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Introduction 

Many citrus species are known for their antiseptic, antiviral, 

antioxidant, anti nitrosaminic; anticancer; anti-inflamatory, 

hypocholesterinemic; cardiotonic; sedative and stomachic 

activity and effect on capillaries (1 - 8). C. jambhiri is used as an 

antidiarrheal agent and is reported to improve digestion (9). 

These beneficial effects may be attributed to the components 

present in this citrus fruit and leaves like flavonoids, limonoids, 

coumarins and furanocoumarins. The rough lemon juice 

contains high citric acid and vitamin C (10-11). Various 

biologically important secondary metabolites reported in this 

genus include flavonoids, limonoids, coumarins, 

furanocoumarins, sterols, volatile oils, carotenoids and alkaloids 

(12-18). The peel of this citrus fruit is a potential source of 

essential oils (19) and yields oil in the range of 0.5-3 kg/t of fruit 

(20). 

  Rough lemon is found in diversified forms in different 

names in the region. There are two distinct types of rough 

lemons, acid and sweet types in terms of differences in their 

sweetness to acid blend (21). Research on rough lemon diversity 

in India is limited, primarily due to the dominance of C. reticulata, 

C. sinensis and C. aurantifolia with rough lemon mostly confined 

to homestead gardens in rural areas. So far, there is no well-

defined variety of rough lemon in Assam that has been identified 

as a commercial type for fresh consumption. In Assam, rough 

lemon is more popular for table use than as a rootstock. 

Therefore, identifying superior varieties through biochemical 

characterization is necessary. Characterization of germplasm 

and presenting its diversity in their inherent biochemical 

constituents is essential. Biochemical characterization of 

germplasm is also essential for the crop's commercialization and 

for planning future improvement programs. 

 

Materials and Methods 

Five Rough lemon germplasm (T1-T5) were selected based on 

their morphological differences from six agro-climatic zones 

(L1-L6) in Assam, resulting in a total of thirty germplasm 

samples (AR01T1-AR06T5). The fruits were thoroughly washed 
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Abstract  

Rough lemon (C. jambhiri Lush.), widely employed as a rootstock in India as well as worldwide, is widely consumed in Assam. Its fruits 

are highly nutritious and in high local demand, often priced higher than Assam lemon during the harvest season. As a heterozygous 

species indigenous to the state, this crop displays extensive variation. These variations can be observed in the morphology of the plant 
and its fruits. However, limited research on its biochemical constituents has hindered efforts to promote this fruit for both processing 

and fresh consumption nationwide. This paper aims to provide a gist of the work conducted at Assam Agricultural University, based on 

biochemical characteristics and group them to assess their biochemical similarity. This study classifies the available germplasm of 

rough lemon collected across the state of Assam in three main groups based on biochemical constituents of fruit. This may be 
attributed to the genetic makeup of the crop or the influence of soil properties and nutrient availability in the study areas. Sensory 

evaluations were conducted to assess consumer preference for fresh consumption. Consequently, this research offers a distinct 

understanding of the specific type of rough lemon that can be chosen for fresh consumption as well as processing purposes. 
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and the juice was extracted. The Total Soluble Solids (TSS) of 

the fruit juice samples were determined using an Atago Digital 

Refractometer and the results were expressed in °Brix (22). The 

fruit juice pH was determined by a digital pH meter cyberscan 

510 and average was recorded. The titratable acidity was 

estimated using the standard method from the Association of 

Official Analytical Chemists (23). Ascorbic acid content was 

determined using the 2,6-dichlorophenolindophenol dye 

method (24). The TSS-acid ratio was calculated by the 

following formula: TSS-acid ratio = TSS divided the acid 

content. Reducing sugar content was estimated by 

Dinitrosalicylic acid (DNS) method (25). TSS content was 

estimated using Anthrone method (26). Non-reducing sugar 

content was calculated using the formula: Non-reducing sugar 

= Total sugar - Reducing sugar.  

 The antioxidant activity of fruit juice samples was tested 

based on the radical scavenging effect on the DPPH free radical 

(27). Total flavonoid content in rough lemon juice was 

determined using aluminum chloride colorimetric assay (28). 

Limonin content in rough lemon juice and albedo was 

determined using a slightly modified version of the method 

(29). Total essential oil content in citrus peels were estimated 

by Hydrodistillation method and expressed as percentage on 

dry weight basis (30). Sensory evaluation methods were 

employed to assess human responses to fruit samples (31). The 

most widely used scale for measuring food acceptability is the 

9-point hedonic scale which is employed in this study also. 

 

Results and Discussion 

The data presented in Table 1 revealed a significant difference 

in juice pH among the selected rough lemon accessions, with 

the highest pH (3.25) recorded in AR06T1 and the lowest pH 

(2.27) in AR04T1, resulting in an average value of 2.73. Juice pH 

showed a negative correlation with titratable acidity.  The 

present finding is in conformity with previous studies (10, 11). 

The variation in juice pH might be due to variation in the acid 

content among different genotypes, which is affected by 

genetic makeup of individual plants and environmental 

conditions.  The variation in juice pH across different locations 

was found to be statistically significant. The highest juice pH of 

2.95 was recorded in location L6 (Table 2). The lowest pH (2.32) 

was recorded in location L4. A similar effect of location was 

previously reported in pummelo (32). 

