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Abstract
The significance of grapefruit is laying in its unique medicinal values and health related compounds. This article discusses 
the influence of seasonal variations and storage periods on the synthesis and accumulation of new polyphenolic compounds, 
terpenes, flavonoids and sugars profiling of grapefruit (Citrus paradisi) cv. shamber juice were evaluated under advance 
techniques. The individual sugar profiling of (total sugar, fructose, glucose and sucrose) individual phenolic acids and 
essential groups of terpene compounds measured at five harvesting times, from early to late stages and compare to storage 
days of (0, 15, 30, 35, 45 and 65). The higher contents of flavonoids were obtained in December harvested fruits while in 
comparison the 45 and 65 days the contents were reduced however in others days the contents were maintained the higher 
contents of Limonene, Quercetin, Perillyl alcohol and Monoterpenes were measured in December harvested fruits the 35 day 
of storage periods showed the constant contents of terpenes and little reduction of terepene at 45 and 65 days of storage. 
It may conclude that the mid date was best for good health fruits while the all of these compounds were present in higher 
amount at 35 day of storage.
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Introduction

Citrus fruits, being a perennial and tropical crop, subjected 
to significant seasonal variations of the climate changes 
during its growth and developmental stages were noted [1]. 
Early and late harvesting dates showed reducing of essential 
compounds [1, 2]. Citrus fruits cultivated in more than 64 

countries of the world, including in various areas of Paki-
stan with a total production of 105.4 million tons annually. 
Grapefruit (Citrus paradisi Macf.) is a natural cross between 
pummelo as a seed parent and sweet orange or some other 
similar parent’s pollen donor are commonly used [3]. Bio-
active compounds are major class of secondary metabolites 
with contained 9000 structures, but accessible and famous 
in grapefruit juice and its parts are famous all over the world 
[2]. The unique character in grapefruit is its flavonoids and 
phenolic compounds derived from 2-phenylchromane com-
monly a massive amount of polyphenolic compounds were 
found in juices, peel, rags and seeds [1]. The environmental 
conditions could be more or less limiting factors for its bio-
active compounds synthesis, accumulation, and formation, 
rely on the geographical area, growing season and harvesting 
times [4]. Grapefruit has a unique value of essential nutrients 
which are protective against several chronic diseases of the 
human body [5]. Sessional variation is a critical factor for 
its quality changes during the growth and developmental 
process due to constantly the cell maturation process [4]. 
The grape fruits harvested in early august, the harvested 
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fruit direct influence the quality and storage ability [2]. The 
storage and quality reducing has a direct linked with these 
harvesting dates if proper harvested fruits then commercial 
storage periods maintained the quality and storage potential 
[4]. Pakistan and worldwide issue of early harvested fruit 
to harvest their fruits early to get high prices in local or 
exporting markets [3]. The early harvesting causes some 
fruit quality problems, including undersized fruits and low 
internal quality (e.g., high acidity, low total soluble sol-
ids (TSS), low juice content, etc.), lower sugar profiling, 
unstable bioactive compounds [6]. Fruit marketable quality 
is largely determined by the stage of development of fruit 
at harvest time consequently, fruit picked while immature 
or likely to be small, poorly colored, off-flavored and more 
susceptible to diseases when stored and less average life of 
fruit have been noted in mostly grapefruit during storage 
process, over-mature fruit, besides having a shorten storage 
life, with poor storage quality is susceptible to granulation, 
chilling injury and fruit rotting during commercial storage 
process. The storage periods are major concern of quality 
and shelf life early and late harvested fruits showed lower 
values of health related compounds [6]. The maturity had a 
relationship with these bioactive compounds and immature 
and early harvested fruits showed lower concentrations of 
these essential compounds after harvesting [7].

A detailed literature search reveals that little/ none of 
investigations have been reported about the impact of har-
vesting times and storage changes on grapefruit juice related 
to active phytochemicals and terpene compounds. The aim 
of this study to evaluate the seasonal variations and storage 
stability on various sugar profiling, flavonoids, and terepene 
compounds. The grapefruit is top fruit in world for its unique 
health related compounds the study is faced to minimize the 
fatalities related to seasonal variations and storage changes 
on these essential compounds.

