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ABSTRACT 
 

Citrus is one of the major fruit crops in the world and widely recognized by their nutritional, 
organoleptic and health-related benefits of fresh fruit. The genetic diversity among the genus and 
independent changes in peel and pulp, make the definition of standard maturity indexes of fruit 
quality. Commercial maturity indexes in the citrus industry are usually based on peel coloration, 
soluble solids, pH but their relevance may differ among varieties and the specific requirements of 
the markets. Citrus fruits are excellent source of many phytochemical, including ascorbic acid, 
antioxidant, tannin, etc., which greatly contribute to the health-related benefits of citrus fruits. 
Criteria and definition of the main maturity indexes for citrus fruit worldwide are described, as well 
as changes during fruit maturation in key components affecting organoleptic and nutritional 
properties. Citrus fruits were analyzed at different maturity stages. This review is aimed to 
characterize the physiological maturity of the fruit across the different developmental stage which 
has not been well reported in literature till now.   
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1. INTRODUCTION 
 

Fruit have been a matter of extensive research in 
last few decades because of their importance to 

agriculture and the human diet. However, 
research on fleshy fruit has focused primarily on 
climacteric fruits such as tomato while other fruit 
models are not so well known. Citrus fruits 
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belong to the family Rutaceae and genus citrus, 
non-climatic fruit as their respiration rate and 
ethylene production rate is very low [1]. Citrus 
fruits showed minor changes in physical and 
chemical characteristics, as they detached from 
the tree. Citrus is one of the most popular and 
widely grown fruit crops in the world. Citrus and 
its products are a rich source of vitamins, 
minerals and dietary fiber that are essential for 
the overall nutritional well-being [2]. Among the 
most commonly cultivated types, Oranges 
account for more than half of world citrus 
production followed by Tangerines, Lemons and 
Grape fruits. Among the continents, Asia is the 
major producer of citrus fruits about 80 million 
MT and thereafter Northern America and Africa 
also contributed with the production of 28.1 
million MT and 20.3 million MT, respectively. 
China, Brazil, the USA, India, Mexico, and Spain 
are the world’s top six citrus fruit-producing 
countries, accounting two-thirds of the global 
production. India is the fourth major citrus 
producing country with the production of 14 
million tones and the production increased with 
the average annual growth rate of 5.16%. The 
volume of Mandarin produced was the highest 
among citrus fruits in India at over six million 
metric tons. Sweet oranges, commonly known as 
Mosambi in the sub-continent came in second at 
about 4.25 million metric tons in this year [3]. 
 
Citrus fruits are well known for their refreshing 
smell, thirst-quenching potential and ascorbic 
acid content. Citrus fruits are richest source of 
limonoids, carotenoids and flavones. Flavonoids 
are phenolic derivatives possessing remarkable 
health-promoting effects, a consequence of their 
marked antioxidant ability and are generally 
found in fruits, vegetables, herbs, tea as 
secondary metabolites: Citrus juices are among 
the richest dietary sources of flavonoids [4]. They 
are often found in Citrus juices as their glycoside 
derivatives and more specifically as their O-
glycosides and C-glycosides. Citrus fruits are 
economically major fruit crops with excessive 
nutritional value which depends on the external 
characteristics like color, firmness and internal 
features like total soluble solids, total acid, and 
juice content and naringin content [5]. 
 
Citrus fruits life cycle is divided into three 
different phases followed sigmoidal growth curve 
[6]. The first phase represents slow cell growth 
and cell division, while second phase represents 
rapid cell enlargement and water accumulation 
and third phase represents maturation [7]. Many 
physical, chemical, nutritional and functional 

quality changes are occurred during different 
phases of fruit life cycle. Due to the perishability 
of fruit, its storage in the atmospheric condition is 
limited after harvesting, which is accompanied by 
the browning of skin, loss of ascorbic acid 
content, and loss of glossiness [8,9]. Therefore, 
harvesting of fruit at proper maturity stage is pre-
eminent for achieving desirable attributes. 
Maturity indices like skin color, juice content, total 
soluble solids (TSS) and TSS: acid ratio and 
other internal constituents are the key indicators 
for selection of optimum harvesting time of citrus 
fruits and ensure their maximum acceptability 
level by the consumers [10]. In citrus, the 
harvesting period of fruits vary depending upon 
the species, variety and purpose of consumption. 
Information on biochemical changes and 
correlation among different fruit characters at 
various stages of fruit development is important 
in determining the optimum harvesting period to 
meet the demand of fruit for a specific purpose.  
 
The quality and shelf-life of the citrus fruits are 
largely influenced by the various physico-
chemical and biochemical changes, which occur 
during the various physiological stages of fruits. 
Very few studies on some citrus fruits have been 
reported concurrent changes in physicochemical 
properties during fruit development and ripening 
in Kinnow and Mandarin [11] and Guava [12]. 
The information pertaining to the physico-
chemical, biochemical and functional changes of 
most citrus fruits at different physiological stages 
is very scanty. Therefore, this study summarizes 
the comprehensive knowledge related to 
changes occurred in physical, chemical and 
functional properties of citrus fruits during their 
physiological stages. 
 

2. PHYSIOLOGICAL PHASES OF CITRUS 
FRUITS 

 

Citrus plants generally are evergreen shrubs or 
small trees, bearing flowers, which yield a strong 
scent. Fruit growth, development and maturation 
are the three major physiological phases of citrus 
fruits (Fig. 1). The first phase (unripe stage), a 
cell division phase of slow growth, environmental 
signals and the specific genetic background are 
the factors responsible for activating the genes 
involved in the biochemical and physiological 
changes that lead to floral induction and 
development, allowing the transition from 
vegetative to reproductive development. The 
second phase (semi- ripe stage) of cell 
enlargement of major increase in size and weight 
by growth of juice sacs from the pulp, changes in
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Fig. 1. Physiological phases of citrus fruits during growth, development and maturation 

 
color are controlled by climatic conditions, 
temperature and rainfall regime [13] and third 
phase (fully mature stage) during which fruit 
growth is maximum and transformation of 
attributes of fruit maturation take place, such as 
sugar accumulation, acid degradation, starch 
hydrolysis etc. [6]. Defining the criteria to 
accurately and consistently determine citrus fruit 
maturation is not an easy task since it involves 
physiological changes occurring in two different 
and independent tissues: color transformation 
taking place in the fruit peel and compositional 
changes occurring in the flesh. Ordinary citrus 
fruit such as sweet Oranges, Mandarins, Lemons 
and Grape fruits are considered to be mature for 
fresh consumption when their external coloration, 
juice content and soluble solids: acidity ratio and 
other internal constituents reached to a minimum 
for visual acceptance or palatability. 
Accumulation of soluble sugars and the decline 
in acid content (mostly citric and malic acids, 
depending on the different citrus species) are 
typical changes taking place in the pulp during 
maturation of citrus fruit.  
 
