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ABSTRACT 11 

Citrus fruits contain phytochemicals effective in the prevention and treatment of chronic 12 

diseases. Although many orange peel phytochemicals have been identified, information on their 13 

distribution in the flavedo and albedo is particularly incomplete limiting the development of 14 

applications for orange byproducts. This includes comminuted orange which are ground peel 15 

and juice mixes used in commercial beverage formulations. In this study, the phytochemical 16 

concentration, antioxidant activity (AOA) and their relationship were determined for Valencia 17 

comminuted orange and compared with values for orange juice and peel fractions. The highest 18 

total vitamin C (74.7-98.2 mg AA/100 g), metoxylated flavone (159 mg HE/100 g) and 19 

carotenoid (1.04-6.21 mg  mg 04ca) content was found in flavedo while albedo was high in 20 

total phenolics (553-730 mg GA/100 g), glycosylated flavanones (1803 mg HE/100 g), and AOA 21 

(11950-15480  TE/100 g). The latter was shown to be linearly correlated with the 22 

phenolic, hesperidin and flavonoid concentration. A comparison of orange juice and 23 

comminuted orange showed that the flavedo and albedo increased the phenolic, flavonoid and 24 



AOA level of juice by 111, 783 and 304%, respectively, showing that these byproducts are a 25 

superior source of nutraceuticals.  26 

Key words: flavedo, albedo, juice, comminuted orange, vitamin C, phenolic compounds, 27 

flavonoids, carotenoids, antioxidant activity.  28 

  29 



1. INTRODUCTION 30 

Orange (Citrus sinensis L.), a hesperidium belonging to the Rutaceae family, is the most widely 31 

grown and commercialized citrus specie (Forsyth & Damiani, 2003). Its external layer or peel 32 

composed of flavedo (10% w/w of the whole fruit) and albedo (25%) surrounds the juice vesicles 33 

(50%) and central core (Izquierdo & Sendra, 2003). In addition to its sugars, acids, and 34 

polysaccharide content, oranges are an important source of phytochemicals, secondary 35 

metabolites of plants recognized, among others, by their antioxidant properties. Phytochemicals, 36 

also known as nutraceuticals or functional compounds, have gained great consumer and 37 

industry interest because they can reduce the risk of chronic illness such as cancer and 38 

cardiovascular diseases (Diplock,1994; Faulks & Southon, 2001). Food products containing 39 

nutraceuticals are named “functional foods” due to the health benefits provided (Childs, 2001; 40 

Lockwood, 2007; Stephen, 2000; Wildman, 2001a, b). Orange juice is recognized as functional 41 

not only for its high vitamin C concentration, but also for its content of carotenoids and phenolic 42 

compounds (Martí et al., 2009). Nutraceuticals such as flavonoids and carotenoids are also 43 

important for their contribution to the color of citrus fruits. 44 

Vitamin C in its reduced (L-ascorbic acid, AA) and oxidized form (dehydroascorbic acid, DHAA) 45 

is a nutraceutical preventing the oxidative damage of lipids, DNA and proteins which are 46 

associated with the development of chronic degenerative illnesses such as cardiovascular 47 

disease, cancer and cataracts (Carr & Frei, 1999). Phenolic compounds, classified as flavonoids 48 

and non-flavonoids, influence the taste, flavor and appearance of foods. Citrus fruits, the main 49 

dietary source of flavanones (Gattuso et al., 2007), are found in their glycosylated form as 50 

neohesperidoses (2-O--L-ramnosyl-Dglucose) (i.e., naringin) with sour taste, and rutinoses 51 

(6-O--L-ramnosyl-Dglucose) (i.e., hesperidin) with no taste. The dominant flavanone 52 

glycosides in sweet oranges are hesperidin and narirutin (Peterson et al. 2006). Flavones (i.e., 53 

sinensetin, tangeretin and auranetin) and flavonol glycosides (runtin) with potential beneficial 54 

effects against atherosclerosis, osteoporosis, diabetes mellitus and certain cancers have also 55 



been identified in citrus fruits (Robards & Antolovich, 1997; Ramful et al., 2010; Tripoli et al., 56 

2007). Flavonoids have shown antioxidant, estrogenic, hypocholesterolemic, hypoglycemic, 57 

anti-inflammatory, anticancer, antiviral, antimicrobial and antiallergenic activities (Chynier, 2005; 58 

Espín et al., 2007; Mokbel & Suganuma, 2006; Ramful et al., 2010; Tapas et al., 2008; Tomás-59 

Barberán & Espín, 2001;Tripoli et al., 2007).  Carotenoids, tetraterpenoids built from eight 60 

isoprenoid units, are classified as carotenes and xanthophylls. Carotenoids often found in fruits 61 

and also present in citrus products are -carotene, -criptoxanthin, zeaxanthin and lutein 62 

(Yuan-Chuen et al., 2007, 2008). In addition to the provitamin A properties of some carotenoids, 63 

they also exhibit antioxidant activity, and have shown beneficial effects on the reduction of 64 

cardiovascular diseases, the prevention of macular degeneration and the initiation, progression 65 

and proliferation of cancer (Faulks & Southon, 2001). 66 

Although some of the orange juice and peel phytochemicals have previously been described, 67 

there is insufficient information on their distribution in the peel flavedo and albedo fractions, as 68 

required to develop functional food applications. Previous studies have shown that 69 

nutraceuticals are more abundant in citrus peel than in juice highlighting its importance in the 70 

development of functional foods (Ersus & Cam, 2007; Yuan-Chuen et al., 2007, 2008). 71 

Comminuted orange currently used mainly to enhance the sensory properties of soft drinks, 72 

could be used to formulate functional beverages, while reducing the amount of juice processing 73 

waste. The aim of this work was to quantify the vitamin C, total phenolic, flavonoid, and 74 

carotenoid concentration, and the antioxidant activity of three juice, flavedo, albedo and 75 

comminuted orange lots. Additional goals were to determine if there is a relationship between 76 

the concentration of water soluble nutraceuticals (vitamin C, phenolics and flavonoids) and the 77 

antioxidant activity of these fractions, and to evaluate if the preparation process of comminuted 78 

orange effects its phytochemical content and antioxidant activity (AOA).  79 

2. MATERIAL AND METHODS 80 



2.1 Raw material and comminuted orange preparation  81 

Valencia oranges purchased February 2011 (Lot 1), May 2011 (Lot 2), and March 2012 (Lot 3) 82 

in Monterrey (NL, México) were washed, and after juice extraction (Turmix rudo, TURMIX, 83 

