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Abstract 
Mandarin (Citrus reticulata Blanco) is a premier fruit crop which ranks in first position of the total 
fruit industry in Nepal. Studies were conducted to assess the maturity indices and quality pa-
rameters of mandarin at three altitudes i.e. 1300 m·asl, 1000 m·asl, and 700 m·asl with six matur-
ity stages i.e. 11 Oct, 21 Oct, 31 Oct, 10 Nov, 20 Nov, and 30 Nov. The most important and reliable 
judging criteria of fruit maturity in mandarin i.e. fruit weight, external fruit colour, firmness, TSS, 
acidity, and TSS/Acid ratio, and vitamin C were experimented. The experiment results revealed 
that 1000 m·asl location was showed the highest fruit weight (104.9 g) and juice percentage (55.23) 
followed by 1300 m·asl altitude (99.5 g and 53.75% respectively) at 20th of November. The matur-
ity advanced at lower altitude with 50 percent yellow orange rind colour, 10.98 TSS/acid ratio and 
4 kg/cm2 firmness from 10th November at lower altitudes whereas it was appeared in 20th No-
vember at higher altitudes. The TSS/acid ratio was significantly higher (10.98) in the fruits of 700 
m·asl as compared to 1300 m·asl (9.76) on 10th November, however, on 20th November 1300 m·asl 
showed the highest ratio (17.76). The fruit weight, juice content, TSS was found in increasing 
trends up to 20 November and then showed constant and decreasing trend. However, TA, firmness 
and vitamin C were showed in decreasing trends with time. The 1000 - 1300 m·asl was the best 
location for the mandarin production and 10-20 November was the best period for the mandarin 
harvesting for optimum maturity. 
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1. Introduction 
Mandarin (Citrus reticulata Blanco) is a premier fruit crop which ranks in first position of the total fruit industry 
in Nepal. It is commercially viable and cash generating high value fruit crop grown largely across the mid-hills 
of the country. Commercially, it is grown in 42 districts and is bumping up for its coverage in production and 
productivity annually. Mid-hills of Nepal with sub-tropical climate and distinct winter offer congenial environ-
ment for commercialization of citriculture (FDD, [1]). Nepal is endowed with varying agro-ecological diversity 
and has suitable climate for growing fruits, particularly mandarin. Citrus is also obvious choice because it is by 
far the most important fruit in Nepal and is grown throughout the hills (APP, [2]). The agro-climatic conditions 
of mid-hill regions of Nepal account about 1.5 million hectares is stretching from east to west ranging from 750 
to 1350 m·msl (Baral, [3]). It is mentioned that minimum suitable altitude for mandarin cultivation is above 750 
m·asl (ACD, [4]). Local mandarins grow well from 750 to 1400 m·asl (NCDP, [5]). 

Mandarin adversely affect by the altitudes and microclimate. The size, weight, and juice content vary greatly 
with altitudes; fruits at higher elevation are usually smaller in size and more acidic in taste (Ghosh, [6]). Different 
altitudes influenced fruit growth periods and the intensity of peel colour in mandarin (Susanto et al., [7]). (Barua 
et al., [8]) concluded that physiological loss in weight and juice contents were significantly affected by the stage 
of maturity. At the minimum maturity standard (SSC/TA) of 8:1 was found dislike range in Navel orange as set 
by California Department of Food and Agriculture (Obenland et al., [9]). The maturity standards vary from re-
gion to region (Devkota et al., [10]). Fruits are harvested when their internal quality is at the best (Ladaniya, 
[11]). Appropriate maturity stage for harvesting, harvesting methods, storage condition and their treatments 
should be developed to prolong their shelf life (Ladaniya, [12]).  

Mandarin oranges do not keep long and hence it is desirable to harvest them as early as possible, otherwise 
they shrink, lose weight and may eventually drop off (Rajput, [13]). Late picked fruits have a good internal 
quality but have shorter shelf life and on the other hand early picked fruits have better shelf life but poor eating 
quality (Streif, [14]). The fruit increase in length, breadth, and volume unless it matures (Rana, [15]). No and/or 
scanty work has been done on the maturity indices of mandarin in Nepal. Global booming market emphasizes on 
external as well as internal quality standards for mandarin fruits. The present studies were, therefore, conducted 
to find out the optimum time of maturity of mandarin. Thus, such standards may prove an efficient tool in the 
hands of growers and to regulate the produce in the market at appropriate time.  

