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ABSTRACT

Ten genotypes representing each of the five groups of Citrus were collected from AAU-
Citrus and Plantation Crops Research Station, Tinsukia and Regional Research Centre for Citrus
(CCRI, ICAR), Biswanath Chariali. Morphological characterization of fruits was carried out as
per the descriptors developed for Citrus by IPGRI (1999), Rome, Italy and the results indicate
the presence of significant variability among genotypes. Biochemical characterization revealed
that moisture content ranged from 92.51% to 84.30% in the pulps and from 83.32% to 70.20% in
the peels. Juice pH, TSS and titratable acidity ranged from 3.90 to 2.60, 11.40 to 5.30 Brix, and
0.97% to 4.71% respectively in different genotypes. The ash content varied from 2.83% to 5.96%
in the pulps and from 2.53% to 5.69% in the peels. Similarly, the reducing sugar in the juice
varied from 2.06% to 6.72% and non-reducing sugar varied from 0.48% to 4.15%. The total sugar
percentage ranged from 9.36%-2.54% in the juice. The crude protein content was found to be
high and ranged from 5.60%-9.16% in the pulps and 5.60%-13.83% in the peels. Organic acid
and water-soluble vitamins were quantified using Ultra High-Performance Liquid
Chromatography (UHPLC) and it was revealed that citric acid was present in the maximum
amount followed by malic acid. Among the water-soluble vitamins, the thiamine concentration
was found to be the highest. Quantification of the minerals was carried out by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS). The results show that both major and minor
minerals were present in significant amounts in both the peel and pulp of the Citrus species. The
essential oil content (%) was estimated and it was found to range from 0.26% to 0.83% in the
fresh peel of the Citrus genotypes. Analysis of the essential oil that was carried out by Triple
Quadrupole Gas-Chromatograph Mass-Spectroscopy (TQGC-MS/MS) showed the presence of
D-limonene, a-pinene, B-pinene, y -terpinene, a-terpineol, terpinene-4-ol, linalool as the major
compounds. Aromatherapeutic, antioxidant, antifungal and insect-repellent compounds such as

eucalyptol, thymol, geraniol and nerol were also reported in certain species.
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CHAPTER |
INTRODUCTION

Citrus is one of the most important fruit crops and has tremendous economic and
social significance in Indian society. They are commercially grown in 140 countries of the
world. The Citrus industry makes a significant contribution to the global economy and
employs millions of people worldwide in harvesting, handling, shipping, storage, and
marketing operations. The Citrus genus is a member of the Citrineae subtribe, the Citreae
tribe, the Aurantioideae subfamily, and the Rutaceae family (Webber, 1967). Poncirus and
Fortunella are the two other important genera in this family. All edible species occur in the
subgenus Eucitrus which is classified into five horticultural groups according to Hodgson
(1965) namely acid group, mandarin group, orange group, grapefruit and pummelo group,

and others species group.

Citrus fruits thrive in tropical and subtropical regions of the world (Hore and
Barua, 2004). They require moderate rainfall and are best suited to loam or sandy loam soils
(Ladaniya, 2008). Citrus fruits should never be grown on saline or alkaline soils or soils with
lime nodules. Well-drained soils are essential as the crop does not tolerate waterlogging. The
rich genetic variety, notably in mandarins, sweet oranges, lemons, and limes, has greatly
aided India's Citrus production and industry development. Citrus fruits are identified by a
leathery rind or peel and a white albedo that encloses the pulp. The pulp is separated into
discrete segments or juice sacs containing seeds in the inside section. The seeds are without
endosperm. The non-edible components are the peels and seeds. All Citrus fruits are a special

type of berry called the hesperidium and range in colour from yellow to russet.

Apart from being important to the diet, Citrus fruits are also an important item in
many Hindu customs. Sanskrit literature contains the earliest known reference of Citrus as it
appears in the Vajasaneyi Samhita, (a collection of devotional literature dating before 800
B.C.) which forms a part of the Yajur Veda. The seeds, peels, pulp, juice and leaves were
used to make Ayurvedic medicines and treat different ailments. The oldest Chinese reference
to Citrus may be found in the book "Tribute of Yu." written in 776 B.C (Scora et al., 1975).

Citrus fruits have been used for dietary and medicinal purposes and their therapeutic

benefits are well known. They are high in carotenoids, flavonoids, terpenes, limonoids,



vitamins, minerals and a range of other bioactive substances having nutritional and
nutraceutical significance (Liu et al., 2012). They are gaining popularity for their anti-
oxidant, nutritive, insecticidal, antimicrobial and other benefits. Citrus plant parts have a
high concentration of essential oils as well as other beneficial elements such as vitamin B,
Vitamin C, potassium, thiamine, manganese, and copper. The fruits are an excellent source
of Vitamin C and can be used to cure scurvy (Pope et al., 2023). The essential oils are a
mixture of over 200 different compounds, the majority of which are monoterpene and
sesquiterpene hydrocarbons as well as their oxygenated derivatives such as alcohols, esters,
ketones and aliphatic aldehydes (Bakkali et al., 2008). Essential oils were found to have
germicidal, antioxidant, and anti-carcinogenic properties. Citrus essential oils offer a range
of benefits for health and wellness. They are used for aromatherapy, as anti-fungal agents, in

air fresheners, massage oils, perfumes and skin care products (Mukhopadhyay, 2000).

Citriculture has evolved into a global industry. Citrus ranks second in terms of area
(1.095 million ha) and ranks third in terms of production (14.810 million metric tonnes) of
fruit crops in India (Agricultural Statistics at a Glance, 2022). Citrus crops occupy about
15.46% of the total area under fruit and contribute to 13.81 % of the total production of fruits
in India (Agricultural Statistics at a Glance, 2022). According to the Observatory of
Economic Complexity, (OEC) Global trade in Citrus was about 16.7 billion dollars in 2021.
Besides being eaten as fresh fruit and juice, Citrus fruits are also processed into jam, jelly,
marmalade, candies, Citrus wine and brandies. Seed oil, peel oil, citric acid and pectin can
be extracted and sold in various forms. Citrus fruits can also be used as additives, spices,
cosmetics, beverages, and pharmaceutical sectors. It has therapeutic properties for appetite
loss, stomach illnesses, gastrointestinal disorders, vitamin deficiencies, nutritional anemia,
cardiovascular diseases, and a variety of other immunodeficient conditions. Hesperidin, a
flavonoid found in Citrus peels, has been discovered as a potentially useful chemical in the
battle against COVID-19. Its antiviral effectiveness has been demonstrated for other viruses,
particularly SARS-CoV, and it may prove useful in the event of subsequent SARS-CoV-2
mutations (Meneguzzo et al., 2020). The Citrus oil market is expected to reach a valuation
of 5.8 billion US dollars by 2032 (Future market insight report, 2021)

The Citrus genetic resources of India are enormous, both in cultivated and wild
varieties. Although Citrus grows in practically every state in India, the Northeast is
recognised as the "Treasure House of Citrus genetic wealth" (Caruso et al., 2020). There is
a tremendous pool of Citrus variation in wild and semi-wild varieties that are distributed

without commercial cultivation or much care (Hazarika, 2012). The region is known for



producing a certain quality of Citrus, such as "Khasi Mandarin™ or "Assam Sumthira",
"Assam lemon", "Gol nemu" (a rough lemon), “Bira Jora” (a citron), many white and pink-
flesh pummelos, etc (Bhattacharyya and Baruah, 1998). Khasi mandarin is the most popular
Citrus cultivar in the country's north-eastern region because of its great quality, fruit colour,
unique sugar-acid balance, and long storage life. Lemon is an important medicinal plant
grown mostly for its alkaloids, that has anticancer properties. The antibacterial efficacy of
crude extracts of different parts of Lemon (namely flower, stem, leaves and roots) against
clinically relevant bacterial strains has been observed (Kawaii et al., 2000). Assam lemon is
one of the most important fruits of Assam. Kazi nemu (Citrus limon) is one of the main food
items in every Assamese household and is exclusively grown and found only in Assam.
Citron (Citrus medica) grows wild in the area and can be eaten raw or preserved as a pickle.
It is locally known as Jora tenga and has different cultivars such as “Birajara,” “Banjara”,
“Mithajara”, “Jaare Jamir”, and others. The largest Citrus fruit is the pummelo which is
devoured by the people of this region for its appealing taste and its high fibre and nutritional
content. Sour pummelos or Citrus megaloxycarpa is available in various forms such as
“Bortenga”, “Hukmatenga”, “Holongtenga”, and “Jamir tenga”. Citrus sinensis (L.) Osbeck,
sometimes known as sweet orange, is India's second most important cultivated species after
mandarins. Its origins are assumed to be in southern China, north-eastern India, or perhaps
southeastern Asia. Another traditional Citrus fruit found in Assam is grapefruit, which is
used as a treatment for diabetes and low blood pressure (Barbora et al, 2020). The fruits of
Citrus latipes (Khasi papeda) are rarely eaten despite being edible, and the fruits and leaves
of Citrus hystrix (Kaffir lime) can be used in aromatherapy. The NE region's high Citrus
genetic diversity is under imminent threat of extinction. Numerous wild and semi-wild Citrus
species are under threat of extinction as a result of deforestation, as well as being often
removed from farmers' fields in exchange for crops with higher economic value (Barbora et
al, 2020).

Citrus and related genera are incredibly vital to the Indian fruit sector, hence the
adequate recording of distinct species and cultivars, as well as the preservation of the
endangered and threatened Citrus species is required. An estimation of their biochemical
status is essential to find out and explore methods in which they may be used, not just for
extracting health benefits, but also for industrial applications. There has not been any
systematic biochemical study of the cultivars till date which is why it is imperative to
estimate and document the compounds. The findings can encourage farmers to cultivate

nutritionally superior cultivars and will help to popularize them for consumption. An interest



in the qualitative and quantitative content of the healthy compounds in Citrus fruit will also
help to increase the nutraceutical potential of the crop. This in turn will result in increased

investment in Citrus fruit farming and economic prospects.

Under the above considerations, a programmatic R&D effort has been undertaken

on the different fruits of Citrus cultivars grown in Assam with the following objectives:
1. Biochemical analysis of some Citrus germplasm of Assam

2. Analysis of essential oils from Citrus peel.
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CHAPTER I
REVIEW OF LITERATURE

One of the most widely grown fruits in the world, Citrus is now a crop with
significant worldwide economic importance. Their consumption has steadily increased with
a growth in population. Our country holds an exclusive spot in the "Citrus belt of the world"
due to her enormous wealth of Citrus genetic resources, both wild and farmed (Nair and
Nayar, 1997). Citrus indigenous genetic resources are highly valuable in the Citrus industry.
Recent investigations on Citrus genetic resources in north-eastern India revealed the
presence of 23 species, one subspecies, and 68 varieties, giving this region a unique status
as the “Treasure house of Citrus germplasm” (Sharma et al., 2004). Because of widespread
deforestation in the Himalayan area to provide the necessary ground for farming, wild
populations of such species are dramatically declining (Ahuja, 1996). This demanded the
exploration and collection of existing genetic diversity, as well as its conservation using

proper methods.

Characterization is an integral part of every crop improvement programme. Even
though numerous kinds of Citrus are cultivated in our country, the extensive genetic
diversity of semi-wild and wild Citrus germplasm has only been sparingly utilised in crop
enhancement programmes because of a lack of their characterization, which is primarily
attributable to significant gaps in our understanding and knowledge of the useful traits of
various Citrus species and varieties (Sharma et al., 2004). Citrus is a very diversified fruit
crop; therefore, extensive data evaluation and characterization are required to estimate the
genetic diversity contained in these species. Especially, Citrus nutritional characterization

studies are important in identifying its economic and therapeutic potential.

The work done in Citrus and other crops relevant to the proposed study is

discussed below, under the following sub-headings:

2.1 Origin of Citrus

For a long time, the primitive centre of origin of the Citrus species has been a source
of curiosity and debate. Citrus trees were first planted in “the tropical and subtropical regions
of the Asian continent and the Malaysian archipelago” at least 4,000 years ago, although the

exact origin of Citrus farming is still unknown (Berk, 2016). Many Citrus species, as well



as their relatives, are indigenous to south-eastern Asia, Australia, the Eastern Archipelago,
New Guinea, New Caledonia, and Melanesia (Scora, 1975). In his pioneering study, Vavilov
(1927) recognised two centres of the origin of Citrus, the Indo-Burma centre (Assam and
Myanmar; citrons, mandarins and oranges) and the Indo-Malayan centre (Malay
Archipelago and Indochinese Peninsula; pummelo). Tolkowsky (1938) refined this vision
by emphasising the significance of the North-Eastern part of India and also aiming it directly
towards the southern Chinese mountains. Tanaka (Swingle and Reece, 1967; Tanaka, 1959,
1961) in later investigations revised these concepts and concluded that northeast India and
northern Myanmar was the primary centre, from where the crop dispersed to secondary
centres in southeast China and Indo-China. For instance, Swingle and Reece (1967)
proposed that a number of significant species of true Citrus first developed in a vast area of
Southeast Asia that included South-eastern China, North-eastern India, and Myanmar.
According to Wu et al. (2018), Citrus is typically regarded as having originated in Southeast
Asia, particularly in Myanmar, the Yunnan region of South-west China, and the North-

eastern Himalayan foothills of India.
2.2 Collection of Citrus germplasm

India is a centre of origin and diversity for Citrus and related genera. Tanaka (1928,
1937) and Bhattacharya and Dutta (1956) focused heavily on collecting Citrus genetic
diversity from the northeastern region of our country throughout the third to fifth decade of
the previous century. During this time, most of the new Citrus species were identified,
gathered, and catalogued. Recent surveys and investigations documented the disappearance
of several species from areas where they had previously been believed to exist (Singh and
Singh, 2003). The genetic diversity of indigenous Citrus species is steadily eroding (Rai et
al., 1997). Therefore, the collection and conservation of the gene pool as genetic diversity is
a prerequisite for crop development and improvement. In the Garo Hills of Meghalaya, there
IS an in-situ gene sanctuary for Citrus, which actively conserves the enormous diversity of
Citrus in its native environment (Singh, 1981). The central and northwest Himalayas, the
southern peninsula and Maharashtra are also diverse areas of Citrus. Ex-situ conservation of
Citrus germplasm began in India in the 1950s. (Bhattacharya and Dutta, 1956) in field gene
banks, but due to a lack of effective collection management and biotic stresses, the number
of accessions kept has decreased. A new species Citrus assamensis was discovered by
Bhattacharya and Dutta (1956) in Assam.



2.3 Nutritional and medicinal values

Citrus fruits are among the most nutritious fruits when it comes to their health benefits.
Citrus fruits have several bioactivities, making therapeutic usage of them of great
significance (Liu et al., 2012). Citrus fruits are widely consumed across the world, in both
fresh and processed forms. Citrus fruits are also a great source of minerals (selenium, zinc,
copper, iron, and manganese), ascorbic acid (vitamin C), tocotrienols (vitamin E) and
tocopherols, and various other nutrients (Cebadera et al., 2019; Lu et al., 2021; Zou et al.,
2016). Furthermore, the flavedo (outside layer) and albedo of Citrus fruits contain more

flavonoids than the juice sacs (Multari et al., 2020)

Citrus fruits are an abundant source of polyphenolic flavonoids, mainly flavanones, such
as naringin, hesperidin, narirutin and neohesperidin (which account for almost 90% of all
flavonoids) (Khan et al., 2014). Citrus fruit flavonoids have been found to modulate lipid
metabolism and adipocyte differentiation, minimise oxidative stress, enhance glucose
tolerance as well as insulin sensitivity, inhibit inflammation and apoptosis, and improve
endothelial dysfunction, all of which point to their potential antidiabetic effects
(Kopustinskiene, 2020; Li et al., 2017; Millar et al., 2017; Mahmoud et al., 2019; Rees et
al., 2018; Zaidun et al., 2018; Zhang et al., 2017). Hesperidin isolated from C. sinensis peels
has a 36% antioxidant activity, according to research by Asjad et al. (2013). Foschi et al.
(2010) showed that Citrus fruits have a protective role against cancers of the upper
respiratory tract and digestive system. Consumption of Citrus fruits has been found to have
an inverse dose relationship with the incidence of stomach cancer (Gonzalez et al., 2012). A
high diet of Citrus fruits has been shown to reduce the incidence of pancreatic cancer,
stomach cancer and gastric cancer (Bae et al., 2009). For individuals who fall into the highest
consumption category, dietary intake of Citrus fruits offers a significant preventive function
in the prevention of oral cancer (Cirmi et al., 2018). It has been proposed that vitamin C
helps prevent oxidative damage to DNA that results from inflammation, which is a factor in
the development and spread of cancer. Additionally, vitamin C can destroy cancer cells
because of its pro-oxidant properties (Grosso et al., 2013; Block, 1991). Citrus flavonoids
are powerful anti-hyperglycemic agents that work by binding to starch, boosting hepatic
glycolysis and glycogen levels, and decreasing hepatic gluconeogenesis (Shen, 2012).
Additionally, hesperidin, naringin, and nobiletin showed anti-diabetic effects, in part via
reducing hepatic gluconeogenesis or enhancing insulin sensitivity in diabetic mice
(Akiyama, 2010). According to a preliminary clinical trial, people with Alzheimer's disease

may benefit from receiving decocted, nobiletin-rich C. reticulata peel orally for one year



without experiencing any negative side effects (Seki et al., 2013). Another study (Sacco et
al., 2013) discovered that hesperidin provided a better balance in bone metabolism and bone
health. In addition, Citrus fruits are a good source of polymethoxylated flavones, a special
family of bioactive flavonoids (Saini et al., 2022). Citrus fruit's immature peels have proven
potential as a chemotherapeutic agent and are used to treat dyspepsia (Deyhim et al., 2006;
Kim et al., 2008). The main flavanone in lemons and other Citrus species, hesperidin has
analgesic and anti-inflammatory properties, affects vascular permeability, and modifies
capillary resistance (Fuster, 1997). Numerous studies have proved the health benefits of
Citrus-based foods for degenerative conditions, such as hypertension, cancer, diabetes, and
cardiovascular disease (Gupta et al., 2021; Park & Shin, 2021). Citrus fruits are an excellent
supply of fibre, which helps with digestion. Citrus seed oil is used to create soap that showed
exceptional anti-microbial, anti-fungal, anti-parasitic, and anti-oxidant capabilities (Atolani
et al., 2020). Following vitamin C intake, the skin's increased antioxidant state may be able
to guard against oxidative stress brought on by environmental toxins and UV radiation
(Valachhi et al., 2015).

2.4 Morphological parameters

Morphological features are the oldest and most commonly used genetic markers, and
they may be regarded as ideal for identifying specific germplasm. Morphological markers
have the benefit of being simple, quick, and affordable tests and can be also performed on
herbarium specimens and other dead tissues. Analysing morphology is a crucial part of
classifying and evaluating Citrus diversity. Currently, physical traits are still taken into
consideration and used as a first step in cultivar identification and diversity evaluation.