Ocoyoacac, Estado de México, México) the flavedo and albedo were manually separated to 84 

determine their proportion in orange (%, w/w). Phytochemicals were quantified in the three 85 

orange fractions and in comminuted orange prepared by grinding flavedo, albedo and juice 86 

(about 72, 16 and 12% w/w, respectively) in a domestic blender (BRLY-Z00-013, Oster, 87 

Monterrey, NL, México) until obtaining a homogenous paste. Samples of orange fractions and 88 

comminuted orange were kept at -80 °C or freeze-dried at 0.024 mm Hg and -52°C (Virtis FM 89 

25 EL-85, SP Scientific freeze dryer group, Warminster, PA) as required for some analysis as 90 

shown below.  91 

2.2 Reagents  92 

Trichloroacetic acid (TCA), 2 N Folin-Ciocalteau phenol reagent, 99% DL-dithiothreitol (DTT), 93 

gallic acid (GA), 98% HPLC-grade N-ethylmaleimide (NEM), L-ascorbic acid (AA), -94 

bipyridyl, HPLC-grade formic acid, 2,2′-azobis(2-methylpropionamidine) dihydrochloride 95 

(AAPH), fluorescein sodium salt, hesperidin (HE), naringin (nar), tangeretin (tan),  ta n)e tin 96 

( (t,   (  and Trolox (TE) (6-hydroxy-2,5,7,8-tetramethylchroman-97 

2-carboxylic acid) were purchased from Sigma-Aldrich Corp. (St. Louis, MO). Chloric acid, 98 

potassium phosphate monobasic, potassium phosphate dibasic, ethanol, sodium chloride, 99 

potassium hydroxide, HPLC-grade water, and sodium phosphate monobasic were acquired 100 

from Fermont-Productos Químicos Monterrey (Monterrey, NL, México). HPLC-grade phosphoric 101 

acid (85%), ferric chloride, and HPLC-grade methyl tert-butyl ether (MTBE) were obtained from 102 

Fisher Scientific (Monterrey, NL, México). Methanol, 0.1 N sodium hydroxide, and 103 

phenolphthalein were purchased from Desarrollo de Especialidades Químicas (San Nicolás de 104 

los Garza, NL, Mexico). Zeaxanthin (Zea) and lutein (Lut) were purchased from Applichem 105 



(Darmstadt, Germany). Sodium carbonate and sodium phosphate dibasic were acquired from 106 

CTR Scientific (Control Técnico y Representaciones, S.A. de C.V., Monterrey, NL, México); 107 

HPLC-grade methanol from J.T. Baker (Avantor Performance Materials, Center Valley, PA); 108 

HPLC-grade isopropanol from Honeywell (Brooklyn, N.Y.); BHT from Spectrum Quality Products 109 

(New Brunswick, NJ), and nobiletina (Nob) from Enzo Life Sciences, Inc. (Farmingdale, NY). 110 

Unless otherwise noted, all solvents and reagents were of analytical grade.  111 

2.3 Sample characterization  112 

Moisture content was evaluated gravimetrically (Official Mexican Norm NOM-116-SSA1-1994), 113 

and water activity (aw) with an AquaLab 4TE (Decagon Devices, Inc., Pullman, WA) at 25°C. 114 

Total acidity (TA) was determined as stated in the AOAC (1998) official method 942.15, while 115 

pH and total soluble solids (TSS) were measured using a potentiometer (Orion 3 star, Thermo 116 

Fisher Scientific Inc., Waltham, MA) and a refractometer (model 01148, Atago Inc., Bellevue, 117 

WA), respectively. The maturity index of fruit was expressed as the TSS/TA ratio. 118 

2.4 Analysis of phytochemicals  119 

2.4.1 Vitamin C 120 

Total and reduced vitamin C was measured as described by Gillespie & Ainsworth (2007) with 121 

some modifications. Samples of comminuted orange, flavedo, albedo or juice extracted with 6% 122 

TCA using 1:7 sample to solvent ratio (w/v) for comminuted orange, flavedo and albedo, and 1:2 123 

for juice (w/v), were centrifuged for 5 min at 13,000 and 4°C (Galaxy 16DH, VWR International 124 

LLC, Radnor, PA). Supernatant aliquots (50 (50 na ta nt a      125 

using 75 mM). When analyzing reduced vitamin C, 50  5wa te r we re  a      or 126 

the determination of total vitamin C, 25 L of DTT (10 mM) were added followed by 25 127 

ollowe d by 25 f after 10 min incubation at room temperature. For all assays, 335 L of 128 

33.3:26:7:26.7:13.3% v/v mixture of 10:43:4:3% v/v mixture of 129 

TCA:H3O4:  :FeCl3 were added. The resulting solution was vortexed and 130 



incubated at 37 °C for 1 h. Finally 200 L were transferred to a Costar clear 96- flat bottom well 131 

microplate (Thermo Fisher Scientific Inc., Waltham, MA) and the absorbance read at 525 nm 132 

(maximum absorption point confirmed by wavelength scanning from 400 to 650 nm) in a 133 

microplate reader (Synergy HT, BioTek Instruments, Inc, Bad Friedrichshall, Germany). A 5-134 

points calibration curve (R2=0.999) in the 0.1-1 mM L-ascorbic acid (AA) range was used to 135 

estimate vitamin C concentrations as mg AA/100 g or mL sample. Concentrations were 136 

obtained from the mean of 6 absorbance readings. Oxidized vitamin C values were calculated 137 

by subtracting reduced vitamin C from total vitamin C concentration. 138 

2.4.2 Phenolic compounds 139 

Freeze-dried samples (25 mg) were mixed with 2.5 mL of either methanol:water in a 1:1 v/v ratio 140 

in the determination of free phenolics (FP), and with 1.2 M HCl in the same methanol:water 141 

solution for total phenolics (TP). The mixture was vortexed at 3000 rpm for 1 min (Vortex mixer 142 

model 945303, VWR International LLC, Radnor, PA) and then heated for 3 h at 90 °C (Hot plate 143 

model 102, Thermo Fisher Scientific Inc., Waltham, MA ) with vortexing every 30 min. After 144 

centrifugation for 10 min at 5000 rpm and 4 °C (IEC Centra MP4R, Thermo Fisher Scientific 145 

Inc.), the supernatant was diluted with methanol in a 5 mL volumetric flask (Vinson et al., 2001). 146 

Free and total phenolic extracts were mixed with water in a 1:13 v/v ratio, and with Folin-147 

Ciocalteau reagent added at a 1:1 v/v extract:reagent ratio. The resulting mixture was vortexed 148 

and after 5 min at room temperature, 5 volumes sodium carbonate (1 N) were added. After 2 h 149 

incubation at 37 °C, a 200 L sample was transferred to a Costar clear 96 flat-bottom well 150 

microplate, and the absorbance measured at 765 nm (maximum absorption wavelength 151 

confirmed by wavelength scanning from 600 to 850 nm) in a microplate reader (Bio-Tek) 152 

