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Abstract 

Assam lemon (Citrus limon L. Burm. f.), locally known as "Kaji Nemu, " is a distinctive citrus variety 

native to northeastern India, prized for its unique aroma, seedlessness, and high juice content. This 

review explores its nutritional profile, phytochemical properties, and potential health benefits. Assam 

lemon is rich in bioactive compounds such as vitamin C, citric acid, flavonoids, pectin, and essential 

oils—particularly limonene—which contribute to its antioxidant, antimicrobial, and therapeutic effects. 

These attributes make it suitable for applications in the food, pharmaceutical, and cosmetic industries. 

Physicochemical characteristics like juice content, fruit weight, TSS, and acidity vary across maturity 

stages and growing regions, influencing quality and market value. Essential oil extracted from the peel 

has shown diverse medicinal uses, while pectin is in high demand as a gelling and stabilizing agent. 

Despite its nutritional and industrial significance, the fruit is prone to postharvest losses due to 

microbial spoilage and moisture loss. Current preservation techniques, including edible coatings and 

modified atmosphere packaging, aim to extend shelf life while reducing reliance on chemical 

treatments. Moreover, understanding soil interactions and promoting value-added products can enhance 

sustainable production. This review highlights the multifaceted value of Assam lemon and emphasizes 

the need for further research to harness its full potential as a functional food and industrial crop. 

 
Keywords: Assam lemon, Citrus limon, phytochemical properties, nutritional composition, essential 

oils, pectin, functional food, postharvest preservation 

 

1. Introduction 

According to the Indian Council of Agricultural Research's 1956 monograph, Classification 

of Citrus Fruits of Assam, it was further propagated vegetatively to maintain its distinctive 

non-seediness and became a clonal horticultural cultivar known as Assam lemon 

(Bhattacharya and Dutta 1956) [11]. Lemons come in a variety of forms that may differ 

somewhat from one another. It is one of the most promising fruit crops in the world because 

of its broad adaptability. The Assam Lemon, a dwarf cultivar that is ideal for high density 

planting, is a significant lemon variety that is extensively grown in northeastern India (Singh 

and Singh 2006) [58]. 

 

1.1 Importance and uniqueness of Assam Lemon (regional identity 

Assam lemon is well-known for its unique flavour and scent, and it has become more and 

more popular in both home and foreign markets (Ahmed, R. et al. 2023) [2]. With over 15, 

000 hectares of farmed land and an annual production of about 1.56 lakh metric tons, Assam 

lemon has earned a prestigious position as the state's second most popular citrus type 

(anonymous 2022) [4]. Assam's economy is based primarily on agriculture, which plays an 

essential and indispensable role. More than 70% of the people in the state make their living 

from agricultural work. One exceptional quality of Assam is its ability to grow almost any 

kind of fruit or vegetable (Deka et al. 2020) [15]. The most significant lemon variety in Assam 

and other parts of Northeast India is the Assam lemon. In Assam, it is referred to as "Kazi 

Nemu, " in Western India, as "Pat Nimboo, " and in Andhra Pradesh, as "Seville lemon" 

(Chattopadhyay 2007) [13]. 
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1.2 Chronological Development of Assam Lemon 

Research  
The Assam lemon (Citrus limon Burm. f.), locally known as 

‘Kaji Nemu’, was first identified in the 1940s at the 

Government Citrus Fruit Research Station, Byrnihat, 

Meghalaya Bhattacharyya and Dutta (1956) [11]. It originated 

from a chance seedling of the China-kaghi variety collected 

from Hahchora village in Sivasagar district, Assam Thakur 

S (2010) [63]. Its seedless nature and aromatic profile led to 

its propagation as a clonal horticultural cultivar Handique et 

al. (2022) [26]. 

Fruit development studies showed that Assam lemon 

matures around 150 days after fruit set, with peak juice 

content and acidity at this stage (Kalita et al., 1995) [33]. As 

the fruit ripens, ascorbic acid and sugar levels decline while 

pectin content increases, improving processing suitability 

(Nath and Sarma, 1993) [44]. These physiological insights are 

essential for determining optimal harvest timing and 

enhancing shelf stability in RTS beverages (Langthasa & 

Bhattacharyya, 1991) [38]. 