The fruit diameter of 30 pummelo accessions was found to range from 9.54 t018.94 cm
(Rahman et al., 2003) and that of bittersweet orange and sour orange was 73.7 mm and 60.4
mm respectively (Jaskani et al., 2006). The fruit diameter of rangpur lime, rough lemon, and
galgal ranged from 53.34 to 61.58 mm, 54.39 to 8.9 mm and 81 mm and 78 mm respectively
(Singh and Singh, 2006). The fruit weight of pummelo accessions was 718 to 2160 g
(Rahman et al., 2003), of bitter-sweet orange was 195.9 g (Jaskani et al., 2006), of 25
mandarin genotypes ranged from 59.46 to 266.33 g (Josan and Kaur, 2006) and that of 32
Citrus genotypes from Arunachal Pradesh ranged from 21.56 to 712.53 g (Rabha et al.,
2013). The number of segments for bitter-sweet orange and sour orange was 8.3 and 10.4
respectively (Jaskani et al., 2006). Rind thickness for 30 pummelo accessions was 0.70 to

2.53 cm (Rahman et al., 2005) and for rangpur lime was 2.17to 3.59 mm (Singh and Singh,



2006). The fruit shape of bittersweet orange and sour orange was ellipsoid (Jaskani et al.,
2006) and for rangpur lime it varied from ellipsoid, spheroid and oblique (Singh et al., 2010).
Rahman et al., (2003) found that the epicarp colour of pummelo genotypes varied as
greenish-yellow, yellow, reddish yellow and light yellow. The fruits of bitter orange and
sour orange were found to have rough fruit textures (Jaskani et al., 2006). In rangpur lime
smooth and rough fruit textures were found (Singh and Singh., 2006). Solid, semi-solid and
hollow fruit axis were found in rangpur lime cultivars studied by Singh et al. (2010) and
sour orange was discovered to have a hollow fruit axis (Jaskani et al., 2006). The seed shape
in bitter-sweet orange varied from clavate to spheroid and it varied from clavate to cuneiform

in sour orange (Jaskani et al., 2006).

Among the accessions under his study, Fallahi et al. (1990) found that Foothill Lisbon
had the greatest fruit weight, juice percentage, acid percentage, and percentages of fruit with
smooth skin. Singh and Govind (1999) confirmed a varied dissimilarity in the
physicochemical characteristics of 33 Citrus cultivars, with the segment number per fruit
ranging from 8.5 to 17, the weight of the fruit ranging from 16.20 g to 1316.00 g and peel
thickness ranging from 1.10 to 26.80 mm. Dubey (2000) examined the performance of 13
different varieties of sweet oranges and he found significant variations in the weight of fruit,
thickness of peel, juice percentage, seed count, TSS, total acidity, and ascorbic acid
concentration. Govind and Singh (2002) examined the quality of eight hybrids of Citrus and
discovered that Troyer citrange had the thinnest (2.42 mm) peel, while Kara and Kinnow
mandarin had the largest fruit weight (165.62 g) and the number of segments per fruit
(12.07). Sweet orange (Citrus sinensis) varieties exhibit significant variation in fruit weight
(145¢/ fruit to 226 g/ fruit), TSS (7.00% to 9.90%), juice content (45.62% to 50.41%),
ascorbic acid (18.22 mg/100 ml to 26.40 mg/100 ml), acid content (0.42% to 1.03%) and
seeds per fruit (0 tol1 seeds per fruit), according to research by Josan and Kaur (2004). Khan
et al. (2005) examined the physicochemical characteristics of 20 sweet orange varieties and
discovered that Mosambi had the maximum percent juice content (68.80%) while Joppa had
the highest fruit weight (247.00 g), fruit length (8.10 cm), fruit diameter (7.90 cm), and
number of seeds (28.00).

2.5 Moisture content (%)

Moisture content is an important factor in food materials, as it refers to the amount
of water that can be found in a given sample. The moisture of a substance is comprised of

all the components that evaporate when heated and cause weight loss in the sample. Water
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is an essential element in all parts of the body, as it plays a major role in various bodily
functions. Consequently, it is important to make sure that the moisture content in food
materials is adequate to meet the needs of the body. It carries nutrients, transports waste
products from cells in the body, helps in the digestion and absorption of food, and regulates
body temperature (Johnson, 1996). When the moisture content of Citrus plants is too low, it
can cause the trees to become stressed and less productive. The fruits may dry out, and the
flavour of the fruit can be affected. The water content in the fresh pulp of oranges and lemons
was documented to be 85.7% and 88.6% respectively (Tripodo et al., 2004). According to
Haque et al. (2009), the moisture content of pummelo (C. maxima) is around 90.23 per cent.
M'hiri et al. (2015) reported that moisture content in Citrus peel is 75.3 + 10.2 % and that in
Citrus pulp is 85.7 = 0.00 %. Gaikwad et al. (2015) assessed the moisture content of 30
pummelo genotypes, which ranged from 82.1 to 91.05 per cent. An extremely low moisture
content of 23.75% was reported in rough lemon (Mohammed et al., 2013). In Citrus
natsudaidai peels, a high level of moisture content of 80% was documented by Matsuo et
al. (2019).

2.6 pH

The pH of Citrus fruits vary depending on the type of Citrus fruit. The pH of Citrus
sinensis fruit juice was reported to be 3.8% (Shravan, 2018). Gaikwad (2018) carried out the
morphological characterization of 30 Citrus rootstock genotypes from Maharashtra and
discovered that the pH of the fruit juice varied from 2.09 to 4.48. Sayed et al. (2006) carried
out a morphological and physiochemical characterization of 10 lime and lemon accessions
and it was discovered that the pH varied from 6.20-2.12 with the highest in Succari lime and
lowest in ponderosa cultivar. In another study conducted by Mansour et al. (2019), the pH
of Citrus aurantium juice was lower in unripe fruits than in mature fruits, indicating that
unripe fruits were more acidic than ripe fruits. Raghavan et al. (2022) reported that the pH
in mandarin varieties from North-east India varied from 2.27 to 4.74. In the 13 Mandarin
types examined by Hassan et al. (2008), the pH was found to vary from 3.12 to 3.91. Sgroppo
et al. (2015) measured the pH of grapefruits from Argentina and Paraguay and found that
the range was 3.41-4.16. Similarly, Debbabi et al. (2013) discovered pH variance in 28 sweet
orange cultivars ranging from 2.64-5.95. Herath et al. (2016) found that the pH of fruits from
eleven Citrus genotypes ranged from 2.37 to 3.98.
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2.7 Total Soluble Solids (Brix)

Total soluble solids (TSS) are an important indicator of the quality of Citrus fruits.
TSS is a measure of the soluble substances that are present in the juice of the fruit. Total
soluble solids (TSS) and acid content, as well as the delicate balance between them, have a
significant impact on the flavour and interior quality of Citrus fruits (Ladaniya, 2008). The
TSS of several pummelo genotypes ranged from 7.08 to 10°Brix (Singh, 2004). This was in
accordance with the findings by Patil and Reddy (2008) who found that the TSS varied from
7.8 to 10.13° Brix across 12 pummelo clones. Furthermore, the TSS of 30 pummelo
accessions from Bangladesh was studied which ranged from 6.16 to 9.66 ° Brix (Rahman et
al., 2003). The TSS across 18 types of sweet orange from Punjab ranged from 7.00 to 9.90°
Brix (Josan and Kaur, 2004). Similarly, the total soluble solid content of 25 Mandarin
cultivars from Punjab ranged from 6.13 to 12.20 Brix (Josan and Kaur, 2006). The total
soluble solids in mandarin fruits from six districts in Bhutan varied from 10.4 to 12.9° Brix
as reported by Dorji and Yapwattanaphun (2011). The Total soluble solids varied from 6.3-
10.5°Brix in Rough lemon, 7.29-8.91°Brix in rangpur lime, 9.5°Brix in Galgal and 7.1°Brix
in Alemow, respectively, (Singh and Singh, 2006). The total soluble solid content of 28
sweet orange cultivars investigated by Debbabi et al. (2013) ranged from 9.20 to 15.4°Brix.
Akhter et al. (2009) conducted an experiment on 14 Jamir accessions (Citrus jambhiri) and
documented the proportion of total soluble solids (TSS) which varied from 11.03% (CJ04)
to 12.20% (CJ12) with an average value of 11.34%. According to the experiment conducted
by Marboh et al. (2015), TSS ranged from 5.88 to 6.80 per cent across different cultivars of
rough lemon, galgal and rangpur lime. The TSS in orange, sweet lime and lemon was found
to be 11.47, 4.5 and 4.5° Brix, respectively (Jamil et al., 2015). Citrus genotypes exhibit
substantial diversity in the ratio of TSS to acid, as observed by Khan et al. (2010) in sweet

orange and Verma et al. (2012) in Mandarin.
2.8 Titratable Acidity (%)

Titratable acidity in fruit juices is determined by neutralizing the fruit juice with a strong
base solution to a fixed pH to assess the amount of titratable hydrogen ions contained in the
samples (Tyl and Sadler, 2017). All the acidic components of fruit juice, including free
hydrogen ions, acid salts, cations and organic acids are included in this value. In addition,
the ripeness of the fruit also affects the titratable acidity. As the fruit ripens, the amount of
acid decreases (Zekri et al., 2011). Titratable acidity is an important characteristic in judging
the quality of Citrus fruits (Ladaniya, 2008).



12

The acidity of Citrus jambhiri fruits ranges from 1.17% to 7.19% (Sharma et al.,
(2004). Similarly, Josan and Kaur (2006) determined the acidity of 25 mandarin cultivars,
which ranged from 0.41 to 1.43 per cent. Gaikwad et al (2018) examined 30 Citrus rootstock
genotypes representing four species in Maharashtra, and noted that the total acidity ranged
from 2.44 to 8.72%. Kakoti et al (2019) conducted a study on the status of Khasi mandarin
in Meghalaya and reported that the average acidity was 0.65%. Furthermore, they also
investigated the biochemical characteristics of Khasi mandarin in the state of Tripura (2019)
and found similar values of average acidity. Hangsing et al. (2016) conducted a study on the
performance of Khasi mandarin in the Garo hills of Meghalaya by grouping the trees into
four groups based on the age of the trees from 10 to 40 years and reported that acidity ranged
from 0.73 to 0.81 per cent. The rough lemon acidity ranged from 4.28 to 5.16 per cent,
rangpur lime acidity ranged from 4.87 to 5.50 per cent, and for Galgal, the acidity ranged
from 5.13 to 3.84 per cent (Marboh et al., 2015). The acidity of Citrus fruits as determined
by Singh and Singh (2006) was 3.36-5.45 per cent in rough lemon fruits, 3.9-5.28 per cent
in rangpur lime, 4.1 per cent in Galgal and 4.2 per cent in Alemow. According to Singh et
al. (2010), the acidity ranged from 3.4 to 5.0 percent across six rangpur lime genotypes.
Furthermore, the acidity ranged from 0.11 to 1.45 percent in 32 Citrus genotypes from
Arunachal Pradesh (Rabha et al., 2013). Paudyal and Haqg (2008) found low acidity (0.81-
1.02%) in six pummelo varieties. According to Singh et al. (2009), the average acidity of 28

hill lemon genotypes was around 6.06 per cent.
2.9 Ash Content (%)

The amount of mineral matter left behind when a sample is incinerated at a high
temperature is referred to as ash content. It measures the mineral content of food and is
represented as a percentage of dry weight. A fruit's ash level varies based on its kind, variety,
and maturity. The ash content in Citrus sinensis collected from Dutsinma, Katsina State,
Nigeria was 14.76 + 0.001% as reported by Joseph, 2016. The ash content in orange and
sweet lime peels was 6.50% and 7.82%, respectively (Indulekha et al., 2017). The crude ash
content of dried sweet lime peels (Citrus limetta) was found to be 5.93% (Suri et al., 2022).
Mathias et al. (2019) discovered up to 5.57% ash level in dried Citrus peels from Goa in

another investigation.

2.10 Crude Protein (%)
Citrus fruits are a great source of many essential nutrients, including protein. Crude

protein is the total protein content of food material determined as a factor of the total nitrogen
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content of food proteins. Protein is necessary for the maintenance and repair of muscle tissue,
and helps feeling full for longer. Those attempting to maintain a healthy lifestyle or reduce

weight may find this to be very helpful.

The average amount of protein in orange and lemon pulp that grew in the province
of Messina in Italy was 8.6% and 7.6% respectively (Tripodo, 2004). Among eight varieties
of Citrus pulp from Spain, the crude protein ranged from 5.0-8.0 % with the lowest in navel
and the highest in mandarina (Pascual et al., 1980). 3.1% crude protein was present in flour
samples extracted from dried sweet orange (Citrus sinensis) seeds (Akpata and Akubor,
1999). Sweet orange rinds which are a major waste product of Citrus are rich in protein
content (7.15%) (Olabinjo et al., 2017). Osarumwense et al. (2013) stated that the protein
content in Citrus sinensis peels ranged from 4.05 + 0.25%. According to another study done
by M’hiri et al (2015), the protein content of Tunisian Maltese orange peel was 8.120 +
0.120 g/100g. In Citrus sinensis (sweet orange), the crude protein in seed, flavedo and albedo
were 6.13 + 0.51%, 3.94 + 0.25 %, and 0.88 + 0.05 % respectively. In peels of sweet lime,
the crude protein percentage was 8.18% (Suri et al., 2022). They additionally stated that the
low crude protein content can be attributed to the mallard reaction or tannin synthesis with

protein, which reduces protein availability and lowers protein concentration in peels.
2.11 Sugar (%)

Sugars play a major role in citrus fruit physiology when the fruit is attached to the tree
and also after its harvest (Ladaniya, 2008). Sugars are crucial for the growth and
development of plants. They not only serve as an energy source but also act as hormones in
signal transduction (Li and Sheen, 2016). They also determine the flavour and quality of the
fruits (Liu et al., 2022). The reducing and non-reducing sugars are both important
components of a healthy diet and are abundant in fruits. Reducing sugars are the simplest
forms of sugars and they have a free aldehyde or ketonic group in them whereas non-
reducing sugars do not possess free aldehyde or ketonic groups (Chesworth, 1998). Reducing
sugars are the most easily digested and absorbed among all types of sugars. This is because
they do not need to be broken down into individual molecules before they can be absorbed
(BeMiller, 2017). As a result, they provide a quick source of energy, making them ideal for
those who need a burst of energy. However, in order to be absorbed, non-reducing sugars
need to be broken down into individual molecules. This process takes more time and energy

but can result in a sustained release of energy over a longer period. As a result of the fibre
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that they contain, whole fruit sugars are typically not linked to weight gain (Kumar et al.,
2020).

The reducing and non-reducing sugar in fruits of different pummelo genotypes from
Maharashtra ranged from 1.47-2.9% and 1.75-4.48% respectively (Gaikwad et al., 2015).
This was in accordance with the sugar content found in 35 genotypes of Pummelo from
Assam which varied from 3.23- 5.59% for reducing sugars and 2.70-5.95% for non-reducing
sugars respectively (Hazarika et al., 2012). Among 30 Citrus rootstock genotypes of Citrus
representing 4 species (C. jambhiri, C. limonia, C. pseudolimon and C. macrophylla),
reducing and non-reducing sugar content varied from 1.35 to 2.90 % and 0.88 to 3.93 %
respectively (Gaikwad et al., 2018). Among 32 Citrus genotypes of Arunachal Pradesh, the
reducing sugar ranged from 0.05-4% with a mean of 1.20 % (Rabha et al., 2013). The
reducing sugars in mandarin genotypes ranged from 4.41-6.52 per cent as reported by Kumar
et al. (2011). Similarly, Shravan et al. (2018) documented that the reducing and non-
reducing sugar content in sweet orange (Citrus sinensis) fruits were 1.8% and 6.56%
respectively. As per Diwan et al. (2014), reducing sugar in 28 sweet orange varieties
varied from 3.29 to 4.70%, with a mean of 4.08. The non-reducing sugar fluctuated from
1.82-3.32% with an average of 2.62%. The reducing sugar percentage of Khasi mandarin
grown in the Garo hills of Meghalaya was greatest in trees of 10-20 years of age (7.84%),
whereas the non-reducing sugar percentage was highest in trees of 21-30 years of age
(2.76%) (Hangsing et al, 2016). Deshmukh et al. (2016) reported an increasing trend in the
sugar content of Khasi mandarin at different altitudes. The non-reducing sugar increased
from 3.14 to 3.96%, 2.83 to 3.88%, 2.54 to 4.00% and 2.88 to 4.03 % and total sugar
increased from 4.80 to 6.01%, 4.52 to 6.03%, 4.15 to 6.12% and 4.65 to 6.11% at 500 -
600m, 700-800m, 900-1000m and 1300 to 1400m altitude respectively.

