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Abstract:  In the present study, variation in physico-chemical characteristics of fruit of three litchi 
cultivars (Gola, Calcutti and Bedana), grown under agro-climatic conditions of Multan, was studied. 
Different physico-chemical characteristics, like average fruit weight, average fruit diameter (Round and 
Polar), average peel weight, average peel thickness, average seed weight, average rag content, average 
moisture content, specific gravity, juice pH, total soluble solids, acidity, vitamin C, sugars, total phenolic 
contents, antioxidant capacity, antioxidant activity, were evaluated. The cultivars varied in some of the 
physico-chemical characters. Calcutti cultivar showed the maximum fruit weight (21.597 g), fruit 
diameter (Round and Polar) (31.733 mm and 36.317 mm), peel weight (4.33 g), pulp fresh, dry and ash 
weight (14.767 g, 1.560 g and 0.676 g), average rag weight (10.657 g), juice pH (5.466) and antioxidant 
activity (97.827 %). Peel thickness (1.765 mm), seed weight (2.856 g), moisture content (91.353 %), 
reducing sugars (14.843 %), total sugars (18.363 %) were more in cultivar Gola. The variations among 
physico-chemical properties of three litchi cultivars were possibly due to their genetic factor as well as 
due to the impact of environmental factors. Calcutti is recommended for commercial production in 
Multan. 
 
Key words:  Agro-climatic conditions, Cultivars, Litchi chinensis, Multan, Physico-chemical 
characteristics. 

 
INTRODUCTION  

Litchi (Litchi chinensis Sonn.) is an important 
subtropical, non-climacteric fruit that belongs to 
family Sapindaceae (Waseem et al., 2002). It is native 
to China and now grown in many countries of the 
world, including Pakistan. Litchi pulp, having great 
nutritious value due to its sweet and juicy nature and 
with these qualities, it is well accepted by consumers 
worldwide (Hajare et al., 2010). Litchi fruits are used 
in the preparation of medicinal teas, beverages and 
food products. 

In Pakistan, different litchi cultivars are grown on 
an area of 1214 hectare and give annual production of 
0.01 million tonnes. The basic problem with the 
production of litchi in Pakistan is that only few 
cultivars are cultivated for marketable production, like 
Bedana, Calcutti, Gola, Bombay, Chinese, Lychee 
Siah and Madrasi. Among these varieties, Gola and 
Calcutti are two widely cultivated litchi cultivars 
(Rajwana et al., 2010). 

Litchi captures good price in the market, due to its 
high demand. Mostly litchi fruit is consumed in its 
fresh form, but a very little amount is used into juice, 
ice cream, yogurt, pickles and preserves (Huang et al., 
2004; Rajwana et al., 2010). Litchi is also a rich 
source of phytochemical compounds. Phytochemicals 
are nutritive and non-nutritive bioactive compounds 
that have health improving benefits (Jayaprakasha and 
Patil, 2007; Patil et al., 2009). The adequate 
consumption of phytochemicals decreases the 
incidence of chronic heart diseases, mortality rate and 
cancer disease (Agudo et al., 2007; Bazzano et al., 
2002; Liu et al., 2000). Litchi is a non-climacteric 
fruit, due to which it has low ethylene production and 
respiration rates (Chen and Huang, 2001). It has 
rough skin, which protects its edible portion from 
water loss, insect and pest attack (Kaiser, 1994). 

The environment intensely influences the 
characteristics of different cultivars (Arpaia, 1994). 
There are many characteristics that vary from cultivar 
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to cultivar. The leaf and tree size, leaf shape, canopy, 
leaf length and leaf colour as well as fruit size and 
shape vary among different cultivars (Khurshid et al., 
2004). In Pakistan, no systematic efforts have been 
made for the collection and conservation of litchi 
germplasm. Only a few cultivars are available, which 
are exotic and preserved through vegetative means. 
Literature indicates that location and climatic 
conditions also influence physico-chemical 
characteristics of litchi that vary between cultivars. 
Hence, this investigation was started to study genetic 
diversity in several physico-chemical characteristics 
of different commercially cultivated litchi cultivars in 
Multan region. This study will be helpful for the 
commercial litchi growers and consumers as well. It 
will help researchers to explore antioxidant properties 
of litchi for nutritional and medicinal purpose. 