Citrus fruit are non-climacteric fruits; displaying a 
progressive reduction in the rate of respiration 

and low ethylene production during the whole 
development process [14]. Despite this behavior, 
physiological and molecular evidences indicate 
the involvement of the phyto-hormone in the 
control of some ripening-associated processes 
[15]. Therefore, the changes taking place during 
developmental and maturation that are essential 
to define maturity indexes are regulated by a 
complex interplay of endogenous hormonal            
and nutritional signal, and highly influenced by 
both environmental factors and agronomic 
practices. 
 

3. PHYSICOCHEMICAL ATTRIBUTES OF 
CITRUS FRUITS 

 

Citrus fruits belong to hesperidium, which is 
made up of two different morphologically 
separate regions, the pericarp of the fruit and 
endocarp that is the edible part of the citrus 
fruits. The quality of citrus fruits depends upon 
the physical attributes include shape, size, 
texture, color, peel ability, and the number of 
seeds and chemical attributes includes acids, 
volatiles, flavor and other nutraceutical 
compounds. These attributes eventually depend 
on the regulation of the physiological and 
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biochemical characteristics of citrus fruits. The 
citrus ripening is allocated upon conversion of 
chloroplast and continuous loss in the chlorophyll 
molecule that results in accumulation of 
carotenoids in the fruit. The fruit growth 
regulators (phytohormones) play a major role in 
the development and maturation of fruit. It also 
includes physiological disorders as well as 
nutritional disorders that have been found in 
tropical and subtropical fruits [16]. The 
determination of the conscience fruit maturation 
is slightly complex as it depends upon the 
internal changes occurring in the fruit flesh as 
well as the external fruit peel coloration which 
occur during fruit growth, development and 
maturity [17]. According to Pathak & Srivastava 
[18], seasonal growth of citrus fruits has been 
divided into three stages- unripe (early stage), 
semi-ripe (mid-stage) and ripe (late-stage). 
During the growth of citrus fruits showed 
changes in their physical and chemical   
attributes. These attributes assist in the proper 
storage and retention of nutrients which lost 
during storage. 
 

4. PHYSICO-CHEMICAL CHANGES 
DURING PHYSIOLOGICAL STAGES 
OF FRUITS 

 

4.1 Fruit Weight and Size 
 

The importance of fruit size as a parameter of 
quality of citrus fruits has increased markedly in 
recent times. The fruit weight is generally 
increased up to maturation phase and constant 
during ripening and thereafter slightly decreased 
during over ripening might be due to escaping 
out volatile constituents. The fruit weight of 
Assam lemon showed double sigmoid pattern of 
growth. Assam lemon fruit size change from 1.6 
cm to 9.2 cm as fruit reached to final maturity 
stage [19] (Table 1). The change in the 
parameters could be attributed to an increase in 
the size of the cell and accumulation of food 
substances in the intercellular spaces in fruit. 
The authors reported similar trends in Grape fruit 
growth, development and maturation, fruit size 
increased rapidly from unripe to semi ripe stage 
due to enlargement of cell mesocarp [20]. In 
mandarin fruit size increased in the range of 
21.09-29.31 cm at end of the fully mature stage. 
A similar trend of increase in size was also 
reported in sweet Orange [21]. 
 

Size enlargement is due to the extension of the 
fruit pulp. Water is stockpile in the pulp segment, 
the juice sacs growing promptly during this 

phase. The pulp axis increased from 20-67% of 
the total fresh weight [22]. As the fruiting season 
start, the growth of the fruit was slow but the 
rapid growth was seen during maturation. During 
the dormancy stage, optimal level auxin might 
arrest the fruit development as fruit start to grow 
auxin level decreased while cytokinins level 
increased which stimulate cell division and cell 
expansion in fruit [23]. Like, fruit weight and size, 
dry matter of fruit also increased from 0.97 gm to 
8.62 gm during fruit maturation. Mostly dry matter 
accumulated in the last phase of fruit 
development. It follows a sigmoidal growth curve 
and some cases double sigmoid growth curve 
[19]. In citrus fruit, Tangerine, Grape fruit, 
Kinnow, and others citrus fruit, weight and length 
increase at a faster rate in early development 
condition as fruit get maturity its weight and 
length reach to its peak [24]. During the fully ripe 
condition, moisture loss and respiration rate was 
high; and fruit weight and size decreased slightly. 
Increased fruit size is desirable for Orange fruits. 
As fruit starts to mature, mesocarp cell 
accumulate water and starch, therefore cell size 
increased. Maximum fruit size and weight was 
observed at fully mature stage [25]. Khan et al. 
[26] reported a rapid increase in weight of 
Orange fruit, from 180 days onwards till 220 days 
after fruit set; followed by a slow increase up to 
250 days. Slightly decreasing trend was 
observed in Orange at fully mature stage, which 
might be attributed to higher rate of respiration 
[27]. In Clementine maximum fruit weight was 
reported at fully mature stage 95.13g which 
started to reduce as fruit ripen [28]. 
 

4.2 Fruit Color 
 

Color is important parameters in citrus fruit 
quality which influences consumer expectation 
and perception. Citrus peel is a complex source 
of carotenoids. The great diversity of fruit 
coloration among citrus varieties is directly 
correlated with carotenoid composition. Fruits 
tissues contain wide diversity in carotenoids of 
citrus fruit and their specific accumulation 
patterns are responsible for the broad range of 
colors changes during the fruit life cycle. 
Although the color characteristic of citrus 
varieties is mainly govern by the accumulation of 
(9Z)-violaxanthin and β-cryptoxanthin. Apart from 
these two coloring compounds, other citrus-
specific apocarotenoids such as β-citraurin and 
β-citraurinene also develop an attractive 
coloration from the pale yellow to red in the case 
of white and red grapefruits, dark yellow in 
lemons and orange, an intense orange coloration 
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in some Mandarins [29]. Recently, it has been 
reveal that apocarotenoids are exclusive to citrus 
genus and their content is controlled by specific 
enzymatic activity which directs the accumulation 
of these apocarotenoids in the peel of fruits in 
different proportions, imparting an intense 
orange-reddish coloration to some varieties of 
Oranges, Mandarins and hybrids [30,31]. Color 
development is especially affected by climatic 
conditions such as temperature and light. In 
equator regions, where temperature remains 
high, citrus peel coloration is usually paler than 
colder region. In citrus fruits, the harvesting 
maturity was depends upon the fruit color [29]. 
The changes of fruit color of during physiological 
phases of different citrus fruits have been 
represented in Table 2. The L*,a* and b* values 
of Assam lemon fruit increased from 36.10 to 
61.21, -5.67 to -3.31 and 10.70 to 29.67 
respectively during physiological stages of unripe 
to fully ripe conditions [19]. Moreover, in 
tangerine, change in peel color from green to 
yellow-orange was observed throughout fruit 
development. During growth, L, and hue angle 
values remained almost constant up to16-24 
weeks after full bloom [24]. Then, peel L values 
gradually increased and the hue angle value 
decreased after 28-34 weeks after full bloom. 
During maturation (35-37 weeks after full bloom), 
peel L* values reached the highest levels while 
hue angle value decreased to the lowest levels. 
The hue angle value decreased throughout the 
fruit development as a result chlorophyll pigment 
starts to degenerate and caratenoid pigments 
start to accumulate. Whereas, in Grape fruit color 
started to change and became deeper, as fruit 
reaches maturity condition. In non-climatic citrus 
fruit, ethylene production plays a major role in the 
natural color break but its low-level synthesis is 
continued throughout the process of growth [32]. 
In some citrus fruits, sucrose stimulates color 
change, while nitrogen delays chloroplast 
formation [33]. As the fruit mature its chlorophyll 
pigment vanished and carotene and xanthophylls 
pigments start to appear. One of the primary 
sources of red color in Mandarin fruit is increased 
at low temperature [34]. Grape fruits color 
change was observed in L* value and it has 
increased from 44.32 to 57.20. As the fruit 
mature its chlorophyll pigment vanished and 
carotene and xanthophylls pigments start to 
appear [20]. Similarly, in Pomelo the lightness 
value increased during ripening from 55.22 to 
57.35 [35]. Moreover, in Feutrells, the lightness 
value and redness value of the fruits increased 
during maturation and ripeness of fruits [36]. 
Anonymous results were observed in case of 