Materials and methods

Plants sampling and experimental site

The sampling of fruits were collected as reported earlier by 
Ahmed et al. [2] with different harvesting dates viz. 1st Sep-
tember, 1st October, 1st November, 1st December and 1st 
January. Fruits were randomly harvested from selected trees 
with fruit clipper and brought to the Pomology Lab., Institute 
of Horticultural Sciences, University of Agriculture, Faisal-
abad, Pakistan. All chemicals analytical grades were purchased 
from Merck. Germany. Deionized water received from a Milli-
Q water purification system (Millipore, Bedford, MA, USA).

Fruit harvesting and storage

Fruits were harvested on the month of January and Stored 
at 6 °C for 65 days, the fruits were compare the others days 
of storages.

Washing and cleaning of grape fruits

Harvest fruit were washed using sodium hypocloric solu-
tion 100 ppm in a plastic tube to remove adhering extrane-
ous matters on the fruit surface and sorting was carried out 
unsound/damaged fruits and then uniform colored grape 
fruits were separately.

Fungicide applications

Thiabendazole (TBZ) @1000 ppm was applied in the room 
temperature at 30 °C for 10 min for controlling of diseases 
in storage periods.

Storage temperature and days of storage

These fruits were placed at temperatures i.e. 6 °C at 85–90% 
RH in cold chambers equipped with automatic relative 
humidity and temperature control system. The grape fruit 
samples were randomly drawn after every 0, 15, 30, 35, 45 
and 65 days interval during the whole periods of storage.

Profiling of individual sugar in grapefruit juice

The sugar profiling of (starch, fructose, glucose and 
sucrose) investigated by the HPLC method as early 
reported method of AOAC [8]. The sugars were extracted 
into 60% methanol and passed through C-18 column 
and then filtrated of samples were in a 0.46 mm of disc 
nylon, the quantitation and separation were carried out 
on a bonded amino column with a mobile phase of  H2O 
and  CH3CN (20/80 v:v). The evaporative light scatter-
ing detector (ELSD) detector, Sedex 60 lt ELSD (Sedere) 
and an interface LCNET II/ADC (JASCO, Japan) was 
used. The separation of sugars were performed using an 
amino column Kromasil 100  5NH2 (250 mm × 4.6 mm) 
(Akzo Nobel, Bohus, Sweden) with a mobile phase of 
77% acetonitrile and 23% HPLC grade water, degassed 
and ultra-sonicated was added. The analysis conditions 
were held constant at a flow rate of 1.8 mL with time of 
1 min at 20 °C under a pressure of 13.2 kPa. The injection 
volume was 20 μL.
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Preparation and running of sample in HPLC‑DAD

The individual phenolic acids and flavonoids analyzed 
through high-performance liquid chromatography (HPLC). 
The reserved phase was carried out in an isocratic condi-
tion using a column of C18. The mobile phase of acetic 
acid and methanol at a ratio of (70:40 v/v) were used. The 
injected volume was 6 μl and the range were measured at 
290 nm. The flow rate was 2.0 during the running time of 
bioactive compounds. The peaks and concentrations cal-
culated by comparing the peak areas with reference com-
pounds which were run under the same elution conditions. 
The data recorded in the winch room.

HPLC‑DAD method for induvial phenolic acids 
and flavonoids in grapefruit juice

The induvial phenolic acid and flavonoids were determined 
as reported method of Ahmed et al. [1] with some slightly 
modifications were done the HP 1100 series from Agilent 
Technologies, including a degasser, a binary pump deliv-
ery system, and an automatic liquid sampler, was used and 
coupled with diode array (DAD). The 5 μl of filtered sam-
ple of grapefruit juice was injected in a reverse phase col-
umn of Poroshell 120 SB-C18 (3 × 100 mm, 2.7 μm) from 
Phenomenex, and the separation was carried out using as 
a mobile phase A acidified water (1% acetic acid) and as 
mobile phase B acetonitrile. The following multistep lin-
ear gradient was applied: 0 min, 5% B; 12.5 min, 30% B; 
17.5 min, 60% B; 22 min, 5% B. The initial conditions 
were maintained for 5 min. The flow rate was set at 0.6 ml, 
 min−1 throughout the gradient. UV spectra were recorded 
from 210 to 600 nm, while the chromatograms were reg-
istered at 280 and 330 nm. Separation was carried out at 
25 °C. The extracted compounds were identified by ana-
lyzing MS spectra and quantified by UV chromatograms. 
The compounds were properly verified with standard MS 
dectors.