Genetic profiling using ISSR markers revealed 85.08% 

polymorphism among 510 samples from 97 locations across 

Assam, indicating significant genetic differentiat et al., 

2023) [3]. Populations from Tinsukia and Dhemaji districts 

showed close resemblance to the original stock conserved at 

Kahikuchi Akhtar et al. (2024) [4]. These findings support 

the hypothesis of both clonal propagation and natural 

hybridization Salonia et al. (2020) [51]. 

Agronomic trials between 2013 and 2015 demonstrated that 

integrated nutrient management—combining organic, 

inorganic, and biofertilizers—enhanced fruit weight, juice 

content, and TSS levels (Ghosh et al., 2017) [22]. These 

practices contributed to sustainable farming and improved 

fruit quality (Hazarika & Aheibam, 2019) [28]. Additional 

studies confirmed the role of pruning and soil nutrient 

availability in optimizing lemon productivity (Coimbra et 

al., 2018) [14]. 

Morphological studies across 22 districts highlighted 

variability in fruit shape, seed count, and biochemical traits 

such as citric acid and pectin content. Seedlessness was 

predominantly observed in Upper Assam regions, especially 

Dhemaji and Tinsukia (Akhtar et al., 2024) [4]. Biochemical 

analyses revealed significant variation in ascorbic acid and 

pectin levels, which are crucial for nutritional and industrial 

applications (Kalita et al., 1995; Singhal et al., 2024) [33, 59]. 

 

2. Nutritive value and its potential 

Assam is part of the world's citrus belt. Because of their 

high nutritional content, citrus fruits are much sought after. 

They are rich in vital nutrients such vitamins A and B, 

natural carbohydrates, and vitamin C (ascorbic acid) (Kumar 

and Sharma 2019) [53].  

 

2.1 Nutrition Value 

Citrus fruits, which are also excellent sources of citric acid, 

flavonoids, phenolic, pectin, limonoids, ascorbic acids, and 

other nutrients, are widely known for their dietary, 

nutritional, therapeutic, and cosmetic qualities (Dugo and 

Giacomo 2002, Kumar et al. 2010) [18, 37]. According to 

recent studies, Assam lemons are rich in a number of 

significant chemicals, such as citric acid, ascorbic acid, 

pectin, flavonoids, and others, which support their 

antioxidant qualities and other medicinal qualities (Gogoi M 

2017, Khatiwora et al. 2017) [23, 36]. It is well known that 

citrus peels contain important substances like EO and 

pectin, the latter of which gives the fruit its structural 

integrity and natural defenses. EO includes a wide range of 

volatile compounds, including oxygenated byproducts such 

alcohols, esters, terpenes, and citral aldehydes. These active 

compounds give EOs their scent and have a variety of uses 

in the pharmaceutical sector, food additives and flavoring, 

personal care products, and as natural antimicrobials (Putnik 

et al. 2017, Tiwari et al. 2017) [49, 65]. Numerous other 

essential elements, such as phosphorus, calcium, potassium, 

iron, sodium, sulfur, vitamin B1, and folic acid, are also 

present in citrus fruits. Citrus's distinct flavor is accentuated 

by the endocarp region's soluble sugar, pectin, vitamin C, 

fibers, potassium salt, and organic acids (Morgan and 

Connolly 2013) [41]. 

 

