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ABSTRACT 

 

This study aimed to elucidate biochemical profile of peel and pomace of Citrus reticulata grown 

organically at different altitudinal ranges of Sikkim Himalayas.  Citrus peel and pomace are 

undoubtedly the good sources of many food ingredients, which are however discarded as waste. This 

study gives insight into the degree of availability of different biochemical in peel and pomace of fruits 

and also evaluated the effect of altitude and maturity stages on these biochemicals. Immature and mature 

fruit of C. reticulata from five altitude ranges  (800-1000 m,1000-1200 m,1200-1400 m, 1400-1600 m 

and >1600 m) of Sikkim were collected and subjected to juice extraction and air dried for proximate  

analysis. Essential oil was analysed using GC-MS. The mature fruits showed high reducing sugar, total 

sugar, non reducing sugar, TSS, TSS: acid, peel protein, peel and pomace crude fat, peel and pomace 

ash at all the altitudinal range compared to immature stage.  Reducing sugar (6.31 %), total sugar 

(8.69%), titrable acidity (1.42 %), TSS (12.33
0
Brix), vitamin C (40.40 mg/100gm), peel and pomace 

crude fat (19.07%), peel and pomace ash (21.03%), Starch (3.17 %) was recorded highest at elevation 

range of > 1600 m. The protein (3.1%) content was however, highest at low elevation. The major 

constituent of peel oil was limonene. The limonene content was higher (84.75 %) at lower elevation 

(800-1000 m).  Significant variations were seen on biochemical profile of peel and pomace of C. 

reticulata grown at different altitude ranges. Large number of physiological, biochemical and structural 

changes occur in fruits at different stages of maturity and during ripening. The variations in studied 

parameters are obvious at different stages of maturity.  
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1 Introduction  

Citrus reticulata, the commercial fruits in North Eastern India 

particularly Himalaya region of Sikkim India, is known for its use as 

table fruit or for processing. Fruit peel and pomace are the potential 

waste of citrus industry. The health hazard posed by improper 

disposal of waste peel led to find out alternate ways for waste 

valorization (Martín et al., 2013). Various researchers have mentioned 

about the application of fruit peel and pomace in food processing 

industries as by products (Makris et al., 2007; Helkar et al., 2016; 

Kodagoda & Marapana, 2017). It has been reported that the peel 

yielded about 0.5-3 kg oil/tonne of fruit. Essential oil from peel bears 

natural flavours and fragrances and is widely used in food, daily used 

chemical products and health care industries (Sheng-min et al., 

2012).  Further, According to Pathak et al. (2017) this oil can be used 

in pharmaceuticals, confectioneries, cosmetics, alcoholic beverages 

and also for improving the shelf life of food. Citrus fruit is also a 

very good source of fibre, mineral and vitamins which are required 

for human growth and development (Sudha et al., 2017). Wadhwa & 

Bakshi (2013) also established the nutritional value of pomace and 

suggested that it could be used as a source of animal feed. 

Climatic conditions and the stage of the fruit development affects 

the physical and biochemical constituents of fruits. Accordingly, 

C. reticulata, has its various ecotypes such as Khasi mandarin, 

Darjeeling mandarin and Sikkim mandarin those are classified on 

the basis of their colour, quality and sugar-acid blend (Singh et al., 

2016). In the mountainous region, particularly in the Sikkim, India 

it has grown organically in the altitudinal gradient ranging from 

800 m to 1600 m from MSL, though scattered production also 

visible above 1600 m. The aim of present study was to evaluate the 

effect of climatic conditions especially altitude on physical and 

chemical constituents of the citrus peel. Moreover, an organically 

grown mandarin fruit grown in this region was never assessed 

previously for the presence of such valuable parameters.  This 

biochemical profiling would help in providing enough evidence for 

potential utilization of these discarded wastes. 

2 Materials and Methods 

Fruit samples were collected in 2017 from five different mandarin 

growing belts of Sikkim along the select altitudinal range viz: 800-

1000 m, 1000-1200 m, 1200-1400 m, 1400-1600 m and >1600 m. 

