculture, Food and Energy

IOP Conf. Series: Earth and Environmental Science 347 (2019) 012085

IOP Publishing

doi:10.1088/1755-1315/347/1/012085

8

 
 
 
 
 
 

S., Schwartz, S. J., Shoemaker, C. F., Smith, D., Sporns, P., Ed., Handbook of Food Analytical 

Chemistry: Pigments, Colorants, Flavors, Texture, and Bioactive Food Components. New 

Jersey: John Wiley & Sons Inc. 

[20] Chen, F-A., Wu, A-B., Shieh, P., Kuo, D-H., Hsieh, C-Y. 2006. Evaluation of the antioxidant 

activity of Ruellia tuberose. Food Chemistry, 94, 14-18. 

[21] Halliwell, B., Gutteridge, J. M. C., Aruoma, O. I. 1987. The deoxyribose method: a simple test-

tube assay for determination of rate constants for reactions of hydroxyl radicals. Anal 

Biochem, 165, 215-219. 

[22] Benzie, I.F.F., Strain, J.J. 1996. The ferric reducing ability of plasma(FRAP) as a measure of 

antioxidant power: the FRAP assay. Analytical Biochemistry, 239, 70-76. 

[23] Meilgaard, M., Civille, G. V., Carr, B. T.2007.Sensory Evaluation Techniques, 4th ed. CRC Press, 

Florida. 

[24] Markakis, P. 1982. Stability of anthocyanins in food. In Markakis, P., (Ed.), Anthocyanins as food 

colors. New York: Academic Press. 

[25] Brouillard, R. 1982. Chemical Structure of Anthocyanins. In Markakis, P., (Ed.), Anthocyanins 

as food colors. New York: Academic Press. 

[26] Elbe, J. H., Schwartz, S. J. 1996. Colorants. In Fennema, O. R., (Ed.), Food Chemistry. New 

York: Marcel Dekker.  

[27] Kähkönen, M. P., Heinonen, M. 2003. Antioxidant activity of anthocyanins and their aglycons. J 

Agic Food Chem, 51, 628-633. 

 
Acknowledgements 

This study is part of the research activities of group research “Functional Food” and funded by 

University of Jember. 

 
 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/