2.12 Organic acids (mg/ 100 ml)

For food and beverage technology and quality assessment, it is deemed crucial to
identify and quantitatively analyse the primary organic acids in fruits (Hasib et al., 2002).
Citrus fruits are well known for their high levels of citric acid, but they contain other organic
acids as well. These acids include malic acid, tartaric acid, and ascorbic acid. In an
experiment by Albertni et al. (2006) regardless of the variety, quinic acid was the dominant
organic acid for the first 50 days of growth. However, after that, citric acid took over in
acidic varieties while malic acid surpassed it in acid-less types. Ascorbic acid is the main

antioxidant in Citrus, according to a recent study that examined fifteen distinct Citrus
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cultivars (Xu et al., 2008). The ascorbic acid content of lime, oranges, and grapefruit was
found to be around 47.9 mg/100 g, 47.7 mg/100 g and 35.1 mg/100 g, respectively
(Gorinstein et al., 2001). An experiment was conducted by Shrestha et al. (2016) on the
different Citrus fruits of Kathmandu Valley and it was reported that the average ascorbic
acid content was found to be highest in pummelo at approximately 61.29 mg/100 ml and
lowest in citron at around 17.4 mg/100 ml. The ascorbic acid concentration in the juice of

13 mandarin types ranged from 14.0 to 44.8 mg per 100 ml (Hassan et al., 2008)

Oxalic, malic, malonic and citric acid was found to be predominant in the peel of the
Citrus fruits and malic acid, citric acid, tartaric acid, quinic acid, succinic acid, oxalic acid,
and ascorbic acid were the seven organic acids that were shown to contribute to the acidity
of Citrus fruit pulp (Albertini et al., 2006). Violeta et al. (2010) conducted an experiment on
eight species of Citrus fruit juices by reverse phase HPLC and found out that citric acid
percentage was maximum and it ranged from 6.88 to 73.93 g I"%. Citric acid, malic acid,
lactic acid and ascorbic acid were highest in lemon, lime, sweetie grapefruit and lemon
respectively. Kardeniz (2004) investigated the distribution of organic acids in 19 authentic
Turkish orange juice samples. Citric acid, with concentrations ranging from 6.05 to 60.32
g/l in all Citrus juices except for Clementine tangerine type, was the most prevalent organic
acid. Fumaric acid (0-807 g I'Y) and malic acid (1.27-12.15 g I'*) were the next two most
prevalent acids. By using silica gel column chromatography, the organic acids in the juice
of 47 samples of 42 Citrus species were identified and citrate was found as the most abundant
organic acid among all the Citrus species studied, accounting for 75.4 to 96.9% of total
recoverable acids (Yamaki, 1989). Ascorbic acid (137-251 g mL™) and citric acid (5-22 mg
mL™) were discovered to be present in large amounts in pummelo as well as Rio Red
grapefruit (Uckoo, 2011). It was discovered that organically grown Citrus contains more
organic acids than conventionally grown fruit (citric, malic, tartaric, ascorbic, and malonic)
but fruits from conventional cultivation had a greater oxalic acid content (Duarte et al.,
2010). Five organic acids, including oxalic, citric, ascorbic, malic, and succinic acids, were
found in grapefruit juice and the amount of citric acid, which was the main organic acid
present in grapefruit juice, ranged from 18.75 g L™ in Rio red to 23.89 g L* in Star ruby
(Kelebek, 2010). This was in accordance with earlier published findings about the levels of
citric acid in Handerson, Marsh seedless, and Star ruby (which were, respectively, 19.36,
24.25, and 16.96 g L) (Kardeniz, 2004).
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2.13 Water-soluble Vitamins (mg/ 100 ml)

Citrus fruits are well-known for their high vitamin content. Citrus fruits contain a
variety of vitamins such as vitamin A, vitamin Bs, vitamin C, thiamine, folate, and
pantothenic acid (Liu et al., 2012). Vitamin A is present in appreciable quantity as the
carotenoid provitamin A in Citrus. The riboflavin content in the pineapple variety and
valencia variety of orange was 16 pg/100 ml and 15 pg/100 ml juice and similarly, the
riboflavin content in seeded and seedless grapefruit was 12 ug/100 ml and 11 pg/ 100 ml
juice (Bailey, 1942). The Thiamine content in oranges ranged from 54-81 ug/100 ml juice
and that in grapefruit ranged from 18-47 pug/100 ml (Bailey, 1942)

Braddock (1972) reported only 0.1 pg of Vitamin E in 100 ml of orange juice.
Furthermore, in Dancy tangerine and Valencia oranges, cryptoxanthin is the main vitamin A
precursor (Curl et al., 1954). Nearly 5/6 of all ascorbic acid in a grapefruit and 3/4 in an
orange is found in the peel (Atkins et al., 1945). Ani and Abel (2018) found that in fruit juice
and peel extract of Citrus maxima, the thiamine content was 0.55 + 0.20 mg/100 g in juice
and 11.20 + 2.34 mg/100 g in the peel, niacin content was 14.42 + 1.71 mg/100 ml in juice
and 224.16 + 22.99 mg/100 g in the peel, vitamin C content was 26.36 + 3.19 mg/100g in
juice and 19.34 + 3.75 mg/100 g in the peel, and vitamin E content was 2.11 + 0.08 mg/100
g in juice and 4.45 £+ 0.07b mg/100 g in the peel.

2.14 Mineral constituents (mg/100 g)

Citrus fruit pulp and peel are both good sources of macro- and micronutrients.
Orange, lime, and mandarin peels as well as their pulps are potential sources of minerals that
may be employed for their health benefits in food items and can be used as a source of
functional compounds (Barros et al., 2012). Citrus sinensis peel revealed the existence of
some trace elements in high concentrations, including Zn (14.04 + 0.96) and Mg (15.55 +
1.45) and several heavy metals in lower amounts such as Cd (0.001 + 0.00), Pd (0.08 +
0.005), and Ni (0.05 + 0.00) mg/L (Osarumwense et al. 2013). The mineral composition of
Citrus maxima fruit was revealed in the order Ca > Na > Ph > Fe > Mg > K in the juice and
Ca > Ph > Na > Fe > K > Mg in the peel extract (Ani and Abel, 2018). Mansour (2019)
reported that the mineral content of Citrus aurantium fruits decreased with maturity except
for Na. According to him, in Citrus auratium, the green flavedo has the highest concentration
of minerals such as K, Mg, Fe, Cu, and Mn, while juice has the lowest and Ca and Zn were
highest in green albedo. It has been reported that lime and orange pulps have high potassium

levels (152 mg/ 100 g and 154/ 100 g respectively), sodium and calcium content is found
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high in lime pulp (3.88 mg/ 100 g and 63.9 mg/ 100 g respectively), phosphorous content is
high in orange pulp (25.3 mg/ 100 g), iron and magnesium is high in pomelo pulp (0.52 mg/
100 g and 23 mg/ 100g respectively) and pomelo and oranges were found to be very high in
copper (0.21 mg/ 100 g) and manganese (0.15 mg/ 100 g) (Czech, 2020). The concentrations
of Fe, Zn, Cu, and Mn in fresh fruits of Jaffa Sweeties, a new variety of Citrus, were 1079—
1331 g/kg, 661-822 g/kg, 348-532 g/kg, and 99-171 g/ kg respectively (Gorinstein et al.,
2004).

2.15 Essential oil content (%0)

In the past, Citrus pulps were utilized for culinary (healthy food) purposes, whilst Citrus
peels as a byproduct were only of limited value, such as a source of fibre or animal feed
(Chau & Huang, 2003). Fruit peels generally guard the seeds and pulp needed for
reproduction, and different phytochemicals allow fruits to thrive and defend themselves from
outside dangers (Molyneux et al., 2007). Citrus essential oils, which are mostly concentrated
in the oil glands of Citrus peels, are a significant biologically active material (Hou et al.,
2019). According to Singh et al. (2010), monoterpenic essential oils are natural antioxidants.
They make up, on average, 0.5-5% of the fresh weight of Citrus peels (Liu et al., 2021).
Essential oils are the most significant Citrus by-products derived from peels. They are often
utilized as flavouring ingredients in beverages, ice cream, pastries, air fresheners, home
goods, and cosmetics (Ferhat et al., 2006). The oil content of Citrus fruits varied depending
on the variety and species. The Citrus oil was also noted to vary with the size and maturity
of the fruit. The release of volatile compounds increases with rising temperature, maturity
and ruptured peel and juice components (Ladaniya, 2008). Citrus paradisi (Citrus sinesnis
var. malta) had the highest percentage of essential oil extraction (0.45%), followed by Citrus
reticulate var. Mandarin (0.33%) and Tangerine (Citrus mousami) (0.37%), according to a
study on the extraction of essential oils from five different Citrus varieties viz. Mousami,
Mandarin, Tangerine, Grapefruit and Malta and all five Citrus oils were found to contain
between 50-80 per cent of alkaloids, tannins, sterols, terpenoids, saponins, and flavonoids
during phytochemical analysis (Javed et al., 2014). Hydro distillation was utilised for the
extraction of essential oils from the leaves of orange, lemon, mandarin and brigadier and the
yields obtained were 0.96, 1.02, 0.51 and 0.73% respectively (Zohra et al., 2015)

A yellow-coloured essential oil was extracted from the peels of Lemon (Citrus limon)
whose yield was 1.33% and DL-limonene was the main component of the essential oil with

a percentage of 46.93% (Moosavy et al., 2017). In grapefruit, (Citrus x paradisi var. red
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blush), the highest percentage of essential oil (0.43% v/w) was found at the yellowish-green
stage and the lowest amount (0.14% v/w) was found at the green stage (Ghani et al., 2021).
The essential oil percentage in Citrus pyriformis Hassk (Ponderosa lemon) and Citrus
jambhiri Lush. (Rough lemon) were found to be 4% and 1.2% (v/w), respectively and a total
of 94 compounds were detected from the essential oils (Hamdan et al., 2010). The hydro-
distilled essential oil content from peels of C. reticulata, C. sinensis and C. paradisii were
0.30, 0.24 and 0.20 g/100g, respectively (Kamal et al., 2013) The findings of the current
study are consistent with the findings of Tu et al. (2002), who discovered that the production
of Citrus essential oils varied with different plant species, ranging in most cases from 0.2-
2.0%.

2.16 Volatile compounds in essential oil (Relative %)

Citrus essential oils are a mixture of complex hydrocarbons, oxygenated derivatives of
terpenoid and non-terpenoid origin, functional groups like aldehydes, alcohols, and ketones,
as well as other intricate compounds like esters and organic acids (Merle et al., 2004).
Essential oils from Citrus contain a wide variety of compounds, ranging from 20 to 60
numbers per oil (Bakkali et al., 2008). Volatile chemicals make up 85%-99% of these,
whereas nonvolatile compounds make up the remaining 1%-15%. D-Limonene, a
hydrocarbon monoterpene, is consistently the most abundant molecule in the essential oils
extracted from Citrus rinds, making up typically between 60 and 95 per cent of the oil (Jing
et al., 2014). The essential oil of Citrus karna was examined by Malhotra et al. (2008), who
found that it included D-limonene (92.31%), the principal chemical ingredient, as well as
other minor compounds such a-pinene (1.23%) and p-pinene (1.80%). Kamal et al., (2013)
discovered that B-myrcene and limonene were the predominant components in the peels of
three Citrus species: C. reticulate, C. sinensis, and C. paradisii. The oil's flavonoid
component possesses antioxidant, antimicrobial, antibacterial, and anti-inflammatory
properties, as well as the ability to block particular enzymes, stimulate neurotransmitters and
hormones, and scavenge free radicals (Ezeabara et al., 2013). Citrus essential oils are also
used as insect-repellent, larvicidal, antiviral, antihepatotoxic, and antimutagenic agent
(Kanaze et al., 2009). Instead of a synthetic and inorganic chemical-derived insecticide,
bioactive compounds of Citrus, especially essential oils can be used as a substitute (Abad et
al., 2014) The essential alcohols in orange oil that contribute to its flavour are linalool, a-
terpineol, and terpinene-4-ol (Shaw, 1979). Gas chromatography-mass spectrometry (GC-
MS) analysis of the essential oil from Kaffir lime (C. hystrix) revealed that pinene, sabinene,

limonene, and citronellal were the principal ingredients, with concentrations of 24.62%,
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22.06%, 19.29%, and 10.58%, respectively (Suwannayod et al., 2018). Mehmood et al.
(2019) discovered that the antimicrobial activity of peel essential oil of ripened and
unripened C. limon had an inhibitory effect against four human pathogenic bacteria
viz., Escherichia coli, Bacillus subtilis, Salmonella  typhimurium, and Staphylococcus
aureus. The antibacterial activity of Citrus maxima essential oil against human pathogenic
bacteria (E. coli, B. subtilis, S. aureus, P. aeruginosa, B. licheniformis, and B. altitudinosa)
was examined and it was found that the essential oil inhibited all the strains. (Chen et al.,
2010) In order to reduce fungus growth and contamination and increase the shelf life of
different foods, Citrus essential oils can be used as a natural antifungal agent. The potential
uses of Citrus essential oils in packaging, preservation, and food safety are enormous.
Gelatin films with Citrus essential oils added have improved physicochemical qualities as

well as antibacterial action. (Bora et al., 2020)



‘Materials and Methods. .. &

y




CHAPTER Il

MATERIALS AND METHODS

The information related to the materials utilized and the procedures followed as per

the experimental details during the present investigation are presented in this chapter.
3.1 COLLECTION OF PLANT SAMPLE

Fully developed citrus fruits were collected from AAU-Citrus and Plantation Crops
Research Station, Tinsukia and CCRI (ICAR), BNCA Campus, Biswanath Chariali Assam.
Following harvesting, the undamaged fruits were cleaned and processed for various
laboratory experiments.

A total of ten species of Citrus representing all five important groups of Citrus were

collected.

TABLE 3. 1: CITRUS GENOTYPES USED FOR THE PRESENT STUDY

Sl. no Group name Crop name Botanical name | Vernacular name
Rangpur lime Citrus limonia | Rangpur lime

1 Acid group
Citron Citrus medica Bira-jora
Sweet orange Citrus sinensis | Mithachakola

2 Orange group Citrus
Sour orange . Karun jamir

aurantium
Pummelo and Grapefruit Citrus paradisi | Soh- khayllah
3 grapefruit
group Pummelo Citrus grandis | Pummelo red
Khasi mandarin Clt_rus Komola tenga
. reticulata

4 Mandarin group

Cleopatra . . .
. Citrus reshni Cleopatra mandarin

Mandarin
Khasi papeda Citrus latipes Khasi papeda

5 Other species
Kaffir lime Citrus hystrix Kaffir lime
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3.2 PLACE OF WORK
The present study was carried out in the Laboratories of Department of Horticulture
and Department of Biochemistry and Agricultural Chemistry, Assam Agricultural

University, Jorhat.

3.3 PROCESSING OF PLANT SAMPLE

The fruits were evaluated for their morphological parameters. The juice was
extracted by delicately squeezing the fruits after cutting them in half and filtering using a
muslin cloth before being collected in clean containers. The seeds were removed and
collected in clean bottles. The peel was removed and placed in zip bags and stored at -80°C

for future analysis.

3.4 MORPHOLOGICAL CHARACTERISTICS
3.4.1 Fruit weight (g)
Three mature fruits were chosen at random from each species, and then the mean

weight in grams was determined using an analytical balance.

3.4.2 Fruit length (cm)
Using a pair of vernier callipers, the lengths of three randomly chosen mature fruits

from every species were measured and recorded.

3.4.3 Fruit breadth (cm)
Vernier callipers were used to measure the diameter of three randomly chosen mature

fruits from every species and the results were recorded.

3.4.4 Number of segments
The number of segments for three ripe fruits from each species was counted and
recorded.

3.4.5 Fruit rind thickness (mm)
The rind thickness of fruits belonging to each species was measured with a pair of

vernier callipers and recorded in mm.
3.4.6 Juice content (%)

Juice was extracted from the fruits and juice content (%) was calculated as per the

following formula:



22

Net juice weight x 100

Juice content (%) =
Fruit weight

3.4.7 Fruit shape
Fruit shape was documented for each species using the Descriptors for Citrus (IPGRI,

1999) and was rated as spheroid, ellipsoid, pyriform, oblique (asymmetric), obloid and

II AP
1

Ak

ovoid.

FIG 3. 1: FRUIT SHAPE
(1: spheroid; 2: ellipsoid; 3: pyriform; 4:
oblique (asymmetric); 5: obolid; 6: ovoid)
3.4.8 Shape of fruit base
The fruit base shape was examined in five ripe fruits from each species at random
and categorised as necked, convex, concave, truncate, concave collared, and collared with
neck (Descriptors for Citrus,1999).
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FIG 3. 2: SHAPE OF FRUIT BASE
(1: necked; 2: convex; 3: concave; 4: truncate;
5: concave collared; 6: collared with neck)
3.4.9 Shape of fruit apex
The fruit apex of five ripe fruits from each species was observed and categorised as

mammiform, acute, rounded, truncate, or depressed (Descriptors for Citrus,1999).

FIG 3. 3: SHAPE OF FRUIT APEX

(1: mammiform; 2: acute; 3: rounded; 4:
truncate; 5: depressed)

3.4.10 Fruit skin (epicarp colour)

The colour of the fruit was visually observed and recorded as Green, Green-yellow,
Light- yellow, Dark-yellow, Light-orange, Orange, Dark-orange, pink-yellow, orange, pink-

orange, red, red-orange, or other (Descriptors for Citrus,1999).
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3.4.11 Fruit surface texture

Five fruits were chosen at random from each species to assess their surface texture,
which was graded as rough, smooth, grooved, papillate, bumpy or pitted (Descriptors for
Citrus,1999).

3.4.12 Albedo colour
The albedo colour of each species was visually observed and rated as red, orange,

pink, yellow, white, or green (Descriptors for Citrus,1999).
3.4.13 Adherence of albedo

The adherence of the mesocarp to the endocarp was visually observed and recorded
as weak, medium or strong (Descriptors for Citrus,1999).

3.4.14 Fruit axis
The axis of the fruit was recorded as hollow, semi-hollow or solid for every species
(Descriptors for Citrus,1999).

3.4.15 Pulp colour
The colour of the pulp was visually observed for each species and recorded as per
the Descriptor of Citrus, 1999.

3.4.16 Pulp colour intensity
The intensity of pulp colour was perceived in five fruits for each species and recorded
as light or dark (Descriptors for Citrus,1999).

3.4.17 Seeds per fruit
The seeds were manually counted and noted after being removed from the fruits.

3.4.18 Seed shape
The shape of the seed was visually assessed after extracting the seeds from each
species and classified as fusiform, clavate, cuneiform, ovoid, semi-deltoid, spheroid, and

semi-spheroid (Descriptors for Citrus,1999).
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FIG 3.4: SEED SHAPE

(1: fusiform; 2: clavate; 3: cuneiform; 4:
ovoid; 5: semi-deltoid; 6: spheroid; 7: semi-
spheroid)

3.4.18 Seed colour
The colour of the seed was observed visually for seeds of each species and classified

as brown, green, yellowish, cream and white (Descriptors for Citrus,1999).

3.5 BIOCHEMICAL CHARACTERISTICS
3.5.1 Moisture content (%)
With the use of an electronic moisture balance (Shimadzu MOC-120H), the moisture

content of the peel and pulp was calculated and expressed as a percentage.

3.5.2 Juice pH

The pH of fruit juice after extraction was quantified using a pH meter.
3.5.3 Total soluble solids (TSS) (Brix)

The total soluble solids (TSS) of the fruit juice were estimated with the aid of a digital
refractometer (Milwaukee Digital Brix Refractometer - MA871). A drop of fruit juice was

placed in the prism carefully and the reading that was expressed in°Brix was noted.

3.5.4 Titratable acidity (%)

Titratable acidity was measured by adopting the standard method of the Association
of Analytical Chemists (A.O.A.C., 1980). 10 ml of the clear juice was taken and it was
diluted with distilled water up to 100 ml and filtered. 10 ml of the filtered solution was
titrated against the standard 0.1 N NaOH solution. The indicator used was phenolphthalein.
The appearance of a light pink shade was considered the endpoint of the titration. Titratable
acidity was expressed as a percentage of citric acid and was calculated with the help of the

following formula.
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Normality of NaOH x Titre value x Volume made up
x Equivalent weight of citric acid x 100

Titratable acidity (%) =

Volume of sample x aliquot x 1000

3.5.5 Ash content (%)

The total ash content of citrus peel and pulp was determined as per the standard
procedure of the Association of Analytical Chemists (A.O.A.C., 2005) using a muffle
furnace. A known quantity of dried sample was placed in a previously weighed crucible. The
crucible was placed in a muffle furnace and ignited at a temperature of 550-600 C for 6 hours
till the material was completely charred and turned into grey ash. The residue that remained
in the crucible after cooling in a desiccator was weighed and expressed as a percentage.

Weight of ash (g) x 100

Ash (%) =

Weight of the sample ()

3.5.6 Reducing sugars (%)

The DNS method given by Miller (1959) was used for the determination of reducing
sugar. A known volume of the sample was dissolved in 80% alcohol and vortexed. Then the
samples were centrifuged at 3000 rpm for 20 minutes to extract the sugars. The collected
supernatant was pooled and then kept in a water bath to evaporate the ethanol. 1 ml of

distilled water was added to it in order to dissolve the sugars.

