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Importance of fruits as valuable food resources, attention has been paid in recent years to study their physicochemical
properties. Therefore, this investigation was undertaken to measure the physicochemical properties of the sweet orange
genotype available in Bangladesh. A total of 8 genotypes including 3 released varieties (BAU Malta-1, BAU Malta-3, and
BARI Malta-1) and 5 lines (CS Jain-001, CS Jain-002, CS Jain-003, CS Ram-001, and Variegated Malta) were included in this
trial. Maximum average fruit weight (286.00 g), fruit size in terms of length (92.00 mm), and diameter (82.00 mm), mesocarp
thickness (10.00 mm), and width of epicarp equatorial area (76.00 mm) was recorded from CS Jain-001 while the maximum
number of segment (28.00), the diameter of fruit axis (23.66 mm), juice content (41.44%), titratable acidity (0.99%) and TSS:
TA (33.73) was recorded from BAU Malta-3. TSS and juice pH was recorded maximum of 10.21% and 4.48, respectively in
BAU Malta-1. Sugar content was found to be as follows, reducing sugar was the maximum in CS Jain-001 (3.50 %) while the
highest total sugar (4.68%) was recorded in BAU Malta-1. Variegated Malta produced the maximum (48.45 mg/100 ml juice)
ascorbic acid while CS Jain-001 contained maximum (8.35 mg/100 ml juice) ß-carotene. Therefore, considering fruit quality,
BAU Malta-3, BARI Malta-1 can be used as fresh fruit. However, considering the fruit size, CS Jain-001 and CS Jain-002
could be used as breeding material to develop a new sweet orange variety with higher yield potential.
Keywords: Sweet orange, Citrus sinensis, physical, chemical, and nutritional properties

INTRODUCTION
Sweet orange (Citrus sinensis Osbeck) belongs to the
Rutaceae family originated from south-east Asia and is
the most widely used species of citrus fruits, but is used
around the world as an excellent source of the body’s
immune system, Vitamin C, a strong natural antioxidant
(Ibrahim & Yusuf, 2015). In Bangladesh, it is commonly
known as Malta. So far, Bangladesh Agricultural
Research Institute (BARI) has released two varieties
(BARI Malta-1 & BARI Malta-2) and Bangladesh
Agricultural University (BAU) has also developed three
Malta varieties as BAU Malta-1, BAU Malta-2 & BAU
Malta-3 and these varieties are getting popular day by
day. It contains sufficient amount of folacine, calcium,
potassium, thyamine, niacin, magnesium and different
phytochemicals such as limonosides, synephrine,
hesperidine flavonoids, polyphenols or pectin. These
biologically active substances prevent arteriosclerosis,
cancer, kidney stones, stomach ulcers, cholesterol and
blood pressure, which contribute to human health (Etebu
& Nwauzoma, 2014). Phytochemicals are nutritional and
non nutritionally beneficial bioactive compounds (Patil
et al., 2009). Their adequate intake reduces chronic heart

disease incidence, mortality and cancer (Aune et al.,
2017). Oranges are important fruit crops economically,
with an annual production of around 89,28 million metric
tonnes, world-wide from 4,63 million ha as of 2019 (FAO,
2020).
Sweet oranges are produced worldwide on a large scale
and its demand is high due to fewer seeds in fruits. Several
researchers have performed biochemical profiling of
sweet orange cultivars and have identified increased levels
of sugars and minerals including potassium, magnesium,
calcium and phosphorous (De Moraes Barros et al.,
2012; Topuz et al., 2005). Xu et al., (2008) also recorded
greater antioxidant capacities in oranges, recommending
more suited for juice processing than mandarins, lemon,
grapefruit and pummelo. Rootstock (Hussain et al.,
2013), cultivars (Bermejo et al., 2011; Cano et al., 2008),
genetic factors (Dhuique-Mayer et al., 2009), climate
(Marsh et al., 2000) and cultural activities (Lee & Kader,
2000) primarily affect the quality of fruit. Mostly, the
people of Bangladesh consume fruit on a seasonal basis;
however, papaya, guava and banana grown very limited
scale around the year. Present consumption of fruits in
Bangladesh is 82 g per day per person which is far below
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the recommended dietary allowance of 200 g (World
Bank, 2019). Although there are large numbers of fruit
grown in Bangladesh, the availability period is confined
from May to August. Sweet orange can play an important
role in extending the availability period of fruits as it starts
harvest after September.

