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Effect of cooking methods and extraction solvents on the antioxidant activity 
of summer squash (Cucurbita pepo) vegetable extracts

Abstract

The effects of cooking treatments (pressure cooking, microwave cooking and frying) and 
extracting solvents (absolute methanol, absolute ethanol and butanol) was investigated on 
the antioxidant activity of extracts of fruits of Cucurbita pepo. In general, the recovery of 
total phenolics and tannins was the best in methanol whereas, flavonoids showed their highest 
presence in ethanol. The average antioxidant activity of the methanolic extracts as measured 
by FTC, TBA and DPPH assays was the highest. The methanolic and butanolic extracts of all 
types of cooked vegetable showed decreased content of total phenolics and flavonoids whereas 
increased concentration of total phenolics and flavonoids was observed in ethanolic extracts of 
microwaved and fried sample. Pressure cooking emerged as most effective cooking treatment 
in lowering the antioxidant activity. HPTLC analysis of the methanolic extracts revealed the 
presence of chlorogenic acid, cinnamic acid, catechin, rutin and quercetin as the prominent 
phenolic compounds. 

Introduction

Antioxidant compounds contribute to the 
health potential of foods, and their intake has been 
correlated to lower incidence for cardiovascular 
diseases, cancer, aging, and age-related degenerative 
processes (Pandey and Rizvi, 2009). Among the 
phytochemicals found in plants, polyphenolic 
compounds have been considered as most important 
and ubiquitous compounds in the plant kingdom. 
The antioxidant activity of phenolics is mainly due 
to their redox properties, which allow them to act 
as reducing agents, hydrogen donators, and singlet 
oxygen quenchers (Chang et al., 2007). Summer 
squash (Cucurbita  pepo), which belongs to the 
cucurbitaceae family is available throughout India 
and consumed as vegetable in various parts of the 
world also. Extensive investigations have led to 
isolation of several bioactive compounds from C. 
pepo which includes phenolic compounds such as 
chlorgenic acid, benzoic acid, quercetin, luteolin 
and kaempferol (Iswaldi et al., 2013), syringic acid 
(Dragovic-Uzelack et al., 2005), p-coumaric acid, 
sinapic acid (Pericin et al., 2009), β carotene (Veda et 
al., 2006), and tannin (Silveira et al., 1996). 

Previous studied conducted on various 
vegetables including gourd vegetables showed that 
total polyphenol content and antioxidant activity 
of the cooked vegetables could be higher or lower 
in comparison to fresh vegetables. Boiling and 

stir frying have been reported to reduce the total 
phenolic content but cause increase in the free 
radical scavenging activity of the cooked samples of 
pumpkin (C. moschata) (Azizah et al., 2009). Saikia 
and Mahanta (2013) have reported both positive and 
negative impact of cooking on the phytochemicals 
and antioxidative activity of bottle gourd and teasle 
gourd.  Jimenez-Monreal et al. (2009) have reported 
that free radical scavenging activity of boiled and 
fried C. pepo reduced considerably over its raw 
counterparts. Variable effects of different cooking 
treatments have been reported by Sengul et al. 
(2014) on various vegetables including beet root, 
turnip, cabbage and broccoli. Thermal treatment 
decreased the total phenolic content and antioxidant 
activity in kale, spinach, cabbage and shallots (Ismail 
et al., 2004). Moreover, the extraction mechanism 
and type and polarity of extracting solvents also 
have been reported to exert significant effects on 
extractability of phytochemicals and hence the in 
vitro antioxidative acitivity of plant extracts (Naczk 
and Shahidi, 2006). Therfore, the present study was 
undertaken  to investigate and quantify the effects of 
different cooking methods  and extarcting solvents 
on the total phenol content and antioxidant activity 
of C. pepo extracts. 
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Materials and Methods

Chemicals and reagents
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 

trichloroacetic acid, thiobarbituric acid, β carotene, 
Tween 20, linoleic acid, 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ), phenolic acids (p-coumaric, tannic, 
benzoic, gallic, ellagic, chlorogenic acids), flavonoid 
standard (quercetin and rutin,) were purchased from 
Himedia (India). Folin–Ciocalteu reagent, HPLC-
grade methanol, chloroform, hexane, formic acid, 
acetonitrile and HPLC grade water were purchased 
from Merck (Darmstadt, Germany). Phenolic 
acids (vannilic acid and caffeic acid) and flavonoid 
standards (kaempferol, myricetin, catechin, leutolin 
and apigenin) were purchased from Sigma-Aldrich 
fine chemicals. 

