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Abstract: A study was conducted to investigate the effect of cultivar and bagging on variability in the fruit
antioxidant content and physicochemical characters of three sweet orange cultivars. The parameters measured
included fruit weight, fruit size, peel thickness, total soluble solids (TSS), ascorbic acid (Vc), total phenolics,
total flavonoids, titratable acidity (TA) and total antioxidant ability analyzed by the radical DPPH and Ferric
reducing antioxidant power (FRAP). During fruit growth, there is a generally a gradual increase in TSS and a
decrease in TA, total phenolics, total flavonoids and antioxidant ability. The Vc content progressively increased
at the first and then sharply decreased. At the end of this experiment, fruits from ‘Tacorro’ showed the highest
TSS  (11.4),  TA (1.10),  total  phenolics  (0.46mg/ml),  total  flavonoids   (0.37mg/ml)   and   antioxidant  ability.
The highest ascorbic acid content was found in ‘CARA CARA’ fruits (46.6mg/100ml) and was up to 1.14- and
1.54-fold greater compared with ‘Tacorro’ and ‘Late lane’, respectively. The largest fruits were harvested in
cultivar ‘Late lane’ followed with a descending order by ‘CARA CARA’ and ‘Tacorro’, the same case was
detected for fruit weight and peel thickness. Bagging treatment could obviously improve peel colour and reduce
Vc content, TSS, TA, total phenolics and antioxidant ability. Interestingly, anthocyanin content in ‘Tacorro’
bagged fruit was up to 42.7-fold higher than that in not-bagged fruit. Results from this study suggested that
‘Tacorro’ had highest fruit quality than the rest two cultivars, while bagging treatment could act as effective
measure to improve external appearance of sweet orange fruit.
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INTRODUCTION years, the nutritional value of citrus fruits also acts as a

Citrus, as one of the most economically important public awareness.
fruit crops, is cultivated worldwide. In order to extend the Citrus fruits considered as a rich source of bioactive
harvesting period and supply the industry and market for compounds, such as vitamin C, flavonoids, carotenoids
longer, it is essential to cultivate many cultivars with and other nutraceutical compounds, all of these are
different maturity date. The key agronomic traits of a playing important roles in nutrient and health benefits.
citrus cultivar are fruit characteristics such as high TSS, Dietary intake of Citrus fruit or juice have been associated
good peel color, optimum fruit size, low TA etc. In recent with improving health and reduction risk of cancer [1, 2, 3]

fruit quality parameters have a large part to increase
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and other several diseases [4, 5], possibly attributable to ‘Late lane’, both grafted on ‘Carrizo’ Citrange (C. sinensis
their strong  antioxidant potency and their beneficial × P. trifoliata) with 9 years old and grown in an
effect  on plasma lipid metabolism [6, 7, 8]. A large body experimental orchard of Citrus Research Institute,
of experimental  data  obtained  from  previous studies Southwest University and ‘Tarocco’ grafted on the
indicated that physicochemical profile and antioxidant trifoliates (P. trifoliata (L.) Raf.) with 12 years old was
potency are vary considerably among citrus species, selected in national citrus germplasm repository in
among cultivars within the same species, or even within Chongqing. A type of two-layer bag (outerlayer: yellow;
the same cultivar grown in different climatic environment inlayer: black) at size of 20 cm × 16 cm, was employed,
or under diverse horticultural procedures [8, 9, 10, 11], through  which  almost  no sunlight transmitted. Four
while, the information on existing citrus cultivars is trees of  each  cultivar  were  used  in this experiment
limited. In this context, characterization of (n=4). Thirty fruits from each tree at different directions
physicochemical   properties  and  antioxidant  activities were randomly selected for bagging treatment and the rest
of citrus fruits are essential to obtain high quality fruits served as the control. Bagging treatment was conducted
and provide considerable useful information to guide on August 16, 2011. Twelve bagged and non-bagged
consumers consume, which subsequently probably fruits of each cultivar were randomly sampled at 30, 60, 90
increase their marketability, as reported by Xu et al. [10], and  120 days after bagging treatment. Fruits sampled
Ghafar et al. [11, 8]. were squeezed by hand and the juice obtained which