0.5 ml of the sample was pipetted out and the volume was made to 1 ml with distilled
water. Dinitrosalicylic acid reagent was made by taking 100 ml of 2 N NaOH and dissolving
5 g of DNS. 250 ml of distilled water and 150 g of Rochelle salt were added to it and the
final volume was made up to 500 ml. 3 ml of DNS reagent was added to each sample and
then kept in a water bath for 5-10 minutes for the development of colour. The samples were
allowed to cool down and the absorbance was measured at 540 nm by using a
spectrophotometer. The amount of reducing sugar was expressed against the standard

glucose equivalent using a standard regression equation calibration curve.
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Sugar value from graph x Total volume of extract

Reducing sugar (%) =
Aliquot taken x Volume of the sample x 1000

3.5.7 Non-reducing sugars (%o)

For the determination of non-reducing sugars, the sample is first hydrolysed with
sulphuric acid to convert into reducing sugars and then determined by the DNS method given
by Miller (1959) (Thimmiah, 1999).1 ml of extract was pipetted out in a test tube and 1 ml
of 1 N H>SO4 was added to it. The mixture was heated at 49 °C for 30 minutes in order to
hydrolyse it. After cooling the samples, 1 drop of methyl indicator was added to it. 1 N
NaOH was added to the mixture dropwise in order to neutralise the acidity. 0.5 ml of the
sample was pipetted out and then the volume was increased to 1 ml using distilled water.
Each sample received 3 ml of DNS reagent and was placed in a water bath for approximately
5-10 minutes to allow the colour to develop. The samples were brought down to room
temperature before taking a spectrophotometric reading at 540 nm. Using a typical
regression equation calibration curve, the amount of non-reducing sugar was represented

against the standard glucose equivalent.

Sugar value from graph x Total volume of extract

Non-reducing sugar (%) =
Aliquot taken x Volume of the sample x 1000
3.5.8 Total sugar (%)

Total sugar was calculated by adding the values of reducing and non-reducing sugar
(Thimmiah, 1999).

3.5.9 Crude protein (%o)

The quantitative estimation of crude protein was carried out by the Micro-Kjeldahl
method as per A.O.A.C (2005). The peel and the pulp were initially dried and ground. 0.5 g
of sample was taken and digested with the help of the digestion mixture made of CuSO4 and
K2SOs in a ratio of 1:3, and 10 ml of concentrated Sulphuric acid. The sample was digested
until colourless. After cooling, the sample was distilled with 40% NaOH. The distillation
process released ammonia, which was recovered as ammonium borate in a 4% boric acid
solution. A mixed indicator was prepared by mixing 0.2% alcoholic solution of methyl red
(1 part) with 0.2% alcoholic solution of bromocresol green (5 part). Titration with 0.1N

concentration H>SO4 was performed on the residue after adding mixed indicator. To
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calculate crude protein content, the obtained value was multiplied by 6.25

14 x (V-V1) x X x 100

% Nitrogen=
100 x W

% Crude Protein= % Nitrogen x 6.25

Where,

W= weight of the sample

V= Volume of H2SO4 required to neutralise ammonia

V1= Volume of H2SO4 used for blank

X= Strength of H2SO4

3.5.10 Organic acids (mg/100 ml)

Organic acid extraction was performed by utilizing the method given by Ergonul et
al. (2010) with minor modifications. 1 ml of fresh fruit juice was extracted using a 1 ml
75:25 (VIV) water-methanol combination, followed by 30 minutes of centrifugation at 3500
rpm at room temperature. The supernatant was separated in a tube, and the extraction
procedure was performed three times more. Before putting the extract into the UHPLC
system, it was further filtered via a 2-micron Nylon filter. To create a standard OA
calibration curve, standard stock solutions of 10 mM of each organic acid were utilised in
order to prepare working solutions of different concentrations. The stock solution and its

dilution were filtered through 0.2 m Nylon and kept at 4 C in the dark.

To measure Organic acids, a Thermo Fisher Scientific UltiMate 3000 UHPLC
System equipped with a Dionex-3000 photodiode array detector (PDA) (set at 210 nm) is
utilized. 10 pl of the sample was injected into the injector, and organic acid separation was
accomplished in a Syncronis C18 column (5m, 2.1 150 mm, Thermo Fisher) using 50mM
Phosphate buffer (pH 2.8 adjusted with Phosphoric acid) as a mobile phase at 30 C for 6
minutes at a flow rate of 0.6 ml per min in isocratic mode. Individual peaks were measured

and identified by comparing retention times to standard peaks.

3.5.11 Water-soluble vitamins (mg/100 ml)

Water soluble vitamins were analysed as per the methodology proposed by Wazed et
al. (2022) with slight modifications. A UHPLC equipment coupled with a PDA (Photo Diode
Array) detector was used to quantify water-soluble vitamins. VV Sigma vitamin standards of
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analytical grade were obtained from Sigma and combined in 10ml of HPLC water to achieve
a final concentration of 1000 pg/ml. The vitamin Bg or folic acid was first dissolved in 10
uL of 8 M KOH before being diluted in water up to a final volume of 10 ml. Dilution of the
stock solution was done to make working solutions with varying concentrations (10-100
pg/ml). 10 pl of the working solution was injected into the UHPLC system to match the
retention time of the unknown chemicals and create a standard calibration curve to measure

the numerous water-soluble vitamins contained in the sample.

In order to prepare samples for Vitamin B analysis, they were first weighed to 10 g,
homogenised with the help of mortar and pestle, and put in conical flasks containing 25 ml
of extraction solution. The extraction solution was produced by combining 50 ml of
acetonitrile with 10 ml of glacial acetic acid and the volume was ultimately made up to 1

litre with double distilled water. Samples were shaken in water.

For 40 minutes, samples were shaken in a water bath at a temperature of 70°C. The
Samples were cooled, gravity filtered and mixed with extraction solution to make a final
solution volume of 50 ml. Samples were filtered using 0.45 um filter tips and with the help
of an autosampler sampler aliquots of 20 ul were drawn from the solution and injected into
the HPLC.

Water-soluble vitamins were separated by injecting 10 pl of extracted sample and
standard solution into a Syncronis C18 column (5m, 2.1 150 mm, Thermo Fisher) UHPLC
column linked to a Photodiode array detector (Model: Dionex UltiMate 3000) set to 210 nm.
The UHPLC equipment was operated in isocratic mode with acetonitrile as solvent A and
10mM potassium dihydrogen phosphate solution (pH 2.5) as solvent B at a flow rate of
1.0ml/min for 5 mins. Individual vitamin peaks were also detected by comparing retention
times and quantified by constructing the standard linear regression calibration equation by

measuring the area of the standard.

3.5.12 Mineral analysis (mg/100 g)

The mineral solution was made in accordance with the A.O.A.C procedure (1970).
Ash was dissolved in HCL in a ratio of 1:1 and evaporated to dryness over a water bath.
After that, 4 ml water and 2 ml distilled water were added and warmed and the solution was
filtered using filter paper. This solution was made up to 100 ml with distilled water in a
volumetric flask. The solution was analysed in an Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) instrument.
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3.5.13 Essential oil content (%)
The sample of fresh and ambient fruit peels was subjected to hydrodistillation using
a Clevenger apparatus. The essential oil was collected and the yield was calculated by the

following formula:

Volume of oil extracted x 100

Oil (%) =
Sample weight

3.5.14 Major volatile compounds in essential oil (Relative %)

Analysis of the essential oil was carried out by Triple Quadrupole Gas-
Chromatography Mass-Spectroscopy/ Mass-Spectroscopy (TQGC-MS/MS) according to
the procedure given by Mohammed et al. (2021). The gas chromatography-mass
spectrometry instrument used to perform the analysis of the peel essential oil and has the
following specifications. Instrument: a TRACE GC Ultra Gas Chromatographs (THERMO
Scientific Corp., USA), coupled with a THERMO mass spectrometer detector (1SQ Triple
Quadrupole Mass Spectrometer). A TG-5MS column (30 m 0.25 mm i.d., 0.25 m film
thickness) was fitted with the GC-MS system. The analysis was performed with helium as
the carrier gas, at a flow rate of 1.0 ml/min and a split ratio of 1:10. The temperature program
used was as follows: starting at 60 °C for 1 minute, then increasing at a rate of 3.0 °C/min
until reaching 240 °C, and held for 1 minute. Diluted samples (1:10 hexane, v/v) of 0.2 uL
of the mixtures were injected. Using a spectral range of m/z 40-450, mass spectra were
produced by electron ionisation (El) at an energy of 70 eV. Most of the compounds were
identified through the use of the analytical method, specifically by analyzing their mass
spectra. This involved comparing the spectra to those of authentic chemicals found in both

the Wiley spectral library collection and the NSIT library.

3.6 Statistical analysis

Statistical analysis was carried out with the help of IBM SPSS software.
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CHAPTER IV

EXPERIMENTAL FINDINGS

4.1 Morphological parameters
4.1.1 Fruit weight (g)

The data presented in Table 4.1B reveals that the maximum fruit weight was observed
in Pummelo (826.4 g) while the lowest fruit weight was observed in Rangpur lime (50.37
g). The average fruit weight of the cultivars was 276.112 g. The results were found to be
statistically significant at p<0.05. The statistically similar cultivars are grouped together
using the same superscript as represented in the table.

4.1.2 Fruit length (cm)

Fruit length showed significant variation (Table 4.1B). Pummelo had the longest mean
fruit length (14.57 cm), while the shortest fruit length was observed in Khasi mandarin (5.77
cm). The mean fruit length was recorded at 8.92 cm. It was determined that the results were
statistically significant at p< 0.05. The statistically similar cultivars are grouped together

using the same superscript as represented in the table.
4.1.3 Fruit breadth (cm)

Significant variation was observed in fruit breadth among genotypes (Table 4.1B). The
maximum mean fruit breadth was observed in Pummelo (15.28 cm) which was significantly
higher than all other genotypes. The minimum mean fruit breadth was observed in Rangpur
lime (5.57 cm). The mean fruit breadth was recorded at 8.55 cm. It was determined that the
results were statistically significant at p< 0.05. Utilising the same superscript, the statistically

similar cultivars have been grouped together as represented in the table.

4.1.4 Number of segments

The data presented in Table 4.1B reveals that Pummelo was found to have the maximum
number of segments (14.33) while Sweet Orange and Rangpur lime were found to have the
minimum number of segments (9.67). The mean number of segments in fruits was recorded
at 11.33. The results were found to be statistically significant at p<0.05. The statistically

similar cultivars are grouped together using the same superscript as represented in the table.
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4.1.5 Fruit rind thickness (mm)

The rind thickness of fruits varied from species to species and the maximum was
recorded in Pummelo (16.10 mm) while the minimum was recorded in Cleopetra mandarin
(1.23 mm). The average fruit rind thickness was recorded at 6.4 mm. The results were
reported to be statistically significant at p<0.05. The statistically comparable genotypes have

been grouped together using the same superscript as represented in Table 4.1B.
4.1.6 Juice content (%0)

Results shown in Table 4.1B represent the juice content in Citrus fruits. The percentage
of juice was found to be maximum in Sour orange (50.84%) and minimum in Khasi papeda
(14.95%). The average juice content was found to be 36.49%. All the germplasms are found

different statistically and are of significance.
4.1.7 Fruit shape

Spheroid fruit shape was observed in Rangpur lime, Sour orange, Sweet orange, Khasi
mandarin, Cleopetra mandarin, Pummelo, Grapefruit, Kaffir lime and Khasi papeda while

ellipsoid fruit shape was observed in Bira jora (Table 4.1A)

4.1.8 Shape of fruit base

The shape of the fruit base was observed as convex in Rangpur lime, Sour orange, Sweet
orange, Cleopatra mandarin and Pummelo, as truncate in Khasi mandarin, as concave collard
in Bira jora, as necked in Kaffir lime and as concave in Grapefruit and Khasi papeda (Table
4.1A).

4.1.9 Shape of fruit apex

Rounded fruit apex was observed in Rangpur lime, Sour orange, Sweet orange,
Grapefruit, Kaffir lime and Khasi papeda. While in Khasi mandarin, Cleopatra mandarin and
Pummelo truncate fruit apex was observed. Bira jora was found to have mammiform fruit
apex. (Table 4.1A)

4.1.10 Fruit skin (epicarp colour)

The fruit skin (epicarp colour) was recorded as orange in Sweet orange, Sour orange,
Khasi mandarin and Cleopatra mandarin. Green fruit skin colour was recorded in Kaffir lime
while Bira jora and Khasi papeda were found to have yellow skin colour. Orange-green,
yellow-green and dark yellow fruit skin colours were recorded in Rangpur lime, Pummelo

and Grapefruit respectively (Table 4.1A).

4.1.11 Fruit surface texture
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The fruit surface texture was observed as pitted in Rangpur lime and Sweet orange,
bumpy in Bira jora and Kaffir lime, rough in Sour orange, Cleopatra mandarin and
Grapefruit, smooth in Khasi mandarin and papillate in Pummelo and Khasi papeda. (Table
4.1A).

4.1.12 Albedo colour
The albedo colour was recorded as white in all genotypes except Pummelo where it was
recorded as pink (Table 4.1A).

4.1.13 Adherence of albedo

Adherence of mesocarp to endocarp was recorded as weak in Rangpur lime, Bira jora,
Khasi mandarin, Cleopatra mandarin and as strong in Sour orange, Sweet orange, Pummelo,
Grapefruit, Kaffir lime and Khasi papeda. (Table 4.1A)

4.1.14 Fruit axis

Hollow fruit axis was observed in Khasi mandarin, Cleopatra mandarin, Grapefruit and
Khasi papeda. Semi-hollow fruit axis was observed in Rangpur lime and Pummelo. Bira
jora, Sour orange, Sweet orange and Kaffir lime were found to have solid fruit axis. (Table
4.1A)

4.1.15 Pulp colour
Pulp colour was observed as orange in Rangpur lime, Sweet orange and Khasi mandarin,
as yellow in Sour orange, Cleopetra mandarin and Kaffir lime, as pink in Pummelo and

Grapefruit and as white in Bira jora and Khasi papeda (Table 4.1A)

4.1.16 Pulp colour intensity
Pulp colour intensity was perceived as dark for Rangpur lime, Bira jora, Sour orange,
Khasi mandarin, Cleopetra mandarin and Khasi papeda. Light intensity of pulp colour was

recorded in Sweet orange, Pummelo, Grapefruit and Kaffir lime. (Table 4.1A)

4.1.17 Seeds per fruit

The seeds per fruit varied from species to species and the mean maximum number was
recorded in Pummelo (47.67) while the mean minimum was recorded in Cleopetra mandarin
(8.66). The average number of seed count was 21.73. The mean fruit length was recorded at
8.92 cm. It was determined that the results were statistically significant at p< 0.05. The
statistically similar cultivars are grouped together using the same superscript as represented
in Table 4. 1B.

4.1.18 Seed shape
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Ovoid seed shape was observed in Rangpur lime, Bira jora, Sour orange, Cleopetra
mandarin and Grapefruit. Clavate seed shape was recorded in Sweet orange and Khasi
mandarin while semi-deltoid shape was recorded in Kaffir lime and Pummelo. Cuneiform

seed shape was found to be present in Khasi papeda. (Table 4.1A)

4.1.19 Seed colour

Seed colour was observed as cream in all the genotypes except Bira jora where creamy
white colour was observed and Grapefruit where white seed colour was observed. (Table
4.1A)

4.2 Biochemical Characteristics
4.2.1 Moisture content (%)

Among the peels of different genotypes, the highest moisture content was present in
Rangpur lime peel (83.32%) and the lowest was present in Khasi mandarin peel (70.20%).
Among the pulps of different genotypes, Rangpur lime had the highest moisture content
(92.51%) while Kaffir lime had the lowest (84.30%). The results were found to be
statistically significant at p<0.05. The statistically similar cultivars are grouped together

using the same superscript as represented in Table 4.2.

4.2.2 Juice pH

It is evident from Table 4.2 that the mean values for pH ranged from 2.60 to 3.90 and
was maximum in Khasi mandarin (3.90) and minimum in Rangpur lime (2.60). The
statistically similar cultivars have been grouped using the same superscript as shown in

Table 4.2. The results were determined to be statistically significant at p<0.05
4.2.3 Total soluble solids (TSS) (Brix)

The mean values for TSS content ranged from 5.30 Brix to 11.40 Brix (Table 4.2).
Among the different genotypes, Sweet orange had the highest TSS (11.40 Brix) whereas
Bira jora and Kaffir lime had the lowest (5.30 Brix). The results were found to be statistically
significant at p<0.05. The statistically similar cultivars are grouped together using the same
superscript as represented in the table.

4.2.4 Titratable acidity (%)

The mean values for titratable acidity percentage ranged from 0.97% to 4.71%. Among
the genotypes, Sweet orange recorded the lowest titratable acidity percentage (0.97%)
whereas Kaffir lime recorded the highest titratable acidity percentage (4.71%). Cultivars that

are statistically similar have been categorized with the same superscript, as demonstrated in
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Table 4.2. The findings were deemed statistically significant with a p-value of < 0.05.
4.2.5 Ash content (%)

The mean values for ash content ranged from 2.533% to 5.690% in peel and from
2.833% to 5.963% in pulp. Among the peels of different genotypes, the highest ash % was
found in Sour orange (5.69 %) and the lowest was found in Kaffir lime (2.53%). Among the
pulps, the highest ash % was revealed in Rangpur lime (5.963%) and the lowest ash % was
revealed in Khasi mandarin (2.833%). Cultivars that were found to be statistically similar
have been grouped together and labelled with the same superscript in Table 4.3. The results

were deemed statistically significant at p< 0.05.