 The highest TSS (8.87 °B) was recorded in accession 

AR06T4, while the lowest TSS (6.13 °B) was observed in AR02T1, 

with an average TSS of 7.54 °B. The highest TSS value (8.15 °B) 

was recorded in location L6, while the lowest (6.16 °B) was 

recorded in location L4.  The variation in TSS content among 

the genotypes and different locations might be attributed to 

Table 1.  Biochemical quality parameters in juice of rough lemon accessions 

Location/ District 
Plant 

No. 
Accession No. Juice pH TSS (ºB) 

Titratable    
acidity (%) 

Reducing 
sugar (%) 

Non 
reducing 
sugar (%) 

Total sugar 
(%) 

TSS acid 
ratio 

Jorhat (L1) 

1 AR01T1 2.72 7.37 5.21 1.08 1.50 2.58 1.41 
2 AR01T2 2.83 7.73 4.71 1.57 1.88 3.45 1.64 
3 AR01T3 2.75 7.13 6.01 1.14 1.58 2.72 1.19 
4 AR01T4 2.86 8.17 4.61 1.22 1.64 2.86 1.77 
5 AR01T5 2.82 7.70 5.21 1.13 1.51 2.64 1.48 

Nagaon (L2) 

6 AR02T1 2.67 6.13 6.10 0.77 1.05 1.82 1.00 
7 AR02T2 2.68 7.20 5.93 1.05 1.43 2.48 1.21 
8 AR02T3 2.62 8.10 5.83 1.45 1.79 3.24 1.39 
9 AR02T4 2.74 7.27 5.15 1.10 1.45 2.55 1.41 

10 AR02T5 2.63 7.17 5.62 1.03 1.37 2.40 1.27 

Kokrajhar (L3) 

11 AR03T1 2.77 8.27 4.04 1.62 1.90 3.52 2.04 
12 AR03T2 2.87 7.47 4.52 1.23 1.73 2.96 1.65 
13 AR03T3 2.92 8.50 5.51 1.48 1.78 3.26 1.54 
14 AR03T4 2.81 7.97 6.02 1.59 1.84 3.43 1.32 
15 AR03T5 3.09 8.13 5.21 1.25 1.72 2.97 1.56 

Biswanath (L4) 

16 AR04T1 2.27 6.73 5.86 0.98 1.17 2.15 1.15 
17 AR04T2 2.30 6.33 5.69 0.81 1.10 1.91 1.11 
18 AR04T3 2.32 6.63 5.44 0.93 1.17 2.10 1.22 
19 AR04T4 2.30 6.70 5.83 1.01 1.14 2.15 1.15 
20 AR04T5 2.41 6.63 6.06 0.95 1.11 2.06 1.09 

Karbi Anglong 
(L5) 

21 AR05T1 2.81 7.27 6.22 1.19 1.68 2.87 1.17 
22 AR05T2 2.78 8.27 6.42 1.15 1.65 2.80 1.29 
23 AR05T3 2.82 7.70 6.32 1.02 1.43 2.45 1.22 
24 AR05T4 2.77 7.47 5.22 1.47 1.79 3.26 1.43 
25 AR05T5 2.72 7.30 4.33 1.18 1.68 2.86 1.68 

Cachar (L6) 

26 AR06T1 3.25 8.53 4.22 1.57 1.86 3.43 2.02 
27 AR06T2 2.87 7.40 5.15 1.19 1.69 2.88 1.44 
28 AR06T3 2.78 8.17 4.20 1.64 1.86 3.50 1.95 
29 AR06T4 2.94 8.87 4.18 1.33 1.80 3.13 2.12 
30 AR06T5 2.91 7.77 5.04 1.47 1.79 3.26 1.54 

Mean     2.73 7.54 5.33 1.22 1.57 2.79 1.45 
S. Ed. (±)     0.02 0.06 0.01 0.01 0.04 0.04 0.01 
CD(0.05)     0.03 0.12 0.02 0.03 0.08 0.07 0.02 
GCV(%)     8.26 9.08 13.36 20.24 17.02 18.08 20.87 
PCV(%)     8.29 9.13 13.36 20.29 17.29 18.15 20.90 
h²(%)     99.30 98.78 99.97 99.56 96.95 99.28 99.77 
GA(%)     16.95 18.58 27.51 41.60 34.53 37.11 42.95 

*S.Ed-Standard error; Replication: 3; CD-Critical Difference; TSS: Total Soluble Solids; GCV: Genotypic Coefficient of Variation; PCV: Phenotypic 
Coefficient of Variation; h2: heritability; GA: Genetic Advance 
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sugar and acid content of the rough lemon accessions which is 

influenced by genetic makeup as well as environmental 

factors. A negative correlation was found between TSS and 

titratable acidity. 

 The data presented in Table 1 and Table 2 revealed that 

titratable acidity varied significantly among different 

accessions and locations. The highest titratable acidity (5.78 %) 

was recorded in location L4, while the lowest titratable acidity 

(4.55 %) was recorded in location L6. The variation in titratable 

acidity might be due to genetic variation among the 

accessions, maturity stage of harvested fruits, soil nutrient 

status and environmental conditions prevailing in different 

locations.  

 The data presented in Table 1 revealed significant 

variation in TSS acid ratio among the accessions with the 

highest TSS-acid ratio of 2.12 recorded in AR06T4 while the 

lowest ratio of 1.00 recorded in AR02T1 with an average  ratio of 

1.45. A significant variation in TSS-acid ratio was observed 

among different locations. The variation in TSS-acid ratio might 

be due to genetic differences among the accessions, soil 

fertility status and environmental conditions.  

