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Abstract 

 Capsicum annuum L. commonly known as chilli provides dietary fibers, minerals and vitamins. In this 
study, three different chilli cultivars commonly named as Dandi, Ghotki and German were studied for the 
determination of physico-chemical properties, antioxidant activity and metal content. German showed 
maximum nutritional components as compared to Ghotki and Dandi such as TA (0.43 %), TDS (1.95 g/l), 
TSS (1.29 °Brix) and TSC (1108.72 mg/100 g). Dandi showed higher TPC (6286.60 mg/100 g) and TFC 
(258.88 mg/100 g) with significant antioxidant activity through DPPH (37.27 % inhibition) and RPA 
(1134.80 mg/100 g). Fe was found in sufficient amount among chilli cultivars and metals accumulation was 
within the standard safe limits. 
 

Introduction 
 Vegetables are an important part of the diet due to a great source of phyto-nutraceuticals, 
minerals, dietary fibers and phytochemicals (Singh and Devi 2015). Vegetables in the food are 
linked with general health including development of gastrointestinal healthiness, coronary illness, 
stroke, diabetes, gastric ulcer and other prolonged disorders. Diet with high portion of vegetables 
decreases the risk of certain cardiovascular disorders (Dias 2012).  
 Heavy metals have relatively high density and are toxic at low quantities. They can enter into 
the body systems through diet, drinking water and air. In human body, some heavy metals e.g. Cu, 
Se and Zn are important to adjust the metabolic processes. In case of higher amount, they are 
dangerous for human health because of their bioaccumulation inside the body. Cd increase 
accumulation cause phytotoxicity to the plants and then ultimately to food chain whereas growth 
process of plants is affected (Pal et al. 2012). Extreme concentration of Cu can interrupt many 
physiological processes including DNA alterations, enzyme action and then result in growth 
inhibition of plants (Islek and Unal 2015). Fe is an important component for plants and humans. 
Iron has comparatively great WHO level in foods (Nkansah and Amoako 2010). Pb is a highly 
toxic metal and its exposure cause permanent brain damage, severe anemia, reproductive problems 
and neurological disorders (Wani et al. 2015). Deficiency of Zn is the cause of hypogonadism and 
growth retardation. It also affects metabolism and growth hormone (GH).  
 Capsicum annuum L. (chilli) is a popular vegetable belonging to Solanaceae. It is used as 
source of nourishments and spice. Furthermore, it has been used for several years as a source of 
pigments to change the colour of food products. Fresh chilli is a good source of different vitamins 
including vitamin E and C as well as provitamin A and carotenoid components with well-known 
beneficial antioxidant properties (Arnnok et al. 2012). 
 The main objective of this study was to evaluate and compare the physico-chemical 
properties, antioxidant activities, total phenolic (TPC) and total flavonoid (TFC) contents, and 
heavy metals accumulation in three cultivars of chilli named as Dandi, Ghotki and German, which 
were grown in same the environmental and agronomic conditions.  
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Material and Methods 
 The cultivars of red chilli commonly known as German, Ghotki and Dandi were cultivated 
and grown under similar climatic conditions in a farm at Wadh, district Khuzdar (Pakistan) in June 
2016, and the ripened and matured red chilli cultivars were collected in September 2016. They 
were dried then packed in polyethylene bags and brought to the laboratory, Department of 
Chemistry, Federal Urdu University of Arts, Science and Technology, Karachi, Pakistan. The 
chilli samples were selected uniformly on the basis of their size and colour as well as their outer 
skin which was free from any microbial and physical damages. They were grouped into different 
sets for further evaluation. 
 All the samples were washed and cleaned with tap water then with distilled water and dried at 