Entire fruits were collected in two stages i.e. mature and immature 

stages. From the collected fruit samples, TSS, titrable acidity, 

vitamin C, Protein content, reducing sugar, total sugar were 

determined by following method describe by AOAC (2000). 

While, TSS/acid ratio was calculated by dividing TSS and titrable 

acidity. Likewise, peel starch, peel and pomace crude fat, crude 

fibre and ash were determined using Cleg (1956) method. Essential 

oil was extracted using clevenger apparatus as suggested by 

Hussain et al. (2008). 

The triplicate data recorded for various attributes were subjected to 

analysis of variance (ANOVA) and expressed as mean. The means 

were compared using Duncan’s multiple range tests (DMRT) using 

statistical software SPSS version 17.0 and P<0.05 was taken as 

threshold for statistical significance. The constituents of the 

extracted oil from the peel  was analysed using GC/MS-QP-2010 

plus Ultra (Shimadzu company) using an Rtx-5 MS fused silica 

capillary column (30 m × 0.25 m i.d. film thickness 0.25 μm) and 

their groping was done by multivariate principle component 

analysis (PCA) and two way hierarchical analyses using JMP Pro 

14 Software. 

3 Results and Discussions 

3.1 Reducing sugar (%) 

Estimated reducing sugars of immature and mature fruits collected 

from different range of elevations are presented in Table 1. The 

increasing altitudes have significant effect on the reducing sugar 

and it was reported highest at highest altitude. At mature stage, 

highest reducing sugar (6.31 %) was observed at an elevation 

>1600 m and lowest at 800-1000 m (4.89 %). Similar trends were 

reported for immature fruits and highest reducing sugar (4.72 %) 

 

Table 1 Reducing sugar, total sugar and non reducing sugar in juice of Citrus reticulata fruit of mature and immature  
stage at different altitudinal range 

Parameters Stages 
Altitude range(m) 

800-1000 1000-1200 1200-1400 1400-1600 >1600 

Reducing sugar (%) 
Mature 4.89±0.11c 5.18±0.07b 6.05±0.02a 6.07±0.03a 6.31±0.09a 

Immature 4.08±0.06c 4.39±0.13b 4.63±0.01a 4.67±0.01a 4.72±0.02a 

Total sugar (%) 
Mature 7.04±0.04e 7.12±0.01d 7.27±0.02c 7.99±0.01b 8.69±0.02a 

Immature 5.03±0.01e 5.25±0.01d 6.03±0.02c 6.32±0.02b 6.91±0.01a 

Non reducing sugar 
(%) 

Mature 2.04±0.04ab 1.84±0.004b 1.16±0.13c 1.82±0.04b 2.26±0.11a 

Immature 0.89±0.03d 0.82±0.04d 1.33±0.01c 1.57±0.08b 2.08±0.02a 

Given Data are mean of three replicates; mean ± SE value followed by the different letter in same vertical column is significantly different 

according to Duncan’s multiple range test (P < 0.05) 
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was estimated at >1600 m altitudes while lowest (4.08 %) was 

reported at 800-1000 m altitude, though this difference is not 

significantly different as reported for mature fruits. At maturity, 

there is usually a depolymerisation of polysaccharides and 

conversion of fruit starch to sugar. Trend of increased reducing 

sugar with altitude in Khasi mandarin was reported by Deka et al. 

(2006) and Deshmukh et al. (2016). Likewise Yadav (2014) 

reported 3.68 %, 3.37 %, 3.63 % and 3.06 % reducing sugar in 

Kinnow mandarin, Emperor, Clementine Monreal and Clementine 

Denule, respectively.  

3.2 Total sugar (%) 

Total sugar also showed similar increasing trends as observed in 

reducing sugar (Table 1); it was estimated in the range of 7.04 % to 

8.69 % in mature and 5.03 to 5.3% in immature fruits. The present 

range of total sugar is higher than the previous studies conducted on 

citrus in India, this variation might be because of crop and location 

difference. Yadav (2014) reported 5.36 % total sugar in citrus 

cultivar Sanguinella moschata, 6.18% in cv. Vagnalia apirino, 5.88 

% in Ruby red and 4.67 % in Duncan. Higher Total sugar in the 

mature stage attributes to the depolymerisation of polysaccharides 

and conversion of fruit starch sugar (Deshmukh et al., 2016). 