 The significantly high percentage (1.64 %) of reducing 

sugar was recorded in AR06T3 which was statistically at par 

with AR06T1 (1.57 %), AR01T2 (1.57 %), AR03T1 (1.62 %) and 

AR03T4 (1.59 %). The lowest reducing sugar per cent was 

recorded to be 0.77 % in AR02T1 with a mean reducing sugar 

per cent of 1.22 %. Effect of different locations on reducing 

sugar per cent was found to be statistically significant (Table 2). 

Perusal of the data revealed that the highest non-reducing 

sugar content of 1.90 % was recorded in AR03T1, which was 

comparable to AR06T1, AR06T3, AR06T4, AR06T5, AR01T2, 

AR02T3, AR03T2, AR03T3 and AR03T4, while the lowest (1.05 %) 

was recorded in AR02T1, with an average of 1.57 % across the 

accessions. This variation might be due to genotypic 

differences, as well as varying soil and climatic conditions. 

Regarding location effect, the highest non-reducing sugar 

content (1.80 %) was recorded in location L6, which was 

comparable to location L3 (1.79 %) and the lowest (1.14 %) was 

recorded in location L4.  

 Significant differences were observed in total sugar 

content, with an average total sugar percentage of 2.79 % 

among the accessions. The effect of different locations on total 

sugar content was significant, with the highest percentage 

(3.24 %) recorded in location L6, comparable to location L3 

(3.23 %) and the lowest (2.08 %) recorded in location L4. The 

observed variation could be due to the heterozygous nature of 

the genotypes, as well as varying soil and climatic conditions. 

 The ascorbic acid content in rough lemon fruits varied 

significantly as presented in Table 3, among accessions, with a 

notable influence of location. This observation aligns with early 

studies (33, 10). The variation in ascorbic acid content is likely 

attributed to genetic factors, fruit positioning, soil nutrient 

levels and environmental differences (34). Similarly, total 

flavonoid content in the juice varies significantly among both 

accessions and locations. These variation patterns are 

consistent with genetic control, as observed in local pummelo 

and mandarin accessions in China (35, 36). The variation 

observed in our study can be attributed to genetic factors, soil 

nutrients and environmental conditions across the locations. 

 Significant variation was observed among the selected 

accessions for total antioxidant activity among accessions 

(presented in Table 3) with a mean total antioxidant activity of 

85.18 %. The data on total antioxidant activity is presented in 

Table 4. revealed that there was significant variation also 

among different locations.  

 The variation in total antioxidant activity could be 

attributed to differences in the selected genotypes as well as 

variations in climatic conditions. The ascorbic acid contributed 

between 60 % and 100 % of the antioxidant potential in citrus 

fruits, whereas phenolic compounds played a major role in the 

antioxidant activity of non-citrus fruits (37). In the present 

study, the ascorbic acid content of the juice exhibited a strong 

positive correlation with total antioxidant activity. Similar high 

positive correlation between vitamin C and total antioxidant 

activity in Citrus junos fruits (38). These findings suggest that 

ascorbic acid is likely one of the key contributors to the 

antioxidant activity of rough lemon juice.   

 The results of HPLC analysis of limonin extract of juice 

and albedo for limonin content as presented in Table 3, 

revealed significant variations among rough lemon accessions 

and among the locations.  The variation in limonin content 

among the accessions might be due to differences in genetic 

makeup and soil nutrient status. Variety is an important factor 

in determining the limonin content of citrus fruits (39). The soil 

nutrient status i.e. low nitrogen and potassium content in soil 

might increase limonin content of citrus juice (40). In the 

present study limonin was analyzed in the juice and scrapped 

albedo portion, which might contain higher content of limonin 

as compared to juice alone. 

 Significant variation was observed among the selected 

accessions for essential oil content of peels of rough lemon. 

While there was no significant variation among different 

locations.  

Clustering of rough lemon accessions based on quantitative 

biochemical characters  

Cluster analysis was done based on twelve quantitative 

Table 2. Effect of locations on biochemical constituents of rough lemon juice 

Locations Juice pH TSS (°B) Titratable acidity (%) TSS:acid ratio Reducing sugar (%) Non reducing sugar(%) Total sugar (%) 
L1 2.80 7.62 5.15 1.50 1.23 1.62 2.85 
L2 2.67 7.17 5.73 1.26 1.08 1.42 2.50 
L3 2.89 8.07 5.06 1.63 1.43 1.79 3.23 
L4 2.32 6.61 5.78 1.14 0.94 1.14 2.08 
L5 2.78 7.60 5.70 1.36 1.20 1.64 2.85 
L6 2.95 8.15 4.55 1.81 1.44 1.80 3.24 
Mean 2.73 7.54 5.33 1.45 1.22 1.57 2.79 
S.Ed. (±) 0.006 0.03 0.005 0.006 0.01 0.01 0.02 
CD (0.05) 0.013 0.07 0.010 0.013 0.01 0.03 0.03 
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biochemical characters using SPSS software. Data revealing 

squared Euclidean distance matrix of proximity of thirty rough 

lemon accessions based on quantitative biochemical characters 

are presented in Fig. 1. It interprets that AR04T3 and AR04T2, 

both of Biswanath district, are the nearest relatives while AR03T1 

of Kokrajhar and AR02T1 of Nagaon district are the farthest 

relatives among all the thirty accessions based on quantitative 

biochemical characters. Further, dendrogram created by 

hierarchical clustering using wards linkage represented the 

clustering of accessions into different groups based on their 

biochemical quality characters (Fig. 2). Accessions belonging to 

the same group are considered to have similar biochemical 

characters while accessions of varied characters were grouped in 

different groups accordingly (Table 5). Thirty accessions were 

clustered into two main groups. First group included seven 

accessions namely, AR02T1and AR02T5 of Nagaon and AR04T1, 

AR04T2, AR04T3, AR04T4 and AR04T5 of Biswanath, belonging to 

two agroclimatic zones. It can be interpreted that all the five 

accessions of Biswanath district are clustered in same group 

indicating strong environmental influence and genetic similarity 

among the accessions in terms of biochemical characters. 