Statistical analysis

The results were submitted to a factorial analysis of variance 
and the means values were compared by using separated 
duncan’s multiple range test was apply in this study. The 
number of replicates for each analyzed sample was three 
[9], the physical and maturity were calculated by non-linear 
regression, based upon their concentration-response curve 
of each sample by using graph Pad Prism 5 was used. The 
data of flavonoids and phenolic acids were further verified 
by the version of 1.7 (Sciex City Foster USA) software was 
used. The control data acquisition was evaluated with peaks 
of samples with further measured and check by the (Multi-
Quant 2.1.1.2 Foster CA, USA) software used. The peak 
areas, standards curves, descriptive statistics calculations 
were performed using advanced software of Win-NonL in 
® version 6 was apply [9].

Results

Comparison of harvesting dates and storage 
periods on individual sugar profiling of grapefruit 
(Shamber) juice

The different sugars contents were found in Citrus × para-
disi cv Shamber analyzed under several harvesting times 
leading to early mature to full maturity stage and storage 
periods (0, 15, 30, 45 and 65) days whereas results are 
reported in Table 1. Results showed that maximum total sug-
ars (7.14 g), Fructose (1.5 g), Glucose (1.6 g), and Sucrose 
(3.3 g) were observed in the fruits, harvested in month of 
December in comparison of other harvesting dates like Sep-
tember, October, November and January harvested fruits. 
The fruits were harvested in month of January and storage 
for period of 65 days while the storage periods showed the 
contents were increased gradually till the storage period of 
65 days with the values of Fructose (1.8 g), Glucose (1.9 g), 
and Sucrose (3.6 g) were noted at the end of storage period.

Table 1  Comparison of harvesting dates and cold storage changes of sugar profiling in grapefruit (Citrus × paradisi) cv. Shamber

The results are presented as mean based on n = 3, LSD Least significant differences at (p < 0.05). Different letters within column indicate signifi-
cant differences between harvesting times and storage periods (p < 0.05)

Harvesting dates Storage periods

Sugars (g) Sep. 1st Oct. 1st Nov. 1st Dec. 1st Jan. 1st 0 DAS 15 DAS 30 DAS 35 DAS 45 DAS 65 DAS

Total sugar 4.4 e 5.0 d 5.1 c 7.14 a 6.3.0 b 6.3.0 f 6.40 e 6.5.0 d 6.6.0 c 6.7.0 b 7.0.0 a
Fructose 0.9 e 0.10 d 1.1 c 1.5 a 1.3 b 1.3 f 1.4 e 1.5 d 1.6 c 1.7 b 1.8 a
Glucose 0.11 e 0.14 d 1.0 c 1.6 a 1.3 b 1.3 f 1.5 e 1.6 d 1.7 c 1.8 b 1.9 a
Sucrose 2.6 e 2.8 d 3.0 c 3.3 a 3.1 b 3.1 f 3.2 e 3.3 d 3.4 c 3.5 b 3.6 a
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Effects of different harvesting dates and storage 
periods changes on individuals polyphenol acids 
in grapefruit (Citrus × paradisi) cv. shamber

The significant changes were recorded in polyphenolic acids 
with respect to the harvesting times and storage periods 
for shamber grapefruit juice which were maximum in the 
month of December while lowers Hydroxycinnamic acids 
(0.11 mg/100 g) was recorded in month of September har-
vested periods. The Ferulic acid were least but statistically 
significant results (1.5 mg/100 g) in month of December fol-
lowed by 1.4 mg/100 g during January shown in (Table 2). 
The similar trends were found for Protocatechuic acid and 
Neochlorogenic acid from same harvested fruits in months 
of December. The storage periods of 15, 30 and 35 days 
showed a similar values however the storage periods of 45 
and 65 days of stored fruits showed little reduction of all 
polyphenol acids while the Hydroxycinnamic acids showed 
the value of 1.0 at the 65 day of stored fruits.