(Waterhouse, 2002). A 6-points calibration curve (R2=0.999) for 50-300 ppm gallic acid (GA), 153 

was used expressed phenolics as mg GA/100 g or mL sample. Concentrations were obtained 154 



from the mean of 9 absorbance readings. Phenolics bound to cellular structures were 155 

determined by subtracting free phenolics from total phenolics. 156 

2.4.3 Flavonoids 157 

The method described by Yuan-Chuen et al. (2008) with some modifications was used for 158 

flavonoids extraction. Freeze-dried samples (20 mg) mixed with 0.2 mL methanol and DMSO in 159 

a 1:1 (v/v) ratio were treated by ultrasound for 10 min at 45 W (model 50 T, VWR International 160 

LLC, Radnor, PA). Samples were centrifuged for 10 min at 18000 g and 4°C, and after 161 

recovering the supernatant, the pellet was extracted twice with 0.4 mL of the same solvent 162 

mixture. The combined extracts were then diluted to 1 mL with methanol, filtered using a 0.45 163 

usmembrane (PTEF), and then mixed with HPLC-grade water (1:1 v/v extract:water). The 164 

extract (2  ) was analyzed by HPLC (1200 series, Agilent Technologies, Inc., Santa Clara, CA) 165 

using a photodiode array detector (PDA) and a Zorbax SB-C18 column (100x3 mm, 3.5 μm) at 166 

35°C. Detection was performed at 280 and 335 nm with quantification at 280 nm. Water with 167 

0.1% (v/v) formic acid was used as phase A and 100% methanol as phase B. Flow rate was 0.4 168 

mL/min using the following gradient: 0 min-20% B, 3 min-20% B, 15 min-55% B, 20 min-55% B, 169 

25 min-90% B, 30 min-90% B. A 7-points calibration curve (R2=0.999) for 5-250 ppm hesperidin 170 

was used to express total flavonoid concentration as mg HE/100 g or mL sample. Identification 171 

was done based on retention times (tR) of standards (hesperidin, naringin, tangeretin and 172 

nobiletin), by comparison of absorption spectrums with those obtained by the HPLC PAD with 173 

those previously reported by Lu et al. (2006), and by LC-ESI-MS (1200 series, Agilent 174 

Technologies, Inc.) in positive mode with gas temperature at 200 °C, 12 L/min flow rate, 35 psi 175 

nebulizer pressure, 2150 V capillary voltage, 225 V fragmentor voltage, and 50-900 m/z range 176 

(Lin and Harnly, 2007). Triplicate analyses were performed. Linearity, detection and 177 

quantification limits, accuracy (percentage of recuperation) and precision (AOAC, 2002) of the 178 

method used were R2= 0.999, 1.9±0.2 ppm, 3.2±0.3 ppm, 102.1±4.3%, >93%, respectively. 179 



2.4.4 Carotenoids 180 

Fresh comminuted orange (2 g) or freeze-dried flavedo (0.15 g) and juice (0.5 g) were weighed 181 

under subdued light, and then homogenized (ULTRATURRAX T-25 DS1, IKA, Staufen, 182 

Germany) at room temperature during 1 min at 15,000 rpm with 10 mL hexane containing 0.1% 183 

BHT. The extraction was repeated twice and sample was centrifuged for 5 min at 5000 g and 4 184 

°C. Supernatant was recovered and saponified with a 10% (w/v) KOH ethanolic solution. The 185 

extract was transferred to a separation funnel and 30 mL of 30% NaCl solution were added. The 186 

hexane phase was then washed with water until free of alkali. Hexane was eliminated in a rotary 187 

vacuum evaporator (RV 10 Control, IKA, Staufen, Germany) operated for 4.5 min at 200 mbar, 188 

35°C, and 100 rpm. The final extract was diluted with isopropanol, passed through a 0.45 189 

a smembrane (PTEF), and analyzed (50 (5 in an Agilent HPLC operated in reversed phase 190 

with PAD using a 5  C ca rote noidYMC carotenoids column. Methanol and water in a 96:4 (% 191 

v/v) ratio was used as phase A, and 100% MTBE as phase B. Flow rate was 1 mL/min using the 192 

following gradient: 0 min-5% B, 5 min-20% B, 20 min-30% B, 30 min-47.5% B, 40 min-47.5% B, 193 

44 min-100% B, 47 min-100% B. Identification was done by comparing retention times of 194 

standards (one  by compa rzeaxanthin and lutein), wavelength of 195 

maximum absorption max, and the shape of the visible absorption spectrum with those 196 

previously reported (Giuffrida et al., 2010; Gross et al., 1972; Meléndez-Martínez et al., 2008; 197 

Rouseff et al., 1996; Xu et al., 2006). A 10-points calibration curve (R2=0.997) for 0.05-10 ppm 198 

or 0.05-10was used to express total carotenoid concentration in samples as mg s  mg 199 

lculatmL sample. Linearity, detection and quantification limits, accuracy (percentage of 200 

recuperation), precision, and reproducibility (AOAC, 2002) of the method used were R2= 0.997, 201 

0.0016±0.00002 mg 0.00002 mg od us e d we re  Rlity limits , a ccu>90%, >96%, respectively. 202 

2.4.5 Antioxidant activity 203 



The antioxidant activity was measured by the ORAC technique described by Prior el al. (2003) 204 

and Tabart et al. (2009) with some modification. Twenty five L of a dilution of comminuted 205 

orange (1:600 w/v) and juice (1:100 v/v) or homogenized (3 min/24,000 rpm) flavedo (1:1800 206 

w/v) and albedo (1:2400 w/v) in sodium phosphate buffer solution, PBS (75 mM, pH 7.4) was 207 

placed in Costar polystyrene black plates with 96 round-bottom wells. A microplate reader (Bio-208 

Tek) was used to automatically dispense 150 L of 1 of 1 used to  followed by 25 L of 153 M 209 

AAPH after 30 min incubation at 37°C. Fluorescence (485/20 nm excitation wavelength and 210 

528/20 nm emission wavelength) was measured at 37°C for 1 h at 2 min intervals. The area 211 

under the curve obtained for 25-100 btTrolox was used to build a 5-points calibration curve 212 

(R2=0.999) to express ORAC values as   . The analysis 213 

was performed 9 times for each sample.  214 

2.5 Statistical analysis 215 

Results were statistically evaluated by analysis of variance and analysis of means compared by 216 