2.2 Potential of Assam Lemon 

Additionally, because of its nutritional importance, it is a 

source for cosmetic and pharmaceutical products (Barua and 

Bharadwaj 2017) [8]. Assam lemon, a significant variety of 

C. limon, is one of these and is farmed extensively in Assam 

(Sheikh et al. 2021) [55]. The nutritional value and potential 

health advantages of Assam lemon are known to be 

significantly influenced by its biochemical makeup, in 

addition to morphological and seeding differences (Samtiya 

et al. 2021) [52]. Investigating the biochemical changes in 

Assam lemon throughout different districts of Assam is 

likely to provide significant information for understanding 

the potential of distinct populations for applications in 

functional foods, nutraceuticals, and pharmaceutical sector 

(Hsouna et al. 2023, Ye 2018) [30, 69]. The Rutaceae family 

includes the Assam lemon (Citrus limon Burm.), a citrus 

species with a variety of culinary and therapeutic 

applications and significant economic significance. It is an 

Assamese native variety. After orange and mandarin, lemon 

is the third most significant citrus species (Porat et al. 2000) 
[46]. Pectin is in high demand in the food, pharmaceutical, 

and cosmetic industries because it performs a number of 

vital tasks as an emulsifier, gelling agent, glazing agent, 

stabilizer, and thickening (Tuan et al. 2019) [66]. 

 

3. Physico-Chemical 

In this case study (Mukhim, C 2010) [42], the 

physicochemical characteristics of Assam lemons at various 

phases of fruit growth and development were examined in 

an experiment conducted in the mid-hills of Meghalaya, 

India. Fruits harvested 120 to 130 days after fruit set 

developed acceptable physico-chemical qualities, including 

optimum fruit weight (109.28 to 112.95 g), fruit size 

(Length = ≥ 81.05 mm, Breadth = ≥ 50.13 mm), specific 

gravity (0.97 to 1.01), juice content (37.68 to 41.23%), TSS 

(≥6.3 °Brix), titratable acidity (4.18 to 4.35%), ascorbic acid 

(≥32.41 mg/100 g), and TSS: acidity (≥1.51). These may be 

the most reliable maturity indices for making harvest 

decisions in Assam lemon fruit. 

 

4. Parameters 

The pH 700 m (Eutech Instruments, United Kingdom) was 

used to measure the overall pH of the Assam lemon juice 

(Reddy et al. 2016) [50]. With the use of an OPTi digital 

refractometer (Bellingham + Stanley, UK), the total soluble 

solids of the lemon juice were calculated as Brix (Uresti-

Porras et al. 2021) [67]. With minor adjustments, the 

methodology outlined by Kashyap et al. in 2020 was used to 
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determine the percentage of juice content (Kashyap et al. 

2020) [34]. The assessment of citric acid concentration in the 

juice of Assam lemon fruits was done using a modified 

procedure described by (Brima et al. 2014) [12]. Using a 

modified procedure outlined, the ascorbic acid concentration 

of Assam lemon fruit juice was determined (Satpathy et al. 

2021) [54]. In accordance with the modified procedure 

outlined 3, 5-dinitro salicylic acid (DNS) was used to 

quantify reducing sugar (Gusakov et al., 2011) [25]. With a 

few minor adjustments, the procedure was followed to 

determine the equivalent weight content in the peel and pulp 

samples of Assam lemons (Khamsucharit et al. 2018) [35]. 

Morphological characteristics, such as seeding pattern and 

biochemical characteristics, were utilized to generate the 

numerical data for statistical analysis throughout the current 

study (Bardel and Schliep 2023, Alaida and Aldhebiani 

2022) [7, 5]. 

 

5. Qualities  

Assam is a leading citrus-growing region in India, home to a 

variety of citrus species with unique flavours, scents, and 

looks (Hore and Baura 2004) [29]. The customer preference 

for seedless fruits, which provide convenience and culinary 

uses, makes seedlessness a crucial characteristic. Assam 

lemons have become more and more popular in recent 

decades because to these desired qualities (Premachandran 

et al. 2019) [48]. A unique lemon, Assam lemons stand out 

from their contemporaries due to their exceptional flavor, 

scent, and seedlessness (Thakur R 2010) [62]. Among citrus 

fruits, lemons (Citrus limon (L.) Burm.) are highly valued in 

India and around the world. It comes in a range of unique 

shapes that could differ somewhat from one another. Lemon 

is one of the most promising fruit crops in the world because 

of its broad range of adaptability (Haokip et al. 2021) [27]. 

Hydro distillation, which separates water and volatile 

aromatic compounds into an azeotropic mixture, enables the 

separation of these compounds in a Florentine flask after 

condensation because of the differences in the immiscibility 

and density of water and oil (Golmohammadi et al. 2018) 
[24]. 