HPLC‑DAD analysis of seasonal variation 
and storage periods on structural terpene 
compounds in shamber grapefruit juice

The storage periods and harvesting dates were compare 
on structural terpene changes through HPLC analysis. The 
Limonene, Quercetin, Perillyl alcohol and Monoterpenes 
were same value on 15, 30 and 35 day of storage periods. 

The 45 and 65 day of storage showed the reduction of com-
pounds. The comparison of early and late harvesting date’s 
showed reduction of terpene compounds so the fruit har-
vested at January the constant values were noted in these 
storage periods while the lower values of all compounds at 
65 day of storage shown in (Table 3). The chromatogram of 
terepene compounds were shown in Fig. 1.

Effects of Individual’s flavonoids (flavones, flavonols 
& flavanols or catechins) isolations process 
through HPLC‑DAD methods

The 12 individual’s flavonoids were isolated in grapefruit 
juice through HPLC-DAD methods, the storage periods and 
variations of harvesting times were compare in this study 
the flavonoids, flavones flavonols, and catechins shown 
in (Table 4). The level of Hesperidin varied significantly, 
increased from 2 mg/100 g FW to 6 mg/100 g FW from 
early to late in the season. The January harvested fruits were 
stored and compare the hesperidin level the constant level 
of 5 mg/100 g FW till the stored period of 35 day while 
the days of 45 and 65 showed reduction of hesperidin (4 to 
3.5 mg/100 g FW). The contents of Narirutin and Neohes-
peridin were ranged from 40 mg/kg to 90 mg/kg and 6 to 
14 mg/kg respectively. Similar the reduction of these two 
compounds in 45 and 65 day of storage periods. Neoponcirin 
and Rutin in all harvested fruits did not show any contents in 
harvested fruit (Table 4). Nobiletin was higher in December 

Table 2  Means of phenolic acids in grapefruit (Citrus × paradisi) cv. Shamber at various harvested dates and storage periods (mg/100 g)

The results are presented as mean based on n = 3, LSD Least significant differences at (p < 0.05). Different letters within column indicate signifi-
cant differences between harvesting times and storage periods (p < 0.05)

Harvesting dates Storage periods

Separate Phenolic com-
pounds (mg/100 g)

Sep. 1st Oct. 1st Nov. 1st Dec. 1st Jan. 1st 0 DAS 15 DAS 30 DAS 35 DAS 45 DAS 65DAS

Hydroxycinnamic acids 0.11 d 1.1 c 1.2 b 2.3 a 1.2 b 1.2 a 1.2 a 1.2 a 1.2a 1.1 b 1.0 c
Ferulic, acids 1.1 e 1.2 d 1.4 c 3.5 a 1.4 b 1.4 a 1.4 a 1.4 a 1.4 a 1.3 b 1.2 c
Protocatechuic acid 1.3 d 1.4 c 1.15 c 2.6 a 1.5 b 1.5 b 1.5 a 1.5 a 1.5 a 1.3 b 1.2 c
Neochlorogenic acid 1.2 e 1.3 d 1.4 c 2.6 a 1.5 b 1.5 a 1.5 a 1.5 a 1.5 a 1.3 b 1.2 c

Table 3  Means of terepene compounds in grapefruit (Citrus × paradisi) cv. Shamber at various harvested dates and Storage periods mg/100 g

The results are presented as mean based on n = 3, LSD Least significant differences at (p < 0.05). Different letters within column indicate signifi-
cant differences between harvesting times and storage periods (p < 0.05)

Harvesting dates Storage periods

Terepene compounds Sep. 1st Oct. 1st Nov. 1st Dec. 1st Jan. 1st 0 DAS 15 DAS 30 DAS 35 DAS 45 DAS 65 DAS