2. Materials and Methods 
The study on effect of altitudes and maturity stages on fruit quality was conducted at Lamjung district during 
2012 and 2013. Three locations based on altitudes (around 700 m·asl, around 1000 m·asl, and around 1300 
m·asl) with six harvesting date was taken for evaluation. Four trees with uniform size, age and vigour were ran-
domly selected and marked. Five fruits representing the whole mass of different aspects from each tree of each 
altitude were collected for physicochemical analysis. Fruits were harvested at 10 days interval starting from 230 
days after flowering (DAF) i.e. 11 October to 280 days after flowering (DAF) i.e. 30 November in each year. 

Different physicochemical parameters i.e. fruit weight, fruit size, rind colour, juice content, volume, TSS, 
acidity, ascorbic acid were taken. Average fruit weight was recorded with the help of top balance, fruit size was 
measured with the help of clinometers, rind colour was taken by colour chart, juice content was measured with 
squeezing and measuring by measuring cylinder, TSS was measured by hand refractometer, acidity, and ascor-
bic acid were studied as per methods outlined in (AOAC, [16]). The data were tabulated and statistically ana-
lysed as mentioned by Gomez and Gomez (Gomez and Gomez, [17]). 

3. Results and Discussion 
3.1. Fruit Weight  
Fruit weight varies with the different maturity stages and altitudes. The fruit weight was increased with the ad-
vancement of the maturity in all the altitudes and maturity stages. From the perusal of data dipicted in Table 1, 
the fruit weight was recorded from 230 days after flowering (DAF) i.e. 11 October was found 61.80, 73.50 and 
54.60 grams respectively in 1300, 1000 and 700 m·asl. The fruit weight was observed in acceleration on 10 No-
vember at lower and middle altitude where as its growth was observed rapidly up to 20 November at higher al-
titude. Increasing trends in fruit weight could be due to accumulation of juice inside the juice sacs. Similar in- 
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Table 1. Effect on physical characteristics of mandarin fruits at different altitudes and maturity stages.                     

Altitudes/maturity Weight (g) Size (cm) Diameter (cm) Specific gravity Firmness (kg/cm2) Rind colour index (1 - 5) 

1300 msl       
230 DAF (11 Oct) 61.80 21.09 4.90 0.57 7.38 1 

240 DAF (21 Oct) 71.10 25.53 5.16 0.68 7.09 1.13 

250 DAF (31 Oct) 79.40 27.15 5.54 0.77 5.55 1.75 

260 DAF (10 Nov) 89.30 29.42 5.67 0.96 4.82 2.25 

270 DAF (20 Nov) 99.50 30.68 6.14 1.04 4.38 2.72 

280 DAF (30 Nov) 94.20 29.31 5.81 1.04 3.71 3.68 

1000 msl       
230 DAF (11 Oct) 73.50 24.80 5.20 0.70 6.88 1.00 

240 DAF (21 Oct) 86.40 30.17 5.57 0.85 6.28 1.40 

250 DAF (31 Oct) 97.30 31.23 5.70 0.96 5.01 2.06 

260 DAF (10 Nov) 101.10 32.52 5.72 1.04 4.41 2.88 

270 DAF (20 Nov) 104.90 32.82 6.28 1.06 4.01 3.14 

280 DAF (30 Nov) 98.10 31.42 5.81 1.05 3.54 4.15 

700 msl       
230 DAF (11 Oct) 54.60 21.21 4.74 0.54 5.83 1.00 

240 DAF (21 Oct) 66.30 23.57 4.85 0.65 4.85 2.35 

250 DAF (31 Oct) 75.00 26.55 5.20 0.76 4.33 2.79 

260 DAF (10 Nov) 87.50 28.13 5.50 0.92 3.99 3.38 

270 DAF (20 Nov) 85.10 28.12 5.69 0.93 3.39 3.80 

280 DAF (30 Nov) 84.20 28.12 5.65 0.92 3.08 4.84 

LSD (P = 0.05) 17.08 3.83 0.44 0.18 0.80 0.53 

 
crease in fruit weight was reported by (Deka et al., [18]) in Khasi mandarin, (Bhusal, [19]) in mandarin, (Bal 
and Chauhan, [20]) in Kinnow mandarin, (Bakhshi et al., [21]) in sweet orange, (Pandey et al., [22]) in kiwifruit, 
and (Mahajan et al., [23]) in mandarin. Experiments revealed that highest fruit weight was found on 10 Novem-
ber i.e. 87.50 gram at lower altitude (700 m·asl), however, the fruit weight was recorded its maximum point i.e. 
104.92 and 99.49 grams at upper altitudes (1000 and 1300 m·asl respectively) on 20 November, 10 days after 
lower altitude. The growth of the fruits accelerated rapidly on and around 31 October with the decrease in tem-
perature. Hence, result showed that the efficient growth of the fruits was found in between 10 to 20 November in 
all altitudes, however, the maximum growth was found on 10 November for lower altitude i.e. around 700 m·asl 
and on and around 20 November for 1000 and 1300 m altitudes. It was interesting to note that at the last picking 
date (30 November), there was slightly reduction in fruit weight in all altitudes. These findings corroborate with 
the findings of (Jawanda et al., [24]) and (Bal and Chauhan, [20]) who reported decrease in fruit weight with 
later stage of ripening of Kinnow mandarin. The decreasing fruit weight might be due to catabolic activities in 
cell and loss of dry matters in the fruits sac. 