Tukey test and/or t-student (Minitab 14) with a confidence level of 0.95. 217 

3. RESULTS AND DISCUSSION 218 

3.1 Sample characterization 219 

Oranges used in this study presented a weight ranging from 160 to 320 g with no significant 220 

differences among sample lots. With respect to the whole fruit, juice, flavedo and albedo 221 

represented 57.5±3.5, 11.9±2.2, and 7.8±1.2% (n = x), respectively, i.e., similar to values 222 

previously reported (Davies & Albrigo, 1999; Izquierdo & Sendra, 2003). The 88% juice moisture 223 

content was similar to values reported by Izquierdo & Sendra (2003) and by the USDA (2011) 224 

while flavedo and albedo had values of 66.3-69.2% and 64.5-72.2%, respectively (Table 1). The 225 

TA value for lots 1 and 3 juice was 0.6 and differed significantly from the lot 2 value (xx). The 226 

juice TSS, pH and maturity index ranges were 11.9-12.9 °Bx, 3.84-4.29, and 19.3-26.2, 227 

respectively, with no significant differences among the three sample lots. The TA and TSS 228 



levels measured were 0.5-1.5% and 9-14 °Bx, respectively, and in the range of values reported 229 

by XXX. TA, pH, and TSS values for comminuted orange showed similar moisture content, 230 

among lots (Table 1).  231 

3.2 Vitamin C 232 

Total (L-ascorbic + dehydroascorbic acid) and reduced (L-ascorbic acid) vitamin C values for 233 

samples of Valencia comminuted orange and fractions show flavedo with the highest total 234 

vitamin C content ranging from 74.7±3.0 (lot 3) to 98.2±2.9 mg AA/100 g (lot 1). Differences with 235 

total vitamin C values reported by the USDA (2011) for juice and orange peel, i.e., 50 and 136 236 

mg AA/100 g, respectively, may reflect differences in orange varieties, harvest period, and 237 

preparation of fractions. The average total vitamin C content of all flavedo lots was 2.6 and 5.2 238 

times higher than the value for juice and albedo, respectively. However, the total vitamin C in 239 

comminuted orange was only slightly higher than the value for orange juice (lots 2 and 3, Table 240 

2). Moreover, the experimentally measured and the mass-balance calculated vitamin C values 241 

for comminuted orange were similar only for lot 3. Comminuted orange preparation caused 242 

oxidation of L-ascorbic to dehydroascorbic acid and loss of total vitamin C (Table 2). Further 243 

evidence of vitamin C degradation during sample preparation is reflected in the amount present 244 

in the oxidized form. In juice, it was present mostly as L-ascorbic acid, while in the flavedo, 245 

albedo and comminuted orange samples, the dehydroascorbic acid (oxidized form) fraction was 246 

64.7-75.7%, 38.5-67.3%, and 42.2-69.8%, respectively. The lower oxidized vitamin C content in 247 

juice as compared to the flavedo and albedo fractions may reflect also juice protection from 248 

oxidation by the flavedo but most likely it represents the effect of oxidation reactions during 249 

sample preparation. 250 

3.3 Phenolic compounds 251 

In general, TP and FP determinations for samples of Valencia comminuted orange and fractions 252 

showed higher TP values for the albedo fraction (553-730 mg GA/100 g, Table 3). Although 253 



statistically significant TP and FP differences between lots for each fraction were observed, the 254 

values measured were of the same order of magnitude. Although TP value differences for 255 

flavedo and albedo ranged 100-180 mg GA/100 g, the differences for comminuted orange were 256 

not significant. The FP content for the lot 3 juice, flavedo and comminuted orange was about 10, 257 

40 and 20 mg GA/100 g higher than the other lots of orange, respectively; while the one for the 258 

lot 1 albedo was about 80 mg AG/100 g lower. The calculated bound phenolics (BP) 259 

percentages were 58.1-65.0, 23.1-34.6, 20.6-28.5 and 31.7-40.6% for juice, flavedo, albedo, 260 

and comminuted orange, respectively, indicating that with the exception of juice, most phenolics 261 

are in the free form. Juice BP values (Table 2) did not differ from those reported by Vinson et al. 262 

(2001) who used an extraction method similar to this study. Juice and comminuted orange TP 263 

values were similar to the value reported by the USDA (2010) for Navel oranges (337 mg 264 

GA/100 g). A comparison with other foodstuffs widely recognized for their high phenolic content 265 

such as blackberries, blueberries and red grapes with TP values of 447, 311, and 170 mg 266 

GA/100 g, respectively (USDA, 2010), comminuted orange can be considered an important 267 

source of these compounds. The use of flavedo and albedo in comminuted orange doubled the 268 

TP content when compared with orange juice. A comparison of experimentally measured with 269 

mass-balance estimated values (Table 3) shows FP and TP increments of 6.0-9.7% and 6.2-270 

17.2%, respectively, suggesting that preparation steps for comminuted orange enhances the 271 

extractability of phenolics from cellular structures. 272 

3.4 Flavonoids 273 

The number of flavonoids quantified in juice, flavedo and albedo were 4, 12-14, and 7, 274 

respectively. The two glycosylated flavanones (hesperidin and didimin) and three metoxylated 275 

flavones (sinensetin, auranetin and nobiletin) identified in this study eluted in the order reported 276 

by other authors (Lu et al., 2006; Tripoli et al., 2007), i.e., more polar compounds eluting before 277 

more hydrophobic ones (Figure 1). Hesperidin and didimin eluted first because their sugar 278 



moiety increased their water affinity while methoxy groups in sinensetin, auranetin and nobiletin 279 

lowered their solubility. Sisensetin and auranetin with five methoxy groups eluted before 280 

nobiletin with six groups. Quantification was possible for hesperidin and didimin in all orange 281 

fractions, nobiletin only in both peel constituents, and sinensetin and auranetin only in flavedo 282 

samples. Hesperidin, didimin, sinensetin, nobiletin were quantified in all lots of comminuted 283 

orange while auranetin was found only in lot 2 even though it was present in all flavedo lots, 284 

reflecting most likely the detection limit of the quantification method used.  285 

All orange flavonoids identified in this study have been previously reported (Kawaii et al., 1999; 286 