MATERIALS AND METHODS 

Fruits of three promising litchi (Litchi chinensis 
Sonn.) cultivars viz. Gola, Calcutti and Bedana were 
harvested from commercial litchi orchard grown 
under agro-climatic conditions of Multan. Ecological 
position and meteorological distribution data of the 

studied location is given in Table 1. Graphical 
representation of mean rainfall, mean temperature and 
mean humidity is shown in Figs. 1-3. This study was 
laid out in Randomized Complete Block Design 
(RCBD) and data were collected for two successive 
seasons in 2014-2015. Experimental trees were 
selected and subjected to recommended agronomic 
practices. At physiological maturity, fruits were 
harvested randomly from trees. Physico-chemical 
analyses were made at Postgraduate Laboratory of 
Department of Horticulture, Faculty of Agricultural 
Sciences and Technology, Bahauddin Zakariya 
University, Multan, Pakistan, and the following 
methodology was adopted.  
Table 1: Eco-meteorological distribution data of 

Multan, Punjab (Pakistan) 
Location Multan 

Altitude (m) 125 
Latitude and Longitude 30°15’N; 71°36’ E 
Max. mean Temperature (°C) 32.09 
Min. mean Temperature (°C) 20.06 
Annual Rainfall (mm) 278.45 
Humidity (%) 55.85 

 

 

 
Fig. 1: Mean of Rainfall (mm) (Pakistan Metralogical Department). 

 

 
Fig. 2: Mean of Temperature (°C) (Pakistan Metralogical Department). 
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Fig. 3:  Mean of Humidity (%) (Pakistan Metralogical Department) 

 

Physical analysis: Twenty fruits were randomly 
collected and analyses were performed. The total 
fruit, peel, pulp, ash, seed, juice and rag weight of 
fruits were measured, using an analytical weighing 
balance. The fruit diameter was taken at equator, polar 
side of the fruit and peel thickness of fruits was 
measured, using Vernier Calliper. Specific gravity 
was measured by the method explained by Rab and 
Haq (2012).  

Biochemical analysis:  

Acidity, vitamin C, pH, TSS and ripening index: 
Acidity (Hortwitz, 1960) and vitamin C contents 
(Ruck, 1963) of the extracted juice were determined, 
pH was measured using pH meter (HI-9812) and total 
soluble solids (TSS) was measured by refractometer 
at 20°C (Anonymous, 2000), while the Ripening 
index was measured by taking TSS/acidity ratio 
(Hardy and Sanderson, 2010). 

Sugar determination 

Total sugars and reducing sugars were 
determined, using the method reported by Hortwitz 
(1960), and non-reducing sugar was calculated as: 

Non-reducing sugar (%) = (total sugars % – reducing 
sugars %) × 0.95 

Antioxidant capacity, antioxidant activity and total 
phenolic contents: The method of sample extraction 
for antioxidant capacity and total phenolic contents 
was followed by Ozgen et al. (2010), with some 
modifications. A solution was made, in which 70% 
ethanol, 29% distilled water and 1% acetic acid were 
taken. After this, 3 mL of litchi juice was added to 40 
mL of solution, placed at dark place for 1 hour and 
then filtered. 

Antioxidant capacity was measured according to 
Brand-Williams et al. (1995). 30 µL sample extract 
was added in 2.97 mL of 0.2 mM DPPH solution and 
absorbance was noted at 515 nm. Antioxidant activity 
was measured by the following formula: 

Antioxidant activity (%) = A  – AA × 100 

Ao = Absorbance reading of control sample  

A1 = Absorbance value of juice sample 

Total phenolic contents were measured, according 
to Singleton and Rossi (1965), with some 
modifications. About, 1 mL of extracted sample was 
added to the solution, containing 1 mL folin-
ciocalteu’s phenol reagent and 20 mL of distilled 
water, and the mixture was placed in dark place for 
about 8 minutes. After this, about 10 mL of 7% 
sodium carbonate was added and placed it for 2 hours 
and then, with the help of UV-VIS spectrophotometer 
(UV-3000) absorbance was measured at 750 nm. 

Statistical analysis: Using analytical software 
Statistix 8.1 (Tallahassee Florida, USA), the analysis 
of variance was obtained. Means were compared, 
using Least Significant Difference (LSD) test and 
significance was defined at p ≤ 0.05. The treatment 
means sharing similar alphabets showed non-
significance. 

RESULTS AND DISCUSSION 

Physical analysis: The results of physical analysis are 
shown in Table 2. Average fruit weight (g) was 
observed maximum in Calcutti in year 1 (21.597 g), 
followed by Gola and Bedana. Average fruit diameter 
(mm), round and polar, was found maximum in 
Calcutti in year 2 (31.733 mm) and (36.317 mm), 
followed by Gola and Bedana, respectively (Table 2). 
Fruit weight and diameter of litchi cultivars was 
observed significantly different. Khurshid et al., 
(2004) also observed a significant difference among 
cultivars that might be due to genetic factor (Mahajan 
and Dhillon, 2000). Fruit orientation, plant nutrition 
and irrigation intervals also affect these factors 
(Cronje et al., 2009; Rab and Haq, 2012; Waseem et 
al., 2002). The alterations among years were due to 
alternate bearing (Menzel and Simpson, 1998).  