Kinnow fruit, in which the chromameter values of 
L, a, b increased from dull greenish to bright 
yellow after ripening. Also, in mandarin fruit, as 
fruit start to grow its color change with burnt 
orange in November and it’s become deeper and 
deeper as fruit matures [37]. And in case of 
oranges, during growth, the lightness values 
decreased (59.6 to 55.3) with an increase in 
redness (2.24 to 21.4) and yellowness (27.86 to 
30.43) upon ripening [38]. 
 

4.3 Total Soluble Solid (TSS) 
 
Total soluble solids (TSS) content is an important 
index of internal quality of the fruits and an 
accurate basis for determining the harvest of the 
fruit. This measurement has been long used for 
maturity index among citrus growers since a 
portable refractometer can be easily used and 
provides an accurate measurement of fruit 
maturity in the field. An increase in sugars is 
usually accompanied by an increment in TSS 
value, which is normally expressed as °Brix or 
percentage. The TSS contents during the early 
fruit development were minimum (9.25 °Brix) and 
increased gradually; ultimately reached 
maximum value of 11.8 °Brix in tangerine fruits. 
The increase in TSS value during the 
development processes is the result of starch 
degradation and metabolic transformation into 
soluble sugars in the fruits as polysaccharides 
during final maturity stages. The TSS levels were 
found to be lower in Grape fruits at unripe stages 
of harvest (Table 3). The levels increased as the 
fruits matured. TSS content was maximum at 
semi ripe stage 8.87 °Brix. Increase in TSS was 
tightly related with decrease in acidity was 
commonly observed in fruits as the fruit 
develops. TSS represents about 80% of sugars 
(mainly glucose, sucrose and fructose), 10% 
acids (mainly citric, oxalic and malic acids) and 
10% nitrogenous compounds (amino acids).  
Most citrus fruits are considered as ready for 
harvesting when their TSS level reaches 8.5% 
[39]. The degradation of polymers like starch and 
metabolism of organic acids into soluble sugar is 
thought to be the source of a higher level of total 
soluble solid [40]. During growth and 
development of Assam lemon maximum TSS 
value was present at early stage of development, 
as fruit mature its TSS value continuously 
decreased. The decline of TSS could be 
attributed to the utilization of sugar as a substrate 
for increased rate of respiration. In Kinnow 
maximum level of TSS was at semi ripe stage 
(9.20 °Brix) was the consequence of 
translocation of photosynthase from leaves to 
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fruits [41] and slightly decreased to fully ripe 
stage (8.80 °Brix). TSS value ˃ 10 by harvest is 
an acquiring value for utilization of citrus fruit. In 
many citrus fruits, like fruettrell showed an 
increase in TSS value till semi ripe stage (8.90 
°Brix). Whereas, in case of Mandarin, the TSS 
increased from 6.81 to 11.63 °Brix during fruit 
development. Most citrus fruits showed constant 
rise in TSS content till semi ripe condition due to 
synthesis of sucrose which then are hydrolyzed 
to simple sugar [42]. TSS increased slowly in 
Oranges and Clementine as 12.1 °Brix and 10.8 
°Brix at fully mature stage after 240 days after 
fruit set [27,28]. Nearly 75% to 85% of TSS in 
orange juice is sugars. While TSS in Fruettrell 
rose from 6.80 to 7.40 upon maturing from unripe 
stage to fully ripen stage [43]. 
 

4.4 pH Content  
 
The pH of citrus fruits ranged from 3.50 to 4.33 
and it is maximum either in semi ripe or fully ripe 
stage [44]. In Tangerine fruit, the pH values 
increased to 3.6 at semi ripe stage and 
afterwards its value decreased to 3.2 at fully ripe 
stage due to the change in titratable acidity of 
fruits during ripening (Table 4). Similar finding 
was observed in Kinnow and Fruettrells where 
minimum pH was reported in semi ripe stage 
3.30 and 3.60 respectively, it continuously 
increased to semi ripe stage and then started to 
decrease due to degradation of acid and 
increase level of sugar. In Grape fruit pH was 
reported 3.67 at fully mature condition [28,45]. 
Matteo & Simeone [46] reported, pH value of 
Assam lemon was lowest at unripe stage (2.24) 
and it linearly increased till fully mature stage 
(2.35). Similar result was observed in Tangerine 
and Mandarin, wherein the pH value was 
increased about 1.5 fold from unripe stage to 
fully ripe stage, which might be due to 
accumulation of sugar in pulp of the fruit [17,47]. 
Moreover, the pH increased from 3.08 to 3.32 in 
oranges during ripening [48]. 
 

4.5 Titratable Acidity 
 
Citrus fruit acidity not only stimulates the 
sourness perception to consumers, but it is also 
a key determinant for the commercial 
acceptability since its balance with the 
appropriate sugar levels and provides the 
delightful and typical citrus taste to the 
consumer. During the maturation stage, the 
acidity of citrus fruits was affected by alteration in 
sugar concentration and other components of the 