32ºC. They were cut into small pieces. Five gram of each cultivar was crushed with the help of 
motor and pastel, then soaked in water and methanol (100 ml) separately with stirring on magnetic 
stirrer (78-1, China) for 60 min. Sample extracts (5% w/v) were filtered with the help of Whatman 
filter paper. Methanolic extracts were used for the determination of chlorophyll a, chlorophyll b, 
total carotenoids, TPC, TFC and antioxidant activity whereas water extracts were used for the 
estimation of titratable acidity, TSS, TDS, pH, conductance and TSC. 
 For metals (Fe, Cu, Cd, Zn, Pb and Ni); analysis samples of chilli were washed, cleaned with 
tap water, then with deionized water and dried at ambient temperature. The 50 g of each variety of 
chilli was weighed into a beaker on an electronic balance then placed in an oven  at 150°C for 5-6 
hrs until the weight of the sample became constant as the moisture decreased. After that, 15-20 ml 
of HNO3 and 5-8 ml of 35 % H2O2 solution were added into the sample beaker and it was placed 
on a hot plate with continued stirring for digestion purpose until the fumes of the sample became 
colorless from colored fumes and all the sample matrix became dissolved. After that, sample 
solution was filtered through Whatman filter paper and solution was made up to 50 ml in 
volumetric flask using deionized water and analyzed on flame atomic absorption 
spectrophotometer [(FAAS) PE AAnalyst 700, Singapore]. 
 Moisture content and total dry matter were determined using ISI official method (1984) 
whereas ash content, titratable acidity (TA) and total sugar content (TSC) were analyzed by using 
AOAC official methods (1990). The pH was observed using pH meter whereas TDS and 
conductivity were noted with the help of meter. Total soluble solids (TSS) were estimated by 
using the method of BIS IS (1993) with the help of refractometer (KRÜSS DR 6200, Germany) 
and represented as ºBrix glucose. Chlorophyll a (Ca), chlorophyll b (Cb) and total carotenoids 
content were determined by the method of Dere et al. (1998) using UV-visible spectrophotometer. 
 Total phenolic content (TPC) was determined using the method described by Velioglu et al. 
(1998). Gallic acid was used as standard and calibration curve was plotted (100-1000 mg/l, r2 = 
0.608). Total flavonoid content (TFC) was also analyzed by the method described by Zhishen       
et al. (1999). The concentration of TFC was evaluated by comparison of standard with known 
concentration of catechin (20-200 mg/l, r2 = 0.951). Antioxidant potential was obtained by using 
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay (De Ancos et al. 2002). The percent inhibition of 
DPPH radical was determined. Antioxidant activity was also determined by reducing power assay 
(Jayanthi and Lalitha 2011). The calibration curve of different concentration of ascorbic acid as 
standard was used (100-1000 mg/l, r2 = 0.780) to determine antioxidant activity. 
 All the parameters were analyzed in triplicates, and results were represented as Mean ± SEM. 
The data were statistically analyzed by ANOVA on Minitab 16 and Tukey’s HSD were also 
applied in order to find significant differences at 95 % confidence level (p ≤ 0.05).  
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Results and Discussion 
 Results presented in Table 1 showed that German has the maximum average weight (6.69 g) 
with maximum length (11.68 cm), volume (15.04 cm3) and diameter (4.10 cm) whereas the 
minimum weight (1.23 g), length (3.30 cm) and volume (5.02 cm3) were in Dandi.  
 Titratable acidity (TA) was observed higher in German (0.43) as compared to Ghotki (0.34 
%) and Dandi (0.13 %). This resulted in a gradual increase in pH 4.73, 5.00 and 6.62, respectively 
(Table 2). These results showed a strong and inverse relation between pH and TA. It has been 
reported that microorganisms, especially lactic acid bacteria have ability to produce organic acids, 
which cause an increase in TA and simultaneous decrease in pH values (Mangaraj et al. 2001). 
 