 



Sci. Technol. Dev., 36 (3): 183-188, 2017 

186 
 

 
Table 2: Physical analysis of litchi cultivars grown under agro-climatic conditions of Multan. 

Sr. 
No. 

Parameter Year 1 Year 2 LSD 
Gola Calcutti Bedana Gola Calcutti Bedana 

1 Fruit weight (g) 9.563 c 21.597 a 10.007 c 19.317 a 20.803 a 14.347 b 3.059 
2 Fruit diameter (Round) (mm) 20.690 d 31.400 ab 23.080 c 31.377 ab 31.733 a 29.420 b 1.996 
3 Fruit diameter (Polar) (mm) 30.647 c 35.637 a 27.110 d 35.487 a 36.317 a 32.827 b 2.084 
4 Peel weight (g) 1.970 d 4.333 a 1.753 d 2.423 c 3.463 b 1.910 d 0.428 
5 Peel content (%) 20.637 a 20.133 a 17.537 b 12.560 c 16.677 b 13.383 c 2.219 
6 Peel thickness (mm) 1.756 a 1.600 ab 1.090 c 1.383 bc 1.343 bc 1.243 c 0.297 
7 Pulp weight (g) 4.243 d 14.447 a 6.773 c 12.440 a 14.767 a 9.663 b 2.488 
8 Pulp dry weight (g) 0.500 c 1.560 a 1.380 a 1.070 b 1.350 a 1.000 b 0.275 
9 Ash weight (g) 0.200 d 0.676 a 0.583 a 0.436 bc 0.563 ab 0.373 c 0.128 
10 Moisture content of 

pericarp (%) 
88.120 c 89.170 bc 79.653 d 91.353 a 90.903 a 89.597 b 1.144 

11 Seed weight (g) 2.516 ab 2.133 b 0.546 c 2.846 a 2.190 b 2.455 ab 0.604 
12 Juice percentage (%) 37.653 a 30.650 a 40.667 a 35.813 a 33.540 a 39.313 a 8.958 
13 Rag weight (g) 3.467 c 10.657 a 4.917 b 9.577 a 10.187 a 6.170 b 1.360 
14 Rag content (%) 36.407 c 49.613 a 49.310 ab 49.647 a 48.883 ab 42.967 b 6.476 
15 Specific gravity 0.996 a 1.243 a 1.016 a 1.006 a 1.013 a 1.016 a 0.196 

Mean values in a group sharing similar letter(s) are statistically non-significant at p < 0.05 (LSD Test). 

 
Average peel weight (g) was observed maximum 

in Calcutti in year 1 (4.333 g), while, average peel 
content (%) and average peel thickness (mm) were 
recorded in Gola in year 1 (20.637 %) and (1.756 
mm), followed by Calcutti and Bedana (Table 2). The 
difference might be due to genetic factor (Mahajan 
and Dhillon, 2000). Waseem et al. (2002), also 
observed a difference of peel weight and thickness 
among different cultivars. Sunlight may also influence 
the peel weight (Ghaffoor and Waseem, 1991) and 
nutritional supply might be the factor affecting litchi 
peel weight (Ghosh and Mitra, 1990). 

Average pulp fresh weight (g), average pulp dry 
weight (g) and average ash weight (g) were found 
maximum in Calcutti year 2 (14.767 g), Calcutti year 
1 (1.560 g) and (0.676 g), followed by Bedana and 
Gola, respectively (Table 2). Several studies also 
showed significant differences in pulp weight of litchi 
fruit (Ghafoor et al., 1999; Waseem et al., 2002. Haq 
and Rab (2012) also observed significant variation in 
litchi cultivars that might be due to inherent factor 
(Khurshid et al., 2004). Ahmad (1956) also observed 
ash weight differences between litchi cultivars. 

Gola in year 2 showed maximum average 
moisture content of pericarp (%) and average seed 
weight (g) among all cultivars (91.353%) and (2.856 
g), followed by Calcutti and Bedana, respectively 
(Table 2). Excessive moisture content was present in 
litchi fruit (Menzel, 2002). Hajare et al. (2010) and 
Wall (2006) also measured litchi fruit moisture 
content and found significant difference between 
different cultivars, that might be due to genetic factor 
(Khurshid et al., 2004; Mahajan and Dhillon, 2000), 
fruit orientation (Waseem et al., 2002) and seed 
weight were also significantly different between 
different cultivars (Ghaffoor and Waseem, 1991; 
Waseem et al., 2002). 

Average rag weight (g) and average rag content 
(%) was observed maximum in Calcutti year 1 and 

Gola in year 2, (10.657 g) and (49.647 %) (Table 2). 
Rag weight was also found to be different among 
cultivars (Rajak et al., 2014). Specific gravity was 
noted maximum in Calcutti year 1 (1.243) and juice 
percentage (%) was maximum in Bedana year 1 
(40.667 %), but these parameters showed no 
significant difference among cultivars (Table 2). 