Li et al., 2006; Manthey & Grohmann, 1996; Xu et al., 2008). In all lots, albedo had the highest 287 

total flavonoids content averaging 38.2 and 2.2 times higher than the juice and flavedo values, 288 

respectively (Table 4). Significant differences were observed for juice and albedo from lots 1 289 

and 3 samples and none for comminuted orange from lots 1 and 2. The percentage of individual 290 

flavonoids for each orange fraction was similar for all lots. Hesperidin represented 60.3-66.3% 291 

of total flavonoids in juice, 52.4-58.7% in flavedo, 79.4-80.8% in albedo, and 68.6-71.8% in 292 

comminuted orange samples. Didimin was found in 2.1- 2.7, 2.1-2.7, 4.5- 5.9, and 4.4- 5.0% for 293 

juice, flavedo, albedo and comminuted, respectively. In flavedo, sinensetin and nobiletin ranged 294 

6.2-7.9 and 9.7-12.2%, respectively, and the corresponding values in comminuted orange were 295 

2.4-3.1 and 3.1-4.9. Nobiletin concentrations ranging 0.6-0.8% were found in albedo. Flavedo 296 

showed 2.4-3.1% of auranetin while the value for lot 2 comminuted orange was 1.5%. These 297 

results show that albedo was the main source of glycosylated flavanones and flavedo of 298 

metoxylated flavones. Yuan-Chuen et al. (2007, 2008) reported for freeze-dried juice and 299 

orange peel, hesperidin concentrations of 536 mg HE/100 mL and 2070 mg HE/100 g 300 

respectively. On a dry basis, about 300, 1700 and 5000 mg HE/100 g were found in juice, 301 

flavedo and albedo, respectively, with similar values reported for orange juice by Xu et al. 302 

(2008).  303 



The use of flavedo and albedo in the comminuted orange formulation increased its total 304 

flavonoid content by about 780±130% when compared with values measured for juice samples. 305 

Based on the flavonoid concentration in the flavedo, albedo and juice used to formulate 306 

comminuted orange, the calculated and experimental total flavonoids were similar for lots 2 and 307 

3, and about 22% for lot 1 reflecting the variability of the experimental measurements (Table 4). 308 

Moreover, the experimental and calculated hesperidin content was similar among lots while 309 

values for the other flavonoids showed higher variation. 310 

3.5 Carotenoids 311 

In the chromatogram example showing the carotenoids for Valencia orange juice (Figure 2), the 312 

peaks identified came in the elution order reported by other authors using also MTBE, methanol 313 

and water as solvents (Giuffrida et al., 2010; Rouseff et al., 1996; Meléndez-Martínez et al., 314 

2008; Xu et al., 2006). Epoxycarotenoids eluted first, then dihydroxycarotenoids and 315 

monohydroxycarotenoids, and finally the more polar xanthophylls. Although 20 carotenoids, 5 316 

epoxycarotenoids, 3 dihydroxycarotenoids, β-cryptoxanthin and β-carotene could be identified, 317 

only 9-cis-violaxanthin, lutein, zeaxanthin, isolutein, β-cryptoxanthin, and β-carotene were 318 

present in comminuted orange and all orange fractions but were found in different proportions. 319 

Total and individual carotenoid content values for orange fractions and comminuted orange 320 

(Table 5) show that carotenoids are not evenly distributed in the orange fractions and that the 321 

harvest period of a lot influenced strongly their concentration.  322 

The total carotenoid content reported in this study was similar to the 0.3 mg/100 mL value 323 

reported by Gardner et al. (2000) for orange juice. Total carotenoids in lots 1, 2 and 3 were 47, 324 

4.3 and 15.9 times higher in flavedo than in juice, respectively. Total carotenoid values among 325 

lots of orange juice and comminuted orange were statically different while no significant 326 

differences were found for flavedo values from lots 1 and 3 samples. The difference may reflect 327 

the effect of fruit maturity on the carotenoid content (Table 1). The average carotenoid content 328 



in juice, flavedo and comminuted orange for lot 2 samples was 1.4, 5.6, and 2.7 times larger 329 

than the corresponding average values for lots 1 and 3 samples. For most carotenoids, the 330 

percentage of the total for all orange fractions was of the same order of 331 

magnitudeβ-cryptoxanthin, previously reported as the main orange 332 

carotenoid (Rodriguez-Amaya, 2001; Pao and Fellers, 2003), was the most abundant juice 333 

carotenoid, representing 51.7±2.5, 21.5±0.4, and 18.4±0.6% of total carotenoids for lots 1, 2 334 

and 3, respectively. The most abundant carotenoid in flavedo was 9-cis-violaxanthin 335 

representing 45.9±0.1, 30.4±0.0 and 40.3±0.1% of the total for lots 1, 2 and 3, respectively. It 336 

was found to be also the most abundant in comminuted orange with corresponding lot values of 337 

43.0±1.2, 35.0±0.1, and 32.5±0.9%. These high concentration values in comminuted orange 338 

may reflect also formation during preparation due to contact with atmospheric oxygen. Another 339 

abundant carotenoid was violaxanthin, representing 12.2±0.7 to 20.1±0.4% of the total in 340 

flavedo, and 13.2±0.1 to 15.8±0.0% of the total in comminuted orange. In lots 2 and 3 juice, it 341 

represented only about 5% and it was not detected in lot 1. This differs to some extent with a 342 

report by Meléndez-Martínez et al. (2007) showing presence of this carotenoid in minimally 343 

processed juice. In general, the epoxycarotenoid content was higher in flavedo than in juice 344 

while the hydroxycarotenoids and β-carotene values were lower. Juice showed an average 345 

epoxycarotenoid content of 26.8%, while in flavedo and comminuted orange it was of 74.2 and 346 

71.8%, respectively. The average hidroxycarotenoids percentage was 70, 24.8, and 30.0% for 347 

juice, flavedo and comminuted respectively while the corresponding values for β-carotene were 348 

3.2, 1.2, and 1.3%.  349 

The incorporation of flavedo in the formulation of comminuted orange increased its total 350 

carotenoid content about 5.7, 1.1, and 1.9 times the values for lots 1, 2 and 3, respectively, 351 

when compared with values for orange juice. The preparation of comminuted orange resulted in 352 

estimated carotenoid losses ranging 23.4 to 43.0%. Individual carotenoids were also affected by 353 



the preparation process. Hydroxycarotenoids and β-carotene concentration values decreased 354 

while epoxycarotenoids increased probably due to reaction with atmospheric oxygen during the 355 

product grinding. Violaxanthin and 9-cis-violaxanthin showed increases of about 6-12% and 14-356 

32%, respectively. The concentration of lutein, zeaxanthin , β-cryptoxanthin and β-carotene 357 

decreased by about 1-7, 3-7, 6-25, and 1-2%, respectively. 358 

3.6 Antioxidant activity 359 

The antioxidant activity values of orange fractions and comminuted orange (Table 6) can be 360 

attributed mostly to hydrophilic compounds such as total phenolics, flavonoids and vitamin C. 361 