fruits and improve their quality by decreasing the 
percentage acidity of the fruits [20]. High 
materialistic attributes such as sugar and organic 
acid and their ratio play a significant role in the 
quality of citrus fruit. In Tangerine, titratable 
acidity decreased from 4.08-0.86% during 
development and maturation of the fruits (Table 
4). The decrease with maturity might be due to 
the presence of limonate dehydrogenase, which 
turns limonin to non-bitter, compound limonoid 
glucosides at late harvesting time and reduces 
the bitterness in the fruits. The maturity stages, 
has significantly influenced on the titratable 
acidity of Grape fruit (Table 4). In unripe stage, 
TA was 1.88 % which was maximum 1.92 % at 
semi ripe stage then continuously decreased till 
fully ripe condition (1.39%) of the fruits. The visa-
versa trend was observed in the TA of Assam 
lemon, as it was lowest at unripe stage and 
continuously increased during maturity and 
ripening stage [19,48]. Kinnow fruit maturation is 
directly linked with peel pigmentations to 
represent color in green to yellow or orange. 
Green peel colored fruits possessed more 
titratable acidity 1.10% and decreased at 
ripening 0.70 % as acid is converted into sugar. 
In Fruttrell maximum TA was observed in early 
growth stage was 0.65 %. As fruit started to grow 
its TA was decreased to 0.50% because acid 
change in sugar by TCA cycle. During 
physiological growth, fruits contain some other 
acids, which increased the TA in fully mature 
conditions. In Mandarin fruit titratable acidity has 
been reported from 2.59 to 0.66%. It was found 
that during the growth, development and 
maturation, titratable acidity decreased 
continuously to fully mature stage of the fruit. 
Mostly in citrus fruit glucose, fructose and 
sucrose sugar are the common sugars present in 
the fruits. Citrus fruits possess bitter taste that 
may derived by high density of ellagitannin 
present during unripe condition; as fruit              
develop its level lessen.  In sweet cultivars of 
citrus fruit mostly in Kinnow acidity, initially rapid 
increase in TA value followed by a continuous 
decrease due to enlargement of size mainly due 
to the higher water content of the fruit                
because of the dilution effect [37]. In Orange 
Maximum Titratable acidity was present at unripe 
stage (22.4g/l) and gradually started to           
decrease at fully mature stage. The loss of 
acidity during fruit maturation and storage 
appears to result, at least in part, to the use of 
acids as a respiratory substrate [48]. In 
Clementine, the TA value of 0.62% was reported 
at fully mature stage [28]. 
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4.6 Ascorbic Acid 
 
Citrus fruits are an important source of many 
vitamins, with vitamin C (ascorbic and 
dehydroascorbic acid) being the most important 
for their contribution to the antioxidant properties 
and nutritional benefits [49-51] acid content is 
considered a primary mark of the quality 
evaluation of citrus [25]. Different citrus fruit like 
Lemon and Orange, ascorbic acid content 
remained high at the unripe stage. The ascorbic 
acid content of fruit is declined due to the 
exertion in the metabolic pathway (Table 5). In 
Mandarin fruit, ascorbic acid was accumulated in 
both peel and pulp of the fruits. It was maximum 
at an immature stage at 30 days after fruiting 
(37.12 mg/100ml) and decreased in semi-ripe 
conditions at 120 days after fruiting (33.77 
mg/100ml) and fully ripe condition at 230 days 
after fruiting (27.62mg/100ml). The ascorbic acid 
content was highest in the Mandarin fruit during 
growth and development stage and the 
maximum differences was observed in semi-ripe 
and fully ripe physiological stage of fruit at 120 
and 230 DAF (Days after fruit set). In citrus fruits, 
a reducing trend was observed in ascorbic acid 
during the ripening stage due to rise in 
temperature which suits to oxidation and 
consequently experience degradation of ascorbic 
acid. In Mandarin, Kinnow, and Fruterell's, the 
maximum amount of ascorbic acid was present 
in the early stage of maturation, and 
subsequently decreased during the maturation of 
these fruits [43]. In Clementine ascorbic acid 
content was reported at fully mature condition 
40.57mg/100g [28]. Citrus fruits possess less 
ascorbic acid at maturity along with decreasing 
level of acidity and also utilize acids in respiration 
process in citrus fruit ripening process. 
 

4.7 Tannins 
 
The highest amount of tannins was found at the 
early stage and as the fruit becomes mature the 
tannin level decreased in the citrus fruit [52]. As 
the fruit ripens the tannin level decreased and 
became a part of the pulp. In fruit reported to 
contain 2 types of hydrolyzable tannins, 
Emblicannin A and Emblicannin B with 
pedunculagin and punigluconin [53]. Most of the 
recognizable and dominant tannins compounds 
present at the early stage are isgallotannins type 
having sugar like glucose and gallic acid 
molecule.  In Pamelo tannin content was 
maximum at early development stage (6.53 mg 
catcehin) at 100 DAF and its value decreased 
continuously as fruit reached to fully ripe 

condition (0.02 mg catcehin) at 260 DAF (Table 
6) [54]. Diba & Bultosa [55] reported decreased 
in tannin content with an increase of maturity of 
fig fruit. Astringency reduces with fruit 
maturation, generally accompanied by a drop in 
tannin content or physicochemical changes in the 
molecules. Fully mature stage causes tannins to 
polymerize due to the action of acetaldehyde, 
which converts tannin into sugars or consumed 
during respiration [56]. The tannins are present in 
the fruits in the form of non-polymerized tannin 
and these compounds tend to convert into a 
condensed form, ensuring more stability with 
proteins. This explanation portrays the 
decreased value of condensed tannin 
(astringency) in the fruit during growth and 
development [57]. Tannin content in citrus 
varieties ranged from 0.12 to 0.37 mg CE/g DW 
with bitter orange being richer than mandarin 
0.12 to 0.19 mg CE/g dry weight (DW) with bitter 
Orange being richer than Mandarin 0.12 to 0.19 
mg CE/g DW [58]. Bitter Orange tannin content 
varied significantly during the development 
stages, in fact, the highest value was reached in 
the semi ripe stage and was slightly reduced in 
the mature stage while the smallest value was 
found at the immature stage. Additionally, in case 
of Grape fruit the tannin content decreased from 
4.45 to 3.50, which might be attributed to the 
dilution effect [59]. Similar observation might be 
expected in case of Assam lemons [60].   
 

4.8 Pectin Content 
 
Pectin is a hetero polysaccharide that is mainly 
present in the cell wall of plants that contribute 
gelling power in the jam, jelly, and other food 
products. Citrus peel is an important source of 
pectin because its albedo may contain up to 20% 
of the total fruit pectin [61]. The change in pectin 
and total chlorophyll help in obtaining fruits 
maturity. Pectin is localized in the primary and 
middle lamella of all higher plants. Intracellular 
pectin provides a gateway for the passage of 
water and nutrients. All citrus fruits contain a rich 
amount of pectin. In Assam lemon total pectin 
content increased 1.36˗3.07% during the early to 
mid-stage of fruit ripening and thereafter it starts 
to decline 0.89% as the fruit reaches its fully 
mature stage [19]. Increase in pectin content 
during fruit growth, soluble pectin content 
increased due to enzymatic degradation of pectin 
[62]. In Orange, pectin content increase linearly 
from unripe stage 0.46% to fully mature stage 
0.56% (Table 6). In Grape fruits pectin content 
decreased with the advancement of the fruit, 
protopectin being more consistent than the 
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soluble form of pectin. The amount of pectin 
present in the middle lamella of Grape fruit is 
varied according to growth stages. Simpson & 
Egyankor [63] reported that the highest pectin 
content 4.10% was present at fully mature stage 
of Grape fruit. Moreover, the pectin content 
increased in case of Kinnow and Orange fruit, 
which might be attributed to presence of pectin 
degrading enzyme inhibitors [64,65]. Similar 
findings are expected in case of Ttangerine fruits 
[66]. In Clementine, pectin content was 
calculated by the ration of the weight of oven- 
dried pectin to the dry weight. In Clementine 
19.90% pectin content was reported in fully 
mature stage [67]. 
 

