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ABSTRACT 

The present study investigated for the first time some physical quality attributes of unripe Citrus × myrtifolia Rafi-
nesque which is the ingredient of the popular soft drink Chinotto. Samples for analysis were processed to better repro-
duce the crude materials used for industrial chinotto extract, discarding part of the juice. Fruit bioactive compounds 
such as ascorbic acid, carotenoids, chlorophylls, flavonoids and antioxidant capacity were estimated. An important 
nutritional aspect arose from the data presented was the high concentration of flavonoids (780 mg/100g FW) and vita-
min C (42 mg/100g FW). A good antioxidant capacity (5872 µM Trolox equivalents/100g FW) was estimated by oxygen 
radical absorbing capacity (ORAC). This matrix could be considered as a good nutraceutical source, giving new op-
portunity to citrus industry. 
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1. Introduction 
The Citrus × myrtifolia Raf. is a citrus fruit of the genus 
Citrus. Native of southern China, its origin has not been 
exactly ascertained; probably it is mutation of sour or-
ange that eventually evolved into the species known to-
day [1]. The unripe fruits look like small green aromatic 
tangerines, while mature fruits are bigger and orange 
painted. The flesh is bitter and sour and divided into 8 - 
10 segments. The plant was cultivated for centuries in 
France and Italy [1], especially in Liguria, Calabria and 
Sicily where the fruits are used in sweets for candies and 
jams as well as flavoring syrups, soft drinks and spirits. 
In Italy the plant has given its name to a very popular 
Italian drink Chinotto, flavored with Citrus × myrtifolia 
extract. The chinotto is set up as a classic soda, but no 
producer has been revealed details about its preparation. 
Its ingredients are regulated at the legislative level by a 
Decree of President of the Republic (DPR n.719 of 1958 
May 19, Article 5 and subsequently amends) which spe- 
cifies that the soft drinks sold under the name of a not 
juice fruit, including cedar and chinotto, should be pre-
pared with substances derived from the fruit or the plant. 

The Citrus × myrtifolia extract for chinotto drink is a 
aqueous-alcoholic solution made up from infusion of 
softly pressed unripe fruits with partially discarding of 
the juice; it was then flavored with spices such as rhu-
barb, gentian, cinchona, cinnamon, cloves, sweet orange, 
thyme, tamarind. The first Chinotto soda was produced 
in 1932 by San Pellegrino®. 

Despite the growing distribution of this popular soft 
drink, the few literature papers about the Citrus × myrti-
folia [2,3] are related only to the juice and no informa-
tions are available about bioactive compounds in the 
whole fruit. The have of interest in the Italian citrus in-
dustry for chinotto production could be increased by 
studies on its composition. 

The possible beneficial effects of fruit consumption 
are due to micronutrients such as vitamins and to func-
tional food ingredients and antioxidant nutraceuticals 
(phytochemicals) [4]. Phytochemicals can be defined as 
substances found in edible fruits and vegetables that, 
daily ingested, may exhibit a potential for modulating 
human metabolism to the prevention of chronic and de-
generative diseases. An increased consumption of fruit 
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and vegetables, typical Mediterranean diet foods, may 
protect against degenerative pathologies, such as cancer 
and atherosclerosis [5]. Over the past decades, a large 
number of studies have been carried out with the aim of 
identifying the bioactive components present in citrus 
fruits, in an attempt to gain a deeper understanding of the 
correlation between diet, health benefits and reduced risk 
of diseases [6-8]. Among the phytochemicals, flavonoids 
are widely contained in Citrus fruits, especially in Sicil-
ian cultivars, but are also good source of other bioactive 
components such as carotenoids and vitamin C [9]. 

The aim of the present work was to characterize for 
the first time unripe Citrus × myrtifolia raw materials 
used for beverage industrial purposes. The main bioac-
tive compounds such as carotenoids, ascorbic acid, fla-
vonoids and chlorophylls were quantified. Furthermore, 
the radical scavenging activity was screened using ORAC 
method.  

2. Materials and Methods 

2.1. Fruits 

Fruits used in this study were grown in Castiglione di 
Sicilia (Catania, Italy). Immature Citrus × myrtifolia Raf. 
(chinotto) fruits were collected with the degree of fruit 
maturity determined from the surface color, mean di-
ameter, total soluble solids (TSS), titratable acidity (TA) 
and pH. Unripe fruits picked on 2010 October were 
green, had a mean diameter of 2.5 (±0.3) cm and a mean 
weight of 27 g (±2). The peel and the pulp represented 
the 39% and the 55% of the fresh weigh (FW) respec-
tively, while the remaining weigh were constituted by 
seeds. The TSS was 8.4 Brix, TA of 0.83% citric acid 
and pH 3.87; the evaluated ratio (TSS/TA) for maturity 
requirements was of 10.1. Samples for analysis were 
prepared from 25 fruits and processed to better reproduce 
the crude materials used for industrial chinotto extract; 
the fruits were slightly squeezed to discard part of the 
juice and reduced in small pieces with Turbo Homoge-
nizer HMHF (PBI International). The samples were 
stored at –20˚C until needed for the study.  