3.2. Fruit Size 
The fruit size was correlated with the fruit weight. The size of the fruit was observed increased with increase in 
maturity stage. The studies revealed that the size of the fruit was significantly increased on 21 October to 10 
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November and then it was noticed gradual and stagnant as shown in Table 1. The experiment revealed that fruit 
size was increased sharply up to 10 November at 700 m·asl altitude and 20 November at 1000 m and 1300 m·asl 
altitude. In lower altitudes the fruit size reached its maximum point (28.13 cm) on 10 November while in 1300 
and 1000 m·asl it reached its maximum point on 20 November (30.68 and 32.82 cm respectively). The mini-
mum fruit size (21.09 cm) was recorded on 11 October at 1300 m·asl followed by 700 m·asl (21.21 cm) and the 
maximum size of fruit was recorded in 20 November at 1000 m·asl (32.82 cm) followed by 1300 m·asl (30.68 
cm) and beyond this point the fruit size seemed declined gradually. (Bhullar, [25]) has reported increase in fruit 
size in sweet oranges with advancement of maturity level. The increase in fruit size along with increased matur-
ity stage is mainly due to cell division and dry matter accumulation. Hence, by summing up these observations 
we concluded that the optimum date of harvesting of mandarin is 10 November for lower altitudes and 20 No-
vember for higher altitudes. 

3.3. Fruit Firmness  
The firmness is basic criteria to judge the fruit whether it is ripe or not in the orchards. The firmness is decreases 
with the increasing level of maturity in all altitude. The fruit firmness was drastic declined during the study pe-
riod at level of altitude. The perusal from the data shown in Table 1, the maximum firmness was observed on 11 
October at 1300 m altitudes (7.38 kg/cm2) and soft rind was recorded in the fruits of lower altitude (6.99 kg/cm2). 
At the end of study (30 November) the highest firmness was found in the fruits of 1300 m·asl (3.71 kg/cm2) and 
lowest was observed in the fruits of 700 m·asl (3.28 kg/cm2) because of temperature variability. Fruit softening 
is attributed to the dissolution of cell wall component and reduction in pectin substances in citrus rind during 
fruit development and maturation. The fruit firmness was much higher declined in the fruits at lower altitude 
than the upper altitudes because of high temperature and early ripening physiological activities in the fruits. This 
finding corroborates with the findings of (Sharma and Singh, [26]) in apple. These findings revealed that lower 
altitude had early softening of the rind than the higher altitude. The firmness of ripening might be due to largely 
influenced by cell turgor and composition of cell wall. 

3.4. Specific Gravity 
The specific gravity was increased with the advancement of the maturity in all the altitudes and maturity stages. 
The specific gravity was very low on 11 October and then it was seemed drastic increased with the time of ma-
turity and reached the maximum on 10-20 November (Table 1). At initial stage the specific gravity was found 
higher in the fruits of 1000 m·asl (0.70) followed by 1300 m·asl (0.57) and 700 m·asl (0.54) altitudes. The vo-
lume of the fruits was found highest in 1000 m·asl on 20 November (1.06) followed by 1300 m·asl (1.04), and 
lowest specific gravity was observed in 700 m·asl (0.93). These findings are in corroboration with the findings 
of (Deka et al., [18]) in Khasi mandarin (Khokhar and Sharma, [27]) in sweet orange, and (Bhullar, [25]) in 
sweet orange who reported that increased the specific gravity with advancement of maturity and then decreased 
with maturity decline. The specific gravity of fruit increases with the progression in maturity index and fruit 
maturity at harvest determines its quality and storage life (Rana, [15]). 