4.9 Naringin Content 
 
Naringin is the flavonoid commonly present 
naturally in the citrus fruits, especially in Grape 
fruit. It is responsible for the bitter taste of the 
fruits. In Tangerine and Pomelo highest naringin 
content was observed in unripe stage 181mg/l 
and 40.27μg/ml respectively. As fruit started to 
grow its content continuously decreases due to 
the dilution effect and increase in fruit size. In 
Grape fruits, most bitter compounds are limonin 
and naringin that contribute to the unpleasant 
taste and reduce the acceptability among the 
consumers. The Table 7 represents the naringin 
content in fruits present at different maturity 
stages. In Grape fruits naringin was found 

maximum (12102(mg/100gFW) in the immature 
stage. It can be seen that naringin was mainly 
synthesized during early stage of fruit maturation 
[68]. In Mandarin peel naringin content was 
strongly affected by fruit ripening stage. 
Maximum narnigin content was present in unripe 
stage (15.31μg/g) of fruits, as fruit mature 
naringin content decreases but slight increase 
was observed in fully ripe stage (4.31μg/g) 
shown in Table 7. Concerning Bitter Orange, 18 
compounds were identified and the extracts were 
characterized by the predominance of the 
flavanones glycosides, naringin and 
neohesperidin were found to be the major 
compounds during ripening and highest naringin 
content was recorded at fully mature stage 
(19.29%). Rao MJ et al.69 reported naringin 
content in Clementine 0.08 mg/g at fully mature 
stage. Naringin, hesperidin and neohesperidin 
are flavanones glycosides known to accumulate 
specifically in citrus species. Naringin and 
neohesperidin are neohesperidosides with a 
bitter taste due to the sugar neohesperidose 
while the sugar rutinose causes the hesperidin to 
have a neutral taste [70]. Juice of immature 
Chinotto showed highest value (19.95 mg/l) of 
naringin, and continuously decrease as fruit 
reached to final maturity stage. Naringin content 
decreased in most of the citrus fruits owing to its 
hydrolysis by naringinase [71-74] however, 
presence of inhibitors might result in its increase, 
as in case of bitter Orange [75].   

 
Table 1. Changes in fruit length and weight during physiological stages of citrus fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

Fruit length (cm) 

Assam lemon [19] 16.72 78.97 92.04 

Grape fruit [20] 2.50 6.50 9.70 

Tangerine [24] 39.90 41.66 64.00 

Kinnow [26] 5.34 5.74 6.00 

Fruettrell [26] 5.04 5.39 5.37 

Mandarin [25] 21.09 27.15 29.31 

Orange [27] - - 67.12 

Fruit Weight (g) 

Assam lemon [19] 0.42 68.32 146.57 

Grape fruit [20] 94.50 260.97 355.29 

Tangerine [24] 18.03 73.82 141.07 

Kinnow [26] 125.50 126.90 129.20 

Fruettrell [26] 5.04 5.39 5.37 

Mandarin [25] 61.80 79.40 94.20 

Orange [27] 200 258 231 

Clementine [28] - - 95.13 
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Table 2. Changes in fruit color during physiological stages of citrus fruits 
 

Fruits Unripe stage Semi ripe stage Fully ripe stage 

L a b L a b L a b 

Assam Lemon 
[19] 

36.10 ˗5.67 10.70 38.27 ˗7.58 13.24 61.21 ˗3.31 29.67 

Grape fruit [20] 44.32 ˗6.53 19.67 55.12 10.59 27.57 57.20 20.82 35.45 

Tangerine [24] 39.19 - - 41.66 - - 64.00 - - 

Kinnow [36] 47.1 -25.06 20.05 - - - 77.28 31.6 69.62 

Fruetrells [36] 68.01 -8.51 50.48 73.92 4.72 62.86 71.93 30.12 69.35 

Mandarin [37] 31.7 -11.1 22.1 44.2 -13.5 31.4 56.9 18.4 37.9 

Orange [38] 59.6 2.24 8.82 56.2 16.0 9.13 55.3 21.4 18.2 

Pomelo [58] 55.22 ˗6.75 27.86 57.28 ˗7.06. 31.27 57.35 ˗6.60 30.43 

 
Table 3. Changes in Total soluble solids (ᵒBrix) during physiological stages of citrus fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

Assam lemon [19] 6.73 6.47 5.57 

Grape fruit [20] 7.87 8.87 8.07 

Tangerine [24] 9.25 9.75 11.38 

Kinnow [43] 7.50 9.20 8.80 

Fruettrell [43] 6.80 8.90 7.40 

Mandarin [24] 6.81 8.72 11.63 

Orange [27] - - 12.1 

Clementine [28] - - 10.80 

 
Table 4. Changes in fruit pH and Titratable acidity during physiological stages of citrus fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

pH 

Assam lemon [46] 2.24 2.32 2.35 

Grape fruit [45] - - 3.67 

Tangerine [47] 2.3 3.6 3.2 

Kinnow [43] 3.30 4.40 4.20 

Fruettrell [43] 3.60 4.90 4.20 

Mandarin [17] 3.05 3.42 4.72 

Orange [48] 3.08 3.28 3.32 

Clementine [28] - - 3.62 

Titratable acidity (%) 

Assam lemon [19] 1.17 3.86 4.86 

Grape fruit [20] 1.88 1.92 1.39 

Tangerine [24] 4.08 2.80 0.86 

Kinnow [43] 1.10 0.55 0.70 

Fruettrell [43] 0.65 0.50 0.60 

Mandarin [25] 2.59 1.49 0.66 

Orange [48] 2.24 1.43 1.25 

Clementine [28] - - 0.62 
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Table 5. Changes in ascorbic acid (mg/100 g) content during physiological stages of citrus 
fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

Assam lemon [19] 90.45 44.75 11.11 

Grape fruit [20] 55.72 45.15 41.34 

Tangerine [24] 0.57 0.24 0.34 

Kinnow [43] 46.60˗ 52.10 41.50˗ 43.10 42.15˗ 45.30 

Fruettrell [43] 43.92˗ 48.30 38.10˗ 40.25 38.40˗ 40.40 

Mandarin [25] 37.12 33.77 27.62 

Orange [48] - - 38.13 

Clementine [28] - - 40.57 

  
Table 6. Changes in Tannin and pectin content during physiological stages of citrus fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

Tannin content 

Assam lemon (%) [60] - - 0.35 

Grape fruit (mg catechin) [59] 4.45 - 3.50 

Mandarin (%) [58] 0.12 - 0.19 

Orange (%) [58] 0.12 - 0.37 

Pectin content (%)    

Assam lemon [19] 1.36 3.07 0.87 

Grape fruit [63] - - 4.10 

Tangerine [66] - - 7.71 

Kinnow [65] 8.20 12.29 14.24 

Orange [64] 0.46 0.52 0.56 

Clementine [67] - - 19.90 

 
Table 7. Changes Naringin content in during physiological stages of citrus fruits 

 