Bagging treatment has been widely used as a thoroughly mixed was used for physicochemical analyses
physical protection technique in other fruit-tree species and antioxidant ability.
for not only protecting fruits from diseases and pests, but After sampling each time, vertical and horizontal
also changing the microenvironment of fruit development diameter, peel thickness as well as fruit weight were
growth, which subsequently affects internal and external measured for every fruit with a caliper or an electronic
qualities, such as skin color, acidity, sweetness and aroma balance.
[12, 13, 14, 15, 16]. Likewise, this approach has also been TSS percentage was determined by recording the
extensively practiced in several fruit species to reduce refractive index of juice with infrared digital refractometer
pesticide residuals and considered as a very effective way (ATAGO, PAL-ES3, Japan). TA percentage was
to provide fruit samples for anthocyanin synthesis study, determined with method as described by Shafiq et al. [19].
which is largely attributed to suppressing anthocyanin Fresh orange juice was titrated against 0.1 N sodium
accumulation by down-regulating corresponding with hydroxide solution to pH 8.2 with phenolphthalein as an
genes expression [17]. A large number of experimental indicator. The TA was expressed as % citric acid. TSS:TA
data obtained in peach, pear, apple etc. showed that ratio was calculated by dividing TSS with corresponding
bagging treatment might lead fruits to an increase or a TA value.
decrease in ascorbic acid (Vc), TSS, anthocyanin, organic Fruit skin color was randomly measured on two
acids contents etc. [12, 15, 16, 18]. However, to the best opposite sites  at  fruit  equator using a Konica Minolta
our knowledge, little data to date was presented regarding CR-10 Chroma Meter (Minolta, Japan), which provided L*,
the effect of bagging treatment on physicochemical a* and b* values. The lightness coefficient L* represents
properties and antioxidant activities of citrus fruits. the relative lightness of colour with a range from 0

In this study, our aims were to (1) investigate the (darkness) to 100 (brightness). Both a* and b* scales are
effect of bagging treatment on fruit quality and (2) vary from -60 to 60. a* value represents greenish and
determine the variability in the fruit antioxidant content redness as the value increase from negative to positive,
and physicochemical characters in fruits from three sweet however b* is negative for blueness and positive for
orange cultivars during fruit growth. The results of this yellowness. These values are then employed to calculate
study will provide useful guidelines and a scientific base hue angle degree (h ) according to the equations: h =
to further improve citrus of fruit overall quality in practice. arctangent (b*/a*), where 0 =red-purple, 90 =yellow,

MATERIALS AND METHODS ([C*=a* +b* ] ), which indicates the intensity or colour

Three orange [Citrus sinensis (L.) Osbeck] cultivars, Vc content was determined using the method
‘CARA CARA’, ‘Late lane’ and ‘Tarocco’, were used for described by Kelebek and Selli [20] with some slight
materials.  Among  these  cultivars, ‘CARA CARA’ and modification. However, 0.2ml fresh juice and 1.8ml 1%

0 0

0 0

180 =bluish green and 270 =blue and chroma0 0

2 2 1/2

saturation [15].
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oxalic  acid  as  buffer  were  added in the same 25-ml Lambda 45 UV/VIS spectrometer (Perkin Elmer, America).
conical  flask,  mixed  thoroughly and then titrated with 2, Results were expressed in mmol Vc equivalents per liter of
6-dichlorophenol indophenol dye solution until the stable fresh orange juice as expressed DPPH-scavenging activity
faint pink colour was obtained. above.

Determination of total phenolic content (TPC) was Data were expressed as means ± standard deviations
measured using the Folin-Ciocalteu method [21]. Where, (SD) of three replicate determinations using microsoft
0.1 ml of fresh orange juice and a standard solution of excel 2003 and then analysed with DPS v7.55 (developed
gallic acid (0.2mg/ml) were added to 10.9 ml distilled water by Zhejiang university, China). One-way ANOVA (n=3)
in 25-ml conical flask. Two milliliters of Folin-Ciocalteu and  the Duncan’s  New  Multiple-range  test  were  used
phenol reagent was added to the mixture and then shaken to determine the differences among the means. P values
to obtain a thoroughly mixed solution. After 6 to 8 < 0.05 were regarded to be significant. The Pearson
minutes, 2 ml of 15% sodium carbonate solution was correlation analysis was performed between antioxidant
added to the resulting solution and mixed thoroughly. activity and total phenolic content.
After 120 min at room temperature, the absorbance at 765
nm was measured with Lambda 45 UV/VIS spectrometer RESULTS AND DISCUSSION
(Perkin Elmer, America). TPC of the samples are expressed
in mg of gallic acid equivalents. Changes in Physicochemical Properties and Antioxidant