However, similar results were not found with respect to 

accessions of Nagaon district of the same group. The second 

group comprises of 23 accessions which are divided further 

into two subgroups namely, ‘Group II a’ and ‘Group II b’. First 

subgroup consists of 7 accessions namely, AR01T2 and AR01T4 

Location/ 
District 

Plant No. 
Accession 

No. 

Total flavonoid 
content (mg/100 

mL) 

Ascorbic 
acid 

(mg/100 mL) 

Total antioxidant 
activity (%) 

Limonin in albedo 
and juice 

(mg/100 mL) 

Essential oil 
(%) 

Jorhat 
(L1) 

1 AR01T1 26.12 59.41 91.23 23.62 4.72 
2 AR01T2 32.72 53.24 75.65 10.42 3.39 
3 AR01T3 29.95 66.98 94.90 13.43 4.50 
4 AR01T4 21.57 52.02 68.11 15.73 4.33 
5 AR01T5 34.72 58.27 87.03 18.55 3.89 

Nagaon 
(L2) 

6 AR02T1 20.25 72.14 97.64 21.51 4.06 
7 AR02T2 28.72 66.18 91.42 14.69 3.39 
8 AR02T3 46.58 65.61 91.45 23.21 4.39 
9 AR02T4 36.34 61.45 78.52 20.79 4.72 

10 AR02T5 20.77 64.40 84.48 16.71 4.56 

Kokrajhar 
(L3) 

11 AR03T1 30.82 63.03 88.15 10.52 4.22 
12 AR03T2 25.22 55.06 76.95 23.23 3.78 
13 AR03T3 25.12 43.41 72.88 15.21 4.56 
14 AR03T4 27.49 65.50 89.52 24.07 4.06 
15 AR03T5 31.89 58.40 87.56 22.31 4.78 

Biswanath 
(L4) 

16 AR04T1 36.02 74.01 91.86 20.47 4.06 
17 AR04T2 27.74 65.17 88.50 23.08 4.22 
18 AR04T3 26.40 63.99 88.21 22.65 4.72 
19 AR04T4 32.68 69.12 88.88 17.42 5.06 
20 AR04T5 37.85 76.19 94.66 19.82 3.39 

Karbi 
Anglong 
(L5) 

21 AR05T1 32.89 62.15 88.86 10.43 4.28 
22 AR05T2 36.03 64.14 85.55 13.40 4.39 
23 AR05T3 33.14 63.17 85.05 12.91 3.72 
24 AR05T4 29.72 62.01 85.96 16.78 4.06 
25 AR05T5 24.86 59.17 91.57 15.23 4.56 

Cachar 
(L6) 

26 AR06T1 26.32 56.54 80.71 17.75 4.61 
27 AR06T2 21.04 51.46 71.47 21.40 4.17 
28 AR06T3 19.33 53.51 71.49 17.23 4.67 
29 AR06T4 37.80 60.50 84.05 14.25 3.72 
30 AR06T5 21.47 57.60 82.97 20.65 4.06 

Mean     29.39 61.46 85.18 17.92 4.23 
S.Ed. (±)     0.38 6.60 1.10 0.04 0.10 
CD (0.05)     0.76 13.20 2.20 0.08 0.19 
GCV (%)     21.91 8.38 8.87 23.76 10.27 
PCV (%)     21.96 15.59 9.01 23.76 10.63 
h² (%)     99.49 28.89 96.92 99.99 93.30 
GA (%)     45.01 9.28 17.99 48.94 20.44 

Table 3. Biochemical constituents in rough lemon accessions 

*S.Ed-Standard error; Replication: 3; CD-Critical Difference; TSS: Total Soluble Solids; GCV: Genotypic Coefficient of Variation; PCV: Phenotypic 
Coefficient of Variation; h2: heritability; GA: Genetic Advance 

Table 4. Effect of locations on biochemical constituents of rough lemon juice 

Locations 
Total flavonoid content 

(mg/100 mL) 
Ascorbic acid 
(mg/100 mL) 

Total antioxidant 
activity (%) Limonin  (mg/100 mL) 

Total essential                   
oil (%) 

L1 29.02 57.98 83.38 16.35 4.17 
L2 30.53 65.95 88.70 19.38 4.22 

L3 28.11 57.08 83.01 19.07 4.28 

L4 32.14 69.21 90.42 20.69 4.29 

L5 31.33 62.13 87.40 13.75 4.20 

L6 25.19 55.92 78.14 18.26 4.24 

Mean 29.39 61.38 85.18 17.92 4.23 

S.Ed. (±) 0.18 0.94 0.49 0.02 - 

CD (0.05) 0.38 2.05 1.06 0.05 NS 

Non significant: NS 
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Fig. 1. Squared Euclidean distance matrix of proximity of 30 rough lemon accessions based on quantitative biochemical character. 