Citrus fruit Unripe stage Semi ripe stage Fully ripe stage 

Assam lemon (mg aglycone/100g) [75] - - 0.18 

Grape fruit (mg/100 g FW) [68] 12102 - 2195 

Tangerine (mg/l) [71] 181 154 140 

Kinnow (mg/g DW) [65] 0.68 1.21 0.54 

Mandarin  (µg/g) [73] 15.31 3.03 4.31 

Bitter Orange (%) [58] 13.29 15.03 19.29 

Pamelo (µg/ml) [54] 40.27 7.56 0.53 

Chinotto (mg/l) [74] 19.95 - 6.08 

Clementine (mg/g DW) [69] - - 0.08 

 
5. CONCLUSION 
 

Citrus fruit is one the most nutritious fruit in world 
and its medical properties have long been 
known. Many processed products have been 
standardized by these fruits, but much of its 
physiology and basic biology is not known. Citrus 
fruits with its multi-faceted properties are 
occupying a prominent position in the herbal 
medicinal system.  They contain much amount of 
ascorbic acid and many other nutrients such as 

polyphenols, pectin, starch, sugar etc. Fruit 
growth is faster at an initial stage and              
slows down in the last stage. In citrus fruits, most 
of the fruits like tangerine, grapefruits, kinnow 
shows increasing trend in TSS as reach to its 
fully mature condition. The pH of citrus fruit gives 
the details about the state of acidity. In the 
present investigation represent that, pH 
increased till mild stage of development after that 
it started to reduce till fully developed stage. 
Fruits softening are enzyme dependent activity 
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that mostly catalyzed by pectin degrading 
enzyme, pectinmethylesterase (PME) and 
polygalactournease (PG).  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 

 
1. Kader AA, US grade standards. 

Postharvest Technology of Horticultural 
Crops. 2002; 3311(287):287-300. 

2. Liu Y, Heying E, Tanumihardjo SA. History, 
Global Distribution, and Nutritional 
Importance of Citrus Fruits. 
Comprehensive Reviews in Food Science 
and Food Safety. 2012; 11(6):530–545. 

3. FAO. Food and Agricultural Organization 
of the United Nations.  
Available: https://www.fao.org/home/en. 
2020. 
[Last Accessed 07-11-2022] 

4. Khan MK, Dangles O. A comprehensive 
review on flavanones, the major citrus 
polyphenols. Journal of Food Composition 
and Analysis. 2014;33(1):85-104. 

5. Gupta AK, Medhi M, Chakraborty S, 
Yumnam M, Mishra P. Development of 
rapid and non-destructive technique for the 
determination of maturity indices of pomelo 
fruit (Citrus grandis). Journal of Food 
Measurement and Characterization. 
2021;15 (2):1463-74. 

6. Bain JM. Morphological, anatomical, and 
physiological changes in the developing 
fruit of the Valencia orange, Citrus sinensis 
(L) Osbeck. Australian Journal of Botany. 
1958;6(1):1-23. 

7. Mehouachi J, Serna D, Zaragoza S, Agusti 
M, Talon M, Primo-Millo E. Defoliation 
increases fruit abscission and reduces 
carbohydrate levels in developing fruits 
and woody tissues of Citrus unshiu. Plant 
Science. 1995;107(2):189-97. 

8. Kumar S, Nath V. Storage stability of amla 
fruit a comparative study of zero energy 
cool chambers versus room temperature. 
Journal of Food Science and Technology. 
1993;30:202-203. 

9. Singh P, Singh JP, Chopra CS. Techno 
economic study on processing of aonla 
products. Beverage Food World. 
2003;30:68-9. 

10. Watkins BC. Fruit maturity. In: Baugher 
TA, Singha S (ed) Concise encyclopedia of 

temperate tree fruit. Food products press, 
New York, London. 2003;103-112. 

11. Singh HK, Singh SN, Dhatt AS. Studies on 
fruit growth and development in Kinnow. 
Indian Journal of Horticulture. 1998;55(3): 
177-82. 

12. Bisen S, Thakur RS, Tembhare D. Effect 
of calcium nitrate and gibberellic acid 
application on growth, fruit quality and post 
harvest behaviour of guava fruit. The 
Ecoscan. 2014; 6:55-62. 

13. Davies FS, Albrigo LG. Fruit quality, 
harvesting and postharvest technology. 
Citrus. London: CAB International: HK. 
1994;202-224. 

14. Goldschmidt EE, Huberman M, Goren R. 
Probing the role of endogenous ethylene in 
the degreening of citrus fruit with ethylene 
antagonists. Plant growth regulation. 1993; 
12(3):325-9. 

15. Ding Y, Chang J, Ma Q, Chen L, Liu S, Jin 
S, Han J, Xu R, Zhu A, Guo J, Luo Y. 
Network analysis of postharvest 
senescence process in citrus fruits 
revealed by transcriptomic and 
metabolomic profiling. Plant physiology. 
2015;168(1):357-76 

16. Singh JK, Prasad J. Effect of Micro-
nutrient and plant growth regulators on fruit 
yield and phyisco-chemical characteristics 
of aonla fruit cv.Narendraaonla-10. Indian 
Journal of Horticulture. 2007;64(2): 216-
218. 

17. Kashyap K, Kashyap D, Nitin M, 
Ramchiary N, Banu S. Characterizing the 
nutrient composition, physiological 
maturity, and effect of cold storage in 
Khasi mandarin (Citrus reticulata Blanco). 
International Journal of Fruit Science. 
2020;20(3):521-40. 

18. Pathak RK, Srivastava AK, et al., NDUAT 
Kumarganj, Faizabad, UP, India; 1993. 

19. Mukhim C, Nath A, Deka BC, Swer TL. 
Changes in physico-chemical properties of 
assam lemon (Citrus limon Burm.) at 
different stages of fruit growth and 
development. The Biascan. 
2015;10(2):535˗537. 

20. Singh S, Aulakh PS, Gill PP. Physico 
chemical changes during fruit development 
and maturation in grape fruit (Citrus 
paradisimacf.) cv. Star Ruby. The 
Escoscan. 2015; 9(1&2):17˗20. 

21. Landaniya MS, Mahalle BC. Fruit 
maturation and associated changes in 
mosambi orange (citrus sinensis). Indian 



 
 
 
 

Sachan and Kumar; EJNFS, 14(11): 146-159, 2022; Article no.EJNFS.93936 
 
 

 
157 

 

journal of agriculture science. 
2011;81(6):494- 499. 

22. Waynick DD. Growth rate of valencice 
orange. California agriculture. 
1927;12:150-164. 

23. Ordonez, RM, Vattuone MA, Isla MI. 
Changes in carbohydrates content and 
related enzyme activity during 
Cymphomandrabetaceae cv. Sendtn fruit 
maturation. Postharvest Biol. Tech. 
2005;35:293-301. 

24. Roongruangsri W, Rattanapanone N, 
Leksawasdi N, Boonyakiat D. Physico-
chemical Changes During Growth and 
Maturation of Tangerine Fruit cv.‘Sai Nam 
Phueng’and ‘See Thong’. Chiang Mai 
University Journal of Natural Sciences. 
2013;12(1):59-72. 