Table 1. Physical attributes of different varieties (Dandi, Ghotki and German) of chilli. 
 

Parameter (unit) 
Dandi  

(mean ± S.E.M.) 
Ghotki  

(mean ± S.E.M.) 
German  

(mean ± S.E.M.) 

Size 
Length (cm) 3.30 ± 0.05C 7.70 ± 0.21B 11.68 ± 0.32A 

Diameter (cm) 2.00 ± 0.01B 1.30 ± 0.01C 4.10 ± 0.00A 
Volume (cm3) 5.02 ± 0.03C 10.00 ± 0.02B 15.04 ± 0.02A 

Weight (g) 1.23 ± 0.01C 2.12 ± 0.05B 6.69 ± 0.02A 

Colour (Reddish brown) 

   
S.E.M. = Standard error of the mean of three replicates. A-C values in different rows with various 
superscripts are of significant differences and were justified at the confidence level of 95 % (ANOVA) by 
Tukey’s HSD (p ≤ 0.05). 
 

 The highest amount of TDS was observed in German (1.95) than Ghotki (1.65) and Dandi 
(1.58 g/l). These results were directly correlated to the conductance that certain species were 
present having solvation ability. Therefore, the highest conductance was observed in German 
(3.28) as compared to Ghotki (2.75) and Dandi (2.63 mS) (Table 2). The maximum moisture 
content was observed in German (17.91) as compared to Ghotki (15.64) and Dandi (13.93 %) 
(Table 2). Chilli varieties were subjected for evaluation in dry form that’s why represented very 
low moisture content. The maximum ash content was detected in Dandi (6.54) than German (6.18) 
and Ghotki (6.10 %) (Table 2), indicating all varieties contain approximately similar amount of 
inorganic residue. Total soluble solids (TSS) describes vegetable maturity index. It includes 
different sugars i.e. glucose, fructose, sucrose, etc. It was found higher in German (1.29) as 
compared to Ghotki (1.18) and Dandi (1.01˚Brix). Similar trend was found for TSC in German 
(1108.72), Ghotki (677.96) and Dandi (284.12 mg/100 g). The highest amount of chlorophyll a 
was observed in Ghotki (1.36) as compared to Dandi (1.29) and German (1.18 ppm). Similarly 
chlorophyll b was also found greater in Ghotki (2.97) than Dandi (2.85) and German (2.53 ppm). 
Chlorophyll pigment provides several health benefits and also responsible for green colour in 
vegetables. Ghotki represented the maximum carotenoid content (656.23) whereas least amount in 
Dandi (520.87 ppm) (Table 2). Previous studies reported that red colour of chilli is due to the 
presence of carotenoids and intake of diet containing its high amount which helps in reduction of 
chronic disorders (Arimboor et al. 2015). 
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Table 2. Chemical composition of different varieties (Dandi, Ghotki and German) of chilli. 
 

Parameter (unit) 
Dandi 

(mean ± S.E.M.) 
Ghotki 

(mean ± S.E.M.) 
German 

(mean ± S.E.M.) 
pH 6.62 ± 0.01A 5.00 ± 0.01B 4.73 ± 0.00C 
Titratable acidity (TA) (%) 0.13 ± 0.00C 0.34 ± 0.00B 0.43 ± 0.01A 
Total dissolved solids (TDS) (g/l) 1.58 ± 0.01C 1.65 ± 0.01B 1.95 ± 0.02A 
Conductance (mS) 2.63 ± 0.01C 2.75 ± 0.01B 3.28 ± 0.04A 
Moisture content (%) 13.93 ± 0.13C 15.64 ± 0.19B 17.91 ± 0.12A 
Total dry matter (%) 86.07 ± 0.11A 84.36 ± 0.05B 82.09 ± 0.02C 
Ash content (%) 6.54 ± 0.12A 6.10 ± 0.84C 6.18 ± 0.13B 
Total organic matter (%) 93.46 ± 2.15C 93.90 ± 1.58A 93.82 ± 1.92B 
Total soluble solids (TSS) (°Brix) 1.01 ± 0.01C 1.18 ± 0.02B 1.29 ± 0.01A 
Total sugar content (TSC) (mg/100 g) 284.12 ± 0.39C 677.96 ± 0.50B 1108.72 ± 0.27A 
Chlorophyll a (ppm) 1.29 ± 0.04B 1.36 ± 0.01A 1.18 ± 0.00C 
Chlorophyll b (ppm) 2.85 ± 0.03B 2.97 ± 0.00A 2.53 ± 0.00C 
Total carotenoids (ppm) 520.87 ± 1.10C 656.23 ± 0.54A 646.63 ± 0.58B 

S.E.M. = Standard error of the mean of three replicates. A-C values in different rows with various 
superscripts are of significant differences and were justified at the confidence level of 95 % (ANOVA) by 
Tukey’s HSD (p ≤ 0.05). 
 

 Phenolic compounds are key components that perform a vital role in the reproduction and 
growth of plants as well as provide protection against predators and pathogens (Lattanzio et al. 
2006). Chilli adds great quantity of phenolic compounds in the vegetables (Kevers et al. 2007). 
Similarly, TPC was observed in higher amount in all chilli varieties. The Dandi variety 
represented higher TPC (6286.60) as compared to Ghotki (3000.40) and German (1614.46 mg/100 
g) (Table 3). Flavonoids represent a huge group of polyphenolic compounds. They are very 
beneficial as an antiarthritic agent, antimicrobial agent, antiulcer agent and antiangiogenic agent 
(Gurnani et al. 2016). TFC was also determined in chilli varieties in which higher quantity was 
observed in Dandi (258.88) as compared to Ghotki (199.98) and German (194.22 mg/100 g) 
(Table 3). 
 

Table 3. Antioxidant analysis of different varieties (Dandi, Ghotki and German) of chilli. 
 

Parameter (Unit) 
Dandi 

(mean ± SEM.) 
Ghotki 

(mean ± SEM.) 
German 

(mean ± SEM.) 
Total phenolic content (TPC) (mg/100 g) 6286.60 ± 22.50A 3000.40 ± 20.00B 1614.46 ± 6.31C 
Total flavonoid content (TFC) (mg/100 g) 258.88 ± 4.01A 199.98 ± 2.20B 194.22 ± 2.84C 
DPPH radical scavenging assay (% 
inhibition at 0.1 mM conc.) 37.27 ± 4.18A 33.12 ± 1.37B 32.37 ± 1.35C 