Albedo had the highest antioxidant activity reflecting its higher flavonoid and total phenolic 362 

content showing 13.6-19.1 and 1.4-1.5 more antioxidant activity than juice and flavedo, 363 

respectively. No significant difference were found between the antioxidant activity of juice and 364 

albedo from lots 2 and 3, while significant differences were found among flavedo lots showing 365 

values of 8567±275 (lot 1), 10332±635 (lot 2), and 11274±449 (lot 3) µmol TE/100 g, reflecting 366 

TP differences among lots. Antioxidant activity in juice ranged from 812±20 to 878±31 µmol 367 

TE/100 g, i.e., similar to the 726 µmol TE/100 g value reported by USDA (2010) for orange 368 

juice. The antioxidant activity of comminuted orange was 4.0±0.2 higher than the value for juice, 369 

due to the use of flavedo and albedo with higher concentration of nutraceuticals. The 370 

comparison of measured and mass-balance calculated antioxidant activity values (Table 6), 371 

suggests that the preparation of comminuted orange caused 15.5 and 28.7% antioxidant activity 372 

losses for lots 2 and 3, respectively, and a 3.2% increase for lot 1 reflecting both behaviors 373 

changes in flavonoids concentration values. A comparison with other foodstuffs recognized as 374 

rich sources of antioxidants, such as blackberries, blueberries and red grapes with antioxidant 375 

activity values of 5802, 3463, and 1837 µmol TE/100 g, respectively, as reported by the USDA 376 

(2010), the antioxidant capacity of comminuted (3071-3592 µmol TE/100 g) can be considered 377 

to be high.  378 



3.7 Water soluble nutraceutical concentration and antioxidant activity relationship 379 

No relationship could be established between the amount of vitamin C (total and reduced) and 380 

the antioxidant capacity of all the samples analyzed (Figure 3a) reflecting differences in the 381 

procedures in the determination of vitamin C content and antioxidant activity. In addition to the 382 

vitamin C content, the presence of many other compounds contributes to antioxidant activity. On 383 

the other hand, FP, TP, hesperidin, and total flavonoids concentrations were found directly 384 

proportional to the antioxidant activity (Figure 3b,c) with linear regression coefficients (R2) higher 385 

than 0.79. The observation that no relationship between antioxidant activity and the other 386 

flavonoids identified could be established suggests that the chemical structure of each individual 387 

antioxidant, and not only their concentration influence the antioxidant activity. Rapisarda et al. 388 

(1999), Gardner et al. (2000), Sun et al. (2002), and Gorinstein et al. (2006) reported a linear 389 

correlation between the phenolic content and the antioxidant activity of different fruits and citrus 390 

fruits. Ghasemi et al. (2009) found no correlation between TP and flavonoid contents and 391 

antioxidant activity of different citrus species peels and tissues while Gardner et al. (2000) 392 

observed a linear correlation with vitamin C. 393 

 394 

4. CONCLUSIONS 395 

The analysis of orange fractions showed that flavedo was the main source of total vitamin C 396 

with a content 2.6 and 5.2 times higher than for juice and albedo, respectively, although 70% 397 

was present in the oxidized form which has 20% less activity than the reduced form. Flavedo 398 

also presented the highest content of metoxylated flavones, i.e., 17.4% vs 0% and 0.7% for 399 

juice and albedo, respectively, and also of carotenoids, mostly found as epoxycarotenoids. 400 

Albedo was the most important source of total phenolic with an average content similar to 401 

flavedo and 4.4 times higher than juice. Albedo also showed the highest content of glycosylated 402 

flavanones (85.4% vs 72.4 for juice and 58.9% for flavedo), and antioxidant activity (17 and 1.4 403 



times more content than juice and flavedo, respectively). Juice was not the main source of 404 

vitamin C, but it was present only as L-ascorbic acid with 100% of activity. In juice, carotenoids 405 

were present as hydroxycarotenoids (70%) and carotenes (3%) with functional properties widely 406 

reported in previous studies. Information of the distribution of these compounds in orange 407 

fractions is very important for their commercial extraction and in the formulation of functional 408 

beverages. When comparing with juice, the use of flavedo and albedo to formulate comminuted 409 

orange increased slightly the vitamin C and carotenoids content, while the average total 410 

phenolic, flavonoids and antioxidant activity increased by 111, 783 and 304%, respectively. This 411 

information should encourage the formulation of beverages and other products with the 412 

functional properties pursued by consumers. Finally, the process to obtain comminuted orange, 413 

particularly the grinding step, caused important chemical changes such as the conversion of 414 

ascorbic acid to dehydroascorbic acid, 16-29% reduction of antioxidant activity, and 23-43% 415 

losses of carotenoids. The concentration of hydroxycarotenoids and carotenes decreased, while 416 

epoxycarotenoids increased probably due to the oxygen incorporated during grinding. On the 417 

other hand, the grinding process increased the phenolic content by about 6-17% suggesting a 418 

higher bioavailability of these compounds in comminuted orange. 419 
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Table 1. Characterization of Valencia orange juice and comminuted orange 

 Juice Comminuted orange 

 Lot 1 Lot 2 Lot 3 Lot 1 Lot 2 Lot 3 

Moisture (%, wb) 87.9±0.02a 88.2±0.05b 87.9±0.1a 81.5±0.07d 81.3±0.09d 81.5±0.2d 

TA (%) 0.62±0.04a 0.45±0.01b 0.65±0.00a 0.71±0.03d 0.60±0.03e  

pH 4.04±0.0a 4.29±0.01b 3.84±0.02c 4.45±0.01d 4.44±0.02d 3.88±0.01e 

TSS (°Bx) 12.9±0.0a 11.9±0.10b 12.7±0.06c 15.0±0.0d 14.3±0.15e 13.2±0.00f 

TSS/TA 20.9±1.3a 26.2±0.6b 19.3±0.1a    

aw at 25°C       0.987±0.003 
TA, Total acidity in g citric acid/100 g sample (%); TSS, total soluble solids; TSS/TA, maturity index. 
Same letters in the same row indicate no statistically significant differences (p>0.05).  
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Table 2. Total and reduced vitamin C content (mg AA/100 g) of Valencia orange fractions and 
comminuted orange 
 Total vitamin C Reduced vitamin C 
 Lot 1 Lot 2 Lot 3 Lot 1 Lot 2 Lot 3 