2.2. Extraction and Analysis of Flavonoids 

Two grams of sample was extracted for 2 h with 10 mL 
of 80% methanol containing 1% hydrochloric acid at 
room temperature on an orbital shaker. The mixture was 
centrifuged at 1000 rpm for 15 min and the supernatant 
decanted. The pellets were extracted under identical con-
ditions. Supernatants were combined and used for total 
flavonoid assay. The flavonoid content was determined 
in all of the samples as indicated by Association of the 
Industry of the Juices and Nectars (AIJN) according to 

the colorimetric Davis method [10]. Ten milliliters of 
diethylene glycol were added to 0.2 ml of water/metha- 
nolic (50:50, v:v) extract and mixed. Thereafter 0.2 ml of 
approximately 4 N sodium hydroxide is added and the 
increase in color is read at 420 nm after 5 minutes with 
Perkin-Elmer LAMBDA 35 UV/VIS spectrophotometer. 
The observed color increases were compared with a stan- 
dard curve prepared from the ACS grade pure naringin 
(Sigma Aldrich, Italy). The values were expressed as mg 
naringin/100g FW (fresh weight). 

2.3. Extraction and Analysis of Chlorophylls  

The extraction of pigments were performed in subdued 
light in 90% acetone and the content of chlorophylls a 
and b were calculated in according with formulas pro-
posed by Jeffrey and Humphrey in 1975 [11] from the 
absorption spectra recorded at 645 and 663 nm:  

chlorophyll a = 11.93 × A663 – 1.93 × A645 

chlorophyll b = 20.36 × A645 – 5.50 × A663 
The values were expressed as µg/g FW. 

2.4. Extraction, Saponification and Analysis of 
Carotenoids 

A 25 g amount of sample were accurately weighed and 
transferred to a 250 ml amber Erlenmeyer flask. Then, 
0.5 g of ascorbic acid (Sigma Aldrich, Italy), 50 ml of 
absolute ethanol and 10 ml of 60% potassium hydroxide 
(Carlo Erba, Italy) solution were added, under a stream 
of nitrogen. Saponification was performed overnight with 
slow constant stirring at room temperature. Then, the 
saponified mixture was transferred to a 250 ml amber 
separatory funnel, rinsed with 30 ml water and extracted 
five times (shaking for 2 min) with three fractions con-
taining 50 ml of n-hexane and two fractions containing 
25 ml of n-hexane. The combined n-hexane extract was 
washed with 50 ml fractions of water, which were added 
with some drops of phenolphthalein, until the aqueous 
layer appeared colorless. A l g amount of BHT bu-
tilidrossitoluene (BHT) (Sigma Aldrich, Italy) was added 
as the antioxidant and the mixture was then passed 
through a Whatman No. 1 filter containing 20 g of anhy-
drous sodium sulfate (Carlo Erba, Italy) and was col-
lected into a 250 ml amber volumetric flask. The extract 
was concentrated by rotatory evaporation at 40˚C. Fi-
nally, the evaporated residue was reconstituted with n- 
hexane and the absorbance at 470 nm of extracts was 
determined. The pigment concentration was expressed in 
µg β-carotene per g FW using an external calibration 
prepared from the pure β-carotene (Sigma Aldrich, Italy). 
The corresponding content of provitamin A was calcu-
lated in term of Retinol Equivalent (R.E.) per gram of 
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FW (1 μg R.E. = 6 μg β-carotene). 

2.5. Total and Reduced Ascorbic acid Content 

The used procedure is based on the method of Kampfen-
kel et al [12] for the spectrophotometric determination of 
ascorbic acid as ascorbate (AsA) and dehydroascorbate 
(DAsA). The assay is based on the reduction of Fe3+ to 
Fe2+ by AsA and the spectrophotometric detection of 
complexed Fe2+ with 2,2-dipyridyl (Sigma Aldrich, Italy). 
DAsA was reduced to AsA by preincubation of the sam-
ple with dithiothreitol (Sigma Aldrich, Italy). Subse-
quentely the excess dithiothreitol was removed with N- 
ethylmaleimide (Sigma Aldrich, Italy), and the total AsA 
was determined from the difference of total AsA and 
AsA (without pretreatment with dithiothreitol). The Vi-
tamin C content was expressed as mg/100g FW, by 
comparison with a standard curve of AsA (Sigma Al-
drich, Italy).  