Fig. 2. Ward’s hierarchical clustering using squared Euclidean distance on 12 biochemical traits of 30 rough lemon accessions. 

  Accessions in each cluster 
Group I AR02T1, AR02T5, AR04T1, AR04T2, AR04T3, AR04T4, AR04T5 
Group II a AR01T2, AR01T4, AR03T1, AR03T3, AR06T1, AR06T3, AR06T4 

Group II b AR01T1, AR01T3, AR01T5, AR02T2, AR02T3, AR02T4, AR03T2, AR03T4, AR03T5, AR05T1, AR05T2, AR05T3, 
AR05T4, AR05T5, AR06T2, AR06T5 

Table 5. Grouping of rough lemon accessions using cluster analysis based on biochemical characters 
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of Jorhat, AR03T1 and AR03T3 of Kokrajhar and AR06T1, 

AR06T3 and AR06T4 of Cachar. Rest of 16 accessions 

constituted the second subgroup ‘Group II b’. This cluster 

included accessions namely, AR01T1, AR01T3 and AR01T5 of 

Jorhat, AR02T2, AR02T3 and AR02T4 of Nagaon, AR03T2, 

AR03T4 and AR03T5 of Kokrajhar, AR05T1, AR05T2, AR05T3, 

AR05T4 and AR05T5 of Karbi-Anglong and AR06T2 and AR06T5 

of Cachar. It is noticeable that 5 accessions from Karbi Anglong 

district had been clustered in the same group indicating similar 

biochemical characters among the accessions which might be 

due to close genetic relationship and similar growing 

conditions. 

Genetic variability, heritability and genetic advance in 
biochemical constituents and quality traits 

An analysis of genetic variability parameters among the 

evaluated biochemical and quality traits revealed a wide range 

of variation, indicating substantial potential for genetic 

improvement through selection. High Genotypic Coefficient of 

Variation (GCV) and Phenotypic Coefficient of Variation (PCV) 

values were observed for several traits, notably reducing sugar 

(20.24 % and 20.29 %), total flavonoid content (21.91 % and 

21.96 %), limonin in albedo and juice (23.76 % for both) and 

TSS (20.87 % and 20.90 %). The minimal differences between 

GCV and PCV for these traits suggest that the expression of 

these traits is predominantly governed by genetic factors with 

minimal environmental influence. Heritability in the broad 

sense (h²) was remarkably high for most traits, with values 

exceeding 99 % for titratable acidity, total flavonoid content, 

total sugar and limonin content, indicating strong genetic 

control. Genetic Advance as a percentage of the mean (GA %) 

was also high for these traits, particularly for limonin (48.94 %), 

reducing sugar (41.60 %), total sugar (37.11 %) and total 

flavonoids (45.01 %), which further supports the predominance 

of additive gene action and suggests that these characters can 

be effectively improved through direct selection. On the other 

hand, traits such as ascorbic acid content exhibited lower 

heritability (28.89 %) along with a comparatively higher 

difference between GCV and PCV (7.21 %), indicating a greater 

influence of environmental factors and less scope for genetic 

improvement through selection alone. However, despite this, 

traits like essential oil content (GCV: 10.27 %, h²: 93.3 %, GA: 

20.44 %) and non-reducing sugar (GCV: 17.02 %, h²: 96.95 %, 

GA: 34.53 %) still demonstrated considerable genetic influence 

and moderate improvement potential. Overall, the traits with 

high heritability, high GCV and high GA, namely reducing sugar, 

TSS, total flavonoid content, limonin content and total sugar 

emerges as promising targets for selection in citrus breeding 

programs aimed at enhancing fruit quality and biochemical 

traits. 

Correlation studies: Correlation of fruits per tree and 
biochemical parameters with soil quality parameters 

Correlation among the biochemical parameters and soil quality 

parameters from various accessions are presented in Fig. 3. 

Data revealed that yield (fruits per tree) exhibits significant 

positive correlation with organic carbon and available nitrogen 

in soil. TSS, total sugar, reducing and non-reducing sugar and 

TSS-acid ratio has positive correlation with available potassium 

in soil. However, ascorbic acid and limonin content was found 

to correlate negatively with available potassium. The 

interpretation of strong correlations among soil and quality as 

well as yield are portrayed in Table 6. 

Sensory evaluation 

Mean data of ten evaluators with respect to peel and pulp 

colour, smell, taste and aftertaste are presented in Table 7. The 

highest score (9.00) for peel colour in AR03T5 and AR06T1. 

Accessions AR01T2, AR01T5, AR03T2, AR02T2, AR02T3 and 

AR03T5 recorded the highest score (9.00) for pulp colour. In 

context of taste, AR03T1, AR06T1 and AR06T4 recorded the 

highest score (9.00). In citrus fruits, a bitter aftertaste is felt, 

higher the bitterness, the lower is the scores recorded in this 

context. Among 30 accessions, AR05T2 recorded least 

bitterness and the best score (8.50) for aftertaste. In terms of 

smell, fourteen accessions namely AR01T1, AR01T3, AR01T4, 

AR02T1, AR02T4, AR03T1, AR03T3, AR03T5, AR04T1, AR04T3,  

Fig. 3.  Correlation among soil parameters, yield (fruits per tree) and fruit quality parameters. 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

AR04T4, AR05T2, AR05T5, AR06T2 recorded the highest score 

(9.00). Overall acceptability of AR06T4 of Cachar District (Barak 

valley zone) recorded the best score of 8.07. 