3.5. Rind Colour  
Rind colour is a key quality component and plays a vital role in acceptability by consumers. The rind colour at 
different maturity stage from three altitudes has been given in the Table 1. It is quite clear from the data in Ta-
ble 1 that the rind colour changed from full green (ranked 1) to full yellow (ranked 5). The rind colour was 
found significantly (p > 0.01) changed over the harvesting dates in all altitudes. At initial stage, the rind colour 
in all altitudes was found 100 percent green i.e. rating 1. These findings are similar with the findings of (Khok-
har and Sharma, [27]) in sweet orange. The rind colour was increased with the advancement of maturity. The 
perusal from the data in Table 1 shows that the rind colour of all altitudes remained same in initial stage of ma-
turity and then it moved upwards to its maximum points. The index value of rind colour was recorded higher in 
1300 m·asl because of lower temperature in higher altitude. Study showed that the fruits of lower altitude (700 
m) ripened earlier as compared to 1000 m and 1300 m altitude. Fruit maturation including production of sugars 
and development of rind colour reached its highest perfection in 14˚C-20˚C and relative humidity also deter-
mined the quality. The colour development is associated with loss of texture, increasing sugar content, and de-
creasing acidity (Rana, [15]). 
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3.6. Juice Recovery 
The juice percentage increased with the increasing level of maturity stages in all altitudes. Table 2 shows that 
the initial percentage of juice content was slightly higher in the fruits of medium altitude 1000 m·asl (41.7) with 
very close to 700 m·asl (41.65), and minimum juice percentage (39.64) was recorded in the fruits of 1300 m·asl . 
In all the altitudes, the percentage of juice continued to increase up to 20th November and then it showed con-
stant or declined. In 1000 m·asl and 1300 m·asl altitudes the juice content sharply accelerated to the date of 20 
November whereas in 700 m·asl altitude the juice content sharply increased to the date of 10 November. The 
maximum juice percentage (55.23) was found in the fruits of 1000 m·asl altitude on 20th November followed by 
1300 m·asl (53.75) whereas the lowest percentage of juice was recorded in the fruits of 700 m·asl (46.69) on 
10th November. Beyond 20 November, the level of juice content was found in constant or in decreasing trend. 
These findings are in corroboration with the findings of (Bhusal, [19]) in mandarin (Bhullar, [25]) in sweet 
orange (Bakhshi et al., [21]) in sweet orange, (Khokhar and Sharma, [27]) in sweet orange, and (Deka et al., 
[18]) in Khasi mandarin. Decreasing in juice percentage was directly correlated with fruit weight. The decreas-
ing trends in juice content might be due to catabolism activities in the fruits. 

3.7. Peel, Rag, and Seed Content 
The percentage weight of peel was recorded low at initial and then gradual increased with the maturity ad-
vancement and immediately after peak point of growth it was declined in all the locations and maturity stages. 
As in Table 2 the maturity level was advanced with a little increase in peel weight with the corresponding de- 

 
Table 2. Effect on juice, peel, rag, and seed percentage of mandarin fruits at different altitudes and maturity stages.           

Altitudes/maturity Juice (%) Peel (%) Rag (%) Seed (%) 

1300 msl     
230 DAF (11 Oct) 39.64 20.6 37.78 1.99 

240 DAF (21 Oct) 42.08 24.21 31.1 2.61 

250 DAF (31 Oct) 45.83 21.8 30.64 1.73 

260 DAF (10 Nov) 50.74 21.22 25.88 2.17 

270 DAF (20 Nov) 53.75 22.66 21.9 1.69 

280 DAF (30 Nov) 52.69 24.99 20.65 1.66 

1000 msl     
230 DAF (11 Oct) 41.7 21.54 34.17 2.59 

240 DAF (21 Oct) 45.79 22.67 28.84 2.7 

250 DAF (31 Oct) 47.83 21.66 28.12 2.39 

260 DAF (10 Nov) 51.66 21.77 24.82 1.75 

270 DAF (20 Nov) 55.23 21.63 21.61 1.52 

280 DAF (30 Nov) 54.87 22.22 21.45 1.46 

700 msl     
230 DAF (11 Oct) 41.65 24.14 31.57 2.63 

240 DAF (21 Oct) 42.99 21.41 31.42 4.19 

250 DAF (31 Oct) 45.86 22.41 29.52 2.2 

260 DAF (10 Nov) 46.69 23.65 27.49 2.17 

270 DAF (20 Nov) 46.18 25.73 25.77 2.33 

280 DAF (30 Nov) 46.1 25.44 25.89 1.57 

LSD (p = 0.05) 4.58 2.73 2.81 0.79 
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crease in rag percentage. This finding corroborates with the findings of (Bal and Chauhan, [20]) in kinnow 
mandarin. The peel percentage was found as the lowest in 1300 m·asl (20.60) whereas the highest in 700 m·asl 
(24.14). The percentage of peel was ranged from (20.60) to (25.75).The percentage of rag was also found sig-
nificantly declined with the advancement of maturity. The percentage of rag was highest on 11 October (37.78) 
where as it was recorded (20.65) at the end of the study. Hence it showed that there was changed the juice per-
centage with declining of rag percentage. The degree of declining in the rag percentage was found much higher 
in the fruits of 1300 m·asl but lower degree of change was found in the fruits of 700 m·asl. The percentage 
weight of seed was found low at initial in all altitudes but gradually peaked up simultaneously with fruit weight 
and then started declined. The percentage of seed was recorded lower in the fruits of higher altitude (1.97) and 
found highest in the fruits of lower altitude (2.51). (Khokhar and Sharma, [27]) had recorded similar findings in 
sweet orange. The minimum seed percentage might be due to replacing by the juice sacs in the pulp. 