Determination of total flavonoid content (TFC) was During Fruit Growth: During fruit growth, the
determined using the method as described by Jia et al. physicochemical changes, namely fruit width, fruit length,
[22] with modifications [23]. The TFC was expressed in mg fruit weight, TSS, TA, etc., of three orange cultivars were
of  naringin  equivalents  per  1 ml  of  fresh orange juice investigated. The parameters are shown in Figure1 and
(mg RE/ml). 0.5 ml fresh orange juice was added to 25- ml were listed in Table 1, 2, 3, 4. The fruit weight of the three
conical flask containing 24.5 ml methanol and mixed orange cultivars was increased continuously and reached
thoroughly.  After  10 min,  the  absorbance   at  283 nm the maximum at day 90 after bagging treatment (‘Tarocco’:
was measured with Lambda 45 UV/VIS spectrometer 175.2g, ‘CARA CARA’: 207.4g, ‘Late lane’: 241g). The
(Perkin Elmer, America). changes in fruit width and length showed similar increase

Determination of total anthocyanin content (TAC) patterns, also rising to the maximum at the same time point
was done using the pH differential method [24] using with fruit weight. In this study, the samples collected
ambda 45 UV/VIS spectrometer (Perkin Elmer, America) didn’t undergo the cell division and cell enlargement
and expressed as cyaniding-3-glucoside equivalents stages, therefore not showing a typical sigmoidal pattern
(mg/L). as described by Combe [28] and Zheng et al. [29]. During

The DPPH-scavenging activity of orange juice was fruit growth, peel thickness is relatively stable for these
determined using the method as described by Lim et al. three orange cultivars. Among them, Taroccco peel is the
[25]. The DPPH (1,1-diphenil-2-picrylhydrazyl, 0.1mM, thinnest (0.50mm), followed by ‘Late lane’ (0.58mm),
Sigma) ethanol solution was mixed with 20ul fresh orange ‘CARA CARA’ (0.59mm). When fruit size reached the
juice. After 15 min at room temperature, the absorbance of maximum, fruit width is somewhat related to peel
this resulted solution was measured at 517nm with thickness, however, either fruit weight or length not,
Lambda 45 UV/VIS spectrometer (Perkin Elmer, America). indicating peel thickness affects fruit size.
The activities were expressed in mmol Vc equivalents per Dramatic changes in fruit external color of the three
liter of fresh orange juice. orange cultivars took place throughout this experiment,

The FRAP-assay was conducted using TPTZ (2,4,6- especially for ‘Tarocco’ (Fig. 2). With fruit growing,
tripyridyl-S-triazine) solution based on the methods as lightness  and  hue  angle  were  significantly  reduced
described by [26] with moderate modifications [27]. and  chroma  was increased in all three cultivars,
Working solution that contains 25 ml of acetate buffer indicating chlorophyll degradation as well as carotenoid
(Ph=3.6), 2.5 ml of FeCl .6H O solution (20 mM) and 2.5 ml accumulation which both are key physiological processes3 2

of TPTZ solution (10 mM, Sigma), was warmed at 37°C to determine citrus peel color. ‘Tarocco’ showed highest
before every determination. And then 20ul of fresh orange chroma and lowest hue angle than either ‘CARA CARA’
juice was added into 7ml of the working solution. After or ‘Late lane’. A possible explanation is that the
warmed at 37°C for 30 min in the dark, the absorbance of anthocyanin pigments could be accumulated in peel of
this resulted solution was measured at 590nm with ‘Tarocco’, therefore making its fruit redder [15].
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Table 1: Changes in standard quality parameters of bagged and non-bagged fruits
TSS% TA% TSS/TA
----------------------------------------- -------------------------------------------- ---------------------------------------

Cultivars DT Bagged Not-bagged Bagged Not-bagged Bagged Not-bagged
Tarocco 30 9.5±0.20g 10.0±0.10f 2.0a±0.02b 2.3±0.06a 4.6 4.3