3.3 Non reducing sugar (%) 

Non reducing sugar was 2.38 % at elevation >1600 m and 2.15 % 

at a range of 800-1000m in mature fruits. Likewise in immature 

stage 2.18 % was found to be highest at >1600m and 0.89% was 

lowest at 1000-1200 m altitudes (Table 1). Similarly, Yadav 

(2014) have also reported that non-reducing sugar content in the 

range of 1.66 % in Kinnow to 2.98% in Sweet Orange cv. Vagnalia 

apirino while studying dozens of cultivars. The non-reducing sugar 

content increased from mature green to full ripen stage and such 

increase might be due to break down of starch and there after 

formation of non-reducing sugar (Moneruzzaman et al., 2008). 

3.4 Titrable acidity (%) 

The sampled fruit showed variation in the titrable acidity content (p< 

0.05) at both stage of maturity (Table 2). Juice extracted from mature 

fruits collected from altitude >1600 m (1.42 %) showed significantly 

higher (p<0.05) titrable acidity, followed by 1000-1200m (1.24 %) 

and 800-1000 m (0.749 %).Whereas in immature stage, acidity was 

higher compared to mature stage (2.13 %) at >1600m followed by 

1000-1200m(1.79%). Generally, acidity of fruit decreased as fruit 

approaches towards maturity (Grewal et al., 2000). Further, Kishore 

et al. (2010) showed variation in acidity from 1.74 % to 1.34 % in C. 

reticulata grown in Sikkim, which is found to be quite similar with 

the present study. Further, Hangsing et al. (2016) performed study in 

khasi mandarin based on the age of tree and reported 0.81 % acidity 

in 10-20 years old Khasi mandarin tree,  0.76 %  acidity in 21-30 

years, 0.78 % acidity in 31-40 years and 0.73 % acidity in > 40 years 

old Khasi mandarin tree.  

3.5 Vitamin C (mg100gm
-1

) 

Vitamin C in mature fruits was recorded highest (40.40 

mg/100g) in the samples taken from higher altitude (>1600 m) 

and the lowest (37.37 mg/100g) at an elevation range of 800-

1000 m. In immature fruits, it was recorded to the tune of 53.02 

mg/100g at >1600m and 52.9mg/100g at 1400-1600 m        

(Table 2). The increased Vitamin C is due to more citric acid 

which is positively correlated to the synthesis of ascorbic acid. 

A decrease in the ascorbic acid content at lower altitude could 

be attributed to the reason that there is enzymatic loss of L-

ascorbic acid, where it is converted to 2-3 dioxy-L.gluconic 

acid (Mapson, 1970). 

Table 2 TSS, titrable acidity, TSS: acid and vitamin C in fruit juice of Citrus reticulata fruit of mature and immature stage at different altitudinal range 
 

Parameters Stages 
Altitude range (m) 

800-1000 1000-1200 1200-1400 1400-1600 >1600 

TSS (°B) 
Mature 9.93±0.66 11.89±1.36 11.97±0.93 11.97±0.67 12.33±0.77 

Immature 7.87±0.87 9.43±0.99 9.53±0.62 10.32±0.51 10.40±0.62 

TA 
Mature 0.75±0.02c 1.24±0.05b 1.14±0.03b 1.17±0.06b 1.42±0.06a 

Immature 1.61±0.07c 1.79±0.03bc 1.81±0.05b 1.82±0.07b 2.13±0.07a 

TSS:TA 
Mature 13.25± 0.67a 9.68±1.44b 10.48±0.87ab 10.27±0.84b 8.68±0.21b 

Immature 4.85±0.33a 5.27±0.56b 5.27±0.26b 5.66±0.12ab 4.88±0.32a 

Vitamin C 
(mg/100g) 