3.8. The Total Soluble Solids (TSS ˚Brix) Content 
The Total Soluble Solid (TSS ˚brix) content at different maturity stages of three altitudes 700 m, 1000 m, and 
1300 m was recorded and shown in Table 3. The TSS was observed as increasing with advancement of maturity 
in all altitude. In initial stage (230 DAF), TSS was found 6.81, 7.52, and 8.32 ˚Brix respectively in 1300 m·asl, 
1000 m·asl, and 700 m·asl altitudes. In initial dates lower altitudes (700 m·asl) had lead in the TSS however; it 
was overtaken by higher altitude (1300 m·asl) on later date of harvesting (beyond 10 Nov). The TSS was found 
in wider range at 1300 m (6.81 to 11.63) but 700 m had recorded narrow range (8.32-10.82) over the period of 

 
Table 3. Effect on chemical characteristics of mandarin fruits at different altitudes and maturity stages.                     

Altitudes/maturity TSS (˚Brix) TA (%) TSS/TA ratio Vitamin C (mg/100 ml) 

1300 msl     
230 DAF (11 Oct) 6.81 2.59 2.65 37.12 

240 DAF (21 Oct) 7.49 2.39 3.15 34.64 

250 DAF (31 Oct) 8.72 1.49 6.21 33.77 

260 DAF (10 Nov) 9.99 1.03 9.76 33.33 

270 DAF (20 Nov) 11.05 0.78 14.28 29.43 

280 DAF (30 Nov) 11.63 0.66 17.76 27.62 

1000 msl     
230 DAF (11 Oct) 7.52 2.39 3.14 34.73 

240 DAF (21 Oct) 7.79 2.05 3.92 32.05 

250 DAF (31 Oct) 9.37 1.43 7.00 32.56 

260 DAF (10 Nov) 10.17 0.98 10.48 32.44 

270 DAF (20 Nov) 10.46 0.82 12.78 28.42 

280 DAF (30 Nov) 11.05 0.67 16.52 26.16 

700 msl     
230 DAF (11 Oct) 8.32 2.15 3.88 33.77 

240 DAF (21 Oct) 8.68 1.90 4.82 30.36 

250 DAF (31 Oct) 9.99 1.12 8.96 29.66 

260 DAF (10 Nov) 10.22 0.94 10.98 29.55 

270 DAF (20 Nov) 10.40 0.85 12.29 28.05 

280 DAF (30 Nov) 10.82 0.77 14.34 25.41 

LSD (P = 0.05) 0.53 0.30 1.82 2.94 
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study. The maximum Total Soluble Solid (TSS) was found in the 1300 m·asl (11.63) followed by 1000 m·asl 
(11.05) and 700 m·asl (10.82) at the end of study. These increased trends in the TSS were also recorded by 
(Deka et al., [8]) in Khasi mandarin, (Mahajan et al., [23]) in mandarin, and (Khokhar and Sharma, [27]) in 
sweet orange. It was observed that there was significant difference among the treatments. The TSS was accele-
rated rapidly from 230 Day after flowering (DAF) in all the altitudes and higher TSS content of mandarin fruits 
harvested at 280 days as compared to those harvested at 270 days after flowering (DAF). On later stage the TSS 
observed higher due to accumulation of sugars, increased level of dehydration and higher light intensity. After 
260 days after flowering TSS was observed in increasing trends in all locations. TSS was found slightly higher 
(11.63 ˚brix) at 1300 m altitude than lower altitudes due to late maturity and later dryness in the fruits at 1300 
m·asl. This finding also corroborates with the finding of (LARC, [28]) in mandarin, (Bhusal, [19]) in mandarin, 
and (Ghosh, [6]) in mandarin which stated TSS of the orange increases with the increase in altitude at the later 
part of the fruit maturity. 