Chemical analysis: Calcutti in year 2 showed 
maximum juice pH with (5.466), followed by Bedana 
and Gola. Juice pH was different among cultivars 
(Table 3). Total soluble solids (ºBrix) in Bedana year 
1 (18.300 ºBrix), acidity (%) in Gola year 2 (1.400%), 
vitamin-C in Calcutti year 2 and ripening index in 
Calcutti year 1 (29.980) was found maximum. 
However, no significant difference was noted among 
litchi cultivars. Total soluble solids (ºBrix), acidity, 
vitamin-C and ripening index were found statistically 
alike among selected cultivars (Table 3).  

Reducing sugars (%) measured in Gola year 1 
(14.843 %) were maximum among cultivars. Bedana 
and Calcutti showed no significant difference in 
reducing sugars (%) (Table 3). Calcutti in year 1 
(5.370 %) showed maximum non-reducing sugars (%) 
but they do not significantly different from Gola, 
whereas, Bedana in year 1 showed minimum non-
reducing sugars (0.580 %) (Table 3). Total sugars 
were observed maximum in Gola year 1 (18.363 %) 
followed by Calcutti and Bedana, respectively. Sugar 
contents in litchi cultivars were statistically 
significant. Previous researchers also witnessed the 
differences in sugar contents of litchi cultivars. Our 
findings are correlated with those of Wang et al. 
(2006) and   Rab and Haq (2012), who also reported 
the significant variations in sugar contents. These 
variations may be due to irrigation (Rab and Haq, 
2012), genetic factor (Khurshid et al., 2004) and 
sunlight (Ghaffoor and Waseem, 1991). 

Antioxidant activity (%) was found maximum in 
Calcutti year 1 (97.827 %), which was significantly 
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different with Bedana and Gola. Antioxidant activity 
was also observed statistically significant by other 
researchers. Li et al. (2012) also observed significant 
difference of antioxidant activity between litchi 
cultivars that might be due to environmental factors 
and genomic factor. 

Antioxidant capacity (mM trolox/100 mL) was 
observed maximum in Bedana year 1 (14.877 mM 
trolox/100 mL) and total phenolic contents (µg GE/ 
mL) were found maximum (121.27 µg GE/mL) in 
Gola year 1, while, no significant difference was 
observed between cultivars of litchi fruit. 

 
Table 3:  Chemical analysis of litchi cultivars grown under agro-climatic conditions of Multan. 
Sr. 
No. 

Parameter Year 1 Year 2 LSD 
Gola Calcutti Bedana Gola Calcutti Bedana 

1 Juice pH 4.466 d 5.433 a 4.900 b 4.666 c 5.466 a 3.866 e 0.193
2 Total soluble solids (Brixo) 15.133 a 15.967 a 18.300 a 14.267 a 16.133 a 18.000 a 0.861 
3 Acidity (%) 1.003 a 0.536 a 0.710 a 1.400 a 0.866 a 1.066 a 0.406 
4 Ripening Index  15.207 a 29.980 a 26.500 a 10.507 a 27.580 a 17.120 a 17.758
5 Vitamin-C (mg/100 mL) 3.727 a 9.450 a 7.727 a 10.490 a 24.657 a 14.190 a 5.998 
6 Reducing sugars (%) 14.843 a 6.733 b 6.720 b 7.637 b 7.287 b 6.020 b 3.612 
7 Non-reducing sugars (%) 3.346 a 5.370 a 0.580 b 4.503 a 3.906 a 4.680 a 2.346
8 Total sugars (%) 18.363 a 12.397 b 7.333 c 12.373 b 11.400 b 10.947 b 3.374 
9 Antioxidant capacity (mM 

trolox/100 mL) 
5.633 a 11.650 a 14.877 a 2.364 a 9.604 a 6.334 a 4.536 

10 Antioxidant activity (%) 93.377 c 97.827 a 92.660 c 97.580 ab 95.577 b 97.093 ab 2.093 
11 Total phenolic contents 

(µg GE/ mL) 
121.27 a 98.02 a 101.71 a 68.28 a 83.59 a 74.45 a 44.932 

Mean values in a group sharing similar letter(s) are statistically non-significant at p < 0.05 (LSD Test). 

 

CONCLUSION 

The significant difference was observed between 
litchi cultivars grown in Multan. Among the three 
litchi cultivars, Calcutti performed better as compared 
to Gola and Bedana, for most of the quality 
parameters. Therefore, Calcutti can be recommended 
to the potential farmers of Multan regions to cultivate 
as a commercial crop. This research might help the 
other researchers for further investigation and in litchi 
breeding programs at national and international levels. 
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