60 10.0±0.01ef 10.5±0.03cd 0.86±0.03d 1.24±0.07c 11.6 8.3
90 10.3±0.01de 10.7±0.02bc 0.88±0.01d 1.14±0.02c 11.7 9.4
120 10.9±0.07b 11.4±0.14a 0.76±0.01d 1.10±0.01c 14.3 9.2

CARA CARA 30 9.8±0.10b 10.3±0.06a 1.30±0.01b 1.61±0.04a 7.5 6.2
60 9.5±0.06b 10.1±0.06a 0.76±0.04f 0.93±0.03e 12.5 10.9
90 9.0±0.02c 10.1±0.01a 1.00±0.01cde 1.07±0.01c 9.0 9.4
120 10.2±0.01a 10.4±0.02a 0.97±0.03de 1.03±0.01cd 10.5 9.8

Lane Late 30 8.9±0.10c 9.2±0.17b 1.30±0.00a 1.40±0.02a 6.8 6.6
60 8.9±0.02c 9.6±0.01a 0.69±0.04e 0.77±0.06de 12.9 12.5
90 7.9±0.01d 9.3±0.01b 0.85±0.01cd 1.08±0.01b 9.3 8.6
120 7.5±0.08e 9.4±0.1ab 0.72±002e 0.92±0.01c 10.4 10.2

The values are the means±S.D. (n=3).
The different letters within the same columes are signigficantly different at p<0.05.
TSS: soluble solids concentration, TA: titratable acidity, TSS/TA: TSS:TA ratio, DT: Days after bagging treatment

Table 2: Changes in external colour parameters of bagged and non-bagged fruits of three orange cultivars
Cultivars DT L*(bagged/ non-bagged) a*(bagged/ non-bagged) b*( bagged/ non-bagged) C*(bagged/ non-bagged) h (bagged/ non-bagged)0

Tarocco 30 -24.5±4.02/-52.1±1.56 -12.8±2.44/-15.5±1.0 43.9±3.78/12.1±2.03 45.8/19.7 121.7/174.4
60 -17.8±2.97/-36.3±5.97 0.8±2.79/-16.3±3.87 53.2±2.00/35.6±8.52 53.2/39.3 88.3/137.7
90 -24.2±1.40/-26.4±1.92 14.7±4.33/16.9±5.25 56.8±3.06/56.9±2.81 58.6/59.3 61.6/57.7
120 -25.0±2.13/-35.2±4.76 20.2±3.07/30.13±3.87 53.8±2.23/42.0±7.56 57.4/51.7 50.4/26.2

CARA CARA 30 -33.6±3.01/-51.2±2.76 -13.9±2.44/-15.2±1.41 36.4±3.89/12.9±3.83 38.9/20.0 130.1/171.8
60 -17.6±2.16/-45.9±3.81 1.3±3.54/-16..6±0.90 51.9±1.88/20.3/5.80 51.9/26.3 87.1/158.9
90 -20.5±2.46/-36.4±2.73 8.4±2.31/-9.7±1.30 55.9±2.50/36.8±3.81 56.5/38.1 73.1/118.7
120 -23.7±1.32/-29.5±3.62 16.3±1.67/15.3±3.32 54.1±1.50/48.7±4.83 56.4/51.1 57.4/56.1

Lane Late 30 -44.1±2.97/-52.1±3.00 -16.0±1.54/-14±1.81 22.5±4.14/10.7±3.45 27.6/18.3 153.4/176.7
60 -28.0±4.65/-49.4±2.92 -9.1±8.00/-16.0±1.28 42.1±2.91/15.5±3.80 43.1/22.2 114.1/167.4
90 -21.0±2.22/-36.8±2.91 2.1±2.83/-36.8±2.9 55.7±2.84/36.2±4.21 55.8/38.2 85.7/126.4
120 -21.1±1.33/-34.5±5.63 10.3±4.68/0.78±4.95 57.5±1.53/41.3±7.26 58.4/41.3 69.8/87.8

The values are the means±S.D. (n=10).
L*: the lightness coefficient, a* value represents greenish and redness as the value increases from negative to positive, b* value represents blueness and
yellowness as the value increases from negative to positive, h0: hue angle degree, C*: chroma, DT: Days after bagging treatment.