4.2.6 Reducing Sugars (%0)

The data in Table shows that the reducing sugar in juice among the different germplasm
ranged from 2.06% to 6.72%. The highest reducing sugar was present in Khasi mandarin
(6.72%) and the lowest was present in Bira Jora (2.061%). The results were found to be
statistically significant at p<0.05. The cultivars that are statistically comparable to one

another are grouped together by using the same superscript (Table 4.3).
4.2.7 Non-reducing sugars (%o)

The non-reducing sugar in juice among the different genotypes of citrus ranged from
0.48% to 4.15%. The highest amount of non-reducing sugars was present in Sweet orange
(4.145%) and the lowest amount was present in Bira Jora (0.48%). The results were found
to be statistically significant at p<0.05. The statistically similar cultivars are grouped

together using the same superscript as represented in Table 4.3.
4.2.8 Total sugar (%)

It is observed from Table 4.10 that the total sugar percentage in the juice was maximum
in Khasi Mandarin (9.36%) and minimum in Bira Jora (2.54%). The results were found to
be statistically significant at p<0.05. Using the same superscript, the statistically comparable

cultivars have been grouped together (Table 4.3).
4.2.9 Crude protein (%)

The highest and lowest protein content among the peels was evident in Bira Jora
(13.83%) and Grapefruit (5.6%) respectively. Meanwhile, among the pulps, the highest and
lowest protein content was found in Sour orange (9.16%) and Pummelo (5.6%) respectively.
The statistically comparable cultivars have been grouped together with identical superscripts

in Table 4.3, and the statistical significance of the results was confirmed at p<0.05.
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4.2.10 Organic acids (mg/100 ml)

Table 4.4 represents the organic acid profile in Citrus cultivars. The organic acid profile
estimation of Citrus juice was carried out with the help of UHPLC. Seven organic acids were
quantified namely oxalic acid, tartaric acid, malic acid, ascorbic acid, citric acid, fumaric
acid and succinic acid. It was revealed that the average value of citric acid was the highest
among all the acids. The highest citric acid was found in Rangpur lime (1807.89 mg/100 ml)
and the lowest in Khasi papeda (24.35 mg/100 ml). Oxalic acid was highest in Bira Jora
(30.83 mg/100 ml) and lowest in Cleopetra mandarin (7.53 mg/100 ml). The highest
concentration of ascorbic acid was detected in Sweet orange (297.09 mg/100 g) and the
lowest concentration was detected in Khasi papeda (9.66 mg/100 g). Similarly, tartaric acid
was highest in Khasi papeda (171.81 mg/100 ml) and lowest in Rangpur lime (46.27 mg/100
ml). Tartaric acid was not detected in grapefruit. The highest and lowest content of malic
acid was found in Khasi mandarin (623.64 mg/100 ml) and Pummelo respectively (16.98
mg/100 ml). The fumaric acid concentration was maximum in Sour orange (118.78 mg/100
ml) and minimum in Grapefruit (1.71 mg/100 ml). Fumaric acid was not detected in Bira
Jora. The highest succinic acid concentration was observed in Kaffir lime (637.65 mg/100
ml) while the lowest was observed in Bira jora (57.97 mg/100 ml). Succinic acid was not
detected in Khasi mandarin, Pummelo, Rangpur lime and Sour orange.

4.2.11 Water-soluble vitamins (mg/100 ml)

The data presented in Table 4.5 reveals that the water-soluble vitamin content showed
significant variation among the cultivars. Five water-soluble vitamins were quantified
namely thiamine, niacin, pyridoxin, pantothenic acid and folic acid. The thiamine content
was highest among all the vitamins and was found to be maximum in Rangpur lime (125.40
mg/100 ml) and minimum in Sour orange (7.77 mg/100 ml). The second most abundant
vitamin present was pyridoxine which was highest in Kaffir lime (79.78 mg/100 ml) and
lowest in Sweet orange (3.30 mg/100 ml). Pyridoxine was not detected in four of the
cultivars namely Rangpur lime, Bira jora, Khasi mandarin and Khasi papeda. The niacin
content was highest in Rangpur lime (26.26 mg/100 ml) and lowest in Khasi papeda (5.18
mg/100 ml). In Khasi mandarin, the pantothenic acid content was maximum (21.83 mg/100
ml) and Rangpur lime was found to have the lowest concentration of pantothenic acid (1.77
mg/100 ml). The concentration of folic acid was highest in the genotype Bira jora (0.52
mg/100 ml) and the lowest was found in the genotype Rangpur lime (0.11 mg/100 ml). Folic

acid was not detected in Kaffir lime.
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4.2.12 Mineral analysis (mg/100 g)

Results for the mineral content of citrus peel and juice are represented in Table 4.6 and
Table 4.7. 1t was found that sodium content was highest in Kaffir lime among the peels and
the pulps (158.11 mg/100 g and 22.91 mg/100 g respectively). Magnesium was highest in
Sour orange (291.49 mg/100 g) among the peels and in Cleopetra mandarin (131.49 mg/100
ml) among the pulps studied. Potassium content was highest in Rangpur lime peel (39.51
mg/100 g) and in Bira jora pulp (19.24 mg/100 g). The highest calcium content was detected
in Sour orange (297.27 mg/100 g) among the peels and in Bira jora (128.28 mg/100 g) among
the pulps. The iron content was highest in Sour orange peel (32.15 mg/100 g) and in Rangpur
lime pulp (41.46 mg/100 g). Sour orange peel had the highest concentration of copper (2.01
mg/100 g) and zinc (16.01 mg/100 g) whereas, among the pulp, Cleopetra mandarin (0.55
mg/100 mg) and Bira jora (3.18 mg/100 mg) had the highest concentration of copper and
zinc respectively. Heavy elements such as cadmium and lead were quantified and it was
revealed that they occur in trace amounts with cadmium having an average value of 0.004
mg/100 g in peels and 0.003 mg/100 g in pulps respectively and lead having an average
value of 0.003 mg/100 g in peels and 0.001 in pulp respectively.

4.2.13 Essential oil content (%)

The essential oil content (%) of peels calculated on a fresh weight basis is represented
in Table 4.8 The data reveals that the essential oil content averaged at 0.48%. The highest
essential oil yield was produced Rangpur lime by (0.83%) followed by Bira Jora (0.77%).

The lowest essential oil yield was produced by Cleopatra mandarin (0.26%).
4.2.14 Volatile compounds in essential oil (Relative %0)

Table 4.9 represents the important volatile compounds in the Citrus essential oil and
their relative %. The most abundant monoterpene hydrocarbon compound in all the
genotypes was D-limonene which varies from 45.7% to 81.58% depending on the cultivars.
The maximum D-limonene % was found in Kaffir lime and the minimum % was found in
Rangpur lime. y -terpinene was another major monoterpene hydrocarbon that was found in
the range 0f 0.1% in Bira Jora to 16.97% in Rangpur lime. The next monoterpene compounds
in abundance were o -pinene and B-pinene which were present in amounts ranging from
3.78% (in Rangpur lime) to 0.43% (in Khasi papeda) and 28.28% (in Khasi papeda) to 3.1%
(in Pummelo) respectively. o -pinene was not detected in Sour orange, Cleopatra mandarin
and Grapefruit. Monoterpenoids such as a -phellandrene was found up to 0.57% (Rangpur

lime). The B-Ocimene percentage was found highest in Bira Jora (2.32%).
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Monoterpene alcohols were also identified in the essential oil. a -terpineol which is a
crucial monoterpene alcohol was highest in Bira Jora (28.06%). Linalool, another
monoterpene alcohol was highest in Grapefruit (4.59%). The highest percentage of terpene-

4-ol was identified in Rangpur lime (1.71%).

Certain unique compounds were exclusively isolated in only certain Citrus species such
as camphene (0.23%) in Rangpur lime, geraniol (0.71%) in Khasi Papeda and cis- a -
bisabolene (0.42%) in Bira Jora. N- decanal was identified in only Sour orange (0.37%) and
Rangpur lime (0.21%). The unique compounds in Sweet Orange were myrcene (0.17%) and
nerol (0.06%) which were not identified in any other Citrus species under the study. Cis- a
-bergamotene (0.21%) was identified in only Bira jora (0.21%) and Sour orange (0.17%). 2-
carene was detected in grapefruit only and 3-carene in Sweet orange, Cleopatra mandarin
and Sour orange. Thymol was identified in very low concentrations in Sweet orange (0.38%)

and Eucalyptol was a unique compound that was present in Kaffir lime (3.86%).



Table: 4. 1A: Morphological Characteristics of the Citrus germplasm — Major Qualitative Characteristics

. Fruit Shape of |Shape of fruit Pruit skin |- Fruit Albedo | Adherence F“?'t Pulp Pulp —|Seed shape Seed
Cultivars - (epicarp) | surface axis colour | colour
shape fruit base apex colour | of albedo . . colour
colour texture intensity
Rangpur Lime Spheroid [Convex Rounded Orange- Inied  [White |Weak Semi- Orange |Dark  |Ovoid Cream
green hollow
Bira Jora Ellipsoid Concave Mammiform |Yellow Bumpy [White [Weak Solid White [Dark |Ovoid Cre_amy
collard white
Sour orange Spheroid [Convex Rounded Orange Rough  [White |[Strong Solid Yellow |Dark Ovoid Cream
Sweet orange Spheroid [Convex Rounded Orange Pitted White |Strong Solid Orange |Light [Clavate Cream
Khasi mandarin Spheroid [Truncate  [Truncate Orange Smooth |White |Weak Hollow [Orange [Dark |Clavate Cream
Cleopatra mandarin [Spheroid [Convex Truncate Orange Rough [White [Weak Hollow [Yellow [Dark |Ovoid Cream
Pummelo Spheroid [Convex Truncate Yellow- Papillate |Pink Strong Semi- Pink Light Seml_ Cream
green hollow deltoid
Grapefruit Spheroid [Concave Rounded Seaﬁlgw Rough [White |Strong Hollow [Pink Light |Ovoid White
Kaffir lime Spheroid [Necked Rounded Green Bumpy [White [Strong Solid Yellow |Light 35{2)'“ Cream
Khasi papeda Spheroid [Concave Rounded Yellow Papillate [White [Strong Hollow [White [Dark Cuneiform [Cream




Table: 4. 1B: Morphological Characteristics of the Citrus germplasm — Major Quantitative Characteristics

Cultivars Fruit weight(g) Frui(tC:Te])rl gth Fruit(é)nr](;adth l\lsgénrgsrr] tgf thiEI:rl:(ietssri(nrgm) Juice(;(?)ntent Seeds per fruit
Rangpur Lime 50.37+2.64"  |6.40+0.50¢ 5.57+0.32¢ 9.67+0.58° 2.20+0.26f 40.19+3.38"% |9 67+1.53°
Bira Jora 166.80+7.07¢ [14.13+0.57* [9.63+0.35° 11.67+0.58" [13.20+0.60° |33.01+3.16° [10.67+1.16°f
Sour orange 122.40+8.179%" |7.10+0.36¢ 7.10+0.3¢ 10.67+0.58°  [5.50+0.50%  |50.84+3.23%  |17.33+1.53%
Sweet orange 150.0049.10¢  [6.27+0.20¢ 6.47+0.45¢ 9.67+0.58° 4.47+0.64° 36.11+1.29° [15,67+2,08%
Khasi mandarin 133.80+8.55%" [5.77+0.57¢ 6.10+0.36¢ 10.33+0.58°  [1.73+0.12f 4557+2.70% |22.00+2.0°
Cleopetra mandarin [143.60+7.95% |6.73+0.15° 6.03+0.21¢ 11.00+1.00°  [1.23+0.06 41.48+2.76° [8.67+0.58f
Pummelo 826.40+76.56% |14.57+1.20° |15.28+0.95° [14.33+0.58* [16.10+0.53* [23.51+0.767  |47.67+2.522
Grapefruit 467.50+11.05° |9.10+0.53¢ 10.1741.33¢  [13.33+0.58%*® [6.37+0.058¢ |35.76+2.83% [30.33+4.73°
Kaffir lime 68.30+2.46°"  |7.13+0.40¢ 6.50+0.30¢ 11.00£1.00° [5.53+0.15%  |43.48+2.89% |14.00+1.00%"
Khasi papeda 632.00+17.25° |12.00£0.40° |12.61+0.38"  [11.67+1.53°° |7.80+0.26° 14.95+0.949  [41.33+1.16°

S.ED () 12.14 0.26 0.28 0.38 0.18 1.21 1.01

CD (p=0.05) 20.94 0.46 0.49 0.66 0.32 2.09 1.74

N.B: Values are mean (n=3) £ S.D. Values with different superscript letters (a to f) in the same column are statistically different (p<0.05)




Table: 4. 2: Moisture content (%), Juice pH, TSS (Brix) and Titratable acidity (%0) of the Citrus germplasm
. Moisture content (%) Juice pH TSS (Brix) of juice Titratable_ a_cidity (%) of
Cultivars juice
Pulp Peel
Rangpur Lime 92.51+0.97° 83.32+1.33? 2.60+0.05° 5.47+0.15f 4,58+0.03"
Bira Jora 87.21+1.170c 75.80+0.89° 2.84+0.03¢ 5.30+0.10 4.31+0.04°
Sour orange 91.47+0.58% 82.28+2.65 2.69+0.03° 6.93+0.058° 4.25+0.05°
Sweet orange 88.37+3.1930c¢® 74.22+1.44> 3.89+0.86° 11.4+0.10° 0.97+0.05'
Khasi mandarin 88.54+1.3032bcde 70.20+1.43¢ 3.90+0.012 10.53+0.15" 1.23+0.08"
Cleopetra mandarin 86.45+1.42°% 76.49+2.03 3.35+0.15° 11.37+0.15° 3.07+0.07°
Pummelo 85.28+2.17% 76.16+1.06° 3.69+0.05° 8.77+0.15° 2.20+0.05
Grapefruit 89.68+0.952 70.81+1.29¢ 3.38+0.07¢ 8.27+0.06¢ 1.98+0.079
Kaffir lime 84.30+1.57° 73.84+1.26" 3.80+0.01% 5.30+0.10 4.71+0.14°
Khasi papeda 90.83+0.672> 72.73+1.28° 3.07+0.04¢ 7.13+0.25° 3.98+0.07¢
S.ED (%) 0.746 0.728 0.030 0.066 0.033
CD (p=0.05) 1.286 1.256 0.052 0.113 0.057

N.B: Values are mean (n=3) = S.D. Values with different superscript letters (a to g) in the same column are statistically different (p<0.05)




Table: 4.3: Ash content (%), Sugar (%) of the Citrus germplasm and Crude protein (% in dry weight basis)

Cultivars Ash content (%) Sugar (%) in juice Crude protein content (%)
Pulp Peel Reducing | Non reducing | Total sugar Pulp Peel
sugar sugar
Rangpur Lime 5.06£0.03 | 5.5040.01 | 2.82+0.09° |2.54+0.06% |5.36£0.09 | 6.80£0.28° | 10.44+0.36
Bira Jora 4.41+009° | 5.120.10 | 2.06+0.19" | 0.48+0.05" | 2.54:0.17° |7.76+0.36% | 13.83:0.35
Sour orange 5.44+0.18" | 5.69:0.05 |3.350.08¢ | 2.27+0.09' | 5.62:0.16 |9.16+0.27° | 11.32£027
Sweet orange 41740159 | 3.5720.06 | 4.9940.15° | 4.15+007° | 9.13£0.17 | 8.52+0.27% | 7.35£0.35°
Khasi mandarin 2.83+0.14" | 3.12:0.11° | 6.72+0.18% |264+0.12¢ | 9364030 |7.99+0.27% |7.35:0.46
Cleopetramandarin | 3 9940079 |3.0240.03° |5.66+0.19° |3.08+0.07° |8.7440.24 | 6.7140.36° | 8.05:0.18"
Pummelo 3.95:0.13¢ | 4.07+0.06 | 4.67+0.13° | 3.43+0.10° |8.10+0.10 |5.60+0.30" | 7.88+0.27
Grapefruit 3.49+0.02° | 3.60£0.05 |3.69+0.12¢ |2.80+0.05¢ | 6.50£0.16 |7.53:0.18% | 5.60:0.18"
Kaffir lime 416+0.14% | 2532006 | 2.35+0.20° | 1.60+0.059 | 3.95:0.15 |8.80+0.27 | 9.22:0.27"
Khasi papeda 42720249 | 3.99:0.05 | 34420129 | 2.42+0.04 | 587+0.12° | 5712027 | 648+0.18
S.ED () 0.064 0.030 0.072 0.035 0.083 0.135 0.141
CD (p=0.05) 0.110 0.052 0.124 0.061 0.144 0.233 0.357

N.B: Values are mean (n=3) £ S.D. Values with different superscript letters (a to g) in the same column are statistically different (p<0.05)




Table: 4.4: Organic acid profile in juice of the Citrus germplasm

Cultivars Oxalic acid | Tartaric acid | Malic acid | Ascorbic acid | Citric acid | Fumaric acid | Succinic acid
(mg/100 ml) | (mg/100 ml) | (mg/100 ml) | (mg/100 ml) | (mg/100 ml) | (mg/100 ml) | (mg/100 ml)

Rangpur Lime 7.69 46.27 413.02 41.12 1807.89 96.03 N/A
Bira Jora 30.83 137.34 410.60 124.90 1122.18 N/A 57.97
Sour orange 13.78 102.46 268.70 39.22 1560.43 118.78 N/A
Sweet orange 8.68 71.86 539.12 297.09 553.03 32.45 493.00
Khasi mandarin 22.30 170.75 623.64 125.28 447.82 23.22 N/A
Cleopetra mandarin |7.53 118.73 83.50 197.37 775.34 50.76 487.74
Pummelo 11.67 113.07 16.98 134.48 18.41 48.62 N/A
Grapefruit 25.47 N/A 299.60 104.30 544.19 1.71 413.50
Kaffir lime 7.61 61.11 386.65 182.84 351.47 21.16 637.65
Khasi papeda 11.10 171.81 89.68 9.66 24.35 94.44 216.00




Table: 4. 5: Water-soluble vitamins in the juice of the Citrus germplasm

Cultivars Thiamine Niacin Pyridoxine Pantothenic acid Folic acid
(mg/100 ml) (mg/100 ml) (mg/100 ml) (mg/100 ml) (mg/100 ml)
Rangpur Lime 125.40 26.26 N/A 1.77 0.11
Bira Jora 92.73 12.83 N/A 4.66 0.52
Sour orange 1.77 17.16 30.66 4.22 0.18
Sweet orange 73.15 10.49 3.30 4.52 0.40
Khasi mandarin 73.23 8.21 N/A 21.83 0.36
Cleopetra mandarin 28.43 16.17 17.59 14.59 0.20
Pummelo 38.15 8.91 38.50 3.90 0.33
Grapefruit 66.74 10.82 26.49 2.92 0.46
Kaffir lime 53.82 18.46 79.78 2.81 N/A
Khasi papeda 30.58 5.18 N/A 2.44 0.23




Table: 4. 6: Major minerals of the Citrus germplasm (fresh weight basis)

Sodium Magnesium Potassium Calcium
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Cultivars
Peel Pulp Peel Pulp Peel Pulp Peel Pulp

Rangpur Lime 39.89 11.08 146.66 44.02 39.51 7.99 151.55 16.06
Bira Jora 30.29 17.15 53.76 84.17 10.57 19.24 67.41 128.38
Sour orange 25.35 10.30 291.49 71.53 34.03 10.47 297.27 36.14
Sweet orange 26.93 12.35 133.50 63.96 27.13 11.72 122.49 17.78
Khasi mandarin 40.86 12.95 237.46 69.01 17.75 7.04 159.84 31.75
Cleopetra mandarin 51.80 9.98 281.67 131.49 11.11 11.86 161.77 62.75
Pummelo 26.32 17.23 211.32 85.84 20.37 15.11 202.77 42.27
Grapefruit 21.60 11.86 89.20 52.81 20.54 10.31 104.69 14.86
Kaffir lime 158.11 22.91 180.51 74.03 7.98 7.59 116.20 30.44
Khasi papeda 30.30 17.49 160.95 21.44 23.06 3.29 123.51 4.89




Table: 4. 7: Minor minerals and heavy metals of the Citrus germplasm (fresh weight basis)

Iron Copper Zinc Cadmium Lead
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Cultivars
Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp

Rangpur Lime 7.48 41.46  10.89 0.20 2.69 1.61 0.003 0.001 0.001 0.001
Bira Jora 28.64 29.67 0.32 0.37 3.72 3.18 0.005 0.010 0.004 0.001
Sour orange 32.15 8.26 2.01 0.43 16.01  [1.57 0.007 0.003  |0.003 |0.001
Sweet orange 6.40 4.17 0.52 0.40 1.72 1.06 0.005 0.002  [0.005 ]0.004
Khasi mandarin 6.07 3.25 0.78 0.17 1.08 0.48 0.000 0.002 0.001 0.001
Cleopetra mandarin 18.05 4.84 0.47 0.55 2.10 1.75 0.005 0.004 0.003 0.001
Pummelo 6.98 4.01 0.45 0.35 0.85 0.54 0.002 0.001  |0.001 |0.001
Grapefruit 8.46 2.59 1.89 0.24 1.98 0.41 0.003 0.002 0.002 0.001
Kaffir lime 6.73 2.78 0.36 0.29 0.74 0.68 0.008 0.002  |0.003 |0.001
Khasi papeda 9.91 1.50 0.57 0.13 2.81 1.47 0.005 0.002  |0.005 |0.001




Table 4.8:

Essential oil content

(fresh weight basis)

(%)

in Citrus

peel

Cultivars Essential oil (%) in peels
Rangpur Lime 0.83?
Bira Jora 0.772
Sour orange 0.40%
Sweet orange 0.46"¢
Khasi mandarin 0.320f
Cleopetra mandarin 0.26"
Pummelo 0.29°f
Grapefruit 0.52°
Kaffir lime 0.37¢%
Khasi papeda 0.55°
S.ED (3) 0.016
CD (p=0.05) 0.028

N.B: Values are mean (n=3) + S.D. Values with different superscript letters (a

to g) in the same column are statistically different (p<0.05)
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Table: 4.9: Major volatile compounds found in the essential oil of the Citrus germplasm (Relative %b).