2.6. Ascorbate Peroxidase (APX) Assay 

The APX activity was assayed following Wang et al. 
[13]. APX extraction was performed with a 50 mM po-
tassium-phosphate buffer (pH 7.0) in presence of 1 mM 
ascorbic acid to avoid the enzyme inactivation during 
extraction. APX activity was evaluated on a reaction 
mixture made up of 0.5 ml enzyme extract in 50 mM  
potassium-phosphate buffer (pH 6.6), 1 mM ascorbic 
acid, 4 mM H2O2, 0.4 mM Na2EDTA, following the ex-
tinction rate of ascorbic acid due to its oxidation by H2O2. 
The reaction was started with the addition of H2O2 and 
the ascorbic acid degradation was followed monitoring 
the decrease of absorbance at 290 nm at 25˚C. Ascorbate 
peroxidase specific activity was expressed in U·mg–1 of 
enzymatic proteins.  

2.7. Enzymatic Protein Determination 

The enzymatic proteins content was determined accord-
ing to the method of Bradford [14], using Coomassie® 
Brilliant Blue R (Sigma Aldrich, Italy) which shows, in 
the free form, a maximum absorbance peak at 465 nm. 
The reagent, which binds mainly to the residues of ar-
ginine and, to a less extent, to lysine, histidine, tyrosine, 
tryptophan and phenylalanine of the enzyme, shows a 
maximum absorbance peak at 595 nm. One ml 
Coomassie® was added to variable aliquots of enzyme. 
After 15 minutes the absorbance at 595 nm was read and 
the protein amounts were calculated using a calibration 
curve obtained with bovine serum albumine (Sigma Al-
drich, Italy) at concentrations ranging from 2 to 10 μg.   

2.8. Determination of the Total Antioxidant  
Capacity 

Aliquots of sample were extracted with phosphate buffer 

75 mM/l (pH 7.4) and after sonicated for 60 s. The ex-
tract was centrifuged at 10000 rpm for 10 min at 4˚C. 
The total antioxidant capacity was assayed on the super-
natant according to ORAC (Oxygen Radical Absorbance 
Capacity)-fluorescein assay [15]. Trolox standards (10 - 
100 µM/l), fluorescein (7.0 µM/l), and 2,2’-azobis(2- 
methylpropionamidine) dihydrochloride (AAPH) (63 
mM/l) solutions (Sigma Aldrich, Italy) were prepared 
prior to use in phosphate buffer (75 mM/l, pH 7.4). Chi-
notto samples and different concentrations of trolox (10 - 
100 µM/l) were pipetted into 96 well of assay plates and 
the total volume was adjusted to 40 µl by the addition of 
buffer. Further, 200 µl of working fluorescein solution 
was added. The plate was then allowed to equilibrate by 
incubating for 3 min at 37˚C in the PerkinElmer VIC-
TOR3 V Multilabel Counter 1420. Reaction was initiated 
by the addition of 20 µl of AAPH solution using the mi-
croplate reader’s injector. The fluorescence was then 
monitored kinetically with data taken every three min. 
The plate was top read at excitation and emission wave-
lengths of 485 and 535 nm, respectively at 37˚C and at 3 
min intervals for 60 min. The standard curve was ob-
tained by plotting trolox concentrations against the aver-
age net area under the curve (AUC) of the three meas-
urements for each concentration. The net AUC corre-
sponding to a sample was calculated by subtracting the 
AUC of the blank. A standard curve was generated from 
the net AUC of the trolox standards and used to assign 
trolox equivalence values to the samples. Final ORAC 
values were calculated using the regression equation be-
tween trolox concentration and the net AUC and are ex-
pressed as micromol trolox equivalents per 100 gram of 
FW.  

2.9. Statistical Analysis 

To verify the statistical significance of all parameters the 
values of means and standard deviation (SD) were calcu-
lated. Where it was appropriate, the data by two-way 
ANOVA were tested. The Pvalue < 0.05 were adopted as 
statistically significant. All data are means of five meas-
urements. Average amounts of bioactive compounds and 
antioxidant activity in Citrus × myrtifolia Raf. FW basis 
were reported in Table 1.  

3. Results and Discussion 

Flavanone glycosides are the most abundant phenolic 
compounds present in citrus fruit, but significant concen-
trations of other flavonoids such as methoxylated fla-
vones and flavonols have also been found [16,17]. 
Among them, literature data available for chinotto juice 
demonstrated that flavanone 7-O-neohesperidoside com- 
ponents neoeriocitrin, naringin, and neohesperidin pre-
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dominate in Citrus × myrtifolia [2,3]. Therefore the total 
flavonoids content determined by Davis method was re-
ported as the main flavonoids naringin [2], referring to 
standard curve. The total flavonoids found in Citrus x 
myrtifolia extract were 780 mg/100 g FW (Table 1). It’s 
well known that phenolic contents were usually higher in 
peels [18] and in immature fruits [3], thus it is not en-
tirely surprising that this flavonoids amount was more 
and more high to what reported for chinotto juice; litera-
ture data reported values of total juice flavonoids ranging 
from 57.4 mg/L [3] and about 2000 mg/L [2].   