 

6. Market 

The necessity to investigate the seeding pattern among the 

fruits grown throughout Assam is highlighted by the 

discovery of both seeded and non-seeded Assam lemon 

fruits in a recent assessment of the market's accessible fruits. 

Citrus growers can use this information to help them decide 

which accessions are best for growing Assam lemons in 

various parts of Northeast India (Emery and Offord 2019) 
[19]. 

 

8. Value Added Products 

Citrus peel and apple pomace, which are sources of the 

white to light brown granular substance known as pectin, are 

necessary for its commercial manufacturing. Pectin can be 

produced commercially using a number of proven 

techniques, including microwave, high pressure, subcritical 

water, ultrasound, electromagnetic induction heating, and 

enzyme utilization (Fakayode and Abobi 2018) [21]. 

Although Kaji lemons' refreshing flavor and nutrient-rich 

characteristics have earned them a special place in the 

culinary world, their postharvest journey is tainted by 

quality deteriorations that shorten their shelf life 

(Grumezescu and Holban 2019, Nohamba et al. 2022) [1, 45]. 

In this Case study (Ezejiofor et al. 2011) [20], Limon Citrus 

L. Burm f, also called lemon, is a little tree that bears thorns 

and is a member of the Rutaceae family. It is primarily 

grown in the northeastern part of India and is found 

throughout the world's tropical and subtropical climates. It is 

utilized in the pharmaceutical and cosmetics industries and 

has numerous therapeutic benefits. In addition to the plant 

itself, C. limon's extracted peel essential oil has numerous 

therapeutic uses and can be applied to a variety of illnesses. 

Hydro distillation was used to extract the essential oil, and 

gas chromatography/mass spectroscopy (GC/MS) was used 

for analysis. Of the forty-three chemicals that were 

identified, the two most abundant ones were limonene 

(55.40%) and neral (10.39%), followed by trans-verbenol 

(6.43%) and decanal (3.25%). The other compounds present 

were ethyl cinnamate (2.21%), ethyl p-methoxycinnamate 

(2.21%), cis-α-bergamotene (1.60%), geraniol (1.48%), 

trans-carveol (1.33%), nonanal (1.19%), linalool (1.16%), α-

terpineol (1.07%), p-mentha-2, 8-dien-1-ol (0.90%), 

estragole (0.73%), α-fenchene (0.46%), perillol (0.46%), β-

curcumene (0.45%), trans-dlimoneneoxide (0.43%), 1-

naphthalenamine (0.42%), camphor (0.34%), 3-carene 

(0.34%), β-santalene(0.27%), β-sesquiphellandrene (0.25%), 

α-pinene (0.17%), terpinen-4-ol (0.17%), 3-terpinolenone 

(0.17%), zizaene (0.16%), germacrene-D (0.16%), α-

bisabolol (0.16%), β-bisabolol (0.14%), methyl 

nhexadecanoate (0.14%), citronellal (0.12%), o-cymene 

(0.12%), 1-undecanol (0.11%) and sabinol (0.11%) were 

identified as in minor quantities. The main chemical 

component of C. limon essential oil, which has numerous 

therapeutic uses in the pharmaceutical industry, is limonene. 

 

9. Comparison with other Citric Fruit  

Compared to other lemon kinds, Assam lemons are larger 

and have a higher juice content]. Compared to lemons 

cultivated regularly, Assam lemons are observed to be larger 

and so provide more juice. The fruit, juice, roots, leaves, and 

zest are all employed extensively in industries, 

pharmaceuticals, and the culinary arts (Barua and 

Bharadwaj 2017) [8]. 