3.9. Titratable Acidity (TA) 
The organic acids mainly citric acids in citrus are the reserve source of energy. The titrable acidity (TA) percen-
tage of the fruits harvested at different maturity stages in three altitudes has been presented in Table 3. The 
acidity was found decreasing with the advancement of the maturity in all altitude. At initial the acidity percen-
tage was recorded higher (2.59) in the fruit of 1300 m·asl altitude followed by 1000 m·asl (2.39) and minimum 
percentage (2.15) was found in 700 m·asl altitude. At the end of the study, the TA percentage was minimum 
(0.66) in higher altitude (1300 m·asl) followed by 1000 m·asl (0.67), and found maximum percentage (0.77) in 
the lower altitude (700 m·asl) at the end of study. These findings were in corroboration with the findings of the 
(Bal and Chauhan, [20]) in kinnow mandarin, (Bhusal, [19]), and (Bastakoti and Gautam, [29]), (Thapa and 
Gautam, [30]) in mandarin who reported acidity was decreased gradually as the fruits approached maturity. The 
decreased acidity in the ripening might be due to rapid utilization of acids in respiration (TCA cycle). An in-
crease in TSS and corresponding decrease in acidity has also been recorded in all the locations. After 10 No-
vember onwards the acidity was decreased sharply in 1000 m·asl and 1300 m·asl altitudes as compared to lower 
altitudes (700 m·asl).  

3.10. TSS/Acid Ratio 
TSS/acid ratio has been considered to be a reliable index of judging maturity of mandarin. The maturity indices 
are differing place to place and crop to crop. As in case of mandarin, TSS/acid ratio is more reliable index than 
rind colour (Ladaniya, [12]). The TSS/acid ratio was recorded in increasing trends with the advancement of the 
maturity stages. This finding was conformity with the report of (Bal and Chauhan, [20]) and (Jawanda et al., 
[24]) in kinnow mandarin. From the perusal from the data shown in Table 3, the TSS-acid ratio was reached 
more >9.5 from the 10th November maturity stage in all the altitudes, however, this ratio was observed maxi-
mum (10.98) in the fruits of 700 m·asl whereas minimum ratio (9.76) was recorded in the fruits of 1300 m·asl. 
Beyond this date, the ratio was sharply increased in the fruits of 1300 m·asl than lower altitudes. The increasing 
of TSS/acid ratio at 1300 m·asl might be due to comparatively sharp increase in TSS and decrease in acidity on 
later part of the maturity in 1300 m·asl. At the minimum maturity standard (SSC/TA) of 8:1 was found dislike 
range in Navel orange as set by California Department of Food and Agriculture (Obenland et al., [9]). The ma-
turity indices in Coorg mandarin for main and monsoon crops are recommended as TSS:acid ratio of 13.2 and 
9.1 respectively (Ramana et al., [31]). Nagpur mandarins of Ambia crop grown near Nagpur develop minimum 
10% TSS and sugar acid ratio 14 after 270 - 280 days from fruit set are quite acceptable (Ladaniya, [32]). (Bose, 
[33]) has stated that 8:1 TSS-acid ratio was considered to be optimum for marketable fruits. The TSS-acid ratio 
was recorded highest (17.76) in the fruits of 1300 m·asl followed by 100 m·asl (16.52) and 700 m·asl (14.34) at 
the end of study. The increased TSS could have been due to further synthesis and accumulation of photosyn-
thates in the fruits on the tree. The loss in acidity was reported to be due to normal respiration and conversion to 
other metabolities (EI-otmani and Coggins, [34]). 

3.11. Ascorbic Acid Content 
Ascorbic acid content in the fruits of all the altitudes with their harvesting dates was demonstrated in the Table 
3. In initial stage, vitamin C was found higher in the fruits of 1300 m altitude (37.12 mg/100ml) whereas lowest 
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quantity was found in the fruits of 700 ma altitudes (33.77 mg/100ml). It was obvious that vitamin C was gradu-
ally declined in the fruits at all locations with corresponding date of harvesting. At the end of the study, the vi-
tamin C content was observed maximum (27.62 mg/100 ml) in the fruits of higher altitude (1300 m) and found 
minimum (25.41 mg/100 ml) in the fruits of lower altitudes (700 m). Vitamin C was recorded decreased level 
with decreased level of the acidity (Table 3). These findings were conformity with the findings of (Bal and 
Chauhan, [20]) in kinnow mandarin, (Deka et al., [18]) in Khasi mandarin who recorded slightly in decreasing 
trend. A decrease in ascorbic acid could be due to enzymatic loss of L-ascorbic acid where it is converted to 
2-3-dioxy-L-gluconic acid (Mapson, [35]). 

4. Conclusion 
The study revealed that maturity was dependable to the altitudes and time of harvesting. Generally, 10 days dif-
ference in maturity was observed to harvest in each altitude. 30 October for lower altitude, 10 November for 
middle altitude, and 20 November for higher altitude was found the best date of harvesting for effective market-
ing, transportation, and storage. Altitude effects on maturity and internal quality of the fruits subsequently in the 
storage behaviour has been observed. From the above observations 1000 - 1300 m·msl was the best location for 
mandarin production and 10-20 November was the best period for the mandarin harvesting for optimum maturi-
ty. 