Bangladesh Agricultural Research Institute, Joydebpur,
Gazipur. Seven years old healthy tree of three sweet
orange varieties viz., BARI Malta-1, BAU Malta-1, BAU
Malta-3, and five lines viz., CS Jain-001, CS Jain-002,
CS Jain-003, CS Ram-001, and Variegated Malta were
selected for this study. This experiment was laid out in
a Randomized Complete Block (RCB) design with three
replications.

The physicochemical properties of fresh fruits are
main criteria for quality. The major physiochemical
characteristics for fruit maturation are firmness, color
of flesh and peel, total soluble solids content (SSC),
titrable acidity (TA), and aromatic volatile substances
(Ngamchuachit et al., 2016). After bananas, citrus fruit
is eaten in vast amounts worldwide, either as fresh, as
juice, or as processed products such as marmalades, jams
or paste (S. B. Hussain et al., 2017). Fruit yield, quality,
and composition are significantly affected by genetic and
environmental factors in sweet orange. These include
genotype, soil and climate and environmental factors
such as solar radiation, temperature, season of cultivation,
agricultural practices and conditions after harvest.
In order to improve genotypical characters, a large
genotypical variability is also required. Also, breeding
programs must be designed to develop a high yield variety
with better quality. For crop improvement programmes,
physicochemical characterization of genotypes, including
germplasm and commercial varieties, is relevant and
facilitates the selection of genotypes of higher yield and
superior quality for breeding programmes. In Bangladesh,
numerous research work on physicochemical properties of
fruits such as mango (Mangifera indica), papaya (Carica
papaya), burmese grape (Baccaurea ramiflora), wood
apple (Limonia acidissima), guava (Psidium guajava),
jujube (Ziziphus jujube) and sapota (Manilkara sapota)
has been reported by Ara et al., (2015); Haque et al.,
(2009) and Hossain et al., (2016). Unfortunately, there is
very few information available in Bangladesh about fruit
physicochemical compositions of sweet orange genotype.
In recent years, yield and quality improvement of fruit
crops is a vital concern for agricultural production globally
which is a big challenge in agriculture. Characterization
is an important feature for documentation of the
performance of the cultivars studied, and will then help to
introduce, identify and improve existing variety thereby
extend the supply of sweet orange during the lean season.
This research was therefore aimed at examining and
comparing the physical and chemical properties of sweet
orange genotypes in Bangladesh in order to provide useful
information for the best use of sweet orange cultivars in
technology and processing.

Fruit sampling
Randomly collected mature fruit samples of different
sweet orange genotypes were subjected to the Post Harvest
Technology Division laboratory, BARI for determining
the physicochemical properties. For each fruit character,
ten fruits were collected randomly and observations were
recorded on each fruit separately.
Fruit physical attribute
Parameters like fruit length, fruit diameter, the thickness
of mesocarp, the width of epicarp at the equatorial area,
and diameter of fruit axis were recorded using Digital
Vernier Calipers where the number of segments was
counted manually. The juice was collected from pulp
and weighted by an electric balance. Then juice (%) was
calculated using equation 1.

----Equation 1
Fruit chemical attribute
Immediately after the collection of physical parameters,
the pulp was rapidly separated, squeezed and filtered the
juice to determine the fruit quality, including total soluble
solid (TSS), pH of juice, titratable acidity (TA), sugar,
β-carotene and ascorbic acid. The total soluble solids
content of fully mature fruits was recorded with a handheld refractometer (Atago Co. Ltd., Japan). The pH of the
juice was estimated by a hand pH meter.
TSS and juice pH measurement
A handheld refractometer (Atago Co. Ltd., Japan) was
used to record total soluble solid content of fully mature
fruit. The pH of the juice was estimated by a hand pH
meter.

MATERIALS AND METHODS

Titratable acidity (TA)

Plant material and growth condition

The titratable sweet orange pulp acidity was determined
by the method of Rangana (1979). Ten milliliters juice
extracted from pulp was taken in a 250 ml conical flask.
Two or three drops of the indicator phenolphtalein were
applied to the flask and vigorously shaken. It was then

The investigation was carried out during the years of
2016-2017 on sweet orange grown and maintained in
the Fruit Research Farm, Horticulture Research Centre,
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titrated instantly with 0.1 N NaOH solutions from a
burette till a stable pink color appeared. From the burette
reading, the volume of NaOH solution for titration was
registered. The titration was done in triplicate percent
titratable acidity was calculated by using the following
formula:

to the flask that contained Fehling’s solution mix. The
endpoint was measured by decolorization of the indicator
from titration with fruit pulp solution.