Mature 37.37±0.08d 38.80±0.03c 39.26±0.13b 40.16±0.19a 40.40±0.05a 

Immature 47.00±0.07d 48.80±0.07c 52.00±0.04b 52.90±0.28a 53.02±0.19a 

Given Data are mean of three replicates; mean ± SE value followed by the different letter in same vertical column is significantly different 

according to Duncan’s multiple range test (P < 0.05) 
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3.6 TSS (ºB) 

The mean data of total soluble solids (TSS) was recorded highest 

in samples collected  from >1600 m altitude at mature stage 

(12.33°Brix) and immature stage (10.40°Brix) which is followed 

by 1200-1400 m altitude (11.97°Brix) in mature and 1400-1600 m 

altitude with 10.32 ° Brix as presented in Table 2. The results are 

in corroboration with the finding of Yadav (2014) in which Kagzi 

lime showed 13.86°B and 10.01°B in Baramasi lime. However, 

Ruby Red was recorded with 8.39°B and Duncan with 4.74 °B. 

Further there was variation from 4.55 to 7.40°Brix in Kagzi kalan 

lemon cultivar while comparing two years data (Yadav, 2014). 

Richardson et al. (1997) reported that relative level of different 

sugars and acids changes during citrus fruit development appears 

to be influenced by temperature. At higher altitude the fruits 

maturity is slower than the lower altitude, in such case, TSS is 

increased due to accumulation of sugar, increased dehydration of 

the fruits and high light intensity (Rokaya et al., 2016).  

3.7 TSS : Acid 

The TSS: acid ratio is presented in Table 2. At altitudinal range of 

800-1000 m, TSS: acid ratio was found highest (13.25) at mature 

stage whereas it was highest (5.67) at 1400-1600 m altitude in 

immature staged fruit. Lowest ratio was recorded for mature (8.68) 

and in immature (4.86) stages respectively at > 1600 m altitude. 

The increase in TSS/acidity may be due to high minimum and 

maximum temperature during that period which accelerates 

increase in TSS:acid ratio. Similarly, Deshmukh et al. (2016) 

suggested that decrease in minimum and maximum temperature at 

higher altitude drop the TSS: acid ratio. At higher altitude the ratio 

is seen to be lesser than the lower altitude, it is probably due to the 

more formation of acidic compound due to degradation of reducing 

sugars at later stage of the maturity, since the fruit maturity is late 

in higher altitude than the lower altitude. Higher ratio at low 

altitude is due to more loss of acidity due to normal respiration and 

conversion to other metabolites (El-otmani & Coggins, 1991). 

3.8 Peel and pomace crude fat (%) 

In mandarin peel, crude fat was highest in mature stage (19.07 %) 

compared to immature stage (11.39%) at altitude >1600m. 

Whereas, the lowest value was 5.48% and 2.33%, in mature and 

immature peel collected from 800-1000 m respectively (Table 3). 

Peace & Happiness (2017) considered that mandarin peel is a 

better source for dietary fat/oil in mature stage compared to 

immature one. In Citrus maxima peel extract contain 9.74% crude 

fat, which showed dissimilarity with the findings of present study. 

However, orange peels obtained from unripe oranges analysed by 

Adewole et al. (2014) for fat content and reported 14.35% fat 

which is in agreement with the present research. Likewise, 

Osarumwense et al. (2013) and Uraku (2015) reported 10 % and 

10.34 % peel crude fat respectively in C. sinensis and these results 

are in corroboration with the findings of present study. 

Mandarin pomace contains appreciable amount of crude fat. It 

 

Table 3 Effect of altitude and stages on peel and pomace of crude fat, crude fiber and ash content of Citrus reticulata fruit of mature  

and immature at different altitudinal range. 
 