Carotenoids in citrus fruits are localized in plastids 
present in both the flavedo (containing about 70% of the 
total in fruit) and in the vesicles that contain the juice. 
When the fruit is immature their color is masked by 
chlorophylls, with the progress of ripening yellow ap-
pears in various shades from pale yellow to deep orange 
due to variations in type and quantity of different caro-
tenoids [19]. Due to the presence of chlorophylls, imma-
ture fruits are capable of photosynthesis but cannot make 
significant contribution to own nutrition. There is a rapid 
synthesis of carotenoids in the chromoplast during rip-
ening, which is accompanied by a simultaneous loss of 
chlorophylls [19]; in many citrus there is no further syn- 
thesis of colored carotenoids during ripening after all 
chlorophylls had disappeared [20]. The analyzed samples  

Table 1. Average amounts of bioactive compounds and 
antioxidant activity in Citrus × myrtifolia Raf. on fresh 
weigh (FW) basis. 

Parameter Mean Valuea

Total flavonoids (mg/100g)b 780 (13) 

Total chlorophylls (µg/g) 41.4 (1.8) 

chlorophyll a (µg/g) 36.8 (1.5) 

chlorophyll b (µg/g) 4.7 (0.2) 

Total carotenoids (µg/g)c 1.7 (0.1) 

Provitamin A (µg R.E. d/g) 0.28 (0.01) 

Ascorbic acid (mg/100g) 41.8 (3.1) 

ascorbate (mg/100g) 35.0 (1.3) 

dehydroascorbate (mg/100g) 6.8 (1.8) 

APX e (U/mg enzymatic proteins) 12.88 (0.05)

ORACf total antioxidant activity (µM T.E.g/100 g) 5872 (351) 

amean value of five determination, standard deviation in parenthesis (Pvalue < 
0.05); bexpressed as naringin; c expressed as β-carotene; dretinol equivalents; 
eascorbate peroxidase activity; fOxygen Radical Absorbance Capacity; 
gtrolox equivalents. 

contained in fact a high amount of total chlorophylls 
(41.4 µg/g FW) (Table 1). 

Studies about effect of ethylene application on 
chlorophylls in Navelate fruit harvested [21] demon-
strated that a decrement of chlorophylls occurred during 
maturation from about 115 µg/g to 84 or 7 µg/g depend-
ing on air or ethylene post-harvest. Chlorophylls in citrus 
consist mainly of two pigments: chlorophyll a and chlo-
rophyll b; chlorophyll c, d and chlorophyll e are not re-
ported in citrus and are mainly present in algae and cer-
tain sea weed [19]. Chlorophyll a and b were present in 
the sample in the ratio 7:1. Chlorophyll a/b ratio is an 
indicator of the functional pigment equipment and light 
adaptation of the photosynthetic apparatus; chlorophyll b 
is found exclusively in the pigment antenna system, 
whereas chlorophyll a is present in the reaction centers of 
photosystems I and II and in the pigment antenna [22].    

On the other hands, total carotenoids were present only 
in the alkaline saponified extract to demonstrate that at 
this maturation stage carotenoids are present bonded 
form. The saponification of the extract of carotenoids has 
been traditionally an important step in the protocol for 
the determination of these pigments. Xanthophylls are 
usually esterified in fruits, the degree of esterification 
depending on the number of hydroxyl groups in the 
molecule [7]. Thus, monol carotenoids like 
β-cryptoxanthin may be found either free or as mono-
esters; diol carotenoids, such as lutein or zeaxanthin, may 
be free or esterified by one or two fatty acids, and so 
forth. Furthermore, the saponification reaction leads to 
the elimination of the chlorophylls present in the samples. 
Chinotto total carotenoids content of 1.7 µg/g FW (Table 
1) is quite low; the published total carotenoid content in 
the peels of unripe oranges is about ten times higher 
[21,23]. Carotenoids with an unsubstituted b-ring with an 
11-carbon polyene chain such as β-cryptoxanthin and 
β-carotene are nutritionally important because of the vi-
tamin A activity, since they are converted to retinal by 
mammals. This role is of particular importance, espe-
cially in developing countries where the dietary defi-
ciency of vitamin A can lead to blindness and premature 
childhood mortality [24]. The provitamin A activity es-
timated from total carotenoids content corresponded to 
0.28 µg R.E./g (Table 1). Aside from the nutritional 
relevance of some carotenoids owing to their vitamin A 
activity, these pigments are increasingly drawing the 
interest of researchers as they may be somehow impli-
cated in the prevention and/or protection against major 
human diseases [7].     