 

10. Factor Affecting the Qualities 

A deeper comprehension of the connections between soil 

and Assam lemons can be obtained by examining the 

variations in various soil factors throughout Assamese 

districts (Smith et al. 2022) [60]. This information is useful 

for improving soil management techniques, including as 

irrigation, fertilizer application, and soil amendment plans, 

to raise Assam lemon yield and quality (Silver et al. 2021) 
[57]. TSS levels in fruits have been found to be influenced by 

environmental factors such as sunlight, rainfall, temperature, 

soil nutrients. These elements may be the cause of the 

variations in TSS concentrations seen in Assam's various 

regions (Porter and Allinger 1940) [47]. Soil composition 

variations, including pH and the quantities of micronutrients 

and macronutrients, may affect the growth, development, 

and productivity of Assam lemon (Morgan and Connolly 

2013) [41]. 

 

11. Shelf-Life, Storage and Preservation 

Citrus fruits are not climacteric; however, their constituent 

components can alter significantly with temperature and 

storage time (Lester and Hodges 2008) [39]. Citrus fruit 

respiration is influenced by temperature, humidity, and 
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handling technique. The rate of respiration is accelerated by 

high temperatures. The average room temperature in our 

study during the storage period was between 30 and 320 C, 

which may have contributed to the control group's relatively 

high respiration rate in comparison to other treatments 

(Murata 1997) [43]. Lemon fruit storage issues include 

browning and peel shrinkage, mold growth, green color loss, 

decreased juice content, and firmness loss. Citrus fruits are 

not climacteric; however, their chemicals can alter 

significantly depending on the temperature and amount of 

time they are stored (Lester and Hodges 2008) [39]. The 

current usage of chemically manufactured fungicides to 

prolong the shelf life and maintain the natural attributes of 

fresh lemon fruits after harvest may be replaced by new 

environmentally friendly alternatives. Additionally, it 

promotes the prospect of delivering fresh commodities to 

far-off markets. A high-quality edible coating can reduce 

moisture loss from the fruit's surface and alter the 

environment around it by acting as a barrier to gas exchange 

and providing a partial barrier to water flow Jongsri et al. 

(2016) [32].  

 

12. Conclusion 

Assam lemon (Citrus limon L. Burm. f.), a prominent 

cultivar native to northeastern India, holds significant 

economic, nutritional, and therapeutic value. Its unique 

organoleptic properties—such as high juice content, 

distinctive aroma, and seedless have made it increasingly 

popular in domestic and international markets. Rich in 

essential nutrients, phytochemicals, and bioactive 

compounds like citric acid, ascorbic acid, flavonoids, and 

pectin, the Assam lemon demonstrates promising 

antioxidant, antimicrobial, and medicinal properties, 

supporting its use in food, cosmetic, and pharmaceutical 

industries. Moreover, its essential oil, with limonene as the 

major component, offers multiple therapeutic applications. 

The fruit’s physicochemical characteristics and biochemical 

composition vary with environmental and soil factors, 

underscoring the importance of region-specific agronomic 

practices. Despite its nutritional merits, postharvest 

challenges such as microbial spoilage and enzymatic 

degradation affect its shelf life and quality. While 

conventional preservation techniques exist, there is an 

urgent need to develop eco-friendly, cost-effective 

alternatives. Overall, this review highlights Assam lemon as 

a valuable functional food ingredient and industrial 

resource, with great potential for further exploration and 

value addition. These issues are mostly caused by microbial 

growth, which includes mold spoiling and the formation of 

off odors; moisture loss, which causes shrinkage and a loss 

of firmness; and continuous enzymatic activity, which 

results in unfavorable flavor, color, and firmness changes 

(Yang et al. 2021, Jain et al. 2023, Strano et al. 2022) [68, 31, 

61]. A number of preservation techniques, include cold 

storage. Packaging for modified atmospheres (MAP). 

Chemical processes involving preservatives or 

antimicrobials (Thivya 2022) [64] etc., have been used over 

time to lessen these difficulties. While there has been some 

degree of success with these procedures, they are expensive, 

include artificial preservatives, and may have negative 

effects on human health and the environment (Dey and 

Nagababu 2022) [17]. An innovative and promising way to 

increase the postharvest shelf life of fruits and vegetables is 

through edible coatings made of biopolymers (Devi et al. 

2022, Basumatary et al. 2024, Basumatary et al. 2022) [16, 10, 

9] 
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