Cooking of vegetables
Cooking conditions were optimized by 

preliminary experiments carried out for each 
vegetable. For all cooking treatments, the minimum 
cooking time to reach a similar tenderness for an 
adequate palatability and taste, according to the 
Indian eating habits, was used.

Pressure cooking
Small pieces (3x 0.5 x0.5 cm) of vegetable (500 

g) were placed in pressure cooker (134 mm diameter, 
Hawkins) containing 100 ml water. The vegetables 
were cooked at low flame for 5 min after the pressure 
existed in the cooker.

Microwave cooking
The cut and pinched pieces were placed on a glass 

dish and cooked at 110oC for 8 min in a microwave 
oven (IFB model: 25SC3).

Frying
Vegetable pieces of approx 0.25 cm thickness 

were placed in a frying pan (170oC) containing 80 
ml of soya refined oil and stirred until the vegetable 
became crisp - tender. The excess oil was drained off 
and the vegetable sample was recovered. 

Preparation of vegetable extracts 
The macerates of vegetable samples were 

extracted with absolute methanol, ethanol and 
n-butanol separately for 6 days at room temperature 
with intermediate shaking. The extract after filtration 
and centrifugation was concentrated using rotary 
evaporator at 450C under reduced pressure (97.3 kPa) 
until the weight becomes constant and the extract was 
stored in dark at -20oC for further analysis.

Phytochemical screening
Phytochemicals screening of the extracts 

was performed to identify the various constituent 
components as described by Sofowora (1996); Trease 
and Evans (1989); Harborne (1984).

Determination of total phenol content
The total phenolic content of the extracts was 

determined using Folin–Ciocalteu reagent (Zhou  
and Yu, 2006) using the regression equation of the 
standard curve for gallic acid (Y = 4.262x + 0.043; 
R2 = 0.997).

 Determination of total flavonoids
The method as reported by Meda et al. (2005) 

along with minor modifications was used for 
determination of flavonoids. Quercetin was used 
as the standard and results were calculated from 
the regression equation of Y = 14.32x + 0.047; R2 
= 0.990) as obtained from the standard curve and 
expressed in terms of quercetin equivalent (mg of 
QE/ 100g dwb).

Determination of tannin content (Vanillin –HCl 
method)

Condensed tannins were determined by slight 
modification of the vanillin method (Burns, 1971). 
The regression equation Y= 0.5523x + 0.0273; R2= 
0.998 as obtained from the standard curve of catechin 
was used to express the results as mg equivalents of 
catechin/100 g dwb.

Determination of β- carotene
The method as reported by Santra et al. (2005) 

along with some modifications was used for 
determination of β-carotene. Sample extract (0.1 g) 
was mixed with 10 ml of water saturated n-butanol 
and kept in the dark for 16-18 h for extraction 
of β-carotene. The contents were centrifuged at 
1990 g for 10min and the absorbance of collected 
supernatant was measured at 440 nm. The amount of 
β- carotene was calculated using regression equation 
Y = 0.1398x + 0.0463 (R2 = 0.9809) as obtained from 
the standard curve.

Determination of antioxidant activity of extracts

Ferric thiocyanate (FTC) method
FTC method was adapted as described by 

Kikuzaki and Nakatani  (1993). The percent inhibition 
was calculated on the final day by the following 
formula.
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Thiobarbituric acid (TBA) method
The samples prepared for FTC method were 

also used to measure the percent inhibition by TBA 
method as described by Kikuzaki and Nakatani 
(1993). Antioxidant activity was recorded on the 
final day of the FTC assay and the % inhibition was 
measured by the formula as used in FTC method.

Ferric reducing antioxidant power (FRAP) method
FRAP assay was adapted as described by Moyer 

et al. (2002). Based on the measured absorbance, 
the concentration of FeSO4 was measured (mM 
FeSo4/100 g dwb) from the regression equation of 
the standard curve of FeSO4 (Y = 0.5783x 0.0042; 
R2 = 0.9991).

Evaluation of the free radical scavenging activity by 
DPPH assay

 DPPH free radical scavenging activity assay 
used by Chan et al. (2007) was adapted with slight 
modifications. The scavenging activity of each 
extract on DPPH radical was calculated using the 
following equation and the results were expressed 
as  IC50 (The effective concentration of the extract 
required for 50% scavenging of DPPH).