Citrus fruits are rich in vitamin C; the abundance of 
citrus in the Mediterranean diet may provide the main 
dietary source for natural this vitamin [19]. Daily intake 
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.  

of 5 mg is sufficient to prevent symptoms of scurvy in an 
adult. The intake of 30 - 60 mg is estimated to be re-
quired for full grown adults. The limiting step for vita-
min C absorption in humans is transcellular active trans-
port across the intestinal wall where AsA may be oxi-
dized to dehydroascorbic acid (DAsA), which is easily 
transported across the cell membrane and immediately 
reduced back to AsA by two major pathways [25]. Quan-
titative analyses of the chinotto sample are in agreement 
with literature references for citrus fruits [19] showing a 
content of 41.8 mg/100g, which 84% biologically active 
reduced form (AsA) (Table 1). AsA bioavailability in the 
presence of flavonoids has yielded controversial results. 
Whereas flavonoids seem to inhibit intestinal absorption 
of AsA, some studies have shown that AsA in citrus ex-
tract was more available than synthetic ascorbic acid 
alone [25]. DAsA is reported to possess equivalent bio-
logical activity to AsA, so recent studies often consider 
the vitamin C activity in the diet as the sum of AsA plus 
DAsA [25]. Oxidative damage has many pathological 
implications in human health, and AsA may play a cen-
tral role in maintaining the metabolic antioxidant re-
sponse.     

In whole fruit the enzymatic system of oxidation of 
AsA is intact, while when the fruit is processed some 
losses of vitamin C may occur [19]. Because steady-state 
levels of e reactive oxygen species (ROS) depend on the 
balance between ROS -producing and -scavenging reac-
tions, we measured levels of both AsA and DAsA to-
gether the activity of ascorbate peroxidase (APX); the 
latter plays a major role in scavenging H2O2 in plants, 
because can oxidize AsA [19]. The value estimated in 
fresh sample was of 12.88 U/mg enzymatic proteins 
(Table 1). 

The measurement of the antioxidant capacity of food 
products is a matter of growing interest because it may 
provide a variety of information, such as resistance to 
oxidation, quantitative contribution of antioxidant sub-
stances, or the antioxidant activity that they may present 
inside the organism when ingested [26]. The studied 
chinotto showed high antioxidant effect (5872 µM 
Trolox equivalents/100g FW), measured with ORAC 
method (Table 1). The antioxidant activity industrially 
pro- cessed chinotto fruit was determined for the first 
time in this study and therefore no data are available in 
the literature to compare with our results. On the basis of 
the of edible portion of fruit, it was demonstrated that 
strawberry had the highest ORAC activity (about 1500 
µM Trolox equivalents/100g FW), followed by plum, 
orange, red grape, kiwi fruit, pink grapefruit, white grape, 
banana, apple, tomato, pear, and melon (about 100 µM 
Trolox equivalents/100g FW

The elevate antioxidant activity may be mostly attrib-
uted to their high content of polyphenols. The correlation 
between total phenol contents and antioxidant activity 
has been widely studied in different foodstuffs such as 
fruit and vegetables [28-30]. As reported, antioxidant 
activity of fruits and vegetables significantly increases 
with the presence of high concentration of total poly-
phenols content [31-33]. It has been demonstrated fla-
vonoids have 2 - 6 times the antioxidant activity of 
common antioxidants, such as ascorbic acid [34]

The absence of correlation between ORAC and ascor-
bic acid values was found by Rapisarda et al. [35] on 
different citrus hybrids. The same results were obtained 
by Wang et al. [36] for orange juice and Prior et al. [34] 
for Vaccinium species. Shahidi and Marian [37] reported 
that differences in antioxidant activities of fruits could be 
due to their different structures from phenolic acids and 
flavonoid compounds as well as their derivatives. Results 
of Rababah et al. [33] showed that the concentrations of 
antioxidants in strawberry, peach, and apple mixed with 
0.1% ascorbic acid were very similar to those without 
addition of ascorbic acid. 

4. Conclusions 

Our results indicated that the Citrus × myrtifolia raw 
materials used for beverage industrial purposes is a good 
source of phytochemicals, mainly vitamin C and flavon-
oids, and may therefore provide health benefits to con-
sumers. The overall amounts of bioactive compounds in 
whole fruit are in fact higher than in the juice. Nowadays 
these aspects are considered to be highly valuable for the 
commercial valorization of chinotto as a citrus with high 
potential as nutraceutical source.  

The studied matrix contain a group of natural antioxi-
dants that have not only a high antioxidant activity, but 
also a good antioxidant quality that could enrich lower 
density lipoproteins, thereby protecting them from oxida-
tion and preventing development of atherosclerosis and 
other diseases. The supplementation of natural antioxi-
dants through a balanced diet containing enough fruits 
could be much more effective and economical than the 
use of individual antioxidants for protecting of the body 
against various oxidative stresses. Neither chlorophylls 
nor carotenoids can be synthesized by animal tissues, 
though animal cells can chemically modify them for as-
similation. Thus, these molecules must be obtained from 
food.  