----Equation 2

----Equation 3

Here,

Measurement of total sugar

T: Titre
N: Normality of NaOH
V1: Volume made up
E: Equivalent weight of acid
V2: Volume of extract
W: Weight of sample

A 250 ml conical flask was taken with 50 milliliters of
purified filtrate. Approximately 50 ml of distilled water
and 5 g of citric acid was added to it and heated until
boiling. After cooling, the solution has been transferred to
a volumetric flask of 250 ml and neutralized by 1N NaOH
using a phenolphthalein indicator. The volume was made
up to the mark with distilled water. The Fehling’s solution
mix was then titrated using the same technique as for the
reducing sugar previously described. Decolorization of
the indicator showed the endpoint.

The reducing sugar (%) was calculated as stated below.

Measurement of sugar
Determination of Fehling’s factor
Sugar content was determined by the method ascribed by
(Rangana, 1979). The Fehling solution was standardized
by combining the same quantity of Fehling’s solution A
and Fehling’s solution B in the beaker then 10 ml of this
mix solution was taken into a 250 ml conical flask and 25
ml double distilled water was added to it. On a hot plate,
the conical flask containing the mixer solution was heated
and three drops of a solution for methylene blue indicators
were added. Standard sugar solution was used to titrate
the mix solution. Decolorization of the indicator showed
the endpoint.. Fehling’s factor was calculated by using the
following formula:

----Equation 4
Extraction and quantification of total ascorbic acid
The total ascorbic acid was extracted and quantified
following Shrestha & Bhattarai (2016), with some
modifications. Orange juice were combined with equal
volume of 3% metaphosphoric acid and filtered through
cotton. About 2 ml of metaphosphoric acid was mix with
5 ml of filtrate in a 50 ml conical flasks, titrated with
Indophenols dye and Ascorbic acid concentrations were
determined by the following formula

Sample preparedness
About 50 g of fresh sweet orange pulp was blended along
with distilled water in a blender. The merged materials
were then filtered and transferred to a 100 mL volumetric
container, and distilled water provided the volume. One
hundred milliliters of the filtrate was taken in a 250 ml
volumetric flask. Approximately 5 ml of 45% neutral lead
acetate solution was added to it and shaken and after 10
minutes, 5 ml of 22% potassium oxalate solution was
added to the flask and the volume was made up to the
mark with distilled water.

----Equation 5
Where,
T: Titre
D: Dye factor
V1: Volume made up
V2: Aliquot of extract taken for estimation and
W: Weight of sample taken for estimation

Determination of reducing sugar

β-carotene determination
The content of β-carotene was calculated with certain
modifications using the techniques mentioned in Nagata
et al., (2007). One milliliter of sweet orange juice mixed
thoroughly with a 10 ml acetone: hexane (4:6) solution.
The optical density of centrifuged specimen was measured

In a conical flask of 250 ml, 10 ml Fehling’s solution mix
was added with 25 ml distilled water. A burette was used
for 25 milliliters of purified sweet orange juice. At boiling,
three drops of the methylene blue indicator were applied
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with spectrophotometer (Model 200-20, Hitachi, Japan)
at 663 nm, 645 nm, 505 nm and 453 nm wave length.
Equation 6 was used to quantify β-carotene content and
expressed as mg 100g-1.

CS Jain-002 were statistically at par with each other with
the highest value of 286.00 g and 282.00 g, respectively
but these two genotypes significantly differed from the
other genotypes. The fruit weight was the lowest (117.66
g) in Variegated Malta. However, CS Jain-001 and CS
Jain-002 produced 145% and 140% higher fruit weight
than Variegated Malta. These significant findings could be
the results of the individual properties of sweet orange
genotypes.

ß-Carotene =
0.216(OD663) + 0.452(OD453) -1.22(OD645) - 304(OD505)
----Equation 6
Where, bold figure displays the optical density

A statistically significant fruit diameter of 8 genotypes was
found at 5% probability level, ranging from 63.66 mm
to 92.00 mm; (Table 1). The CS Jain-001 genotype was
the highest diameter (92.00 mm) of the fruit among the
genotype, whereas the lowest diameter of the fruit (63.66
mm) was observed at Variegated Malta genotypes. The
similar result was discovered by Pun & Thakur (2018) as
the fruit diameter was found between 52.44 and 92.80 mm
among sweet orange genotypes. The fruit length of both
CS Jain-001 and CS Jain-002 was significantly greatest
(82.00 mm) than the length of the other genotypes varying
from 56.66 to 82.00 mm while BARI Malta-1 showed the
shortest (56.66 mm) fruit. Mesocarp thickness of sweet
orange genotypes also differed significantly where the
highest (10.00 mm) mesocarp thickness was recorded
from CS Jain-001 and BAU Malta-3 followed by CS Jain002 (9.00 mm) and CS Jain-003, whereas, the lowest (3.66
mm) from variegated Malta. The width of the epicarp
equatorial area was found to differ significantly with the
greatest (76.00 mm) from CS Jain-001 and BAU Malta-3
as against the lowest (46.00 mm) value was recorded from
Variegated Malta. The number of segments varied from