Parameters Stages 
Altitude range (m) 

800-1000 1000-1200 1200-1400 1400-1600 >1600 

Peel Crude fat (%) 
Mature 5.48±0.02c 17.60±0.08b 17.98±0.51ab 18.01±0.54ab 19.07±0.27a 

Immature 2.33±0.02c 8.78±0.58b 10.44±0.26a 10.44±0.54a 11.39±0.43a 

Pomace Crude fat (%) 
Mature 3.45±0.02c 5.09±0.09b 5.13±0.25b 10.89±0.25a 10.93±0.56a 

Immature 2.54±0.13c 4.72±0.01b 6.44±0.04a 6.85±0.21a 6.89±0.20a 

Peel Crude fibre (%) 
Mature 16.03±0.78e 18.12±0.02d 20.47±0.09c 23.96±0.28b 27.44±0.29a 

Immature 11.24±0.37c 11.32±0.35c 15.73±0.09b 16.23±0.16b 21.39±0.54a 

Pomace Crude fibre (%) 
Mature 17.87±0.12b 20.65±0.09a 20.669±0.62a 21.52±0.29a 21.76±0.45a 

Immature 9.87±0.04b 11.59±0.62b 11.74±0.11b 15.09±0.29a 15.16±1.33a 

Peel Ash (%) 
Mature 15.61±0.62d 17.91±0.21c 17.93±0.36c 24.16±0.17b 27.44±0.02a 

Immature 10.97±0.29d 11.14±0.01d 15.30±0.16c 17.70±0.32b 21.40±0.07a 

Pomace Ash (%) 
Mature 17.40±0.18c 20.57±0.09a 18.54±0.04b 21.03±0.58a 20.4±0.08a 

Immature 5.10±0.13d 13.67±0.88b 10.74±0.25c 19.07±0.49a 13.65±0.96b 

Given Data are mean of three replicates; mean ± SE value followed by the different letter in same vertical column is significantly different 

according to Duncan’s multiple range test (P < 0.05) 
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varied from 3.45 % to 10.93 % in the elevation range of 800-1000 

m to >1600 m altitude respectively in mature fruits. Whereas, it 

ranges from 2.54 % to 6.89 % in immature stage at same altitude 

as mentioned previously. The low-fat content at immature stage 

makes it an ideal component in weight reducing diets. The value of 

fat content are in disagreement with the value obtained from C. 

sinensis (10.34%) and orange peel (8.70%) by Uraku (2015) and 

Feumba et al. (2016) respectively. 

3.9 Peel and pomace crude fibre(%) 

Variation in crude fibre content was reported (Table 3) and highest 

crude fibre content was recorded in mature fruits collected from an 

elevation >1600 m (27.44 %) followed by 1400-1600 m (23.96 %). 

Whereas the least amount of crude fibre content was observed at 

800-1000 m altitude (16.03 %). However, in immature stage, crude 

fibre content was 21.40 % at >1600m altitude while lowest was 

recorded at 800-1000m altitude (11.24 %). Peel of the mature stage 

fruit showed significantly higher fibre percentage compared to 

immature stages irrespective of range of altitude. The crude fibre 

content is almost double than that found in sweet orange (12.79 %) 

by Oyebola et al. (2017) and Oikeh et al. (2013). Fruit fibre is 

considered as better in quality than plant fibre due to higher total 

and soluble fibre content, water and oil holding capacity, low 

caloric value and phytic acid (Figuerola et al., 2005). Hence, 

mandarin peel could be incorporated as an ingredient during 

processing of foods and livestock feeds as low-cost nutritional 

dietary supplement to livestock and human beings for sustainable 

disposal of orange rind residues (Oyebola et al., 2017). Altitudinal 

based variation was also observed for pomace crude fibre. Pomace 

fibre was as high (21.76%) in mature fruits at an altitude range of 

>1600 m and low (15.16 %) in immature stage. This fibre content 

was higher than maize, soybean oilcake and sunflower meal with 

value of 2.70, 3.30-7.00 and 14.00 % respectively (ISIRI, 2002).  

3.10 Peel and pomace ash(%) 

Ash content in the peel was estimated in the range between 15.61 

to 27.44% at mature and 10.97 to 21.40% at immature stage  

(Table 3). An increase in elevation also increases the value which 

is higher than the finding of ISIRI (2002). Therefore, with the 

value of ash reported in this study, Sikkim mandarin peel may be 

suitable for animal feeds. In the range of 1400-1600 m altitude, 

pomace ash was about 21.03 % in mature and 19.07 % in immature 

fruits. In previous study, Ahmed et al. (2016) reported that pomace 

ash in mature and immature Citrus aurantiifolia was in the range 

of 5.92 and 5.71 % and it was higher (3.51% and 3.33 %) than the 

orange peel (Citrus sinensis).   