Moreover recent research has demonstrated the possi-
bility of recovering anthocyanins, flavanones and hy-
droxycinnamic acids from blood orange juice or citrus 
byproducts and using this extract as an antioxidant ingre-
dient for dietary supplements [38,39]. Carotenoid and 
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chlorophyll molecules could be also extracted and used 
as natural colorants and antioxidants [40]. This approach 
on chinotto matrix could represent a new and important 
strategy in the citrus industry. 

Further works are in progress in our laboratory to elu-
cidate the identity of compounds responsible for nutra- 
ceutical source. 

5. Acknowledgements 

The authors thank Dr. Aldo Todaro for his valuable help 
in the determination of the antioxidant activity.  

REFERENCES 
[1] P. Hanelt, R. Büttner and R. Mansfeld, “Mansfeld’s En-

cyclopedia of Agricultural and Horticultural Crops (ex-
cept Ornamentals),” Institut für Pflanzengenetik und 
Kulturpflanzenforschung Gatersleben, Springer, Germany, 
2001. 

[2] D. Cautela, A. G. Pirrello, C. Espositom and P. Minasi, 
“Caratteristiche Compositive del Chinotto (Citrus myrti-
folia),” Essenze dei Derivati Agrumari, Vol. 74, No. 2, 
2004, pp. 51-57.  

[3] D. Barreca, E. Bellocco, C. Caristi, U. Leuzzi and G. 
Gattuso, “Flavonoid Composition and Antioxidant Activ-
ity of Juices from Chinotto (Citrus x myrtifolia Raf.) 
Fruits at Different Ripening Stages,” Journal of Agricul-
tural and Food Chemistry, Vol. 58, No. 5, 2010, pp. 
3031-3036. doi:10.1021/jf9044809 

[4] B. S. Patil, G. K. Jayaprakasha, K. N. C. Murthy and A. 
Vikram, “Bioactive Compounds: Historical Perspectives, 
Opportunities, and Challenges,” Journal of Agricultural 
and Food Chemistry, Vol. 57, No. 18, 2009, pp. 8142- 
8160. doi:10.1021/jf9000132 

[5] A. Keys, “Mediterranean Diet and Public Health: Per-
sonal Reflections,” American Journal of Clinical Nutri-
tion, Vol. 61, No. 6, 1995, pp. 1321-1323.  

[6] E. Tripoli, M. la Guardia, S. Giammanco, D. di Majo and 
M. Giammanco, “Citrus Flavonoids: Molecular Structure, 
Biological Activity and Nutritional Properties: A Re-
view,” Food Chemistry, Vol. 104, No. 2, 2007, pp. 466- 
479. doi:10.1016/j.foodchem.2006.11.054 

[7] A. J. Meléndez-Martínez, I. M. Vicario and F. J. Heredia, 
“Review: Analysis of Carotenoids in Orange Juice,” 
Journal of Food Composition and Analysis, Vol. 20, No. 
7, 2007, pp. 638-649. 

[8] B. Schoefs, “Chlorophyll and Carotenoid Analysis in 
Food Products. Properties of the Pigments and Methods 
of Analysis,” Trends in Food Science & Technology, Vol. 
13, No. 11, 2002, pp. 361-371.  
doi:10.1016/S0924-2244(02)00182-6 

[9] C. Caristi, E. Bellocco, C. Gargiulli, G. Toscano and U. 
Leuzzi, “Flavone-di-C-Glycosides in Citrus Juices from 
Southern Italy,” Food Chemistry, Vol. 95, No. 3, 2006, 
pp. 431-437. doi:10.1016/j.foodchem.2005.01.031 

[10] W. B. Davis, “Determination of Flavanones in Citrus 
Fruits,” Analytical Chemistry, Vol. 19, No. 7, 1947, pp. 
476-477. doi:10.1021/ac60007a016 

[11] S. W. Jeffrey and G. F. Humphrey, “New Spectropho-
tometric Equations for Determining Chlorophylls a, b, c1 
and c2 in Higher Plants, Algae, and Natural Phytoplank-
ton,” Biochemie und Physiologie der Pflanzen, Vol. 167, 
1975, pp. 191-194. 

[12] K. Kampfenkel, M. van Montagu and D. Inzé, “Extrac-
tion and Determination of Ascorbate and Dehydroascor-
bate from Plant Tissue,” Analytical Biochemistry, Vol. 
225, No. 1, 1995, pp. 165-167.  
doi:10.1006/abio.1995.1127 

[13] J. Wang, H. Zhang and R. D. Allen, “Overexpression of 
an Arabidopsis Peroxisomal Ascorbate Peroxidase Gene 
in Tabacco Increases Protection against Oxidative Stress,” 
Plant Cell Physiology, Vol. 40, No. 7, 1999, pp. 725-732. 