Statistical analysis
All collected data were analyzed by one-way analysis
of variance (ANOVA) using R software. LSD tests
were performed to determine the significant (P≤0.05)
differences among means. To determine the differences
between genotypes, the coefficient of differences (CV)
were calculated diving pertinent standard deviations by
means and expressed as percentage.
RESULTS AND DISCUSSION
Physical characteristics of eight selected sweet orange
genotypes
The Fruit physical properties of the eight sweet orange
genotypes were shown in Table 1. As seen in Table 1,
the physical properties of the sweet orange genotypes
were found to be statistically significant at 5% level of
probability. The fruit weight of both the CS Jain-001 and

Table 1. Physical characteristics of eight selected sweet orange genotypes
FW
(g)

FD
(mm)

FL
(mm)

TM
(mm)

WE
(mm)

SN
(no.)

DA
(mm)

CS Jain-001

286.00a

92.00a

82.00a

10.00a

76.00a

27.33a

23.00ab

CS Jain-002

282.00a

89.00b

82.00a

9.00ab

66.00b

23.00b

22.00b-d

CS Jain-003

182.00e

65.00g

60.00d

8.00bc

56.00d

18.00e

23.00ab

CS Ram-001

201.33c

76.66d

63.00c

7.00c

66.00b

22.00bc

21.00c-e

Variegated Malta

117.66g

63.66h

62.00cd

3.66d

46.00e

18.00e

20.66de

BAU Malta-1

158.00f

68.16f

66.66b

7.00c

61.00c

20.00d

20.00e

BAU Malta-3

248.00b

87.66c

80.00a

10.00a

76.00a

28.00a

23.66a

BARI Malta-1

188.00d

73.66e

56.66e

5.00d

56.00d

21.00cd

22.33a-c

CV

28.71

14.68

15.31

30.61

16.42

17.23

5.87

LSD (0.05%)

4.04

1.297

2.07

1.75

0.61

1.59

1.54

Genotypes

FW: Fruit weight, FD: Fruit diameter, FL: Fruit length, TM: Thickness of mesocarp, WE: Width of epicarp equatorial
area, SN: Number of segment fruit-1 and DA: Diameter of fruit axis.
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Table 2. Chemical characteristics of eight selected sweet orange genotypes
% Juice

TSS (%)

pH

Titratable
acidity (%)

TSS: TA

CS Jain-001

38.33b

7.53e

3.01e

0.99a

7.63f

CS Jain-002

37.50c

7.83cd

4.12b

0.36cd

21.75c

CS Jain-003

34.30e

7.73de

3.21e

0.63b

12.42e

CS Ram-001

33.62fg

6.84f

3.57d

0.32de

21.33cd

Variegated Malta

36.43d

7.70de

3.96bc

0.38c

18.97d

BAU Malta-1

33.42g

10.21a

4.48a

0.37cd

27.59b

BAU Malta-3

41.44a

8.00c

4.45a

0.27e

33.73a

BARI Malta-1

33.74f

9.20b

3.78cd

0.39c

23.55c

CV

7.95

13.10

14.10

51.20

38.66

LSD

0.31

0.25

0.26

0.46

2.59

Genotype

18 in variegated Malta to 28 in BAU Malta-3. However,
the range of segments in this study was higher than the
recorded segments (Baswal et al., 2017), possibly due to
the difference in the genotype, climate and geography.
In terms of fruit axis diameter, the highest (23.66 mm)
diameter was observed in BAU Malta-3 compared to the
lowest (20.00 mm) from BAU Malta-1.