 
 

HPTLC analysis of phenolic acids and flavonoid 
compounds 

A densitometric HPTLC analysis was performed 
for the analysis of phenolic acids and flavonoids. The 
standard stock solution (0.1 mg/ml) and sample (100 
mg/ml) were prepared in HPTLC grade methanol. 
These solutions were filtered through 0.2 μ syringe 
filter before loading in the sample syringe (Hamilton, 
Bonaduz, Switzerland). The sample (8 μL) was 
applied with a 100 μL sample syringe using automatic 
Linomat-5 system (CAMAG, Switzerland). The size 
of spot was 6 mm, distance from lower edge 8 mm 
and distance from the left side 15 mm. The stock 
solutions of the reference compounds were prepared 
in methanol at different concentration levels (2-8 
μL). The plates were developed in a vertical glass 
chamber (CAMAG) until the respective mobile 
phase i.e.  solvent system I (6.4 chloroform: 3.9 
hexane: 2.0 methanol: 0.5 formic acid) for detection 
of gallic acid, caffeic acid, quercetin, apigenin, 
kampferol and chlorogenic acid; solvent system II 
(4 chloroform: 1 hexane: 1 methanol: 1 formic acid) 
for detection of p-coumaric acid, leutolin, myricetin, 

catechin and ellagic acid  and solvent system III (4.5 
acetonitrile: 1.0 methanol: 0.5 water) for detection of 
ferulic acid, benzoic acid, cinnamic acid and vanillic 
acid) respectively rose to 80% of the plate height. 
The developed plates were dried on TLC plate heater 
at 1200C for 5 min and cooled at room temperature. 
The densitometric evaluation was performed with 
a TLC scanner 3 (CAMAG) at wavelength of 254 
nm. The plate image was documented by TLC 
visualizer documentation system (CAMAG). The 
quantification and documentation was done by win-
CAT software. The concentration of each compound 
was determined by using calibration curve prepared 
by plotting the peak area versus concentration of 
standard compound.

Statistical analysis
All observations were taken in triplicate and the 

results were reported as means ± standard deviation 
(SD). Analysis of variance was performed by one way 
ANOVA analysis (SPSS 19.0) followed by Tukey’s 
HSD post hoc comparison test at p < 0.05. Pearson 
correlation coefficients (r) among various antioxidant 
assays and phytochemicals were performed using 
SPSS 19.0 software by selecting the bivariate 
correlation with two tailed test of significance. The 
confidence limits used in pearson correlation were 
based on 95% (p < 0.05) and 99% (p < 0.01).

Results and Discussion

The phytochemicals screening of various extracts 
C. pepo showed the presence of considerable amounts 
of flavonoids and tannins in most of the extracts of the 
raw as well as cooked forms of the vegetable (results 
not shown). Saponins were however tested positive 
only in the ME and EE of C. pepo. Interestingly, 
the saponins were absent in raw state of ME but 
after the pressure cooking and microwave cooking 
the presence was observed. This was probably due 
to increase in saponins consisting aglycone and 
glycoside forms during heating (Chaturvedi et al., 
2012). Terpenoids were also present in all the extracts 
except the ME of fried sample. Previous studies have 
established the presence of various phytochemicals 
including flavonoids, alkaloids, tannin, saponin etc. 
in raw form of C. pepo (Wattermen, 1992; Chonoko 
et al., 2010). 

Total phenol content  
The total phenol content (TPC) of raw and 

cooked C. pepo vegetable samples is reported in 
Table 1. ME revealed the highest concentration of 
TPC (393.3 mgGE/100g dwb) followed by EE (390.7 
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mgGE/100g dwb) and BE (199.2 mgGE/100g dwb). 
F- value statistics (31315.9 at df = 2, p=0.000)  also 
indicated  highly significant impact of extraction 
solvent on the extraction yield of total phenols. 
Previous studies have reported TPC of 8.6 mgGE/g 
(fwb) (Hamissou et al., 2013) and 5684 mgGE/100g 
(dwb) (Oloyede, 2012) in C. pepo extracts. The 
main effect of the cooking method was also highly 
significant (F=1981.6 at df = 3, p=0.000). The total 
phenolic content decreased in cooked vegetable 
samples with frying showing the most pronounced 
effect. There was significant interaction effect 
between the extracting solvent and the heat treatment 
on the TPC (F=7332.3 at df = 6, p=0.000). However, 
this effect was inconsistent and the results showed 
a decreased concentration of TPC in the cooked 
samples except EE of microwaved and fried samples 
where an increase in the TPC was observed. The 
maximum reduction in TPC was obtained in case of 
BE of the microwaved sample. The reduction TPC 
could be ascribed to the breakdown of some heat 
labile phenolic compounds (Hunter and Fletcher, 
2002), temperature induced chemical oxidation 
(Rawson et al., 2013) and release of oxidative and 
hydrolytic enzymes that could destroy the antioxidant 
compounds in vegetables (Chism and Haard, 1996). 
The increase in TPC of EE of microwaved and fried 
samples may be because of availability of bound 
phenolic substances in ethanol from the complex 
vegetable matrix, which possibly reacted better 
with the FC reagent (Sultana et al., 2008).  The 
results of the present study on the reduction in TPC 
after cooking treatments are comparable with the 