[14] M. M. Bradford, “A Rapid and Sensitive Method for the 
Quantitation of Microgram Quantities of Protein Utilizing 
the Principle of Protein of Protein-Dye Binding,” Ana-
lytical Biochemistry, Vol. 72, 1976, pp. 248-254. 

[15] B. Ou, M. Hampsch-Woodill and R. L. Prior, “Develop-
ment and Validation of an Improved Oxygen Radical 
Absorbance Capacity Assay Using Fluorescein as the 
Fluorescent Probe,” Journal of Agricultural and Food 
Chemistry, Vol. 49, No. 10. 2001, pp. 4619-4626.  
doi:10.1021/jf010586o 

[16] R. M. Horowitz, “The Citrus Flavonoids,” In: W. B. Sin-
clair, Ed., The Orange. Its Biochemistry and Physiology, 
University of California, Division of Agricultural Sci-
ences, 1961, pp. 334-372. 

[17] M. L. Calabro, V. Galtieri, P. Cutroneo, S. Tommasini, P. 
Ficarra and R. Ficarra, “Study of the Extraction Procedure 
by Experimental Design and Validation of a LC Method 
for Determination of Flavonoids in Citrus Bergamia 
Juice,” Journal of Pharmaceutical and Biomedical 
Analysis, Vol. 35, No. 2, 2004, pp. 349-3
doi:10.1016/S0731-7085(03)00585-5

63.  
 

[18] D. C. Abeysinghe, X. Li, C. Sun, W. Zhang, C. Zhou and 
K. Chen, “Bioactive Compounds and Antioxidant Ca-
pacities in Different Edible Tissues of Citrus Fruit of Four 
Species,” Food Chemistry, Vol. 104, No. 4, 2007, pp. 
1338-1344. doi:10.1016/j.foodchem.2007.01.047 

[19] M. S. Ladaniya, “Citrus Fruit: Biology, Technology and 
Evaluation,” Academic Press, Waltham, Massachusetts, 
2007. 

[20] S. K. Eilati, P. Budowski and S. P. Monselise, “Carote-
noid Changes in the Shamouti Orange Peel during Chlo- 
roplast-Chromoplast Transformation on and off the Tree,” 
Journal of Experimental Botany, Vol. 26, No. 4, 1975, pp. 
624-632. doi:10.1093/jxb/26.4.624 

[21] M. J. Rodrigo and L. Zacarias, “Effect of Postharvest 
Ethylene Treatment on Carotenoids Accumulation and the 
Expression of Carotenoid Biosynthetic Genes in the 
Flavedo of Orange (Citrus Sinensis L. Osbeck) Fruit,” 
Postharvest Biology and Technology, 2007, Vol. 43, No. 

Copyright © 2011 SciRes.                                                                                  FNS 



Preliminary Study on Bioactive Compounds of Citrus × myrtifolia Rafinesque (Chinotto) to Its Potential Application in  
Food Industry 

Copyright © 2011 SciRes.                                                                                  FNS 

691

1, pp. 14-22. doi:10.1016/j.postharvbio.2006.07.008 

[22] H. K. Lichtenthaler, C. Buschmann, M. Döll, H.-J. Fietz, 
T. Bach, U. Kozel, D. Meier and U. Rahmsdorf, “Photo-
synthetic Activity, Chloroplast Ultrastructure, and Leaf 
Characteristics of High-Light and Low-Light Plants and 
of Sun and Shade Leaves,” Photosynthesis Research, 
1981, Vol. 2, No. 2, pp. 115-141.  
doi:10.1007/BF00028752 

[23] B. Alquezar, M. J. Rodrigo and L. Zacarías, “Regulation 
of Carotenoid Biosynthesis during Fruit Maturation in the 
Red-Fleshed Orange Mutant Cara Cara,” Phytochemistry, 
Vol. 69, No. 10, 2008, pp. 1997-2007. 

[24] S. T. Mayne, “β-Carotene, Carotenoids and Disease Pre-
vention in Humans,” The FASEB Journal, Vol. 10, No. 7, 
1996, pp. 690-701. 

[25] N. Martí, P. Mena, J. A. Cánovas, V. Micol and D. Saura, 
“Vitamin C and the Role of Citrus Juices as Functional 
Food,” Natural Product Communication, Vol. 4, 2009, pp. 
677-700. 