3.11 Peel and pomace Starch(%) 

In mature fruit stage, highest starch content in peel (3.17 %) was 

recorded at elevation range >1600m and that of lowest (1.23 %) at 

800-1000 m elevation. Whereas, in immature stage 3.40 % starch 

content was reported at >1600 m altitude while it was reported 

1.83 % in 800-1000m altitude (Table 4). Result of study revealed 

that starch content was significantly higher in immature stage as 

compared to mature one. The peel starch of this fruit is higher than 

the commonly used fruits such as Durian (2.55 %) and Mango peel 

(1.14 %) (Wanlapa et al., 2015). Pomace starch was found less 

than the peel starch, it was estimated in the range of 1.06 to 1.82 % 

in mature stage and in the range of 1.95 % to 4.20 % in immature 

stage.  

3.12 Peel and pomace protein(%) 

At low elevation (800-1000 m) protein content in peel was found 

higher in mature (3.10%) and immature fruits (2.65%). Whereas 

lowest protein content (2.30%) was observed in peel at 1000-1200 

m in mature (2.32%) and immature (1.87%) stages as presented in 

Table 4 Protein and starch in peel and pomace of Citrus reticulata fruit of mature and immature stage at different altitudinal range 
 

Parameters Stages 
Altitude range (m) 

800-1000 1000-1200 1200-1400 1400-1600 >1600 

Peel starch (%) 
Mature 1.23±0.02d 2.52±0.01c 3.03±0.07b 3.05±0.05b 3.17±0.01a 

Immature 1.83±0.01d 2.31±0.12c 2.33±0.02c 2.63±0.03b 3.39±0.05a 

Pomace Starch (%) 
Mature 1.06±0.01b 1.14±0.12b 1.79±0.15a 1.76±0.08a 1.82±0.02a 

Immature 1.95±0.01c 3.64±0.02b 3.86±0.03ab 4.17±0.23a 4.20±0.01a 

Peel Protein (%) 
Mature 3.10±0.03a 2.32±0.04d 2.77±0.03b 2.63±0.04c 3.05±0.04a 

Immature 2.65±0.01a 1.87±0.03c 2.23±0.03b 2.26±0.01b 2.23±0.01b 

Pomace Protein (%) 
Mature 1.90±0.04c 2.25±0.04b 1.79±0.03c 3.00±0.03a 1.81±0.04c 

Immature 2.34±0.01a 2.27±0.01b 2.30±0.01b 2.11±0.01d 2.19±0.01c 

Given Data are mean of three replicates; mean ± SE value followed by the different letter in same vertical column is significantly different 

according to Duncan’s multiple range test (P < 0.05) 
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Table 4. According to the Ahmed et al. (2016) content was found 

less than some other citrus fruits such as kinnow (5.21%) and 

grape fruit (6.24 %). The protein content reported in present study 

was lower than that reported by El-ghfar et al. (2016), which was 

in the range of 6.39 % (air oven drying) to 7.09 % (fresh, control) 

in orange peel and that of lemon with 7.06 % (air oven drying) -

11.53 % (fresh, control). 

3.13 Oil yield and chemical analysis of essential oil 

The data regarding oil yield is depicted in table 5. It showed that 

oil yield was higher in immature fruit (2.50 %) as compared to 

mature (2.40 %) at >1600 m altitude this was followed by 2.03 % 

and 2.06 % in mature and immature stage at 1400-1600 m altitude 

respectively.  