Table 3: Antioxidant component changes in bagged and non-bagged fruits of three orange cultivars
Vc(mg/100 ml) TFC (mg/ ml) TPC(mg/ ml) TAC (mg/L)
--------------------------------- ---------------------------------- ----------------------------------- ------------------------------------

Cultivar DT Bagged Non-bagged Bagged Non-bagged Bagged Non-bagged Bagged Non-bagged
Tarocco 30 55.3±1.36ab 55.6±1.32ab 1.00±0.005a 0.82±0.001b 0.74±0.005b 0.82±0.004a 0 0

60 51.2±4.29b 57.0±0.98ab 0.44±0.013c 0.40±0.001e 0.42±0.004e 0.55±0.001g 0 0
90 59.4±1.61a 61.3±3.27a 0.47±0.001c 0.45±0.001c 0.40±0.003f 0.51±0.001c 0 0

120 35.2±0.03c 40.7±1.12c 0.44±0.012c 0.37±0.001d 0.42±0.001e 0.46±0.005d 1.28±0.41a 0.03±0.01b
CARA CARA 30 45.4±0.13b 45.6±0.25ab 1.07±0.043b 1.32±0.002a 0.80±0.061b 1.00±0.002a 0 0

60 39.5±0.01c 47.5±0.05ab 0.45±0.005e 0.45±0.002e 0.46±0.001c 0.55±0.001c 0 0
90 44.1±1.44b 49.7±1.64a 0.56±0.001d 0.50±0.001de 0.45±0.002cd 0.51±0.001c 0 0

120 34.2±1.85d 46.6±1.32ab 0.64±0.001c 0.33±0.011f 0.33±0.001e 0.37±0.001de 0 0
‘Lane Late 30 40.3±0.09c 45.2±0.17ab 0.84±0.001b 0.95±0.007a 0.59±0.002a 0.68±0.004b 0 0

60 33.8±0.34d 47.9±0.47a 0.38±0.001e 0.44±0.010e 0.32±0.001c 0.37±0.001c 0 0
90 34.2±1.49d 43.6±0.08b 0.31±0.001d 0.33±0.002de 0.25±0.001d 0.31±0.002cd 0 0

120 25.1±0.46f 30.2±1.88e 0.25±0.001c 0.29±0.001f 0.16±0.001e 0.26±0.050c 0 0
The values are the means±S.D. (n=3).
The different letters within the same columes are signigficantly different at p<0.05.
TAC: total anthocyanin content, TFC: total flanonoid content, TPC: total phenolic content, Vc: the ascorbic acid content, DT: Days after bagging treatment.
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Table 4: Antioxidant activity changes in the bagged and non-bagged fruits of three orange cultivars
DPPH (µmol Vc/ml) FRAP (mol Vc/L)
--------------------------------------------------------- -----------------------------------------------------------------

Cultivars DT Bagging Non-bagged Bagging Non-bagged
Tarocco 30 1.67±0.021b 1.87±0.026a 2.17±0.001c 2.59±0. 001a

60 1.20±0.028c 1.71±0.007b 2.10±0.007cd 2.34±0.007b
90 1.13±0.001c 1.26±0.001c 2.05±0.002d 2.12±0.005cd

120 1.12±0.001c 1.22±0.001c 1.82±0.001e 2.06±0.002d
CARA CARA 30 1.65±0.016c 1.86±0.004a 2.14±0.003b 2.31±0.002a

60 1.65±0.007c 1.80±0.007b 2.11±0.007b 2.04±0.007c
90 1.12±0.002d 1.13±0.001d 1.24±0.001f 1.76±0.007d

120 1.05±0.001e 1.11±0.001d 1.19±0.002g 1.37±0.003e
Lane Late 30 1.26±0.110a 1.31±0.040a 2.05±0.210b 2.19±0.410a

60 1.16±0.007bc 1.29±0.006a 1.71±0.005d 1.92±0.001c
90 1.07±0.007c 1.23±0.708ab 1.27±0.001g 1.50±0.001e

120 0.31±0.013d 1.07±0.001c 1.22±0.001h 1.33±0.004f
The values are the means±S.D. (n=3).
The different letters within the same columes are signigficantly different at p<0.05.
DPPH: 1,1-diphenyl-2-picrylhydrazyl, FRAP: Ferric reducing antioxidant power, DT: Days after bagging treatment.