Limonene 60.5 e 68.2 d 72.0 c 79.0 a 74.0 b 74.0 a 74.0 a 74.0 a 74.0 a 72.0 b 71.0 c
Quercetin 1.3 de 1.4 d 1.6 b 2.7 a 1.5 c 1.5 a 1.5 a 1.5 a 1.5 a 1.4 b 1.2 c
Perillyl alcohol 1.1 e 1.2 d 1.3 c 3.5 a 1.4 b 1.4 b 1.4 a 1.4 a 1.4 a 1.3 b 1.1 c
Monoterpenes 1.4 e 1.5 d 1.6 c 2.8 a 1.7 b 1.7 b 1.7 a 1.7 a 1.7 a 1.5 b 1.3 c
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as compared to other harvesting dates. In case of other com-
pounds, i.e., Poncirin, Rhoifolin Rutin, and Taxifolin also 
reflect the same trend during the season; increases from early 
to late in the season (Table 4). However the all compounds 
showed little reduction in 45 and 65 days of storage periods. 
The chorogram of all 12 compounds were shown in Fig. 2.

Discussion

The harvested times and storgestablity of Citrus paradisi 
(grapefruit) cv. Shamber examined in this study reflected that 
commercial harvest time starts with early winter (November 
and December) in agro-climatic regions “Sargodha,” Paki-
stan. The current study to design the compare of storage and 
seasonal changes on essential compounds. The storage with 
suitable temperature and humidity is crucial factor to stable 

the compounds stability, the largest fruit crops of the world 
Citrus fruits, generally known to have a poor shelf life with 
problems related to the post and pre-harvested losses due 
to the seasonal changes and more health compounds have 
been losses in storage periods [2]. The total sugar, fructose, 
glucose and sucrose were varied significantly during dif-
ferent maturity stages of the season (Table 1). The similar 
results were found in other studies as reported by Pereira 
et al. [10] 10 to 12  mg−1 100 g FW in cv. Ray ruby. The 
total sugars increased, and total acids decreased from early 
to late in the seasons (Table 1) may be the consequences of 
growth and maturity periods, which was similar to the work 
of Yousef et al. [11]. In storage periods the sugar contents 

Table 4  Means of flavonoids compounds in grapefruit (Citrus × paradisi) cv Shamber at Storage periods and various harvested dates (mg/100 g)

The results are presented as mean based on n = 3, LSD Least significant difference (p < 0.05)

Harvesting dates Storage periods

Flavonoids (mg/100 g) Sep. 1st Oct. 1st Nov. 1st Dec. 1st Jan. 1st 0 DAS 15 DAS 30 DAS 35 DAS 45 DAS 65 DAS

Hesperidin 2 3 4 6 5 5 5 5 5 4 3.5
Hesperitin 0.1 0.2 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.1
Narirutin 40 50 60 90 88 88 88 88 88 86 85
Natsudaidain – – – – – – – – – – –
Neohesperidin 6 7 11 14 12 12 12 12 12 11 10
Neoponcirin – – – – – – – – – – –
Nobiletin 1.1 1.3 1.4 1.6 1.4 1.4 1.4 1.4 1.4 1.3 1.2
Poncirin 1.4 2.6 3.6 10.6 9.1 9.1 9.1 9.1 9.1 8.6 8.5
Rhoifolin 1.2 2.2 3.4 4.7 3.3 3.3 3.3 3.3 3.3 3.2 3.1
Rutin 1.1 1.2 1.4 2 1.9 1.9 1.9 1.9 1.9 1.6 1.5
Taxifoli 1.2 2.2 3.4 7.8 6.5 6.5 6.5 6.5 6.5 6.4 6.2
Gallic 2.2 3.4 7.8 6.5 3.1 3.1 3.1 3.1 3.1 2.9 2.7