In immature peel, total 11 compounds were analysed by GC-MS 

analysis (Table 6). Major compounds present in this stage are α -

Pinene, Sabinene, Myrcene, Octanal, Limonene, β–Ocimene, γ-

Terpinene, Linalool, Terpinen-4-ol, α-Terpineol and Decanal. The 

main component was limonene with concentrations of 87.45 % of 

the oil at 800-1000 m altitude, 88.58 % at 1000-1200 m altitude, 

87.85 % at 1200-1400 m altitude, 84.23 % at 1400-1600 m altitude 

and 84.72 % at >1600 m altitude. It showed that highest value in 

1000-1200 m altitude. It was followed by γ-Terpinene with 5.16 

%, 3.56 %, 5.24 %, 6.28 % and 6.33 % at various altitudes viz: 

800-1000 m, 1000-1200 m, 1200-1400 m, 1400-1600 m and >1600 

m respectively. Likewise, linalool and myrcene showed percent as 

1.88 % and 1.51 %, 0.66 % and 1.61 %,1.27 % and 1.66 %, 1.17 % 

and 1.61 % and 1.43 % and 1.65 % at 800-1000 m, 1000-1200 m, 

1200-1400 m, 1400-1600 m and >1600 m respectively (Figure 1). 

The mature stage fruit also had the presence of 11 compounds 

analysed by GC-MS analysed (Table 6).  The main component was 

limonene with 85.21 %, 86.06 %, 84.72 %, 74.71 % and 85.96 % 

at 800-1000 m, 1000-1200 m, 1200-1400 m, 1400-1600 m and  

Table 5 Oil yield in peel of mature and immature fruits of Citrus reticulata L. at different altitudinal range. 
 

Sl No. Altitude range (m) 
Stages 

Mature (Oil Yield) Immature (Oil Yield) 

1 800-1000 1.48±0.087c 1.49±0.07c 

2 1000-1200 1.83±0.07b 1.95±0.25b 

3 1200-1400 1.84±0.06b 1.97 ±0.12b 

4 1400-1600 2.03±0.06b 2.06 ±0.06b 

5 >1600 2.40±0.12a 2.50±0.11a 

Given Data are mean of three replicates; mean ± SE value followed by the different letter in same vertical column is significantly different 

according to Duncan’s multiple range test (P < 0.05) 

 

 

Figure 1Variation in area (%) in compounds at immature stage based on GCMS analysis –  Principal Component Analysis 
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>1600m respectively. Amongst these, maximum limonene was 

found in 1000-1200 m altitude with 86.10 %. It was followed by 

linalool and myrcene with area percent of 3.08% and 1.58 at 1400-

1600 m and >1600 m altitude accordingly. Results of present 

finding revealed that limonene content of C. reticulata was higher 

than the reported by Colecio-Juárez et al. (2012) in Citrus limetta 

with 70 % (limonene) and myrcene (1.31 %). Further, limonene 

(69.90 %), linalool (1.10 %) and myrcene (3.27 %) of area percent 

were found in Citrus reticulata (Kamal et al., 2011). 

3.14 Principal Component Analysis (PCA) 

3.14.1 GC-MS signature of peel oil of mature and immature fruit 

The multivariate principal component analysis was carried out 

employing JMP Pro14 software for complete GC-MS signature of 

all the analysed compounds. The analysis covered 88.20 % with 

PC-1 and PC-2 (Figure1). The PC analysis resulted in three group 

of altitude variation in Sikkim Mandarin (Figure 1), where in 

>1600 m and 1400-1600 m altitude could be grouped in one 

category (Group 1) based on the abundance of γ – terpinene ( 6.34 

% and 6.28 % ), terpinen-4-ol ( 0.40 % and 0.36 %), β-ocimene 

(0.16 % and 0.07 %), α-pinene (0.89 % and 0.89 %) , sabinene 

(1.18 % and 0.75 %). 

While, 800-1000m could be grouped as separate (Group 2) 

category with high amount of linalool (1.88 %), α- terpineol 

(0.36%) and decanal (0.25%) besides the PCA had given out 

another major group (Group 3) in which 1000-1200 m and 1200-

1400 m was grouped. This group of altitude have moderate amount 

of reported compounds listed earlier as myrcene (1.61 and 1.66 %), 

octanal (0.23 % and 0.19 %) and limonene (88.58 % and 87.85 %). 

Table 6 GC-MS analysis of peel and pomace of Citrus reticulata in mature and immature stages at different altitudinal range (Expressed as area %). 
 