 

Conclusion 

Thus, from the above observations on quality and sensory 

characters, it can be concluded that the environment of Cachar 

district suits well for the cultivation of rough lemon, basically 

used for table purposes. However, correlation of the quality 

and yield characters with the soil parameters generates light on 

nutrient management of rough lemon for quality improvement 

which otherwise grows as a neglected crop in homestead 

gardens. The characterization of rough lemon types collected 

across the state may help in crop improvement research in 

rough lemon especially those which focuses on the use of fruits 

for table as well as pharmaceutical purposes. 
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Table 6. Interpretation of strongly significant influences of soil parameters on fruit quality and yield 

Soil parameter Quality/Yield parameter r value Significance level Interpretation 

Organic carbon Yield 0.826 p < 0.01 High organic matter improves yield substantially 

Available N Yield 0.685 p < 0.01 Strong influence of nitrogen on yield 
Available K TSS  0.726 p < 0.01 

Potassium boosts sugar accumulation Available K Reducing sugar 0.556 p < 0.01 

Available K Non reducing sugar 0.591 p < 0.01 
Available K TSS/Acid ratio 0.499 p < 0.01 Enhances sweetness-to-acidity balance 
Available K Juice pH 0.587 p < 0.01 Positively related with the juice pH 
Table 7. Sensory evaluation of rough lemon accessions 

Plant No. Accession No. Peel colour Pulp colour Taste Aftertaste Smell Overall acceptability 

1 AR01T1 5.00 7.33 5.67 4.50 9.00 6.30 

2 AR01T2 6.33 9.00 6.33 7.00 7.33 7.20 

3 AR01T3 6.33 8.67 4.67 7.00 9.00 7.13 

4 AR01T4 7.33 7.00 7.50 7.50 9.00 7.67 

5 AR01T5 7.00 9.00 5.00 6.33 8.67 7.20 

6 AR02T1 7.33 8.33 4.67 4.00 9.00 6.67 

7 AR02T2 8.67 9.00 4.00 7.50 6.00 7.03 

8 AR02T3 5.67 9.00 5.50 5.00 8.33 6.70 

9 AR02T4 6.67 8.50 5.00 4.50 9.00 6.73 

10 AR02T5 4.67 7.00 4.33 5.00 8.67 5.93 

11 AR03T1 6.67 8.33 9.00 7.00 9.00 8.00 

12 AR03T2 7.00 9.00 7.00 5.67 8.00 7.33 

13 AR03T3 8.33 7.33 5.67 5.67 9.00 7.20 

14 AR03T4 5.33 7.67 5.67 5.00 8.50 6.43 

15 AR03T5 9.00 9.00 5.00 4.33 9.00 7.27 

16 AR04T1 7.00 8.00 4.00 4.00 9.00 6.40 

17 AR04T2 4.67 7.50 4.50 5.00 8.67 6.07 

18 AR04T3 5.00 6.00 5.00 4.67 9.00 5.93 

19 AR04T4 6.00 7.00 4.00 5.00 9.00 6.20 

20 AR04T5 7.33 7.50 4.00 6.00 6.00 6.17 

21 AR05T1 6.33 8.00 4.33 7.33 8.67 6.93 

22 AR05T2 8.00 6.50 5.00 8.50 9.00 7.40 

23 AR05T3 5.33 7.00 4.83 7.00 8.00 6.43 

24 AR05T4 7.00 7.67 5.00 5.67 8.50 6.77 

25 AR05T5 8.33 6.00 6.67 5.00 9.00 7.00 

26 AR06T1 9.00 8.00 9.00 5.50 8.67 8.03 

27 AR06T2 7.33 5.50 5.67 4.00 9.00 6.30 

28 AR06T3 8.00 7.00 8.33 5.00 8.33 7.33 

29 AR06T4 7.67 7.33 9.00 8.33 8.00 8.07 

30 AR06T5 7.33 7.00 5.67 4.33 8.50 6.57 

Mean: 6.86 7.67 5.67 5.71 8.49 6.88 

Standard deviation of samples 1.25 0.99 1.54 1.33 0.79 0.61 



PURNIMA  ET AL  8     

https://plantsciencetoday.online 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interests to declare. 

Ethical issues: None 

 

References 

1. Teng CM, Li HL, Wu TS, Huang SC, Huang TF. Antiplatelet action 
of some coumarin compounds isolated from plant sources. 

Thromb Res. 1992;66:549–57. https://doi.org/10.1016/0049-3848

(92)90309-X 

2. Ortuno A, Botia JM, Fuster MD, Porras I, Garcia LA, Rio JA. Effect 
of scoparone (6,7-dimethoxycoumarin) biosynthesis on the 
resistance of Tangelo Nova, Citrus paradisi and Citrus aurantium 

fruits against Phytophthora parasitica. J Agric Food Chem. 

1997;45:2740–3. https://doi.org/10.1021/jf9609542 

3. El-Shafae AM, Soliman AS. A pyranocoumarin and two alkaloids (one 
with antispasmodic effect) from Citrus deliciosa. Pharmazie. 1998;53:640

–3. https://doi.org/10.1002/chin.199850251 

4. Tanaka T, Maeda M, Kohno H, Murakami M, Kagami S, Miyake M, et al. 
Inhibition of azoxymethane-induced colon carcinogenesis in male F344 
rats by citrus limonoids obacunone and limonin. Carcinogenesis. 