important indicator of the fruit’s sugar level since sugars
comprise about 85 percent of the citrus fruit soluble solids
(Wardowski et al., 1979), which is a very useful index
of fruit quality and a appropriate criterion for harvest
decision (Lado et al., 2014). Citrus cropping periods is
associated to the time of onset of quick physiological
changes, mainly increases in soluble solids substance and
declines in acid during the development of citrus fruits
(Wardowski et al., 2006). The total soluble solids (TSS)
were varied significantly among the released variety and
lines studied. The highest TSS (10.21%) was recorded
from the genotype BAU Malta-1 which is statistically at
par with BARI Malta-1 (9.20%) and the lowest (6.84%)
was in variegated Malta. This was coherent with earlier
reports by Baswal et al., (2017), who found the same
range of TSS among different sweet orange genotypes in
Punjab.
Juice acidity is a trait often not taken into consideration,
but it is becoming a vital attribute in fruit quality
definition. The fruit taste is a balance between acids,
sugars, and volatile compounds and the low acidity is the
desirable trait for fresh fruit consumption (Chahidi et al.,
2007). Wide variations of pH and titratable acidity (14.10
and 51.20% Co-efficient of variation values, respectively)
were noticed among the studied sweet orange genotypes.
Juice pH was diverse from 3.01 (CS Jain-001) to 4.48
(BAU Malta-1) while the titratable acidity ranged from
0.27 (BAU Malta-3) to 0.99% of citric acid (CS Jain001), which was similar to the results of De Moraes
Barros et al., (2012). Accordingly, the variations in TSS
and TA therefore resulted in broad TSS: TA differences
where BAU Malta-3 had the highest value of TSS: TA
(33.73) and CS Jain-001 (7.63) had the lowest value. It
is generally recognized that TSS: TA relative amount has

Chemical properties of eight selected sweet orange
genotypes
The data on chemical properties like juice percentage,
TSS (% Brix), juice pH, % titratable acidity, ascorbic acid
(Vitamin C), β-carotene content, reducing sugar (%), and
total sugar content of fruits are presented in Table 2 and
Table 3.
Significant differences (p≤0.05) among the sweet orange
genotypes were detected in all measured parameters under
this study. The juice yield (%) is extremely significant in
the juice industries and fresh consumption and can also
increase fruit value (Pareek, 2016), as a result of this
desirable attribute, which positively affects industrialized
product yields and fresh fruit consumer satisfaction..
The values of juice yield varied largely among sweet
orange genotypes, where BAU Malta-3 achieved the
highest juice yield (41.44%) followed by BARI Malta-1
(33.74%), and BAU Malta-1 had the lowest juice yield
(33.42%) among the released variety of sweet orange.
Moreover, CS Jain-001 and CS Jain-002 were observed
to have a higher juice yield of 38.33% and 37.50% among
lines, respectively. In this analysis, the percentage of juice
observed between 33.42 to 41.44 percent which was close
to the range mentioned by Chahal & Gill (2015). TSS is an
1462
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Table 3. Chemical characteristics of eight selected sweet orange genotypes
Ascorbic acid
(mg/100 ml juice)

ß-carotene (mg/100
ml)

Reducing sugar
(%)

Total sugar (%)

CS Jain- 001

35.65 b

8.35 a

3.50 a

4.14 bc

CS Jain-002

44.86 a

7.78 ab

3.15 b

4.00 c

CS Jain-003

36.83 b

7.32 bc

2.94 c

3.70 d

CS Ram-001

46.81 a

8.00 ab

2.33 d

3.51 e

Variegated Malta

48.45 a

8.21 a

2.36 d

3.58 de

BAU Malta-1

33.39 b

5.48 d

3.17 b

4.68 a

BAU Malta-3

36.93 b

6.61 c

2.94 c

4.25 b

BARI Malta-1

47.85 a

8.05 ab

2.30 d

3.54 de

CV

15.03

13.14

16.00

10.62

LSD

3.89

0.88

0.19

0.17

Genotype

been considered a more reliable internal quality index
worldwide for commercialization than peel coloration in
sweet orange, since important changes occur in external
color development (Lado et al., 2014). In general, a TSS:
TA ratio of at least 6 or higher is acceptable for commercial
marketability; however, important differences may exist
depending on the citrus species and varieties, as well as
also on the growing regions (Department of Agriculture
and Food, 2020). In this study, all the sweet orange
genotypes fell above the minimum value of the TSS: TA
ratio. Thus, it can be presumed that the selected genotypes
had superior quality and acceptability.