Reducing power assay (RPA) (mg/100 g) 1134.80 ± 4.21A 658.34 ± 19.09B 397.02 ± 5.42C 
S.E.M. = Standard error of the mean of three replicates. A-C values in different rows with various 
superscripts are of significant differences and were justified at the confidence level of 95 % (ANOVA) by 
Tukey’s HSD (p ≤ 0.05). 
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 DPPH radical scavenging assay was performed on chilli varieties for determination of their 
antioxidant activities. It was observed that Dandi represented the maximum inhibition (37.27) as 
compared to Ghotki (33.12) and German (32.37 %) (Table 3). No significant difference was 
observed among chilli varieties at 95 % confidence level (p ≤ 0.05). In this study, a relationship 
was observed between antioxidant activity and phenolic and flavonoid contents. Earlier research 
showed that these phenolic and flavonoid contents are responsible for antioxidant activities of 
chilli, therefore a linear correlation was observed between these constituents and antioxidant 
activity of chilli (Ghasemzadeh et al. 2012). 
 Reducing power assay (RPA) was also performed in order to determine antioxidant activity of 
three varieties of chilli. Dandi showed higher antioxidant potential (1134.80) as compared to 
Ghotki (658.34) and German (397.02 mg/100 g) (Table 3). A significant difference was observed 
among these varieties at 95 % confidence level (p ≤ 0.05). Srideepthi et al. (2017) reported that 
chilli varities showed strong reducing power due to presence of phenolic components, which help 
in radical scavenging process. 
 Chilli contaminated with heavy metals in food may cause accumulation of metals in human 
body and resulted in different health problems. The heavy metals may spread and contaminate the 
fruits, vegetables and plants through water, soil and air during different industrial processes. The 
concentration of heavy metals was determined on three chilli varieties and the results are presented 
in Table 4.  
 

Table 4. Heavy metals (ppm) in different varieties (Dandi, Ghotki and German) of chilli. 
 

Heavy  
metals 

Dandi 
(mean ± S.E.M.) 

Ghotki 
(mean ± S.E.M.) 

German 
(mean ± S.E.M.) 

Safe limits  
(WHO/FAO and US EPA) 

Cd 0.035 ± 0.0019A 0.015 ± 0.0010B 0.013 ± 0.0010C 1.0000 
Cu 0.124 ± 0.0159B 2.309 ± 0.1750A 0.028 ± 0.0122C 30.0000 
Fe 1.495±0.1060B 1.968 ± 0.0480A 1.232 ± 0.1341C 48.0000 
Ni BDL BDL BDL 0.9050 
Pb 0.550 ± 0.0380A 0.521 ± 0.0310B 0.408 ± 0.0121C 2.0000 
Zn 0.318 ± 0.0250B 0.345 ± 0.0089A 0.151 ± 0.0129C 60.0000 

BDL = Below detection limit. S.E.M. = Standard error of the mean of three replicates. A-C values in different 
rows with various superscripts are of significant differences and were justified at the confidence level of 95 
% (ANOVA) by Tukey’s HSD (p ≤ 0.05). 
 

 The highest amount of Cd with slight difference was observed in Dandi (0.035) than Ghotki 
(0.015) and German (0.013 ppm) while the Cu concentration in Ghotki (2.309) was relatively 
high. The highest Fe concentration was found in Ghotki (1.968) than Dandi (1.495) and German 
(1.232 ppm) whereas the higher amount of Pb was found in Dandi (0.550) second highest in 
Ghotki (0.521) and lowest in German (0.408 ppm). The higher amount of Zn was observed in 
Ghotki (0.345), second highest in Dandi (0.318) and lowest in German (0.151 ppm). 
 It was also observed that both Cd and Pb share a similar trend whereas Cu, Fe and Zn 
represent similar trends in these varieties of chilli. Nickel (Ni) was found below detection limit. 
All the observed values were below than the safe limit as proposed by standard values (US EPA 
2010, Bassey et al. 2014). Therefore, these chilli varieties were very beneficial consumption. 
 It may be concluded that German had different appearance and showed higher titratable 
acidity and total sugar content whereas Ghotki represented higher number of total carotenoids. The 
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results showed that these varieties of chilli had considerable number of phenolic components as 
natural antioxidants, contributing in good antioxidant capacity. Dandi showed higher antioxidant 
activity than German and Ghotki through DPPH and reducing power assays, which was correlated 
with higher amount of phenolic and flavonoid contents. Fe was found in higher amount in chilli 
varieties in contrast with other metals. It was also noted that metals concentration was found 
below than standard safe limits. Therefore, intake of these chilli varieties was not harmful for 
human health. The results clearly indicated that these chilli varieties were highly beneficial for 
human health due to presence of high phenolic and flavonoid contents with strong antioxidant 
capacity as well as Fe concentration especially Dandi.  
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