Rangpur | Bira Sour Sweet Khasi Cleopetra | Pummelo | Grapefruit | Kaffir Khasi
Compound Lime Jora orange | orange mandarin | mandarin lime papeda
o -pinene 3.78 0.61 - 1.77 2.24 - 0.66 - 1.57 0.43
camphene 0.23 - 0.15 - - - - - - -
B-pinene 12.83 2.96 4.02 4.46 4.72 4.51 3.1 3.78 4.12 28.28
myrcene - - - 0.17 - - - - - -
a -phellandrene 0.57 0.11 - - 0.11 0.16 - 0.11 0.15 0.08
a -terpinene 16.97 0.1 9.12 13.03 10.92 0.9 1.82 0.14 - -
Linalool - 0.27 0.32 1.37 0.36 3.06 1.04 4.59 0.76 1.25
D-limonene 45.7 57.56 48.45 |66.11 75.78 76.8 63.37 81.34 81.58 63.17
nonanal - - 0.17 0.07 0.03 - - 0.3 - 0.1
terpinen-4-ol 1.71 0.25 - 1.1 - 2.33 0.3 0.45 0.66 0.14
a -terpineol - 28.06 - 3.04 0.61 0.97 - 0.43 1.41 -
n-decanal 0.21 - 0.37 - - - - - - -
nerol - - - 0.06 - - - - - -
geraniol - - - - - - - - - 0.71
cis- o -bergamotene | - 0.21 0.17 - - - - - - -
B-bisabolene - 0.28 - - - - - - - -
0- cymene 1.15 - - 1.87 1.1 - 0.17 - 0.18 -
B-Ocimene 0.40 2.32 1.62 0.18 - 0.41 0.17 - - 0.12
endo-Borneol 0.24 0.1 - - - - - - - -
B-longipinene 0.10 - - - - - - - - 0.15
cis- o -Bisabolene | 0.09 0.42 - - - - - - - -
2-Carene - - 0.30 - - - - 0.95 - -
3- Carene - - - 0.12 - 1.51 - - - -
Thymol - - - 0.38 - - - - - -
Eucalyptol - - - - - - - - 3.86 -
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CHAPTER V

DISCUSSION

5.1 Morphological parameters
5.1.1 Fruit weight

The weight of the fruit is an important indicator of its quality and affects its market
value and helps to plan packaging, transportation and market operations (Ifmalinda et al.,
2022). Weight is also one of the most important factors in understanding water and nutrient
use efficiency, biomass composition, fruit consistency, identification of cultivars,
determining crop values, and fruit acceptance by consumers (Ornelas-Paz et al., 2013).
Significant variations were observed for fruit weight among the different genotypes, ranging
from 50.37 g to 826.4 g and a mean of 276.112 g. Similar observations have been reported
by Rabha et al. (2013) who found of range of 21.56 g to 712.53 g in fruit weight among 32
Citrus genotypes of Arunachal Pradesh. According to Rahman et al. (2003), the weight of
the pummelo fruits varied from 718 to 2160 g which is not in conformity with the present

findings.

The variation in fruit weight among Citrus genotypes might be due to the differential
translocation of photosynthates from fully developed leaves to developing fruits (Singh et
al., 2022). Furthermore, it had been reported that increased pulp tissue caused an increase in
fruit weight which can be attributed to cell division during the early stages of fruit
development, caused mainly by the thickness of the peel tissue (Dalal et al., 2013). The
variation in fruit weight can be attributed to genotypic variations, environmental conditions
and management practices (Basak et al., 2022; Gaikwad et al., 2018; Kayesh et al., 2018;
Zekri et al., 2011).

5.1.2 Fruit length

The physical characteristics of fruit crops such as fruit length are the most crucial
parameters to determine the appropriate standards for the design of grading, conveying,
processing, and packaging systems (Tabatabaeefar and Rajabipour, 2005). Fruit length
across the several genotypes showed significant variations with a range of 5.77 cm to 14.57

cm and a mean length of 8.92 cm. The present findings are in line with those of Rabha et al.
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(2013) who observed a range of 3.02 cm to 12.3 cm among 32 Citrus genotypes of Arunachal
Pradesh. The results are also similar to the findings of Gaikwad et al. (2018) who reported a
range of 4.77 cm to 5.23 cm in rangpur lime genotypes and 6.20 to 108.05 cm in rough lemon
genotypes of Maharashtra. The fruit length has a significant and positive correlation with the
fruit weight (Herath et al., 2016). Usually, variations in fruit length among different
genotypes are due to differences in genetic factors and micro-climate conditions. (Kayesh et
al., 2018; Zekri et al., 2011).

5.1.3 Fruit breadth

Similar to fruit length, fruit breadth is also an important characteristic to design
grading, conveying, processing, and packaging systems (Tabatabaeefar and Rajabipour,
2005). The data pertaining to fruit breadth reveals a significant variation among cultivars
with a range of 5.57 cm to 15.28 cm and an average value of 8.55 cm. Similar findings were
reported by Jaskani et al. (2006) who observed a breadth of 7.3 cm and 6.0 cm in bittersweet
orange and sour orange respectively. The fruit breadths documented by Herath et al. (2016)
are 4.05 cm in lime, 5.54 cm in lemon, 4.36 cm in mandarin, 9.9 cm in grapefruit and 14.2
cm in pummelo which are comparable with the present findings. The fruit weight and fruit
breadth of Citrus fruits are found to be positively correlated with each other (Herath et al.,
2016). Variations in genetic factors and climate could all contribute to the diversity in fruit

breadth among genotypes (Kayesh et al., 2018; Zekri et al., 2011).
5.1.4 Number of segments

The taxonomy of Citrus relatives has been significantly influenced by the segment
number in Citrus fruits (Tanaka, 1959; Swingle and Recee, 1967). The number of segments
is an important characteristic for processing as the mechanically extracted juice contains
segments which should be removed (Tisserat et al., 1990). The number of segments ranged
from 9.67 to 14.33 nos. with a mean of 11.33. This result is in line with the findings of
Jaskani et al. (2016) who reported the number of segments to be 10.4 in sour orange and
Rahman et al. (2003) who found it to be 11.28 in pummelo. Malik et al. (2006) reported the
number of segments as 10.6 in Citrus indica and 14.2 in Citrus macroptera which is
comparable to the present findings. The variation in the number of segments arises due to

genetic factors and the size of the fruit (Liu et al., 2005; Tisserat et al., 1990).
5.1.5 Fruit rind thickness

The fruit rind is crucial for preventing moisture loss, safeguarding the fruit from

insects and other pests and minimising injuries including chilling injury (Nordby and
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McDonald, 1990). The aroma that Citrus fruits emit and the flavours they are associated
with are both characterized by the aroma-active volatile flavouring chemicals found in the
rind or peel oils (Liu et al, 2012). A thicker peel reduces the likelihood of fruit splitting
whereas easy-peeling fruit is a desirable feature for fresh consumption (Cronje et al., 2013).
The observation on fruit rind thickness reveals significant variation with a range of 1.23 mm
to 16.10 mm among genotypes and an average of 6.2 mm. The results are in accordance with
the findings reported by Sayed et al. (2006) and Akhter et al. (2009) who observed great
variation in fruit rind thickness ranging from 1 to 2 mm, 2.5 to 5.0 mm and 4.3 to 27.5 mm
in lime, lemon and jamir (Citrus jambhiri) accessions respectively. The genetic makeup of
the various genotypes, tree age, fruit size and the various growing environments are
responsible for the variation in rind thickness (Morgan et al., 2005; Khalid et al., 2012).

Cohen (1976) noted the effect of higher potassium content on increased rind thickness.
5.1.6 Juice content (%o)

The juice in fruits is found in sacs that are tightly packed, club-shaped and
multicellular which are known as juice vesicles (Ladaniya, 2008). Though primarily water,
the juice contains sugars (such as glucose, fructose, and sucrose), organic acids (such as
malic, citric, and tartaric), fats, proteins, various volatile compounds and vitamins (Nagy et
al., 1993). The juice content of a fruit is a crucial factor for juice processing industries. A
significant difference in juice content (%) among the ten Citrus genotypes was observed.
The juice content (%) varied from 14.95% to 50.84%. with an average percentage value of
36.49%. Similar reports were observed by Gaikwad et al. (2018) who found juice content
ranging from 14.71% to 47.63% in Rough lemon and from 27.73% to 48.75% in Rangpur
lime genotypes of Maharashtra, and by Singh (2010) who reported juice content ranging
from 17.3% to 36.81% in Pummelo genotypes. Usually, the variation in juice content is
caused by variations in the genetic makeup, growing region, fruit harvesting stage, irrigation

and climate and method of juice extraction. (Wiegand et al., 1982; Castle et al., 2010)
5.1.7 Fruit shape

Fruit shape is an important characteristic for taxonomic classification and is also an
indicator of the external quality of the fruit (Ladaniya, 2008). The shape of fruit can undergo
change as they mature and that can be used as a characteristic to identify the harvest maturity
in Citrus (Erkan and Dogan, 2019). Knowledge of fruit shapes is required in designing
postharvest equipment such as handling, sorting, grading and packing systems (Khadivi-

Khub, 2013). Two distinct types were recorded with respect to fruit shape. The genotype
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Bira jora had an ellipsoid fruit shape and all other types had a spheroid fruit shape. The
findings were in concurrence with the reports of Sayed et al. (2006) and Jaskani et al. (2006)
who reported spheroid and ellipsoid shapes in lime, obolid, ellipsoid and ovoid shapes in
lemon, ellipsoid fruit shape in bittersweet orange, spheroid shape in Yuma citrange and
ellipsoid fruit shape in sour orange. The variation in fruit shape among different cultivar
arises due to genetic differences and environmental factors (Kayesh et al., 2018).

5.1.8 Shape of fruit base

The shape of the fruit base is an important morphological marker of Citrus fruits and
iIs used as a parameter in taxonomy (Ladaniya, 2008). The fruit base shape showed
significant variation with 5 genotypes showing a convex base shape, 1 genotype each
showing a concave-collard shape, truncate shape and necked shape and 2 genotypes showing
a concave fruit base shape. Gaikwad et al. (2018) and Sayed et al. (2006) also reported
significant variations in the shape of the fruit base ranging from convex in Rangpur lime,
convex in Galgal, concave, convex and truncate base in lime and concave collard, convex
and necked in lemon. The variation in fruit base shape is contributed by genetic differences

among the genotypes (Ladaniya, 2008).

5.1.9 Shape of fruit apex

The shape of the fruit apex is crucial for taxonomic classification and serves as an
important parameter for characterization and identification (Ladaniya, 2008). Variation was
seen in the shape of the fruit apex in the cultivars under study. Rounded fruit apex occurred
in 6 genotypes, truncate fruit apex occurred in 3 genotypes and mammiform fruit apex
occurred in 1 genotype. Variations in fruit apex were also reported by Malik et al. (2006),
and Gaikwad et al. (2018) who observed truncate apex in Citrus indica, rounded apex in
Citrus macroptera, mammiform and rounded apex in rangpur lime, truncate, mammiform
and rounded apex in rough lemon and mammiform apex in galgal. The reason for the

variation is due to differences in the genetic makeup of the cultivars (Ladaniya, 2008).
5.1.10 Fruit skin (epicarp colour)

Fruit skin colour is an important maturity index (Igbal et al., 2016). The epicarp colour
is a biochemical aspect of the ripening process and is crucial for fruit quality (Tadeo et al.,
2008). Epicarp colour is also a factor in sorting and grading (Ladaniya, 2008). Fruit epicarp
colour displayed considerable variations and the observations revealed that four genotypes
had orange colour, two genotypes had yellow colour, one genotype had orange green colour,

one had dark yellow colour and one had yellow-green colour. Variation in fruit skin (epicarp)
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colour was also reported by Rahman et al. (2003), Singh and Singh (2006), where the fruit
skin (epicarp) colour varied from orange, green, and yellow in rangpur lime, greenish-
yellow, yellow, orange, reddish yellow. According to Koshita (2015), secondary metabolites
including phenolic chemicals and terpenoids are responsible for determining the colour of
fruits. The temperature has a significant influence on how Citrus fruit develops its typical
rind colour. Environmental temperatures control both chlorophyll breakdown and synthesis
of carotenoid and other fruit pigments influencing the colour break in Citrus that is
dependent on changing pigment concentrations in the flavedo (Tadeo et al., 2008). Usually,
the difference in fruit skin colour is due to genetic factors, harvest stage, microclimatic
conditions and the position of the fruit on the tree (Stewart 1975; Zekri et al., 2011; Erkan
and Dogan, 2019).

5.1.11 Fruit surface texture

The fruit surface texture is an important morphological marker and an important factor
for consumer acceptability. The fruit surface texture showed considerable variation among
all the genotypes studied. The cultivars displayed rough (three genotypes), bumpy (two
genotypes), pitted (two genotypes), smooth (one genotype) and papillate (two genotypes)
texture of the surface. Similar variations were also observed by Jaskani et al. (2006) and
Gaikwad et al. (2015), as they witnessed smooth, papillate, pitted bumpy and rough textures
in Pummelo genotypes and rough textures bittersweet orange, Yuma citrange and Sour
orange. The textural difference in the peel arises due to genotypic variations and due to
ripening (Seymour et al., 2002). The size and placement of oil glands in the flavedo, which
may result in the development of small papillates or pits, as well as the possibility of a rough,
wrinkly, bumpy, and ribbed surface, contribute to the variance in fruit surface texture
(Hodgson, 1967).

5.1.12 Albedo colour

The albedo is the inner part of the fruit rind under the flavedo and contains pectins,
cellulose, and flavonoids (Sandhu et al., 2012). Albedo is made up of the inner mesocarp,
which is made up of parenchymatous cells with extensive air gaps (Scott and Baker, 1947).
The albedo acts as an effective cushioning material against pressure and impact to fruits.
(Ladaniya, 2008). The albedo colour was observed as white in all genotypes except Pummelo
where it was recorded as pink. The findings are in line with those of Dey et al. (2016) and
Jaskani et al. (2006) who also observed white albedo colour in bitter-sweet, white albedo

colour in sour orange, and white and pink albedo colour in pummelo. The variation in albedo
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colour arises due to genetic differences and environmental factors (Ladaniya, 2008; Singh
et al, 2010). Different ratios of lycopene/b-carotene impact the colour of the albedo (Xu et
al., 2006). Dey et al. (2016) stated that canopy position had an impact on the albedo colour

of pummelo fruits
5.1.13 Adherence of albedo

The adherence of albedo to the pulp influences the extent of easy removal of the peel
from the pulp or the peeling efficiency (Liu et al., 2005). Pectin, cellulose and hemicellulose
are responsible for the adherence of the fruit’s skin (Whitaker, 1984). The cultivars which
have weak peel-pulp adherence are easy to peel and have an intact colour and good
appearance after peeling as compared to the fruits which have a strong adherence to the
albedo (Liu et al, 2005). Thus, cultivars with weak albedo adherence are likely to be ideal
for the catering industry. The findings of the present study reveal that six genotypes had
shown strong adherence of albedo to the pulp while four genotypes had shown weak
adherence of albedo to the pulp. Similar findings were reported by Jaskani et al. (2006) and
Malik et al. (2006) who observed albedo adherence as medium to strong in Sour orange,
medium in Citrus indica, and strong in Citrus macroptera. The variation in adherence of

albedo to the pulp is due to genetic factors (Yu et al., 2021).

5.1.14 Fruit axis

The edible pulp of mature Citrus fruit is made up of the segments that surround the
central axis (Matheyambath et al., 2016). All Citrus fruits have a solid centre whilst they are
still developing but in some of these fruits, the central axis may open up as they mature
(Ladaniya, 2008). The fruit axis is a characteristic feature of Citrus species and is used as an
important morphological marker. The observations pertaining to the fruit axis reveal that
four of the genotypes exhibited hollow fruit axis. Semi-hollow fruit axis was observed in
two of the genotypes while the remaining four genotypes exhibited a solid fruit axis. Similar
irregularities in fruit axis were reported by Singh and Singh (2006), and Gaikwad et al.
(2018) which varied in Rough lemon as hollow and semi-hollow, in Rangpur lime as hollow,
semi-hollow and solid and in Galgal and Alemow as hollow. The variation in the fruit axis

is due to differences in cultivar and maturity (Singh et al., 2010; Sarkar, 2019).
5.1.15 Pulp colour

Appearance, including fruit pulp colour, is generally used as a selection criterion
throughout the supply and consumer chain (Cebadera et al., 2019). Attractive internal colour

in Citrus is usually an important prerequisite for processing (Tadeo et al., 2008). Pulp colour
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varied among different genotypes as orange (three genotypes), yellow (three genotypes) pink
(three genotypes) and white (two genotypes). Similar variations in Citrus pulp colour were
also reported by Hassan et al. (2008) and Gaikwad et al. (2018) who documented orange
colour in Rangpur lime, yellow colour in Rough lemon and white colour in Galgal and
Alemow. According to Ajon (1943), several Citrus fruits contain beta-carotene pigments
and with respect to genotypes, developmental stages, and environmental factors, the beta-
carotene pigment level varies which is responsible for yellow and orange colour in fruits.
According to Alquizar et al. (2018) and Giménez-Sanchis et al. (2022) the pulp's red colour
was caused by a high lycopene content or a high anthocyanin content, while its white colour
was caused by a high lutein content. Carotenoids have health-promoting properties, and a
higher intake of carotenoids is reported to reduce the risk of cancer (Colditz, 1987). This

nutritional advantage could be attractive from a marketing standpoint.