the experiment and genotype lines recorded by Duzzioni
et al., (2009), which might be as of differences in the
environmental conditions and genotypes.
β-carotene also demonstrated wide genotypic variation
among various lines and released variety varying between
5.48 to 8.05 and 7.32 to 8.35 respectively. The highest
(8.35 mg/100g) carotene was recorded from CS Jain-001
followed by Variegated Malta (8.21 mg/100g), BARI
Malta-1 (8.05 mg/100g), CS Ram-001 (8.00 mg/100g),
and CS Jain-002 (7.78 mg/100g) which were statistically
identical each other. The difference in carotene content
in evaluated genotypes was similar to the information of
Bhandari et al., (2016), who explained that both genetic
and environmental factor greatly affect the functional
quality and composition of beneficial compound in fruit.
Sugars plays a major role in the flavor characteristics and
commercial consideration of sweet orange fruit quality
and increase in the sugar component makes the fruit much
better (Riaz et al., 2015). As shown in Table 3, reducing
sugar was found to differ significantly among the studied
genotypes. Reducing sugar content varied from 3.50 (CS
Rai-001) to 2.30% (BARI Malta-1). Among commercial
genotypes, BAU Malta-1 exhibited higher reducing sugar
content than other commercial genotypes, while in the
germplasm lines, CS Jain-001 and CS Jain-002 showed
statistically higher reducing sugar than other genotypes.
The concentration of total sugar was found statistically
significant (P≤0.05) in Table 3. Total sugar concentration
in BAU Malta-1 (4.68%) was the highest followed by
BAU Malta-3 (4.25%), while the lowest was in CS Ram001 (3.51%). Such variation may be due to genotype
variations, growing environment, and analysis techniques.

The content of ascorbic acid in fruits and vegetables
can be influenced by various factors such as genotypic
differences, climatic conditions, and cultural practices
(Lee & Kader, 2000). Significant genotypic differences
were observed concerning ascorbic acid content (Table
3). Ascorbic acid has a significant role in the reduction of
free radicals, and is a water-soluble antioxidant (Kaur et
al., 2013). Citrus is well known to be a nutrient source of
ascorbic acid. Of the sweet orange ascorbic acid analyzed
in this study, ascorbic acid content differed from 33.39
to 47.85 mg/100 ml juice and 35.65 to 48.45 mg/100 ml
in the release variety and germplasm lines, respectively.
Among the released variety, mean ascorbic acid content
was the highest in BARI Malta-1 (47.85 mg/100 ml) than
the lowest (33.39 mg/ml) in BAU Malta-1; however, in the
germplasm lines, the highest (48.45 mg/100 ml) ascorbic
acid content was observed in Variegated Malta than the
lowest (35.65 mg/100 ml) in CS Jain-001. Most genotypes
had ascorbic acid levels comparable to De Moraes Barros
et al., (2012); Proteggente et al., (2003). However, the
amount was lower than the content of the ascorbic acid in
1463
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CONCLUSION

Science, 9(2), 780–783. https://doi.org/10.31018/jans.
v9i2.1274

There were extensive genotypic differences among
commercial cultivars and germplasm lines studied,
based on their physical and chemical attributes.
Significant genotypic differences were found between
the commercial cultivars and the lines tested in terms of
physical and chemical attributes. The CS Jain-001, CS
Jain-002 germplasm showed a higher weight, length and
diameter of fruit than released variety; therefore, plant
breeders could exploit the results of the present study
to develop special, better yielded sweet orange cultivars
that meet market demand. These results also showed that
among the varieties; BARI Malta-1 and BAU Malta-1
showed superior quality in terms of TSS, Sugar, vitamin
C, β-carotene, ascorbic acid than all other genotypes
which could be used for fresh consumption as well as
commercialization.

Bermejo, A.; M. J. Llosá & A. Cano (2011) Analysis of
Bioactive Compounds in Seven Citrus Cultivars. Food
Science and Technology International, 17(1), 55–62.
https://doi.org/10.1177/1082013210368556
Bhandari, S. R.; M. C. Cho & J. G. Lee (2016) Genotypic
variation in carotenoid, ascorbic acid, total phenolic,
and flavonoid contents, and antioxidant activity
in selected tomato breeding lines. Horticulture
Environment and Biotechnology, 57(5), 440–452.
https://doi.org/10.1007/s13580-016-0144-3
Cano, A.; A. Medina & A. Bermejo (2008) Bioactive
compounds in different citrus varieties. Discrimination
among cultivars. Journal of Food Composition and
Analysis, 21(5), 377–381. https://doi.org/10.1016/j.
jfca.2008.03.005

FUNDING

Chahal, T. S. & P. P. S. Gill (2015) Performance of exotic
sweet orange (Citrus sinensis Osbeck) cultivars on
different rootstocks under North Western India. Indian
Journal of Science and Technology, 8(16). https://doi.
org/10.17485/ijst/2015/v8i16/59391

This research work was conducted with the financial
support of the Citrus Development Project (BARI Part),
Ministry of Agriculture, People´s Republic of Bangladesh.