Juice 39.9±0.9a 28.7±1.0b 30.8±1.0c 39.8±2.0a 29.2±1.0b 31.5±1.0c 

Flavedo 98.2±2.9a 83.6±6.8a,b 74.7±3.0b 34.7±3.1c 20.3±0.9d 21.0±1.8d 

Albedo 13.0±1.6a 25.1±1.4b 10.8±1.3a 8.0±0.4c 8.2±0.1c 5.7±0.5d 

Comminuted 24.8±1.9a 32.0±1.8b 35.1±2.6b 7.5±0.7c 17.8±0.5d 20.3±2.7d 

Calculated (1) 45.9 37.0 35.3 35.0 25.2 26.6 

Difference (%) (2) -46.0 -13.6 -0.7 -78.6 -29.3 -23.7 
(1) The vitamin C content of comminuted orange was calculated based on its juice, flavedo and albedo 
content. (2) This is the difference between the experimental and the calculated vitamin C content of 
comminuted orange. Same letters in the same row mean statistically equal values (p>0.05).  
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Table 3. Total and free phenolic (mg GA/100 g) of Valencia orange fractions and comminuted orange 

 Total phenolic Free phenolic 

 Lot 1 Lot 2 Lot 3 Lot 1 Lot 2 Lot 3 

Juice 147.6±7.3a,b 140.7±4.1a 151.7±4.6b 51.7±6.0c 53.7±2.2c 63.5±4.2d 

Flavedo 679.9±35.1a 588.6±16.9b 638.2±15.8c 444.5±32.2d 449.4±16.5d 490.8±25.0e 

Albedo 553.1±44.5a 730.0±23.8b 667.0±32.2c 439.0±12.1d 521.9±61.5e 515.0±53.1e 

Comminuted 305.2±6.1a 313.1±17.1a 311.0±20.7a 190.5±12.3b 185.9±4.0b 212.3±23.0 c 

Calculated (1) 283.1 285.4 293.4 162.6 175.1 187.9 

Difference (%) (2) 7.8 9.7 6.0 17.2 6.2 13.0 
(1)The phenolic content of comminuted orange was calculated based on its juice, flavedo and albedo content. 
(2)This is the difference between experimental and calculated phenolic content of comminuted orange. Same 
letters in the same row mean statistically equal values (p>0.05).  
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Table 4. Flavonoids from Valencia orange fraction and comminuted orange 

 Lot 1 Lot 2 Lot 3 

 Juice Flavedo Albedo Comminuted 
orange Juice Flavedo Albedo Comminuted 

orange Juice Flavedo Albedo Comminuted 
orange 

Peak Measured  Calculated(1) Measured Calculated(1) Measured Calculated(1) 

1 13.1±0.2 3.5±0.2 3.5±0.2 4.7±0.0 10.4 12.5±0.3 2.7±0.4 3.1±0.0 3.9±0.1 9.8 11.0±0.7 3.1±0.1 2.5±0.0 3.7±0.1 8.7 

2 n.d. n.d. n.d. n.d. n.d. n.d. 1.6±0.0 n.d. n.d. 0.3 n.d. 2.1±0.1 n.d. n.d. 0.3 

3 n.d. 2.7±0.2 n.d. n.d. 0.4 n.d. 2.3±0.1 n.d. 1.8±0.0 0.4 n.d. 2.4±0.1 n.d. 1.8±0.1 0.4 

4 n.d. 2.0±0.1 2.1±0.2 2.0±0.0 0.6 n.d. 1.7±0.0 2.4±0.1 2.3±0.0 0.6 n.d. 1.4±0.1 1.5±0.0 2.0±0.1 0.4 

5 n.d. 1.7±0.1 1.2±0.1 1.5±0.1 0.4 n.d. 1.5±0.1 0.9±0.0 1.5±0.0 0.4 n.d. 2.2±0.0 0.8±0.0 n.d. 0.5 

6 17.0±0.3 2.9±0.1 8.6±0.5 9.6±0.1 13.7 14.9±0.3 2.8±0.0 7.1±0.1 6.4±0.0 12.0 14.2±0.7 2.8±0.2 7.8±0.1 6.7±0.1 11.6 

7 60.3±0.6 58.2±3.5 79.4±1.1 69.4±0.2 62.3 63.1±0.8 58.7±1.4 80.5±0.1 68.6±0.4 64.6 66.3±1.6 52.4±0.9 80.8±0.3 71.8±0.8 65.9 

8 n.d. 1.7±0.1 n.d. n.d. 0.3 n.d. 1.8±0.0 n.d. 1.3±0.1 0.3 n.d. 2.0±0.0 n.d. n.d. 0.3 

9 n.d. n.d. n.d. n.d. n.d. n.d. 1.5±0.1 n.d. n.d. 0.2 n.d. 1.9±0.1 n.d. n.d. 0.3 

10 9.6±0.2 2.7±0.1 4.5±0.2 5.0±0.0 7.9 9.5±0.2 2.6±0.1 5.1±0.1 4.6±0.1 7.9 8.5±0.2 2.1±0.2 5.9±0.2 4.4±0.1 7.2 

11 n.d. 7.9±1.1 n.d. 3.1±0.0 1.3 n.d. 6.2±0.5 n.d. 2.4±0.1 1.0 n.d. 7.8±0.9 n.d. 2.7±0.1 1.2 

12 n.d. 3.0±0.5 n.d. n.d. 0.5 n.d. 2.4±0.3 n.d. 1.5±0.1 0.4 n.d. 3.1±0.1 n.d. n.d. 0.5 

13 n.d. 9.7±1.1 0.6±0.0 3.1±0.0 1.6 n.d. n.d. 0.8±0.0 n.d. 1.7 n.d. 12.2±0.0 0.7±0.1 4.9±0.2 2.0 

14 n.d. 4.1±0.7 n.d. 1.6±0.0 0.7 n.d. 3.8±0.3 n.d. 1.9±0.1 0.6 n.d. 4.6±0.1 n.d. 2.0±0.1 0.7 

TF 65.3 
±2.2a 

867.7 
±31.4a 

1728.2 
±30.2a 

489.9 
±7.0a 399.9 56.6 

±0.8b 
1047.8 
±55.1b 

2435.2 
±60.9b 

507.6 
±25.1a 510.1 43.8 

±4.3c 
901.2 
±69.9a 

2161.9 
±133.0c 

439.3 
±22.6b 443.6 

Diff.(2)    22.5     -0.5     -1.0  

Peaks: 1-6, 8-9, 14 = No identified; 7=hesperidin; 10=didimin; 11=sinensetin; 12= auranetin; 13=nobiletin. (1) Cal, Calculated flavonoid content (%) of comminuted according to its juice, flavedo and albedo content. Same letters 
among lots for each fraction mean statistically equal values (p>0.05). TF, total flavonoid content (mg HE/100 g wet basis); n.d., not detected. (2), Difference (%) between experimental and calculated total flavonoid content of 
comminuted orange.  
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Table 5. Carotenoids from Valencia orange fractions and comminuted orange 