5.1.16 Pulp colour intensity

The colour intensity of the pulp is an important characteristic that influences the appeal
of the fruit to consumers (Tadeo et al., 2020). Pulp colour intensity was perceived as dark
for six genotypes whereas light intensity of pulp colour was recorded in four genotypes. The
findings are similar to the report by Gaikwad et al. (2015) who found light and dark shades
of pulp colour in different pummelo genotypes. Pulp colour intensity depends on the
accumulation of colour-inducing pigments such as beta-carotene and anthocyanin (Xie et
al., 2023). The synthesis, degradation and retention pathways of fruit pigments are mediated
by hormonal, genetic, and environmental factors (Kapoor et al., 2022). Fruits grown in warm
summers followed by cold winters tend to have more intense pigmentation (Cebadera et al.,
2019).

5.1.17 Seeds per fruit

The presence of a large number of seeds in Citrus fruits can be a significant obstacle
to consumer acceptability, regardless of the fruit's excellent taste and texture (Raza et al.,
2003). Due to their seediness, a number of cultivars with desirable horticultural traits have
not gained commercial importance (Fatta-Del-Bosco et al., 1992). On the other hand, a large
number of seeds is a desirable quality in breeding programmes (George et al., 1999). The
fact that most seedless fruits are small suggests that some kind of stimulation, maybe
hormonal, from the seeds (ovules) controlling fruit growth (Ladaniya, 2008). The average
number of seed count was 21.73 and the range varied from 8.66 to 47.67. Similar findings

were also quantified by Singh et al. (2009) who reported that the average number of seeds
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among 28 lemon genotypes was 20.64, and by Sharma et al. (2015) who found a range of
1.00 to 48.33 seeds per fruit in grapefruit cultivars. Rabha et al. (2013) also reported a range
of 5 to 48 seeds per fruit in 32 Citrus genotypes from Arunachal Pradesh. There may be
genetic differences that lead to the variation in seed number per fruit between species (Dorji
et al., 2011; Marboh et al., 2015). High levels of inter- and intra-species cross-pollination
may also be a contributing factor to the variation. (Kahn and Vidalakis, 2014).

5.1.18 Seed shape

The shape of a seed is a crucial characteristic when it comes to identifying and
classifying plants. Seed shape is also significant as it is indicative of genetic, physiological,
and ecological factors that influence quality and market value (Cervantes et al., 2016).
Variation in seed shape was observed as four genotypes showed an ovoid seed shape, two
genotypes showed a clavate seed shape, two genotypes showed a semi-deltoid seed shape
and one genotype showed a cuneiform seed shape. The findings are in accordance with the
study carried out by Jaskani et al. (2006) and Gaikwad et al. (2018), who reported wide
variation in seed shapes such as semi-deltoid and ovoid in rough lemon genotypes, clavate
and spheroid in bittersweet orange, and clavate and cuneiform in sour orange. The seed shape
varies greatly among species (Ladaniya, 2008). The variation in seed shape is due to genetic
factors (Dorji et al., 2011). According to a study by Altaf et al. (2008) on Kinnow mandarin,
variations in seed shape may also result from the crossing of plants with various pollen

sources.

5.1.19 Seed colour

Seed germination and dormancy have been reported to be influenced by seed colour
(Powell, 1989). Many studies have demonstrated that seed colour influences water uptake
(Powell, 1986). Cream seed colour was observed in most of the genotypes while white and
creamy white seed colour occurred in one genotype each. Variation in seed colour was also
observed by Gaikwad et al. (2018) in rough lemon genotypes as yellow, cream and brown,
and by Singh et al. (2010) in rangpur lime genotypes as brown and cream. Jaskani et al.
(2006) documented white seed colour in sour orange and bitter-sweet orange and Malik et
al. (2006) documented cream seed colour in Citrus indica. The differences in seed colour
are a result of genotypic differences and the influence of the environment. (Singh et al.,
2010).

5.2 Biochemical Characteristics

5.2.1 Moisture content



62

Fruits serve as a reservoir for moisture, and when leaves lack moisture, they drain
moisture from fruits (Ladaniya, 2008). The moisture level in fruit directly impacts its shelf
life and the potential for microorganisms to thrive and reproduce (Nasir et al., 2004). The
rind is more leathery when it has less moisture (Ladaniya, 2008). A high moisture content
of more than 70% was observed in the peel and pulp of all the Citrus cultivars. The moisture
content in peel was found to be averaging at 75.59% and that of pulp to be at 88.46%. The
findings of the present study were found to be in line with the findings by Tripodo et al.
(2004) who found a moisture content of 85.7% and 88.6% in pulp of orange and lemon.
Supporting results were also reported by Gaikwad et al. (2015) who found that the moisture
content in Pummelo genotypes ranged from 82.1% to 91.05%. The moisture content of the
pulp was greater than that of the peel owing to the juice content in the pulp. A high moisture
content of the pulp is to be expected because Citrus fruits are known for being juicy and are
mostly taken to quench the taste (Ani and Abel, 2018). Low levels of moisture of 23.75% in
rough lemon and 16.20% in Citrus maxima peels were also documented. (Mohammed et al.,
2013; Ani and Abel., 2018). Usually, this variation is a result of different cultivars,
geographic locations, techniques of drying and well as the stage of harvesting (Tadeo et al.,
2008).

5.2.2 Juice pH

A high pH level of Citrus fruits is an attribute that contributes to their immense
popularity as fresh fruit. (Herath et al., 2016). The pH content for the present study was
found to be averaging at 3.32 and had a range of 2.60 to 3.90. The pH level of all the cultivars
was found to be much less than 7 which meant that fruits were highly acidic. A similar
finding was also reported by Shravan (2018) who found that the pH of Citrus sinensis fruit
juice was 3.8. Similar observations have also been recorded by Herath et al. (2016) as they
observed a pH of 2.37 in lime, 2.54 in lemon, 2.88 in sour orange, 3.42 in grapefruit and
3.98 in pummelo. As pH decreases, the acids become more undissociated and impart more
of a sour taste (Dziezak, 2016). Juice pH variations arise from variations in acid content
between genotypes, which are influenced by the genetics of the individual plant and

environmental factors (Marboh et al., 2015).
5.2.3 Total soluble solids (TSS)

TSS is an important indicator of the quality of fruit and its flavour. The Brix percentage
is crucial for the industrial processing of Citrus fruits into commercial beverages and jams

(Tadeo et al., 2008). The TSS is contributed by sugars, acids, dissolved vitamins, proteins,
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phenolic compounds, minerals and pigments. Of these components, sugars make up
approximately 75-85% of the total soluble solids (Ncama et al., 2017). A higher TSS/ total
acid ratio is directly correlated to sweetness in the fruit (Ranganna, 1986). A great variation
in TSS of the different Citrus cultivars was observed in the present study with TSS ranging
from 5.30 to 11.40 Brix. The findings were comparable with those obtained by Singh (2004)
who found a TSS range of 7.08 to 10 Brix in Pummelo genotypes. A similar result was
obtained by Josan and Kaur (2006) who studied 25 Mandarin types and found their TSS to
vary from 6.13 to 12.20 Brix. According to Dorji and Yapwattanaphun (2011), the influence
of elevation and climatic conditions on variance in TSS could not be ignored. The variation
in TSS is attributed to sugar and acid content that arises due to genetic differences, the age
of the tree, the stage of harvesting and environmental factors (Frometa and Echazabal 1988;
Ladaniya, 2008; Erkan and Dogan, 2019). Fruit position on the tree also influences TSS as
fruit near the top and edges of the canopy are more exposed to sun radiation and may have
higher levels of total soluble solids (Tadeo et al., 2008). Heavy vegetative growth
flushes will deplete the resources that the fruit is able to use to develop, which will lead to
fruits with decreased TSS (Zekri et al., 2011).

5.2.4 Titratable acidity

The attribute of acidity is significant in determining the acceptability of Citrus juice as
tartness plays a major role. This is because acid is responsible for imparting the characteristic
sour taste to the product (Ahmad et al., 2008). The acidity of the juice is also a factor in
determining its suitability for processing (Voragen et al., 1991). The titratable acid in a fruit
juice is contributed mainly by citric, malic, acetic and tartaric acids (Tyl and Sadler, 2017).
The titratable acidity percentage ranged from 0.97% to 4.71% with a mean value of 3.13%.
Comparable results were obtained by Sayed et al. (2006) who reported a mean titratable
acidity of 4.50% in rough lemon and by Singh et al. (2010) who reported mean titratable
acidity of 3.4% to 5% in rangpur lime. Low titratable acidity was obtained by Hangsing et
al. (2016) and Kakoti et al. (2019) in Khasi mandarin (0.73-0.81% and 0.65% respectively).
A high percentage of titratable acidity was reported by Gaikwad et al. (2018) which ranged
from 3.53% to 8.72% in Rangpur lime genotypes and 3.49% to 7.47% in rough lemon.
Variations in titratable acidity are a result of varietal differences, the effect of climate and
soil, the age of the tree and the stage of harvest (Frometa and Echazabal, 1988; Ladaniya,
2008).

5.2.5 Ash content
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Ash is the term used to describe the inorganic residue left behind either after complete
oxidation or ignition of organic materials in a food product (Marshall, 2010). Ash content
represents the total mineral content in food (Marshall, 2010). Ash content can be significant
from a dietary, toxicological, and food quality perspective since some foods are abundant in
specific minerals (Harris, 2017). The first step in preparing a food sample for elemental
analysis is ashing. In the current study, the ash content was found to be averaging at 4.26%
for pulp and 4.02% for peel with a range of 2.83% to 5.96% and 2.53% to 5.69%
respectively. The present findings are in line with that of Mathias et al. (2019) who found
that ash content in Citrus peel to be 5.57% and that of Suri et al. (2022) who concluded that
sweet lime peels had an ash content of 5.93%. Results reported by Joseph (2016) in Citrus
sinensis peels showed an ash content of 14.76% which is not comparable to the results in the
present study. The variation in ash content is a result of genetic factors, soil management

practices, geographic location or stage of harvest (Ladainiya et al., 2008).

5.2.6 Crude protein

Nitrogen-containing compounds play a crucial role in plants as they are found in
various structural and productive organs including fruits, and are important for metabolism
(Ladaniya, 2008). The crude protein is an attribute where the total nitrogen content is used
to determine the amount of protein in the food (Henneberg, 1865). The crude protein level
is a significant factor in determining the nutritional value of the fruit. The protein is also
required to maintain continuous evolution of ethylene which leads to ripening (Hyodo,
1981).

The protein content in pulp had a mean value of 7.45% with a range of 5.6% - 9.16%
and that in peel had a mean value of 8.744% with a range of 5.6% to 13.83%. The findings
of the present study were in consonance with the reports of Tripodo (2004) who found the
protein content in orange and lemon pulp to be 8.6% and 7.6% respectively. Similar findings
were also reported by Olabinjo et al. (2017) who found the protein content in sweet Orange
peel to be 7.15% and by Suri et al. (2018) who found 8.18% protein in peels of sweet Lime.
The high protein content in Citrus makes it a nutritious food. A significant protein content
in peel also makes it an excellent feed for animals. A low crude protein concentration
(4.2mg/100g) was found in Citrus maxima peel (Ani and Abel, 2018). The variation in crude
protein content is a result of genetic factors, soil and climatic conditions, maturity of the
fruit, drying method used or storage conditions (Pascual and Carmona, 1980; Ladaniya,
2008).
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5.2.7 Reducing Sugars

As a fruit reaches its mature stage, carbohydrate polymers break down and starch turns
into sugar, affecting the fruit's flavour and texture, making it sweeter and softer (Ladaniya,
2008). The higher rate of browning in fruit can be cited as the abundance of sugars,
particularly reducing sugars (Raju and Bawa, 2012). Reducing sugars are easily absorbed by
the body because they don't need to be broken down and thus, they can serve as instant
source of energy (BeMiller, 2017). The reducing sugars in the juice of the different
germplasms under study ranged from 2.06% to 6.72% and had an average value of 3.97%.
The present findings of this study are consistent with the results by Diwan et al. (2014) who
found an average reducing sugar content of 4.08% in 28 Sweet orange varieties. Moreover,
Gaikwad et al. (2018) and Kumar et al. (2011) also found comparable values for reducing
sugar which ranged from 1.68% to 2.63% in Rangpur lime genotypes, 1.46% to 2.82% in
rough lemon genotypes and 4.41% to 6.52% in Mandarin genotypes. The reducing sugar
percentage was higher than the non-reducing sugar percentage in all the cultivars. This is
because the non-reducing sugars of juice such as sucrose are converted into reducing sugars
during ripening (Pruthi et al., 1984). The variation in reducing sugar content across the
cultivars arises due to genetic differences, maturity stage, varying soil and climate and stage
of harvesting (Ting et al., 1971; Marsh et al., 2000)

5.2.8 Non-reducing sugars

Sucrose is the major non-reducing sugar in Citrus fruits (Matheyambath, 2016). The
non-reducing sugar content in the juice of the cultivars under study varied from 0.48% to
4.15% and had an average value of 2.54%. Similar results were obtained by Gaikwad et al.
(2018) as they found non-reducing sugar to range from 0.88% to 3.17% in Rangpur lime and
1.63% to 3.93% in rough lemon. The results are also in line with the findings of Diwan et
al. (2014) who found a mean non-reducing sugar of 2.62% in Sweet orange varieties. The
variations between species result due to the genetic makeup of the accessions, geographical
conditions and harvesting stage (Ting et al., 1971; Marsh et al., 2000).

5.2.9 Total sugar

The total sugar includes both reducing and non-reducing sugars. An increase in total
sugar indicates advancement through maturation and ripening (Liu et al., 2012). Sugars play
a crucial role as essential nutrient factors and can also act as signals that trigger specific
hormonal responses. (Goldschmidt and Koch, 1996; Iglesias et al., 2006). The sweetness of

Citrus juice is related to its total sugar content (Zhang et al., 2016). The total sugar content
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in the Citrus species ranged from 2.54% to 9.36% and the mean total sugar percentage across
all the cultivars was 6.52%. The results are in close conformity with the findings of Rabha
et al. (2013) who found a total sugar range of 0.20% to 10.21% among different Citrus
genotypes of Arunachal Pradesh. Results reported by Hazarika et al. (2012) in pummelo
showed total sugar content of 7.47%- 9.95% which is comparable to the present findings.

5.2.10 Organic acids

Organic acids are among the principal compounds in fruits producing a sour sensation or
acidity. Fruit acidity is also one of the essential factors to decide the harvest time in crops
where acidity is important for consumers’ acceptance (Baldwin, 2002). The organic acid
content of fruits is intriguing since it has a significant impact on the sensory qualities of
fruits and fruit juices (Karadeniz, 2004). Each fruit has a unique pattern of organic acids
(Wrolstad, 1981). In addition, several organic acids may be utilised as indicators of ripeness,
bacterial activity, and adulteration (Palmer and List, 1973; Evans et al., 1983; Blanco et al.,
1996).

Seven organic acids were quantified out of which Citric acid was the most
predominant acid. Citric acid is the first intermediate of TCA cycle. Citric acid as the
dominant acid in Citrus juice was also confirmed by Clements (1964) and Yamaki (1989).
The Citric acid content ranged from 18.41 mg/100 ml to 1807.89 mg/100 ml and had a mean
value of 720.5 mg/100 ml. The results are comparable with the findings by Duarte et al.
(2010) and Kardeniz (2004) who found a citric acid content of 34 to 966 mg/100 ml in
mandarins, 633 to 1288 mg/100 ml in oranges and 1110 to 1565 mg/100 ml in sweet orange.
It was followed by malic acid having an average value of 313.15 mg/100 ml and a range of
16.98 mg/100 ml to 623.64 mg/100 ml. Malic acid also occurs as an intermediate of TCA
cycle. Similar findings were reported by Violeta et al. (2010) who found malic acid values
of 87.1 mg/100 ml in pomelo, 177 mg/100 ml in mandarin and 518.3 mg/100 ml in lime.
Ascorbic acid which is an important antioxidant was found in a range of 9.66 mg/100 ml to
297.09 mg/100 ml in the juice of the Citrus cultivars. The amount of ascorbic acid was
comparable to the findings of Violeta et al. (2010) and Duarte et al. (2012) who reported an
ascorbic acid content of 34 to 56.4 mg/100 ml in mandarins, 33.8 to 86 mg/100 ml in oranges
and 35 mg/100 ml in lime. Ascorbic acid acts as immunity booster and lowers blood
cholesterol level in the body (Igbal et al., 2004). The anti-scurvy property of ascorbic acid
has been well documented by Hodges et al. (1969). The Smirnoff-Wheeler pathway, in

which vitamin C is synthesized from d-mannose and Il-galactose (d-mannose/l-galactose
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pathway) represents the major route of Vitamin C biosynthesis in the plant (Smirnhoff,
2018). However, it should be highlighted that Sweet orange juice has a significantly higher
concentration of this acid than the other fruits. It could be said that 50 ml of fresh Sweet
orange juice would be sufficient to provide the daily RDA for ascorbic acid (RDA for
ascorbic acid is 40-80 mg/day as per ICMR, 2010).

Tartaric acid, Fumaric acid and Succinic acid are powerful immunity boosters and
antioxidants are present in Citrus juices in variable amounts. The value of tartaric acid
ranged from 46.27 to 171.81 mg/100 ml. Fumaric acid and Succinic acid content ranged
from 1.71 to 118.78 mg/100 ml and 57.97 to 637.65 mg/100 ml respectively. The present
findings are not in conformity with the results of Chinnici et al. (2005), Violeta et al. (2010)
and Kelebek et al. (2010) as they found a low concentration of the above acids in the Citrus
juice. The presence of oxalic acid in the fruit juice is harmless in small amounts but higher
amounts may contribute to kidney stone formation and reduce the mineral absorption of the
body. Oxalic acid was present in low concentrations in the range of 7.53 to 30.83 mg/100
ml in the Citrus juice. These results were comparable to the findings of Duarte et al. (2012)
and Violeta et al. (2010) who reported oxalic acid content of 4.9 mg/100 ml in clementine,

8.8 mg/100 ml in Mandarina and 26.8 mg/100 ml in pomelo.
5.2.11 Water-soluble vitamins

Vitamins are organic substances that are necessary for appropriate physiological
functioning. Since most vitamins cannot be produced by the body on their own, they must
be consumed in sufficient quantities through diet (Kennedy, 2016). Five water-soluble
vitamins were quantified namely thiamine, niacin, pyridoxine, pantothenic acid and folic
acid. These vitamins were found in most fruits in varying amounts. Vitamin Bz or thiamine
was present in the highest amounts among all the B group vitamins in all fruits. The average
concentration was 59.00 mg/100 g and the range was 7.77 to 125.71 mg/100 ml. These
results were also supported by Okwu (2008) who reported the thiamine concentration to be

the highest in various Citrus cultivars such as Citrus reticulata and Citrus aurantifolia.