Chahidi, B.; M. ElOtmani; F. Luro; I. Srairi & M. Tijane (2007)
Fruit quality characterization of seven clementine
cultivars. Journal of Applied Horticulture, 09(02),
162–166. https://doi.org/10.37855/jah.2007.v09i02.36

ACKNOWLEDGMENT
Md. Anwar Hossain Khan would like to express his
gratitude to the authority of the Citrus Development
Project, Horticulture Research Centre, Bangladesh
Agricultural Research Institute for providing fellowship to
perform research at the Faculty of Agriculture, Bangladesh
Agricultural University, Mymensingh and Patuakhali
Science and Technology University, Dumki, Patuakhali,
Bangladesh. All members and staff of the Department of
Horticulture are highly acknowledged because of their
continuous technical support and cooperation in order to
complete the research.

De Moraes Barros, H. R.; T. A. P. De Castro Ferreira & M. I.
Genovese (2012) Antioxidant capacity and mineral
content of pulp and peel from commercial cultivars
of citrus from Brazil. Food Chemistry, 134(4), 1892–
1898. https://doi.org/10.1016/j.foodchem.2012.03.090
Department of Agriculture and Food, Australia (2020) Internal
maturity standards for citrus fruit Agriculture and
Food. https://www.agric.wa.gov.au/autumn/internalmaturity-standards-citrus-fruit

REFERENCES

Dhuique-Mayer, C.; A. L. Fanciullino; C. Dubois & P. Ollitrault
(2009) Effect of genotype and environment on citrus
juice carotenoid content. Journal of Agricultural and
Food Chemistry, 57(19), 9160–9168. https://doi.
org/10.1021/jf901668d

Ara, R.; S. Jahan; A. Abdullah; A. Fakhruddin & B. Saha (2015)
Physico-chemical properties and mineral content of
selected tropical fruits in Bangladesh. Bangladesh
Journal of Scientific and Industrial Research, 49(3),
131–136. https://doi.org/10.3329/bjsir.v49i3.22126

Duzzioni, A. G.; A. G. Franco & C. M. De Sylos (2009) Radical
scavenging activity of orange and tangerine varieties
cultivated in Brazil. International Journal of Food
Sciences and Nutrition, 60(SUPPL. 6), 107–115.
https://doi.org/10.1080/09637480902769575

Aune, D.; E. Giovannucci; P. Boffetta; L. T. Fadnes; N. N.
Keum; T. Norat; D. C. Greenwood; E. Riboli; L. J.
Vatten & S. Tonstad (2017) Fruit and vegetable intake
and the risk of cardiovascular disease, total cancer
and all-cause mortality-A systematic review and
dose-response meta-analysis of prospective studies.
International Journal of Epidemiology, 46(3), 1029–
1056. https://doi.org/10.1093/ije/dyw319

Etebu, E. & A. B. Nwauzoma (2014) A review on sweet orange
(Citrus sinensis) health, diseases and management.
American Journal of Research Communication, 2(2),
33–70. www.usa-journals.com

Baswal, A. K.; H. S. Rattanpal; G. S. Uppal & K. S. Gill (2017)
Assessment on performance and variability in different
sweet orange (Citrus sinensis Obseck) cultivars under
Punjab conditions. Journal of Applied and Natural

FAO (2020) FAOSTAT. http://www.fao.org/faostat/en/#data/
QC
Haque, M. N.; B. K. Saha; M. R. Karim & M. N. H. Bhuiyan
1464

Md. Anwar Hossain Khan, M.A. Rahim, Mahbub Robbani, Md. Fakhrul Hassan, Mohammad Amdadul Haque and Zakaria Alam

(2009) Evaluation of Nutritional and PhysicoChemical Properties of Several Selected Fruits in
Bangladesh. Bangladesh Journal of Scientific and
Industrial Research, 44(3), 353–358. https://doi.
org/10.3329/bjsir.v44i3.4410

quality of fresh-cut mangos. Journal of the Science of
Food and Agriculture, 96(10), 3613–3620. https://doi.
org/10.1002/jsfa.7597
Pareek, S (2016) Postharvest ripening physiology of crops (Vol.
1). CRC Press.

Hossain M. M.; D. K Paul & M. A. Rahim (2016) Physicochemical changes during growth and development
of sapota fruit. Turkish Journal of Agricultural and
Natural Science, 3(1), 58–64.