Acknowledgements 
The authors are thankful to Director General of Department of Food Technology and Quality Control (DFTQC) 
of Ministry of Agricultural Development, and to the chief of postharvest research unit of NARC, Khumaltar, 
Lalitpur for providing lab facility during the this experiment. 

References 
[1] FDD (2013) Annual Report and Statistical Information. Fruit Development Directorate (FDD), Kirtipur. 
[2] APP (1995) Agriculture Perspective Plan. National Planning Commission (NPC), Kathmandu. 
[3] Baral, D.R. (2008) Effect of Fertilizers in Different Altitudes and Locations. Ph.D. Thesis, Tribhuvan University, Kir-

tipur. 
[4] ACD (1986) Folder of Citrus Cultivation. Agriculture Communication Division, Hariharbhawan, Lalitpur. 
[5] NCDP (2013) Annual Programme and Statistical Information. National Citrus Development Programme, Kirtipur. 
[6] Ghosh, S.P. and Singh. R.P. (1993) Citrus in South Asia. Food and Agriculture Organization (FAO) of the United Na-

tions, Regional Office for Asia and the Pacific. 
[7] Susanto, S., Abdila, A. and Sulistyaningrum, D. (2013) Growth and Postharvest Quality of Mandarin (Citrus Reticulate 

“Fremont”) Fruit Harvest from Different Altitudes. Acta Horticulturae (ISHS), 975, 421-426.  
http://www.actahort.org/books/975/975_54.htm 
http://dx.doi.org/10.17660/ActaHortic.2013.975.54  

[8] Barua, P.C., Yamdagni, R. and Kaushik, R.A. (1993) Effect of Stages of Maturity and Packages on Physiological 
Characteristics of Fruits of Mandarin (Citrus reticulate Blanco.) during Transportation and Storage. Haryana Journal 
of Horticulture Science, 22, 135-139. 

[9] Obenland, D., Collin, S., Mackey, B., Sievert, J., Fjeld, K. and Arpaia, M.L. (2009) Determinants of Flavour Accept-
ability during the Maturation of Navel Oranges. Journal of Postharvest Biology and Technology, 52, 156-163.  
http://dx.doi.org/10.1016/j.postharvbio.2009.01.005  

[10] Devkota, R.P., Grewal, S.S. and Dhatt, A.S. (1982) The Quality of Citrus Fruits as Affected by Varieties and Growing 
Condition. Punjab Horticulture Journal, 22, 131-135. 

[11] Ladaniya, M.S. (2008) Citrus Fruit: Biology, Technology and Evaluation. Elsevier Inc., Atlanta, 1-558. 
http://dx.doi.org/10.1016/B978-012374130-1.50003-6  

[12] Ladaniya, M.S. (2001) Post Harvest Technology of Fresh Citrus Fruits. In: Singh, S. and Naqvi, S.A.M.H., Eds., Citrus, 
International Book Distributing Company, Lucknow, 459-473. 

[13] Rajput, C.B.S. and Sri Hari, B.R. (2014) Citriculture. Kalyani Publisher, New Delhi, 324. 
[14] Streif, J. (1983) Experience with Ripening Tests for Apples. Acta Horticulture, 138, 63-68. 

http://dx.doi.org/10.17660/ActaHortic.1983.138.6 

http://www.actahort.org/books/975/975_54.htm
http://dx.doi.org/10.17660/ActaHortic.2013.975.54
http://dx.doi.org/10.1016/j.postharvbio.2009.01.005
http://dx.doi.org/10.1016/B978-012374130-1.50003-6
http://dx.doi.org/10.17660/ActaHortic.1983.138.6


P. R. Rokaya et al. 
 

 
966 

[15] Rana, M.K. (2006) Ripening Changes in Fruits and Vegetables—A Review. Haryana Journal of Horticultural Sci-
ences, 35, 271-279. 

[16] AOAC (1995) Official Methods of Analysis. 16th Edition, Association of Official Analytical Chemists, Washington 
DC. 

[17] Gomez, A.K. and Gomez, A.A. (1984) Statistical Procedures for Agricultural Research. 2nd Edition, John Wiley and 
Sons Inc., New York. 

[18] Deka, B.C., Sharma, S. and Borah, S.C. (2006) Post-Harvest Management Practices for Shelf-Life Extension of Khasi 
Mandarin. Indian Journal of Horticulture, 63, 251-255. 