 Lot 1 Lot 2 Lot 3 

 Juice Flavedo Comminuted Juice Flavedo Comminuted Juice Flavedo Comminuted 

Peak Percentage of each compound Cal 
(%) (1) Percentage of each compound Cal 

(%) (1) Percentage of each compound 
Cal 
(%) 

(1) 
1  8.6±0.2 8.0±0.2 1.4  10.4±0.1 9.5±0.7 1.7 2.6±0.0 10.5±0.1 8.3±0.1 3.5 
2  15.2±0.2 14.8±0.2 2.4 5.4±0.1 12.2±0.7 15.8±0.0 5.8 5.3±0.3 20.1±0.4 13.2±0.1 7.0 
3  2.8±0.0 2.3±0.0 0.4 4.4±0.4 5.4±0.0 6.7±0.0 4.0 5.8±0.0 5.8±0.0 9.3±0.4 5.1 
4  0.7±0.0 0.9±0.1 0.1 2.0±0.3  2.9±0.0 1.4 1.8±0.0 1.1±0.1 1.4±0.0 1.5 
5  1.1±0.0 0.9±0.0 0.2   2.7±0.0 0.0 0.7±0.0 1.5±0.1 1.0±0.0 0.7 
6 4.7±1.1 45.9±0.1 43.0±1.2 10.7 11.7±0.2 30.4±0.0 35.0±0.1 13.2 20.6±0.5 40.3±0.1 32.5±0.9 21.2 
7     1.3±0.1   0.9 1.2±0.0  1.4±0.1 0.9 
8  2.6±0.1  0.4 3.4±0.1 5.5±0.3 2.7±0.0 3.3 2.3±0.0 2.5±0.2 1.9±0.1 2.0 
9 2.3±0.0   1.6 2.5±0.0   1.8 2.3±0.0  1.1±0.0 1.6 

10 13.3±1.0 2.4±0.0 3.4±0.3 9.9 11.9±0.2 13.9±0.0 9.2±0.0 10.7 12.7±0.1 4.5±0.3 6.6±0.2 9.8 
11  1.2±0.0 0.9±0.1       0.5±0.1  0.1 
12 12.1±0.9 0.6±0.0 2.0±0.1 8.8 17.1±0.4 2.6±0.1 5.7±0.0 12.7 9.4±0.3 1.1±0.0 4.0±0.2 6.9 
13 5.3±1.7 3.5±0.0 5.6±0.2 4.4 6.5±0.1 11.4±0.3 9.6±0.1 6.5 10.0±0.2 4.3±0.0 6.4±0.1 7.8 
14  6.1±0.2 4.1±0.5       2.6±0.1 2.7±0.1 0.4 
15 3.0±0.1  1.0±0.1 2.1 1.6±0.1   1.1 0.9±0.0   0.6 
16 4.4±0.0 0.7±0.0 0.9±0.0 3.3 3.8±0.1   2.7 2.8±0.1 0.6±0.0 1.0±0.1 2.1 
17 51.7±2.5 7.9±0.2 11.4±0.3 38.3 21.5±0.4 3.6±0.1 7.3±0.0 16.0 18.4±0.6 3.5±0.0 8.2±0.3 13.7 
18  0.5±0.0        0.5±0.0  0.1 
19     2.5±0.0 2.3±0.1  2.2 1.2±0.0   0.9 
20 3.3±0.1 0.5±0.0 0.6±0.0 2.4 4.3±0.0 2.4±0.0 2.4±0.1 3.5 2.1±0.1 0.6±0.0 0.9±0.1 1.6 

TC  0.132 
±0.004a 

6.208 
±0.733a 

0.754 
±0.035a 1.088 0.241 

±0.005b 
1.044 

±0.019b 
0.260 

±0.021b 0.340 0.341 
±0.022c 

5.438 
±0.109a 

0.635 
±0.043c 1.114 

Diff.(2)   -30.7    -23.4    -43.0  
Peaks: 1, 4-5, 7, 11, 14-16, 18-19 = No identified; 2=Violaxanthin; 3=Luteoxanthin; 6=9-cis-violaxanthin; 8=Z-luteoxanthin; 
9=Mutatoxanthin; 10=Lutein; 12=Zeaxanthin; 13=Isolutein; 17=   1) Cal, Calculated 
carotenoid content of comminuted according to its juice, flavedo and albedo content. Same letters among lots for each fraction mean 



statistically equal values (p>0.05). TC, total carotenoids (mg C, tota wet basis); n.d., not detected. (2), Difference (%) between 
experimental and calculated total carotenoid content of comminuted orange.  



Table 6. Antioxidant activity of Valencia orange fractions and comminuted orange (µmol 
TE/100 g) 

 Lot 1 Lot 2 Lot 3 

Juice 877.7±31.2 a 816.9±21.7 b 
812.6±20.4 b 

Flavedo 8567.4±275.1 a 10332.4±634.5 b 
11274.0±449.1 c 

Albedo 11953.2±538.0 a 15087.6±1003.1 b 
15484.0±674.9 b 

Comminuted 3592.1±125.7 a 3473.3±85.9 a 
3071.2±190.2 b  

Calculated (1) 3481.4 4108.9 4305.7 

Difference (%) (2) 3.2 -15.5 -28.7 
(1), Calculated antioxidant activity of comminuted according to its juice, flavedo and albedo 
content. (2), Difference between experimental and calculated antioxidant activity of 
comminuted orange. Same letters in the same row mean statistically equal values 
(p>0.05).  
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 570 

Figure 1. Cromatogram of flavonoids from Valencia orange flavedo. Peaks: 1-6, 8-9, 14 = No 571 

identified; 7=hesperidin; 10=didimin; 11=sinensetin; 12= auranetin; 13=nobiletin.  572 

  573 

7

min

1 43 6 102 5 8 9
11

1413

123 6



 574 

 575 

Figure 2. Chromatogram of carotenoids from Valencia orange juice. Peaks: 1, 4, 5, 7, 11, 14-16, 576 

18-19 = No identified; 2=Violaxanthin; 3=Luteoxanthin; 6=9-cis-violaxanthin; 8=Z-luteoxanthin; 577 

9=Mutatoxanthin; 10=Lutein; 12=Zeaxanthin; 13=Isolutein; 578 

17=720=0 579 
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A) vitamin C 583 

 584 

B) Phenolic 585 

 586 
C) Flavonoids 587 

Figure 3. Relationship between concentration of water soluble nutraceuticals and antioxidant 588 

activity of Valencia orange fractions and comminuted.  589 
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