25. Rokaya PR, Baral DR, Gautam DM, 
Shrestha AK, Paudyal KP. Effect of pre-
harvest application of gibberellic acid on 
fruit quality and shelf life of mandarin 
(Citrus reticulata Blanco). American 
Journal of Plant Sciences. 2016;7(07): 
1033. 

26. Khan MM, Mumtaz S, Ahmad S, Abbas M, 
Khan IA. Some studies on the morphology 
of Kinnow mandarin and Feutrell’s early. 
Journal of Agriculture Science. 2008;42: 
424-31. 

27. Sajid A, Iftikhar Y, Ghazanfar MU, Mubeen 
M, Hussain Z, Moya-Elizondo EA. Morpho-
chemical characterization of 
Huanglongbing in mandarin (Citrus 
reticulata) and orange (Citrus sinensis) 
varieties from Pakistan. Chilean journal of 
agricultural research. 2022;82(3):484-92. 

28. Ziogas V, Bravos N, Hussain SB. 
Preharvest Foliar Application of Si–Ca-
Based Biostimulant affects Postharvest 
Quality and Shelf-Life of Clementine 
Mandarin (Citrus clementina Hort. Ex Tan). 
Horticulturae. 2022;8:996. 

29. Alos E, Cercos M, et al. Regulation of color 
breaking citrus fruits. Change in pigment 
profiling and gene expression induced by 
gibberellins and nitrate, two ripening 
retardants. Journal of agriculture and food 
chemistry. 2006;54(13):4888 ˗ 4895 

30. Ríos G, Naranjo MA, Rodrigo MJ, Alós E, 
Zacarías L, Cercós M, Talón M. 
Identification of a GCC transcription factor 
responding to fruit colour change events in 
citrus through the transcriptomic analyses 
of two mutants. BMC Plant Biology. 
2010;10(1):1-4. 

31. Rodrigo MJ, Alquézar B, Alós E, Medina V, 
Carmona L, Bruno M, Al-Babili S and 
Zacarías L. A novel carotenoid cleavage 
activity involved in the biosynthesis of 
Citrus fruit-specific apocarotenoid 
pigments. Journal of Experimental Botany. 
2013;64:4461–78. 

32. Katz E, Lagunes PM, Riov J, Weiss D, 
Goldschmidt EE. Molecular and 
physiological evidence suggests the 
existence of a system II-like pathway of 
ethylene production in non-climacteric 
Citrus fruit. Planta. 2004;219(2):243-52. 

33. Iglesias DJ, Tadeo FR, Legaz F, 

Primo‐Millo E, Talon M. In vivo sucrose 
stimulation of colour change in citrus fruit 
epicarps: interactions between nutritional 
and hormonal signals. Physiologia 
Plantarum. 2001;112(2):244-50. 

34. Stewart I, Wheaton TA. Effect of ethylene 
and temperature on cartenoid pigmentation 
of citrus peel. Proceeding of the Florida 
state Horticulture Society.1971;84:264 ˗ 
266. 

35. Hongwiangjan J, Terdwongworakul A, 
Krisanapook K. Evaluation of pomelo 
maturity based on acoustic response and 
peel properties. International Journal of 
Food Science & Technology. 2015; 
50(3):782-9. 

36. Nawaz R, Abbasi NA, Khan MR, Ali I, 
Hasan SZ, Hayat A. Color Development in 
‘Feutrell’s Early’(Citrus Reticulata Blanco) 
affects peel composition and juice 
biochemical properties. International 
Journal of Fruit Science. 2020;20(4):          
871-90. 

37. Suprapta DN, Arai K, Iwai H, Matsuo T. 
Change in susceptibility of satsuma 
mandarin fruit to sour rot pathogen 
(Geotrichumcandidum citrus race) with 
relation to biochemical changes during 
maturation and storage. Mycoscience. 
1996;37(2):209-16. 

38. Goulas V, Manganaris GA. Exploring the 
phytochemical content and the antioxidant 
potential of Citrus fruits grown in Cyprus. 
Food chemistry. 2012;131(1):39-47. 

39. Tiwari S. Mandarin: Post Harvest 
Management Guide Extension Bulletin. 
Published under the Technology, Mission 
on Integrate Development of Horticulture 
and Forestry, Pasighat; 2006. 

40. Dhillon RK, Singh R,Malhi CS. Fruits 
developmental studies in peer cv. 
Patharnakh under sub mountainous 



 
 
 
 

Sachan and Kumar; EJNFS, 14(11): 146-159, 2022; Article no.EJNFS.93936 
 
 

 
158 

 

condition of Punjab. Indian Journal Of 
Horticulture.1999;56:314-316 

41. Chander S, Singh D, Rana MK. Change in 
Physicochemical Characteristics of Plum 
cv. Green Gage during Growth and 
Development. Haryana J. Hortic. Sci. 
2004;33:183-85. 

42. Anwar SA, Ahmad B, Surfarz M, Hussain 
K, Bhutti KM, Saqib M. Effect of picking 
time on physical and chemical 
characteristics of sweet orange. 
International Journal of Agriculture and 
Biology. 1999; 1:59-61. 

43. Riaz M, Zamir T, Rashid N, Jamil N, 
Masood Z, Jabeen U, Mandokhel F, Behlil 
F, Mengal F, Khan M. Quality assessment 
in different stages of maturity of fruits, 
mandarins kinnow and feutrell’s early 
collected from the fruit market of Quetta 
city at in relation to their benefits for human 
health. American-Eurasian Journal of 
Toxicological Sciences. 2015;7(3):203-38. 

44. Al-Maiman SA, Ahmad D. Changes in 
physical and chemical properties during 
pomegranate (Punica granatum L.) fruit 
maturation. Food Chemistry. 
2002;76(4):437-41. 

45. Ahmed S, Rattanpal HS, Gul K, Dar RA, 
Sharma A. Chemical composition, 
antioxidant activity and GC-MS analysis of 
juice and peel oil of grapefruit varieties 
cultivated in India. Journal of Integrative 
Agriculture. 2019; 18(7):1634-42. 

46. Di Matteo A, Simeone GD, Cirillo A, Rao 
MA, DiVaio C. Morphological 
characteristics, ascorbic acid and 
antioxidant activity during fruit ripening of 
four lemon (Citrus limon (L.) Burm. F.) 
cultivars. Scientia Horticulturae. 
2021;276:109741. 

47. Chahal TS, Singh N. Studies on fruit 
growth and development in Daisy 
tangerine. Indian journal of Horticulture. 
2017;74(1):27-32. 

48. Multari S, Licciardello C, Caruso M, 
Martens S. Monitoring the changes in 
phenolic compounds and carotenoids 
occurring during fruit development in the 
tissues of four citrus fruits. Food Research 
International. 2020;134:109228. 

49. Liu Y, Heying E, Tanumihardjo SA. History, 
global distribution, and nutritional 
importance of citrus fruits. Comprehensive 
reviews in Food Science and Food safety. 
2012;11(6):530-45. 

50. Goldenberg L, Yaniv Y, Kaplunov T, 
Doron-Faigenboim A, Porat R, Carmi N. 

Genetic diversity among mandarins in fruit-
quality traits. Journal of Agricultural and 
Food Chemistry. 2014;62(21):4938-46. 