[26] J. Serrano, I. Goñi and F. Saura-Calixto, “Food Antioxi-
dant Capacity Determined by Chemical Methods may 
Underestimate the Physiological Antioxidant Capacity,” 
Food Research International, Vol. 40, No. 1, 2007, pp. 
15-21. doi:10.1016/j.foodres.2006.07.010 

[27] H. Wang, G. Cao and R. L. Prior, “Total Antioxidant 
Capacity of Fruits,” Journal of Agricultural and Food 
Chemistry, Vol. 44, No. 3, 1996, pp. 701-705.  
doi:10.1021/jf950579y 

[28] I. Klimczak, M. Malecka, M. Szlachta and A. Gliszczyn-
ska-Swiglo, “Effect of Storage on the Content of Poly-
phenols, Vitamin C and the Antioxidant Activity of Or-
ange Juices,” Journal of Food Composition and Analysis, 
Vol. 20, No. 3-4, 2007, pp. 313-322.  
doi:10.1016/j.jfca.2006.02.012 

[29] Y. Kiselova, D. Ivanova, T. Chervenkov, D. Gerova, B. 
Galunska and T. Yankova, “Correlation between the in 
Vitro Antioxidant Activity and Polyphenol Content of 
Aqueous Extracts from Bulgarian Herbs,” Phototherapy 
Research, Vol. 20, No. 11, 2006, pp. 961-965. 

[30] G. K. Jayaprakasha and B. S. Patil, “In Vitro Evaluation 
of the Antioxidant Activities in Fruit Extracts from Citron 
and Blood Orange,” Food Chemistry, Vol. 101, No. 1, 
2007, pp. 410-418. 

[31] G. Cao, E. Sofic and R. Prior, “Antioxidant and Prooxi-
dant Behavior of Flavonoids: Structure-Activity Rela-

tionships,” Free Radical Biology and Medicine, Vol. 22, 
No. 5, 1997, pp. 749-760.  
doi:10.1016/S0891-5849(96)00351-6 

[32] C. Rice-Evans, N.J. Miller and G. Paganda, “Structure- 
Antioxidant Activity Relationship of Flavonoids and 
Phenolic Acids,” Free Radical and Medicine, Vol. 20, No. 
7, 1996, pp. 933-956. 

[33] T. M. Rababah, K. I. Ereifej and L. Howard, “Effect of 
Ascorbic Acid and Dehydration on Concentrations of To-
tal Phenolics, Antioxidant Capacity, Anthocyanins, and 
Color in Fruits,” Journal of Agricultural and Food 
Chemistry, Vol. 53, No. 11, 2005, pp. 4444-44
doi:10.1021/jf0502810

47.  
 

[34] R. L. Prior, G. Cao, A. Martin, E. Sofic, J. McEwen, C. 
O’Brien, N. Lischner, M. Ehlenfeldt, W. Kalt, G. Krewer 
and C. M. Mainland, “Antioxidant Capacity as Influenced 
by Total Phenolic and Anthocyanin Content, Maturity, 
and Variety of Vaccinium Species,” Journal of Agricul-
tural and Food Chemistry, Vol. 46, No. 7, 1998, pp. 
2686-2693. doi:10.1021/jf980145d 

[35] P. Rapisarda, S. Fabroni, S. Peterek, G. Russo and H. 
Mock, “Juice of New Citrus Hybrids (Citrus clementina 
Hort. ex Tan. × C. sinensis L. Osbeck) as a Source of 
Natural Antioxidants,” Food Chemistry, Vol. 117, No. 2, 
2009, pp. 212-218.  
doi:10.1016/j.foodchem.2009.03.101 

[36] H. Wang, G. Cao and R. L. Prior, “Oxygen Radical Ab-
sorbing Capacity of Anthocyanins,” Journal of Agricul-
tural and Food Chemistry, Vol. 45, No. 2, 1997, pp. 304- 
309. doi:10.1021/jf960421t 

[37] F. Shahidi and N. Marian, “Phenolics in Food and 
Nutraceuticals,” CRC Press, Boca Raton, 2003. 

[38] M. Scordino, A. di Mauro, A. Passerini and E. Maccarone, 
“Selective Recovery of Anthocyanins and Hydroxycin-
namates from a Byproduct of Citrus Processing,” Journal 
of Agricultural and Food Chemistry, Vol. 53, No. 3, 2005, 
pp. 651-658. 

[39] A. di Mauro, B. Fallico, A. Passerini and E. Maccarone, 
“Waste Water from Citrus Processing as a Source of 
Hesperidin by Concentration on Styrene-Divinylbenzene 
Resin,” Journal of Agricultural and Food Chemistry, Vol. 
48, No. 6, 2000, pp. 2291-2295. doi:10.1021/jf990992w 

[40] G. Britton, S. Liaaen-Jensen and H. Pfander, “Carote-
noids. Vol. 1A: Isolation and Analysis,” Birkhauser, 
Basel, 1995. 

 

http://dx.doi.org/10.1007/BF00028752