Patil, B. S.; G. K. Jayaprakasha; K. N. Chidambara Murthy &
A. Vikram (2009) Bioactive compounds: Historical
perspectives, opportunities and challenges. Journal of
Agricultural and Food Chemistry, 57(18), 8142–8160.
https://doi.org/10.1021/jf9000132

Hussain, S. B.; M. A. Anjum; S. Hussain; S. Ejaz & M. Ahmed
(2017). Physico-Chemical profiling of promising
sweet orange cultivars grown under different agroclimate conditions of Pakistan. Erwerbs-Obstbau,
59(4), 315–324. https://doi.org/10.1007/s10341-0170327-9

Proteggente, A. R.; A. Saija; A. De Pasquale & C. A. RiceEvans (2003) The compositional characterisation
and antioxidant activity of fresh juices from sicilian
sweet orange (Citrus sinensis L. Osbeck) varieties.
Free Radical Research, 37(6), 681–687. https://doi.
org/10.1080/1071576031000083198

Hussain, S.; F. Curk; M. A. Anjum; O. Pailly & G. Tison (2013)
Performance evaluation of common clementine on
various citrus rootstocks. Scientia Horticulturae,
150,
278–282.
https://doi.org/10.1016/j.
scienta.2012.11.010

Pun, A. B. & M. K. Thakur (2018) Performance of Exotic Sweet
Orange Genotypes at Dhankuta, Nepal. International
Journal of Applied Sciences and Biotechnology, 6(4),
308–312. https://doi.org/10.3126/ijasbt.v6i4.16023

Ibrahim A. A. & A. J. Yusuf (2015) Extraction and
physicochemical analysis of Citrus sinesis seed oil
(sweet orange). European Journal of Experimental
Biology, 5(7), 77–81. http://www.imedpub.com/
articles/extraction-and-physicochemical-analysis-oficitrus-sinesisi-seed-oil-sweet-orange.pdf

Rangana, S (1979) Manual of analysis of fruit and vegetable
products. Tata McGraw-Hill.
Riaz, H.; S. A. S. Chatha; A. I. Hussain; S. A. Bukhari; S.
M. Hussain & K. Zafar (2015) Physico-chemical
characterization of bitter apple (Citrullus colosynthis)
seed oil and seed residue. Int. J. Biosci, 6(1), 283–292.

Kaur, C.; S. Walia; S. Nagal; S. Walia; J. Singh; B. B. Singh;
S. Saha; B. Singh; P. Kalia; S. Jaggi & Sarika (2013)
Functional quality and antioxidant composition of
selected tomato (Solanum lycopersicon L) cultivars
grown in Northern India. LWT-Food Science and
Technology, 50(1), 139–145. https://doi.org/10.1016/j.
lwt.2012.06.013

Shrestha, N. & A. Bhattarai (2016) Determination of Ascorbic
Acid in Different Citrus Fruits of Kathmandu Valley.
Journal of Medical and Biological Science Research,
2(1), 9–14. http://pearlresearchjournals.org/journals/
jmbsr/index.html

Lado, J.; M. J. Rodrigo, & L. Zacarías (2014) Maturity
indicators and citrus fruit quality. Stewart Postharvest
Review, 10(2).

Topuz, A.; M. Topakci; M. Canakci; I. Akinci & F. Ozdemir
(2005) Physical and nutritional properties of four orange
varieties. Journal of Food Engineering, 66(4), 519–
523. https://doi.org/10.1016/j.jfoodeng.2004.04.024

Lee, S. K. & A. A. Kader (2000) Preharvest and postharvest
factors influencing vitamin C content of horticultural
crops. Postharvest Biology and Technology,
20(3),
207–220.
https://doi.org/10.1016/S09255214(00)00133-2

Wardowski, W. M.; D. J. Hall & Grierson, W. (2006). Fresh
Citrus Fruits (2nd Edn), Florida Science Source. Inc.,
Florida, USA.
Wardowski, W.; J. Soule; W. Grierson & G. Westbrook (1979)
Florida citrus quality test. University of Florida, USA.
Coop. Ext. Servo Bull, 188.

Marsh, K. B.; A. C. Richardson & Y. Erner (2000) Effect of
environmental conditions and horticultural practices
on citric acid content. Proc. Intl. Soc. Citricult. IX
Congress, 640–643.

World Bank (2019) Food for Improved Nutrition in Bangladesh.
P168176.

Nagata, M.; Y. Noguchi; H. Ito; S. Imanishi & K. Sugiyama
(2007) A simple spectrophotometric method for
the estimation of alpha-carotene, beta-carotene and
lycopene concentrations in carrot [Daucus carota]
acetone extracts. Journal of the Japanese Society for
Food Science and Technology (Japan).

Xu, G.; D. Liu; J. Chen; X. Ye; Y. Ma & J. Shi (2008) Juice
components and antioxidant capacity of citrus varieties
cultivated in China. Food Chemistry, 106(2), 545–551.
https://doi.org/10.1016/j.foodchem.2007.06.046

Ngamchuachit, P.; E. J. Mitcham & D. M. Barrett (2016)
Spatial variance of physicochemical properties within
mangos and the effect of initial ripeness stage on the
1465