51. Zou Z, Xi W, Hu Y, Nie C, Zhou Z. 
Antioxidant activity of Citrus fruits. Food 
chemistry. 2016;196:885-96. 

52. Chen GQ, Chen J, Hu JX, Li QH, Su YC. 
Study of composition changes of fruits of 
Phyllanthus emblica L. during ripening. 
Chinese Wild Plant Resources. 1995;2:          
31-3. 

53. Ghosal S. Active constituents of Emblica 
officinalis: Part I. The chemistry and 
antioxidative effects of two new 
hydrolysable tannins, Emblicanin A and B. 
Indian Journal of Chemistry. 1996;35:         
941-8. 

54. Gupta AK, Dhua S, Sahu PP, Abate G, 
Mishra P, Mastinu A. Variation in 
phytochemical, antioxidant and volatile 
composition of pomelo fruit (Citrus grandis 
(L.) osbeck) during seasonal growth and 
development. Plants. 2021;10(9):1941. 

55. Diba D, Bultosa G, Tolesa GN. Effect of 
maturity stages on nutritive quality and 
sensory properties of Fig fruits. Botsw. 
Journal of Agricultural and Applied 
Sciences. 2019;13:3-10. 

56. Kyraleou M, Kallithraka S, Theodorou N, 
Teissedre PL, Kotseridis Y, Koundouras S. 
Changes in tannin composition of Syrah 
grape skins and seeds during fruit ripening 
under contrasting water conditions. 
Molecules. 2017;22(9):1453. 

57. Brandão TS, Sena AR, Teshima E, David 
JM, Assis SA. Changes in enzymes, 
phenolic compounds, tannins, and vitamin 
C in various stages of jambolan 
(SyzygiumcuminiLamark) development. 
Food Science and Technology. 
2011;31:849-55. 

58. Moulehi I, Bourgou S, Ourghemmi I, 
Tounsi MS. Variety and ripening impact on 
phenolic composition and antioxidant 
activity of mandarin (Citrus reticulate 
Blanco) and bitter orange (Citrus 
aurantium L.) seeds extracts. Industrial 
Crops and Products. 2012;39:74-80. 

59. Ghani A, Mohtashami S, Jamalian S. Peel 
essential oil content and constituent 
variations and antioxidant activity of 
grapefruit (Citrus× paradisi var. red blush) 
during color change stages. Journal of 
Food Measurement and Characterization. 
2021;15(6):4917-28. 

60. Thinh BB, Trong LV, Lam LT, Hien VT. 
Nutritional value of persimmon, banana, 



 
 
 
 

Sachan and Kumar; EJNFS, 14(11): 146-159, 2022; Article no.EJNFS.93936 
 
 

 
159 

 

lemon and longan cultivated in Northern 
Vietnam. In IOP Conference Series: Earth 
and Environmental Science. 
2021;640(2):022-030. 

61. Chavan P, Singh AK, Kaur G. Recent 
progress in the utilization of industrial 

waste and by‐products of citrus fruits: A 
review. Journal of Food Process 
Engineering. 2018;41(8):e12895. 

62. Paull RE, Chen NJ. Postharvest variation 
in cell wall-degrading enzymes of papaya 
(Carica papaya L.) during fruit ripening. 
Plant physiology. 1983;72(2):382-5. 

63. Simpson BK, Egyankor KB, Martin AM. 
Extraction, purification and determination 
of pectin in tropical fruits. Journal of Food 
Processing and Preservation. 1984;8(2): 
63-72. 

64. Bai J, Baldwin EA, McCollum G, Plotto A, 
Manthey JA, Widmer WW, Luzio G, 
Cameron R. Changes in volatile and non-
volatile flavor chemicals of “Valencia” 
orange juice over the harvest seasons. 
Foods. 2016;5(1):4. 

65. Singh J, Chahal TS, Gill PS, Grewal SK. 
Changes in phenolics and antioxidant 
capacities in fruit tissues of mandarin 
cultivars Kinnow and W. Murcott with 
relation to fruit development. Journal of 
Food Processing and Preservation. 2021; 
45(12):e16040. 

66. Lei Y, Liu YZ, Gu QQ, Yang XY, Deng XX, 
Chen JY. Comparison of cell wall 
metabolism in the pulp of three cultivars of 
‘Nanfeng’tangerine differing in mastication 
trait. Journal of the Science of Food and 
Agriculture. 2012;92(3):496-502. 

67. He C, Sampers I, Raes, K. Isolation of 
pectin from clementine peel: a new 
approach based on green extracting 
agents of citric acid/sodium citrate 
solutions.Acs Sustainable Chemistry & 
Engineering. 2021;9(2):833-843. 

68. Ortuño A, Garcia-Puig D, Fuster MD, 
Perez ML, Sabater F, Porras I, Garcia-

Lidon A, Del Rio JA. Flavanone and 
nootkatone levels in different varieties of 
grapefruit and pummelo. Journal of 
Agricultural and Food Chemistry. 
1995;43(1):1-5. 

69. Rao MJ, Wu S, Duan M, Wang L. 
Antioxidant metabolites in primitive, wild, 
and cultivated citrus and their role in stress 
tolerance. Molecules. 2021;26(19): 5801. 

70. Peterson JJ, Dwyer JT, Beecher GR, 
Bhagwat SA, Gebhardt SE, Haytowitz DB, 
Holden JM. Flavanones in oranges, 
tangerines (mandarins), tangors, and 
tangelos: a compilation and review of the 
data from the analytical literature. Journal 
of Food Composition and Analysis. 2006; 
19:S66-73. 

71. Noomhorm A, Kasemsuksakul N. Effect of 
maturity and processing on bitter 
compounds in Thai tangerine juice. 
International journal of food science & 
technology. 1992;27(1):65-72. 

72. Saini MK, Capalash N, Varghese E, Kaur 
C, Singh SP. A Targeted Metabolomics 
Approach to Study Secondary Metabolites 
and Antioxidant Activity in ‘Kinnow 
Mandarin’during Advanced Fruit Maturity. 
Foods. 2022;11(10):1410. 

73. Barreca D, Bellocco E, Caristi C, Leuzzi 
UG, Gattuso G. Flavonoid composition and 
antioxidant activity of juices from chinotto 
(Citrus× myrtifolia Raf.) fruits at different 
ripening stages. Journal of Agricultural and 
food Chemistry. 2010;58(5):3031-6. 

74. Berhow M, Tisserat B, Kanes K, 
Vandercook C. Survey of phenolic 
compounds produced in Citrus. USDA 
ARS Tech. Bull. 1856;1-54. 

75. Moulehi I, Bourgou S, Ourghemmi I, 
Tounsi MS. Variety and ripening impact on 
phenolic composition and antioxidant 
activity of mandarin (Citrus reticulate 
Blanco) and bitter orange (Citrus 
aurantium L.) seeds extracts. Industrial 
Crops and Products. 2012;39:74-80. 

 

© 2022 Sachan and Kumar; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/93936 

http://creativecommons.org/licenses/by/2.0