Fig. 1  The chorogram of four terepene compounds in juice of grape-
fruit with peaks numbers were (1) Limonene (2) Quercetin (3) Per-
illyl alcohol (4) Monoterpenes Fig. 2  The chorogram of ten flavonoids compounds in juice of grape-

fruit was detected while two compounds were un detected with 
numerical numbers as peak of all compounds were (1) Hesperidin (2) 
Hesperitin (3) Narirutin (4) compounds was not detected Natsudaid-
ain, (5) Neohesperidin (6) compounds was not detected Neoponcirin 
(7) Nobiletin (8) Poncirin (9) Rhoifolin (10) Rutin (11) Taxifoli (12) 
Gallic
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were increased in all stored days and all individual sugars 
were constantly increased the similar finding of Liu et al. 
[12] also reported that the increased level of sugars might 
have due to the consequence of starch and hemicellulose 
hydrolysis process in storage periods. The phenolic acids are 
the well-known class of plant secondary metabolites, very 
effective free radical scavengers show multiple medicinal 
and biological functions in animals as well as in plants [13]. 
The early and late harvested periods showed lower values 
due to developmental stages, the reduction of substrate sup-
ply may affect the biosynthesis of phenolic acids speculated 
that the presence of sucrose is necessary for polyphenol bio-
synthesis during the growth season process. Storage periods 
of fruits (35) days have constant values of phenolic acids 
due to its the conversion of various enzymatic changes and 
Phenolic acids in plants primarily derived from the phenyl-
propanoid biosynthetic pathway was started [14]. The lower 
values of storage periods at 65 day due to the PAL functions 
at the entry point of the phenolic acid pathway by catalyz-
ing phenylalanine to cinnamic acid was done in stored fruits 
[6]. The results of the present study are similar to previous 
studies. The lower levels of phenolic contents during early 
growth and development stages might also be explained with 
the concept as demonstrated by other researchers, reaching 
a minimum when soluble solids begin to accumulate, the 
changes were observed. The initial decrease could be, in 
part, due to the decrease in tannin content, as found in other 
studies [10]. The terepene are major class of phytochemicals 
in grapefruit juice for its taste and favour the early and late 
harvesting dates are decreased the contents due to particu-
lar antioxidants can break and seize free radical chain reac-
tion during oxidation and form stable free radicals, which 
would not initiate or spread further oxidation process. The 
increased level of terpene in December presented higher 
antioxidant activity as compared to fruit harvested in early 
in the season, after that, the levels of phenolic compounds 
and total antioxidants capacity increased significantly with 
maturation, process due to changes in cell wall and its 
metabolites similar to the other finding. Terepene are lower 
in 65 days of storage periods due to sugar and acidity should 
be reduced in juice as pervious reported of Ahmed et al. 
[2]. Flavor is complex mechanisms for the breakdown of 
different bitter flavonoids and tannins in stored periods as 
reported by Duthie and Crozier. The contents of different fla-
vonoids in the present study (Table 4) are in accordance with 
the previous studies reported in chlorogenic acid in sweet 
oranges and gallic acid in white grapefruit [6]. Grapefruit 
and oranges are rich sources of phytochemicals have differ-
ent ranges of p-coumaric acid 21–25 mg/100 g. Yousef et al. 
[11] reported that the effect of maturity on physicochemical 
properties of nectarine fruits have been reported in Barbara 
et al. conducted an experiment on blueberries for seasonal 
changes of bioactive compounds and found highest contents 

of bioactive compounds in the late-harvested fruits of blue-
berries similar to the results of the current study (Table 4). 
Storage period on flavonoids are constant at 35 day of stor-
age period while little reduction have been noted in 65 day of 
storage period shown in Table 4 the flavonoid are co linked 
with carotenoids.

Conclusion

The current study to design the compare of storage potential 
and seasonal variation on essential compounds. The harvest-
ing times and storage periods are co-linked with minimized 
the loss of essential compounds in grapefruit juice at stor-
age and harvesting times. The early and late harvesting time 
showed lower level of all compounds while prolonged stor-
age also reduction of these compounds. The sugars profiling, 
phenolic acids, 12 essential flavonoids, and terpenes sig-
nificantly increased in late-harvested fruits as compared to 
early harvested fruits. However in storage periods of 45 and 
65 days all these compounds had some lower values were 
noted, It can be concluded that the December harvested time 
and 35 day of storage periods have full the nutritional val-
ues while in comparison of early and late harvested periods. 
Furthermore, the data reinforce the importance of grapefruit 
intake to provide antioxidants, with range of polyphenol, the 
best time for consuming the grapefruit in month of Decem-
ber have potential health related compounds.
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