 

Parameters Stages 
Altitude(m) 

800-1000 1000-1200 1200-1400 1400-1600 >1600 

α -Pinene 
Mature 0.52 ±0.11 0.52±0.01 0.60±0.09 0.61±0.01 0.63±0.13 

Immature 0.47 ±0.02 0.63±0.13 0.79±0.04 0.89±0.01 0.89±0.04 

Sabinene 
Mature 0.46±0.04 0.65±0.24 0.83±0.27 0.53±0.08 0.62 ±0.09 

Immature 0.03±0.03 0.63±0.15 0.57±0.05 0.75±0.02 1.18±0.25 

Myrcene 
Mature 1.55±0.05 1.53±0.03 1.09±0.41 1.43±0.01 1.58±0.12 

Immature 1.51±0.01 1.61±0.03 1.66±0.03 1.61±0.01 1.65±0.02 

Octanal 
Mature 0.39±0.04 0.49±0.13 0.29±0.14 0.35±0.18 0.36±0.16 

Immature 0.15±0.07 0.23±0.01 0.19±0.04 0.17±0.05 0.18±0.05 

Limonene 
Mature 85.21±2.99 86.06±2.28 84.72±2.41 74.71±0.99 85.96±2.91 

Immature 87.45±0.11 88.58±0.51 87.85±0.78 84.22±0.05 84.71±0.73 

β -Ocimene 
Mature 0.04±0.02 0.07±0.03 0.09±0.01 0.07±0.02 0.06±0.03 

Immature 0.04±0.04 0.06±0.01 0.07±0.01 0.07±0.03 0.16±0.08 

γ  -Terpinene 
Mature 0.41±0.26 2.93±1.37 4.65±0.49 3.99±0.23 4.45±0.25 

Immature 5.16±0.29a 3.60±1.08 5.24±0.27 6.28±0.05 6.33±0.16 

Linalool 
Mature 1.60±0.04 2.79±1.88 2.29±0.69 3.08±3.03 2.64±1.77 

Immature 1.88±0.03 0.66±0.32 1.27±0.09 1.17±0.65 1.43±0.32 

Terpinen-4-ol 
Mature 0.24±0.02 0.38±0.25 0.28±0.09 0.69±0.56 0.29±0.14 

Immature 0.24±0.04 0.23±0.07 0.16±0.02 0.36±0.03 0.40±0.04 

α-Terpineol 
Mature 0.28±0.04 0.40±0.30 0.28±0.06 0.53±0.40 0.40±0.25 

Immature 0.36±0.04 0.20±0.05 0.16±0.02 0.23±0.04 0.24±0.01 

Decanal 
Mature 0.18±0.02 0.14±0.06 0.21±0.02 0.23±0.01 0.30±0.06 

Immature 0.25±0.03 0.11±0.06 0.123±0.07 0.13±0.01 0.13±0.08 
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Mature stage of Sikkim mandarin essential oil of peel from area 

percent showed in three groups as Group 1, Group 2 and Group 3 

(Figure 2). It covered 74.2 % area in PC -1 and PC-2. In group 1, 

800-1000 m and 1000-1200 m altitude was categorized as one which 

is having myrcene (1.55 % and 1.53 %) and octanal (0.39 and 0.49 

%) compound. Likewise, at >1600 m was placed in Group 2 due to 

abundance of compound like terpinen-4-ol (2.64 %), α- terpineol 

(0.40 %), linalool (2.64 %) and decanal (0.30 %). Likewise, Group 3 

showed 1400-1600 m and 1200-1400 m altitude which had α-pinene 

(0.61 % and 0.60 %), γ–terpinene (3.99 % and 4.65 %), β-ocimene 

(0.07 % and 0.09 %), sabinene (0.53 % and 0.83 %) and also with 

high amount of Limonene (74.77% and 84.22%). 

In conclusion, biochemical parameters assessed during the present 

study were affected by the change in altitude. However, it was 

noted that the peel had high level of proximate parameters and the 

oil with high level of valuable constituents across all the elevation 

range. The level of all the biochemical constituents give better 

insight that the discarded peel and pomace can be utilized for 

different industries including the flavour, aroma, animal feed and 

disinfectant. 
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