Fig. 1: Changes in Peel thickness, fruit width, length and weigth during bagged and non-bagged fruit growth. Values
are the means±stardard deviations (n=10). Bares represent standard deviations. Values followed by different
letters are significantly different at p<0.05

The physicochemical determinations of fruit quality An  obvious  reduction  of TPC and TPC were
were investigated during the fruit growth (Table 1). occurred during fruit growth. Vc content was gradually
During the fruit growth, the TSS percentage of all accumulated at first and subseqently decreased (Table 3).
cultivars was increased continuously, the value of In apple, the polyphenol content is strikingly dependent
‘Tarocco’,  ‘CARA  CARA’  and ‘Late lane’ varied from on their growth [29, 30]. Kulkarni and Aradhya [31] also
10.0 to 11.4, 10.1 to 10.4 and 9.2 to 9.4, respectively, reported that TPC content of pomegranates was gradually
‘Tarocco’ having the highest value consistently. decreased concomitantly with the maturation of the
Conversely, TA did decrease gradually (‘Tarocco’ from pomegranate fruit. From what mentioned above, our
2.3 to 1.27, ‘CARA CARA’ from 1.61 to 1.03, ‘Late lane’ results were consistent with those previously obtained.
from 1.40 to 0.92), showing an inverse association with In this study, the antioxidant activities of fruits from
TSS and Tacorro having highest value than the other two these three orange cultivars were determined by DPPH
cultivars. and  FRAP  methods  and  the  data were listed in Table 4.
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Table 5: Correlation coefficients between antioxidant activities and Vc and total flavanones and total phenolics in juice from three orange cultivars, respectively
DPPH FRAP
---------------------------------------------------------------------------- ----------------------------------------------------------------------------
Vc T. flavanones T. phenolics Vc T. flavanones T. phenolics

‘Tarocco’ 0.368 0.713 0.846 0.376 0.859 0.949
‘CARA CARA’ -0.463 0.611 0.725 -0.298 0.802 0.889
‘Late lane’ 0.968 0.664 0.700 0.750 0.889 0.901
DPPH: 1,1-diphenyl-2-picrylhydrazyl, FRAP: Ferric reducing antioxidant power

The values of DPPH and FRAP were gradually decreased by ‘Tarocco’ (40.7mg/100ml). There was a significant
with fruit growth. DPPH values of ‘Tarocco’, ‘CARA correlation between TPC and TFC (R=0.92). Taken
CARA’ and ‘Late lane’ varied from 1.87µM TE to 1.22 µM together, of these three sweet orange cultivars, ‘Tarocco’
TE, from 1.86µM TE to 1.11 µM TE and from 1.31µM TE to had the best overall quality.
1.07 µM TE, respectively and their corresponding FRAPs
varied  from  2.59µM  TE  to  2.06 µM TE, from 2.31µM TE The Effect of Bagging Treatment on Physicochemical
to  1.37 µM  TE  and  from  2.19µM  TE  to  1.33  µM TE. Properties and Antioxidant Ability: Based on previous
The change pattern of antioxidant ability during orange studies, fruit bagging could affect in- and external
fruit growth was consistent with the previous observation qualities, through changing the microenvironment of fruit
in apple [29] as well as in pomegranate [31]. Of these three growth, such as temperature, humidity, light and so forth.
orange cultivars, ‘Tarocco’ showed the strongest In this study, our data showed that the width, length
antioxidant ability, followed by ‘CARA CARA’. and weight as well as skin thickness of the three orange