2001;22:193–8. https://doi.org/10.1093/carcin/22.1.193 

5. Silalahi J. Anticancer and health protective properties of citrus 
fruit components. Asia Pac J Clin Nutr. 2002;11:79–84. https://

doi.org/10.1046/j.1440-6047.2002.00271.x 

6. Ju-Ichi M. Chemical study of citrus plants in the search for 
cancer chemopreventive agents. 2005;125:231–54. https://

doi.org/10.1248/yakushi.125.231 

7. Benavente-Garcia O, Castillo J. Update on uses and properties 
of citrus flavanoid: new findings in anticancer, cardiovascular 

and anti-inflammatory activities. J Agric Food Chem. 
2008;56:6185–205. https://doi.org/10.1021/jf8006568 

8. Ladaniya MS. Citrus Fruit Biology, Technology and Evaluation. 
Elsevier Inc.; 2008. 

9. Chaudhari SY, Ruknuddin G, Prajapati P. Ethno medicinal values 
of Citrus genus: a review. Med J Dr DY Patil Vidyapeeth. 2016;9

(5):560–5. https://doi.org/10.4103/0975-2870.192146 

10. Sayed HA, Ahmed HS, ELezaby AA. Morphological and 
physiochemical characterization of ten lime and lemon 

accessions and the assessment of their genetic diversity 
maintained at ISSR marker. J Hortic Sci Ornamental Plants. 

2016;8(3):200–11. 

11. Gaikwad KA, Patil SR, Nagre PK, Potdukhe NR. Morphological 
characterization of citrus rootstock genotypes. Int J Chem Stud. 

2018;6(2):516–29. 

12. Nordby HE, Nagy S. Chemotaxonomic study of neutral 
coumarins in roots of citrus and Poncirus by thin-layer, gas-

liquid and high performance liquid chromatographic analyses. J 
Chromatogr A. 1981;207:21–8. https://doi.org/10.1016/S0021-
9673(00)82688-6 

13. Nornén L, Johnsson M, Andersson H, Van Gameren Y, Dutta P. 
Plant sterols in vegetables and fruits commonly in Sweden. Eur 

J Nutr. 1999;38:84–9. https://doi.org/10.1007/s003940050048 

14. Dugo P, Lo PM, Ohman M, Fazio A, Dugo G, Mondello L. 
Determination of flavonoids in citrus juices by micro-HPLC-ESI/

MS. J Sep Sci. 2005;28:1149–56. https://doi.org/10.1002/
jssc.200500053 

15. Njoroge SM, Koaze H, Mwaniki M, Tu NTM, Sawamura M. 
Essential oils of Kenyan citrus fruits: volatile components of two 
varieties of mandarins (Citrus reticulata) and a tangelo (C. 

paradisi × C. tangerine). Flav Fragr J. 2005;20:74–9. https://
doi.org/10.1002/ffj.1376 

16. Gattuso G, Barreca D, Gargiulli C, Leuzzi U, Caristi C. Flavonoid 

composition in citrus juices. Molecules. 2007;12:1641–73. 
https://doi.org/10.3390/12081641 

17. Pellati F, Benvenuti S. Chromatographic and electrophoretic 
methods for the analysis of phenethylamine alkaloids in Citrus 

aurantium. J Chromatogr A. 2007;1161:71–88. https://

doi.org/10.1016/j.chroma.2007.05.097 

18. Manners GD. Citrus limonoids: analysis, bioactivity and 
biomedical prospects. J Agric Food Chem. 2007;55:8285–94. 

https://doi.org/10.1021/jf071797h 

19. Braddock RJ. Handbook of Citrus By-products and Processing 
Technology. John Wiley; 1999. 

20. Sattar A, Mahmud S. Citrus oil, composition of monoterpenes of 
the peel oil of orange, kinnow and lemon. Pak J Sci Ind Res. 

1986;29:196–8. 

21. Singh R, Nath N. Practical approach to the classification of 
Citrus. Proc 1st Int Citrus Symp. 1969:435-40. 

22. AOAC. Official Methods of Analysis. 14th ed. Association of 
Official Analytical Chemists; 1984. 

23. AOAC. Official Methods of Analysis. 13th ed. Association of 
Official Analytical Chemists; 1980. 

24. Freed M. Method of vitamin assay. Inter-science Publication Inc.; 

1966. 

25. Somogyi MJ. Notes on sugar determination. J Biol Chem. 
1952;195:19-23. https://doi.org/10.1016/S0021-9258(19)50870-5 

26. Kardong D, Deori K, Sood K, Yadav RNS, Bora TC, Gogoi BK. 
Evaluation of nutritional and biochemical aspects of Po:ro 

apong (Saimod) - a homemade alcoholic rice beverage of Mising 
tribe of Assam, India. Indian J Tradit Knowl. 2012;11(3):499-504. 

27. Rekha C, Poornima G, Manasa M, Abhipsa V, Pavithradevi J, 
Vijaykumar HT, et al. Ascorbic acid, total phenol content and 
antioxidant activity of fresh juices of four ripe and unripe citrus 

fruits. Chem Sci Trans. 2012;1:303-10. https://doi.org/10.7598/

cst2012.182 

28. Liu H, Qiu N, Ding H, Yao R. Polyphenol content and antioxidant 
capacity of Chinese herbals suitable for medical or food uses. 
Food Res Int. 2008;41:363-70. https://doi.org/10.7598/

cst2012.182 

29. Abbasi S, Zandi P, Mirbagheri E. Quantification of limonin in 
Iranian orange juice concentrates using high performance liquid 

chromatography and spectrophotometric methods. Eur Food 

Res Technol. 2005;221:202-7. https://doi.org/10.1007/s00217-
005-1136-1 

30. Li Y, Fabiano-Tixier AS, Chemat F. Essential oils: from conventional to 
green extraction. In: Essential Oils as Reagents in Green Chemistry. 