[19] Bhusal, Y. (2002) Improvement of Postharvest Shelf Life of Mandarin Orange (Citrus reticulate Blanco). M.Sc. Thesis, 
IAAS, Rampur.  

[20] Bal, J.S. and Chohan, G.S. (1987) Studies in Fruit Quality at Maturity and Ripening of Kinnow Mandarin on Different 
Rootstocks. Indian Journal of Horticulture, 44, 45-51. 

[21] Bakhshi, J.C., Singh, G. and Singh K.K. (1967) Effect of Time of Picking on Fruit Quality and Subsequent Cropping 
of Valencia Late Variety of Sweet Orange (Citrus sinensis). Indian Journal of Horticulture, 24, 63-70. 

[22] Pandey, G., Chauhan, J.S. and Verma, H.S. (2004) Effect of Altitude on Yield and Quality of Kiwifruit (Actinidia deli-
ciosa Planch). Indian Journal of Horticulture, 61, 10-12. 

[23] Mahajan, B.V.C., Datta, A.S. and Dhillon, W.S. (2004) Effect of Pre-Storage Treatments on the Quality and Storage 
Life of Asian Pear. Indian Journal of Horticulture, 61, 342-344. 

[24] Jawanda, J.S., Arora, J.S. and Sharma, J.N. (1973) Fruit Quality and Maturity Studies of Kinnow Mandarin at Abohar. 
Punjab Horticultural Journal, 13, 3-12. 

[25] Bhullar, J.S. (1983) Determination of Maturity Standards of Sweet Oranges in Himanchal Pradesh. Haryana Journal of 
Horticultural Science, 12, 183-188. 

[26] Sharma, R.R. and Singh, D. (2010) Effect of Different Packaging Materials on Shelf-Life and Quality of Apple during 
Storage. Indian Journal of Horticulture, 67, 94-101. 

[27] Khokhar, U.U. and Sharma, R. (1984) Maturity Indices for Sweet Orange CV. Blood Red. Haryana Journal of Horti-
cultural Science, 13, 22-25. 

[28] LARC (1999) Effect of Altitude and Maturity Stage on Post-Harvest Life and Quality of Mandarin Oranges Stored in a 
Cellar Store. Lumle Agricultural Research Centre, Pokahra. 

[29] Bastakoti, P. and Gautam, D.M. (2007) Effect of Maturity Stages and Postharvest Stages on Shelf Life and Quality of 
Mandarin Orange in Modified Cellar Store. Journal of the Institute of Agriculture and Animal Science, 28, 65-74. 

[30] Thapa, B.B. and Gautam, D.M. (2002) Preharvest Application of Gibberellic Acid and Maturity Stage on Fruit Quality 
and Shelf Life of Mandarin Orange. Journal of the Institute of Agriculture and Animal Science, 23, 41-47. 

[31] Ramana, K.V.R., Moorthy, N.V.N., Radhakrishnaiah-Shetty, G., Saroj, S. and Nanjundaswamy, A.M. (1980) Physio-
logical and Chemical Changes in the Developing Fruits of Coorg Mandarins (C. reticulata Blanco). Indian Food 
Packer, 34, 3-11. 

[32] Ladaniya, M.S. (1996) Standardization of Fruit Maturity Indices in Spring Blossom (Ambia) Crop of Nagpur Mandarin. 
Journal of Maharashtra Agriculture Universities, 21, 73-75.  

[33] Bose, T.K., Mitra, S.K. and Sanyal, D. (2001) Fruits: Tropical and Subtropical. Naya Uddyog, Culcutta, 109-225. 
[34] EI-Otmani, M. and Coggins Jr., C.W. (1991) Growth Regulator Effect on Retention of Quality of Stored Citrus Fruits. 

Scientia Horticulturae, 45, 261-272. http://dx.doi.org/10.1016/0304-4238(91)90072-7 
[35] Mapson, L.W. (1970) In: Hulme, A.C., Ed., The Biochemistry of Fruits and Their Products, Vol. 1, Academic Press, 

London, 369-384. 

http://dx.doi.org/10.1016/0304-4238(91)90072-7

	Effect of Altitude and Maturity Stages on Quality Attributes of Mandarin (Citrus reticulata Blanco) 
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	3.1. Fruit Weight 
	3.2. Fruit Size
	3.3. Fruit Firmness 
	3.4. Specific Gravity
	3.5. Rind Colour 
	3.6. Juice Recovery
	3.7. Peel, Rag, and Seed Content
	3.8. The Total Soluble Solids (TSS ˚Brix) Content
	3.9. Titratable Acidity (TA)
	3.10. TSS/Acid Ratio
	3.11. Ascorbic Acid Content

	4. Conclusion
	Acknowledgements
	References