Niacin and pyridoxine were identified in concentrations ranging from 5.18 to 26.26
mg/100 g and 3.30 to 79.78 mg/100 g respectively. The results are comparable with the
findings of Ani and Abel (2017) who found niacin and pyridoxine content of 14.42 mg/100
ml and 10.51 mg/100 ml in Citrus maxima juice. Pantothenic acid content was found in the
range of 1.77 to 21.83 mg/100 g in the fruit juices which is higher than the content reported

by Ladaniya (2008) in grapefruit, valencia orange, navel orange and eureka lemon, and
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Trong et al. (2018) in lemon. The folic acid concentration ranged from 0.11 to 0.52 mg/100
ml across the cultivars which could be supported by the findings of Ani and Abel (2017) and
Saeid and Ahmed (2021) who found a folic acid concentration of 0.60 mg/100 ml and 0.11
mg/100 ml respectively in Citrus maxima and Citrus limon cultivars. It could be concluded
that 100 ml of fresh Sweet orange juice would be sufficient to provide the daily RDA for
folic acid (RDA for folic acid is 0.4 mg/100 g (ICMR, 2010)). The variation in the water-
soluble vitamins among the cultivars is due to genotypic differences, climatic and soil
conditions and cultural practices (Lee and Kader, 2000). The vitamin content of fruits can
also be affected by factors such as how they are harvested, transported, and stored. (Pertuzatti
etal., 2015).

5.2.12 Mineral analysis

The physiology and metabolism of Citrus plants and fruits depend heavily on mineral
components. A large number of these chemicals are essential components of human nutrition
(Ladaniya, 2008). The major and minor minerals in the pulp and peel of Citrus genotypes
varied significantly among the genotypes. It could be observed that the mineral contents of
the peels were significantly higher than those of the pulps. This was also evident in the
findings by Czech et al. (2020) who also found that the fruits' peels contained significantly
more macro and micronutrients than their pulp. The Citrus species are good a source of
major minerals such as sodium, magnesium, potassium and calcium. Sodium plays a crucial
role in maintaining the balance of water and electrolytes in the body (Pohl et al., 2013). The
average sodium content in peels was 45.14 mg/100 g. The findings are comparable to the
findings of Barros et al. (2012) who found a sodium content of 32.4 mg/100 g in Ponkan
mandarin, 37.7 mg/100 g in sweet lime, 54.0 mg/100 g in Tahiti lime and 85.10 mg/100 g in
Lima orange. The average sodium content in the pulp was 14.33 mg/100 g which is higher
than the results reported by Barros et al. (2012) and Paul et al. (2004) in Citrus species. The
average magnesium content in the peels was 178 mg/100 g and that in the pulp was 69.83
mg/100 g. The magnesium content of the cultivars under study was higher than the
magnesium content that was documented by Paul et al. (2004) in Citrus pulp and Barros et

al. (2012) in Citrus peel and pulp under their study.

The potassium content of the genotypes under study averaged at 21.20 mg/100 g in the
peels and 10.46 mg/100 g in the pulp. Higher potassium content was documented by Paul et
al. (2004) and Barros et al. (2012) in Citrus species under their study. Citrus fruits are a

valuable source of calcium, which plays an important role in building hard, strong bones
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(Baghurst et al., 2003). A high calcium content was found in all the species that averaged at
150.75 mg/100 g for peels and 38.53 mg/100 g for pulp. This was in agreement with the
findings of Czech et al. (2020) who reported a calcium content in the pulp as 41.9 mg/100 g
in Orange, 28.8 mg/100 g in Pomelo, 37.1 mg/100 g in Mandarin, 31.8 mg/100 g in Lemon,
63.9 mg/100 g in Key lime and 36.0 mg/100 g in red grapefruit. The analysis showed that
the pulp of Citrus fruits provides approximately 4% (in a mandarin weighing about 100 g)
to 31.5% (in a pummelo weighing about 600 g) of the RDA for calcium (RDI for Calcium
is 800 mg per day (ICMR, 2010)).

Iron was found to be the dominant micronutrient present in both the peel and pulp of
the Citrus fruits that were analysed. This was in accordance with the findings by Czech et
al. (2020) who also found iron to be the primary micronutrient among all the species under
study. The average iron content was 13.09 mg/100 g in the peel and 10.25 mg/100 g in the
pulp. This was in accordance with the results of El-Beltagi et al. (2022) who found an iron
content of 16 mg/100 g in Citrus sinensis pulp but not in accordance with the findings of
Barros et al. (2012) who found a lower content. However, it should be highlighted that Sweet
orange pulp has a significantly higher concentration of this mineral than the other edible
fruits. The rich content of iron in Citrus fruits is important information, especially for those
with high iron needs, such as pregnant women and women of childbearing age (for whom
the pulp from one mandarin of 100 grams would provide approximately 33% of the RDI)
(RDI for Iron is 17 mg per day (ICMR, 2010)). The copper content was found to have an
average value of 0.83 mg/100 g in the peel and 0.31 mg/100 g in the pulp. These results were
comparable to the findings of Paul et al. (2004) who found copper content of 0.26 mg/100 g
in Lemon and 0.20 mg/100 g in orange. The addition of Citrus to the diet also provides a
sufficient quantity of copper to the body and fulfils the RDI of 1.2 mg per day up to a great
extent (ICMR, 2010).

Another vital micronutrient is zinc, which strengthens the immune system and guards
the body against oxidative stress (Chasapis et al., 2012). The average zinc content that was
observed was 3.37 mg/100 g in peel and 1.28 mg/100 g in pulp. The present findings are in
conformity with the findings of Singh et al. (2015) in grapefruit. The analysis showed Citrus
fruit pulp would provide between 3.2% (in a mandarin weighing about 100 g) to 21.6% (in
a pummelo weighing about 600 g) of the RDI of zinc (RDI of zinc is 15 mg per day according
to ICMR, 2010). Heavy metals such as cadmium and lead have been identified in very trace
amounts in both the peel and pulp of Citrus species. The average cadmium content in the

peel and the pulp was 0.004 and 0.003 respectively which is much lower than the permissible
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limit for cadmium in the diet recommended by WHO (i.e., 0.02 mg/100g). Similarly, the
average lead content in the peel and the pulp was 0.003 and 0.001 respectively which is
much lower than the permissible limit for lead in the diet recommended by WHO (i.e., 0.03
mg/100g). Fruit's mineral content may be affected by the mineral content of the soil in which
it was produced, the mineral content of irrigation water, weather conditions, and agricultural

practices, such as the types and quantities of fertilizers incorporated (Czech, 2019).
5.2.13 Essential oil content

Essential oils extracted from Citrus peel are an important by-product of the
Citrus industry (Lu et al., 2019). The essential oil yield of Citrus peels ranged from 0.26%
to 0.83% with an average yield of 0.48%. The results are in line with the findings by Javed
et al (2014) who documented an essential oil yield of 0.45%, 0.37% and 0.23% in Citrus
paradisi, Citrus sinensis and Citrus reticulata respectively. According to previous works of
Lotaet al. (2000), the essential oil yield in cultivars of mandarin ranged from 0.1% to 0.45%.
Similar results were also obtained by Kamal et al. (2013) who found essential oil yields of
0.30%, 0.20% and 0.24% in Citrus reticulata, Citrus paradisi and Citrus sinensis
respectively. According to Tu et al. (2002), the output of Citrus essential oils varied with
each plant species, typically ranging from 0.2-2.0%. Tao et al. (2009) and Hamdan et al.
(2010) reported an essential oil yield of 2.49% in Bingtang sweet orange and 4% in Citrus
jambhiri respectively which is higher than the present findings. Essential oil yields vary
depending on the genotype of the plant, the harvesting stage, the extraction process, the
extraction unit, the soil, and the climate (Huet, 1991). According to Bhuyan et al. (2015),
the oil content of Khasi mandarin fruit peel increased in the early stages of fruit development

up until the turning stage and then began to decline as the fruit matured.
5.2.14 Major volatile compounds in essential oil

Essential oils synthesized in the plant body bring about numerous biological activities
such as to allelopathy, adaptation to abiotic stresses and intra and inter plant signalling
(Sharifi-rad et al., 2017). Direct defense responses of the plant comprise plant volatiles that
are toxic and repellent; in addition, they can be antinutritional agents and reduce digestibility,
growth and reproduction against natural enemies (War et al., 2011). The analysis of volatile
compounds in essential oil revealed 8-13 major volatile compounds across the Citrus
species. D-limonene was the dominant volatile compound in the essential oil and was present
in the range of 45.7% to 81.58%. D-limonene as the chief chemical constituent in the

essential oil of Citrus peel was also documented by Svoboda & Greenaway (2003), Javed et
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al. (2013), Zhang et al. (2022) and Merle et al. (2004). They reported the limonene content
in Citrus peels to range from 32%-98% in various cultivars. D-limonene is also the principal
odour component in the Citrus species and is responsible for the characteristic lemon-like
aroma of the fruits (Minh Tu et al., 2003). The biological functions of D-limonene are
immense due to its antibacterial, antifungal, and anti-tumoral properties (Graebin et al.,
2010). High D-limonene content is also an indicator of good radical scavenging activity
(Roberto et al., 2010).

Other major compounds in the essential oil of Citrus peels were y-terpinene, a-pinene,
B-pinene and linalool. These results were supported by the findings of various scientists such
as Lota et al. (2000), Amorim et al. (2016), Malhotra et al. (2008), Kamal et al. (2013) and
Bousbia et al. (2009). Other scientists such as Jirovetz et al. (2005) and Bajpai et al. (2007)
have reported principle active compounds such as citral, eugenol, thymol, and cineol in
Citrus essential oil which is not in conformity with the present findings. y-terpinene is an
antioxidant and anti-microbial (Li et al., 2009) but it contributes to flavour deterioration
because it is degraded to p-cymene (lkeda et al., 1962). The antifungal and antimicrobial
properties of a-pinene and 3-pinene have been well established which protects the plant from
biotic stresses (Bora et al., 2020). Linalool is the major alcohol responsible for the sweet
and floral smell of the Citrus peel essential oils (Kostadinovic et al., 2014) and possesses
anti-microbial activity (Javed et al., 2014). Linalool is one of the compounds responsible for
the flavour of Citrus fruits. (Fang et al., 2004) The presence of such compounds in Citrus
essential oil makes it ideal for use in food and health industry, perfumery industry and

cosmetic industry.

The uniqueness in flavour and aroma of the Citrus cultivars can be perhaps attributed
to the unique type of compounds that are present in certain cultivars and not present in others.
Camphene has been identified in Rangpur lime which might be perhaps responsible for the
unique aroma of the fruit which is different from other cultivars. Camphene has been proven
to be useful for pain relief, has antioxidant, anti-fungal and anti-viral effects and the Rangpur
lime peels can serve as a biological source of camphene. The strong scent of Bira jora fruits
can be perhaps attributed to the presence of a high percentage of a -terpineol (28.06%) and
the presence of unique compounds like cis-a -bergamotene, B-bisabolene and 3-carene in the
peel and the interaction between them. Myrcene and nerol are both characterized by floral,
citrsy, and balsamic odour (Lan Phi et al., 2006) and are present exclusively in Sweet orange
which might be responsible for their fresh and characteristic scent. Thymol is an important

flavour compound in sweet orange and acts as an essential antibacterial component in the
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fruit (Shaw, 1979). Sweet orange can also serve as a biological source of myrcene and nerol
which are used as an intermediate in the fragrance and flavour industry and of thymol which
is used in pesticides and disinfectants. The mild and grassy flavour of Khasi papeda fruits
might be due to the presence of geranial which is absent in other cultivars. Geranial is one
of the most important compounds in the fragrance industry and is seen to exhibit insecticidal
and insect-repellant properties (Chen et al., 2010). Khasi papeda fruits can thus serve as a
biological source of geranial for industries as it has a high percentage of geranial (0.71%).
Eucalyptol is an ingredient in mouthwashes, cough medications, and insect repellents and
has been identified exclusively in Kaffir lime essential oil. Eucalyptol in high concentrations
is toxic and is found to cause headaches, nausea, and vomiting and therefore should be used
with care. Citrus essential oils can also be employed as natural preservatives to extend the
shelf life of food due to their anti-fungal and anti-bacterial nature. The ecological function
of the presence of essential oil in the peels is that it protects the fruits from the attack of pests
and diseases as they have anti-microbial properties. In fruits such as Bira Jora which bear
close to the ground, the presence of essential oils protects it from soil microbes as well. The
essential oil also enhances the shelf life of the fruits after harvest due to their preservative
properties. The composition of essential oils can vary depending of various factors such as
variety, geographical region, season, age of the plant and the essential oil drying and

extraction method.
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CHAPTER VI

SUMMARY AND CONCLUSION

The present investigation was conducted to characterize some of the Citrus germplasm
of Assam. Ten accessions representing the five groups of Citrus were procured from AAU
Citrus and Plantation Crop Research Station, Tinsukia and CCRI (ICAR), BNCA Campus,
Biswanath Chariali, Assam. The cultivars studied were Rangpur lime, Bira jora, Sour orange,
Sweet orange, Khasi mandarin, Cleopatra mandarin, Pummelo, Grapefruit, Kaffir lime and
Khasi papeda. In this chapter, the major findings of the present study are summarized and

concluded below:

1. Studies on morphological fruit quality characteristics revealed considerable variation
among the genotypes in terms of fruit shape (spheroid and ellipsoid), shape of fruit
base (convex, concave collard, concave, truncate, necked), shape of fruit apex
(rounded, mammiform, truncate) fruit skin (epicarp) colour (orange-green, yellow,
orange, yellow-green, dark yellow,) fruit surface texture (pitted, bumpy, rough,
papillate, smooth), albedo colour (white and pink) adherence of albedo (strong and
weak), fruit axis (semi-hollow, solid, hollow), pulp colour (orange, white, yellow,
pink), pulp colour intensity (dark and light), seed shape (ovoid, clavate, semi deltoid,
cuneiform) and seed colour (creamy, white, creamy white).

2. Considerable variations among the genotypes in terms of morphological quantitative
characters were observed such as fruit weight (50.37 to 826.40g) fruit length (5.77
to 14.57 cm), fruit breadth (5.57 to 15.28 cm), number of segments (9.67 to 14.33),
fruit rind thickness (1.23 to 16.10 mm), juice content (14.95 to 50.84%) and seeds
per fruit (8.67 to 47.67).

3. Significant variation was observed among the Citrus cultivars with respect to the
biochemical characters studied.

4. Moisture content varied from 84.30% to 92.51% in the pulp and 70.20% to 83.32%
in the peel and the highest moisture content was recorded in Rangpur lime pulp and

peel respectively.
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5. Juice pH varied from 2.60 to 3.90 and the highest pH was recorded in Khasi
mandarin.

6. TSS of juice ranged from 5.30 Brix to 11.40 Brix and was highest in Sweet orange.

7. Titratable acidity of the juice varied from 0.97% to 4.71% and the highest value was
recorded in Kaffir lime.

8. Ash content varied from 2.83% to 5.96% in the peel and 2.53% to 5.69% in the pulp
and the highest value was recorded in Rangpur lime peel and Sour orange pulp
respectively.

9. Reducing, non-reducing and total sugar ranged from 2.06% to 6.72%, 0.48% to
4.15% and 2.54% to 9.36% respectively and the highest values were recorded for
Khasi mandarin, Sweet orange and Khasi mandarin respectively.

10. Crude protein content varied from 5.60% to 9.16% in the pulp and 5.60% to 13.83%
in the peel and the highest crude protein contents were recorded for Sour orange pulp
and Bira jora peel respectively.

11. Organic acid profile was determined using UHPLC and seven organic acids were
quantified. Citric acid was found to be the most dominant among all. All the Citrus
species were found to be a good source of ascorbic acid.

12. Five water-soluble vitamins were quantified using UHPLC namely thiamine, niacin,
pyridoxine, pantothenic acid and folic acid out of which thiamine was present in the
maximum amount in all the cultivars

13. Mineral content in the peel and the pulp was detected with the help of ICP-MS. The
decreasing trend of minerals was Mg >Ca >Na >K >Fe >Zn> Cu in the peel and the
pulp. Heavy metals such as cadmium and lead were present in trace amounts

14. Essential oil content (%) varied from 0.26% to 0.83% and maximum yield was
recorded in Rangpur lime.

15. Analysis of volatile compounds in the essential oil was carried out with the help of
TQGCMS/MS which revealed the presence of D-limonene as the principal
compound and other major compounds such as a-pinene, B-pinene, y -terpinene, o-

terpineol, linalool and others in varying quantities.
CONCLUSION

The biochemical study of the genotypes is an essential part of their characterization which
has been carried on for the first time in the given Citrus fruits. The present study indicates
that there is a presence of significant variability among the ten genotypes of Citrus which

grow naturally in wild and semi-wild conditions in terms of their morphological and
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biochemical characteristics. The analysis of the biochemical composition of the fruits shows
that they exhibit excellent nutritional value as they are a good source of protein, sugar,
vitamins and minerals and should be incorporated into our daily dietary plan for various
individual groups. The organic acid profile shows citric acid and ascorbic acid in abundance
which makes them a good source of antioxidants for the body. Since the requirements of
Ascorbic acid (vitamin C) is the highest in human, these findings facilitate the incorporation
of citrus fruits having relatively higher Ascorbic acid in the dietary plan. The peels are also
an important part of the fruit which is generally treated as waste but can be utilized as they
are rich in phytonutrients. The high percentage of essential oil in peels and the presence of
important volatile compounds facilitate the selection of citrus genotypes ideal to be utilized
for specific domestic and industrial purposes. Furthermore, the findings are expected to
facilitate the commercial exploitation of the citrus germplasm from this region including
those of underutilized crops for their nutritional, pharmaceuticals/ nutraceuticals and other

industrial importance.
FUTURE PROSPECTS
On the basis of the investigation, the following suggestions are made for future study:

» Conservation of the genetic diversity and improvements of Citrus using appropriate

methods and utilization of the species for their wider applications.

» Complete qualitative / Quantitative Phytochemical profiling of all the citrus
germplasm from this region in search of nutritional, pharmaceuticals/ nutraceuticals
other industrial importance for their proper and commercial plantation and

utilizations.

» Studies on the preparation of value-added products, enrich diet formulation,
industrially significant nutraceuticals and pharmaceuticals compounds is an

important area to be explored.

» Valorization of Citrus peel as functional food.
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UHPLC CHROMATROGRAMS OF ORGANIC ACID SAMPLES
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