Springer. 2014:9–20. https://doi.org/10.1007/978-3-319-08449-7_2 

31. Sidel JL, Stone H, Blomquist J. Use and misuse of sensory 
evaluation in research and quality control. J Dairy Sci. 

1981;64:2296–302. https://doi.org/10.3168/jds.S0022-0302(81)

82846-9 

32. Bharali R. Morpho-biochemical characterization of pummelo (C. 
grandis) of Assam [PhD thesis]. Assam Agricultural University, 
Jorhat; 2016. 

33. Mohammed AMA. Minerals content, essential oils composition 
and physicochemical properties of Citrus jambhiri Lush. (Rough 
Lemon) from the Sudan. Int Lett Chem Phys Astron. 2013;14:25–

30. https://doi.org/10.56431/p-g7aa90 

34. Harris RS. Effects of agricultural practices on the composition of 
foods. In: Harris RS, Karmas E, editors. Nutritional Evaluation of 

Food Processing. 2nd ed. AVI Pub. 1975:33–57. 

35. Xi W, Fang B, Zhao Q, Jiao B, Zhou Z. Flavonoid composition and 
antioxidant activities of Chinese local pummelo (Citrus grandis 

Osbeck) varieties. Food Chem. 2014;16:230–8. https://
doi.org/10.1016/j.foodchem.2014.04.001 

https://plantsciencetoday.online
https://doi.org/10.1016/0049-3848(92)90309-X
https://doi.org/10.1016/0049-3848(92)90309-X
https://doi.org/10.1021/jf9609542
https://doi.org/10.1002/chin.199850251
https://doi.org/10.1093/carcin/22.1.193
https://doi.org/10.1046/j.1440-6047.2002.00271.x
https://doi.org/10.1046/j.1440-6047.2002.00271.x
https://doi.org/10.1248/yakushi.125.231
https://doi.org/10.1248/yakushi.125.231
https://doi.org/10.1021/jf8006568
https://doi.org/10.4103/0975-2870.192146
https://doi.org/10.1016/S0021-9673(00)82688-6
https://doi.org/10.1016/S0021-9673(00)82688-6
https://doi.org/10.1007/s003940050048
https://doi.org/10.1002/jssc.200500053
https://doi.org/10.1002/jssc.200500053
https://doi.org/10.1002/ffj.1376
https://doi.org/10.1002/ffj.1376
https://doi.org/10.3390/12081641
https://doi.org/10.1016/j.chroma.2007.05.097
https://doi.org/10.1016/j.chroma.2007.05.097
https://doi.org/10.1021/jf071797h
https://doi.org/10.1016/S0021-9258(19)50870-5
https://doi.org/10.7598/cst2012.182
https://doi.org/10.7598/cst2012.182
https://doi.org/10.7598/cst2012.182
https://doi.org/10.7598/cst2012.182
https://doi.org/10.1007/s00217-005-1136-1
https://doi.org/10.1007/s00217-005-1136-1
https://doi.org/10.1007/978-3-319-08449-7_2
https://doi.org/10.3168/jds.S0022-0302(81)82846-9
https://doi.org/10.3168/jds.S0022-0302(81)82846-9
https://doi.org/10.56431/p-g7aa90
https://doi.org/10.1016/j.foodchem.2014.04.001
https://doi.org/10.1016/j.foodchem.2014.04.001


9 

Plant Science Today, ISSN 2348-1900 (online) 

36. Zhang M, Nan H, Wang Y, Jiang X, Li Z. Comparison of flavonoid 

compounds in the flavedo and juice of two pummelo cultivars 
(Citrus grandis L. Osbeck) from different cultivation regions of 

China. Molecules. 2014;19:17314–28. https://doi.org/10.3390/
molecules191117314 

37. Gardner PT, White TAC, McPhail DB, Duthie GG. The relative 

contributions of vitamin C, carotenoids and phenolics to the 
antioxidant potential of fruit juices. Food Chem. 2000;68:471-4. 

https://doi.org/10.1016/S0308-8146(99)00225-3 

38. Yoo KM, Lee KW, Park JB, Lee HJ, Hwang IK. Variation in major 
antioxidants and total antioxidant activity of Yuzu (Citrus junos 

Tanaka) during maturation and between cultivars. J Agric Food 
Chem. 2004;52:5907–13. https://doi.org/10.1021/jf0498158 

39. Chandler BV, Nicol KJ, Biedermann CV. Factors controlling the 

accumulation of limonin and soluble constituents within orange 
fruits. J Sci Food Agric. 1976;27:866–76. https://doi.org/10.1002/

jsfa.2740270912 

40. Rodrigo MI, Mallent D, Casas A. Relationship between the acid 
and limonin content of Washington navel orange juice. J Sci 

Food Agric. 1985;38:1125–9. https://doi.org/10.1002/
jsfa.2740361115 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.3390/molecules191117314
https://doi.org/10.3390/molecules191117314
https://doi.org/10.1016/S0308-8146(99)00225-3
https://doi.org/10.1021/jf0498158
https://doi.org/10.1002/jsfa.2740270912
https://doi.org/10.1002/jsfa.2740270912
https://doi.org/10.1002/jsfa.2740361115
https://doi.org/10.1002/jsfa.2740361115
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