Recently, a number of studies have demonstrated that cultivars were not significantly affected by bagging
there is a positive correlation between antioxidant treatment (Figure 1). However, it is worthy to note that the
activities and polyphenol content [8, 11, 29, 32]. The average of skin thickness of bagged fruit is much thicker
results in this study also indicated that the polyphenols than that of the non-bagged, for example, the mean value
content in orange fruits has an obviously positive of bagged-fruit skin of 'Tacorro' was 0.50mm, 0.05mm
correlation with the changes in DPPH and FRAP, thicker than that of non-bagged fruit. Yang et al. [16]
respectively (Table 5, p<0.05) and showed a higher reported that bagging treatment could result in larger
average correlation than Vc and total flavanones, implying sized fruit and a significant difference in fruit weight.
that polyphenols are the main contributor to the However, in peach, either fruit size or weight was not
antioxidant activities. Of course, both Vc and total affected [12]. These results indicated that the effect of
flavanones also showed a positive correlation with bagging on fruit growth for different fruit tree species was
antioxidant activities, as described by Goulas and varied. The fact that bagging treatment could lead to
Manganaris [8], who pointed out that the carotenoids and moderate modifying nutrient and phytohormone
other non-phenolic compounds may attribute to the metabolism in fruits during growth [33], provides a
overall antioxidant activity. Additionally, our data reasonable explanation for the thicker skin found in
demonstrated that anthocyanin is not the main bagged fruits in this study.
contributor  to the antioxidant activities like phenolics, Skin colour was significantly affected by bagging
because its content was increased in bagged ‘Tarocco’ treatment (Figure 2). However, the sensitivity degree of
fruits at D120, but the corresponding DPPH and FRAP bagging is obviously varied among these three orange
decreased. cultivars. A significant colour difference between the

Quality Comparison Among  Three  Orange  Cultivars: 30 days after bagging treatment for ‘Tarocco’, at 60 days
At the end of the experiment, the highest TSS content was for ‘CARA CARA’ and at 90 days for ‘Late lane’,
found in ‘Tarocco’(11.4), followed with a descending respectively. Among external color parameters (Table 2),
order by ‘CARA CARA’(10.2), ‘Lane Late’(7.5), show the Both b* and L* values of bagged fruits were higher than
same case of TA. The highest TPC and TFC were also those of non-bagged, indicating that bagging could result
found in ‘Tarocco’ followed with a descending order by in a yellower and brighter fruit for the reduction of
‘CARA CARA’, ‘Lane Late’. Regarding Vc content, chlorophyll content and the increase in carotenoid
‘CARA CARA had the highest (46.6mg/100ml)’, followed content. The a* value, in general, was higher in bagged

bagged  and  the   non-bagged   fruits   was   occurred  at
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fruits than in non-bagged fruits; however, this situation environmental stimuli, such as temperature, light, nutrition
was reversed in ‘Tarocco’ at 90 and 120 days after and hormones, which generally can change the result of
bagging treatment, respectively. A possible explanation anthocyanin accumulation [37]. Herein, we proposed that
is that bagging have inhibited anthocyanin biosynthesis light is a key factor for anthocyanin biosynthesis in peel,
in peel of ‘Tarocco’, which limited increase in a* value. while hormones or nutrients or both in flesh because

In this study, bagging treatment could result in the bagging could lead to changes in light intensity around
decrease  of  TSS  and  TA  in  three orange cultivars fruits and the level of hormones and nutrients in fruits.
(Table 1). Among these cultivars, ‘Late lane’ was most Therefore, in addition to cold, there are some of
obviously affected, for example, fruit bagging treatment horticultural procedures that could enhance inter- and
decreased TSS from 9.4 to 7.5 and TA from 0.92 to 0.72 at external quality of ‘Tarocco’ fruits. However, this
120 days after bagging treatment. In contrast, the TSS/TA postulation awaits further investigation. Additionally,
in bagged fruits was higher than those in non-bagged. fruit bagging is an effective way to provide fruit samples
These results were consistent with those of Niu et al. [34]. for anthocyanin synthesis study as described by Ju [17],
Huang et al. [15] also reported that bagging treatment as well as other bioactive compound synthesis.
could result in decrease of TA content, while did not Next, using Digital Gene Expression Profiling, we will
affect the contents of total soluble sugars. In mango and further investigate the molecular mechanism, how bagging
peach,  bagging  did  not  influence  either  TSS   or  TA treatment affect physicochemical properties and
[22, 33]. These results indicated that the effects of antioxidant activity, which may help to improve fruit
bagging treatment on internal fruit quality were varied quality through breeding program and appropriate
with fruit tree species. Notably, bagging treatment may be management.
a very effective way to provide fruit samples for study on
TA and TSS metabolic pathway in citrus. ACKNOWLEDGEMENTS
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