previous studies carried out in different vegetables 
(Zhang and Hamauzu, 2004; Ismail et al., 2004).  
In contrast, increase in the phenolic content after 
cooking of different vegetables including garlic has 
been observed in the previous studies also (Kim et 
al., 2013;  Turkment et al., 2005). 

Total flavonoids
The concentration of total flavonoids content of 

raw and cooked vegetables is as shown in Table 1. 
The average flavonoids content of the raw samples 
was 55.4 mg QE/100g (dwb), whereas in cooked 
samples this value significantly varied from 40.4 to 
57.4 (F=1480.2 at df = 3, p=0.000) suggesting the 
inconsistent effect of cooking methods. Pressure 
cooking and microwave cooking decreased the 
flavonoid content whereas frying resulted in 
increase of the flavonoids content. The main effect 
of extracting solvents was also significant (F=7871.9 
at df = 2, p=0.000) and the flavonoids content was 
highest in EE (68.6 mg QE/100g). The interaction 
effect of cooking method and the extraction solvent 
was also significant (F= 2002 at df = 6, p=0.000).  
The results showed a maximum reduction of 65% in 
the flavonoids content of ME of microwaved sample 
followed by BE of pressure cooked (44.2%) and 
microwave cooked sample (36.9%).  As also observed 
in case of TPC, the EE of microwave cooked and fried 
samples showed significant increase in the flavonoids 
content. It has been reported that heat treatment 
increased the level of free flavonols (Stewart et al., 
2000). Previous studies have established the presence 
of various phytochemicals including flavonoids 

Table 1. Total phenols, flavonoids, and tannins content of various extracts of raw and cooked 
vegetable of C.pepo

Values are presented as mean ±SD (n=3) and referred to the dry weight. Small and capital alphabets in superscripts indicate 
significant differences (p<0.05) among cooking methods and extracts respectively
GE= gallic acid equivalent, QE= quercetin equivalent, CE= catechin equivalent
ME= methanolic extract, EE= ethanolic extract, BE= butanolic extract
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(Ibrahim et al., 2011; Irshad et al., 2010) and 
phenolic acids (Kubola and Siriamornpun, 2008) in 
gourd vegetables. Flavonoids are considered as most 
popular natural antioxidants and effective secondary 
metabolic products (Gyamfi and Aniya, 2002).  

Tannins 
The tannin content in cooked vegetable samples 

varied from 6.9 to 11.5 mg CE/100g in comparison 
to 10.9 mg CE/100g of the raw vegetable sample.  
Microwave cooking exerted most pronounced 
decreasing effect on the tannin content. Methanol 
was most effective solvent in recovering the tannins 
followed by ethanol and butanol. The significant 
interaction effect (F=8.84 at df = 6, p=0.000) of the 
cooking method  and the extraction solvent suggested 
that the  tannin content  of the ME of the cooked 
samples decreased up to 66.2%. In contrast, except 
BE of microwave cooked sample, an increase in the 
tannin content of EE and BE was observed in case 
of all the cooked samples. The results of present 
investigation are in agreement with observations of 
Zhang and Hamauzu (2004) and Racchi et al. (2002) 
who reported the loss of tannic acid after different 
cooking process. During the thermal treatment 
most important reactions are hydrolysis, oxidation, 
polymerisation and interaction of composition and 
reactions of thermal decomposition (Rakic et al., 
2004) due to which reduction in tannins content is 
possible. 

Total carotenoids 
The carotenoid content measured as beta carotene 

of raw and cooked samples of C. pepo is presented in 
Table 1. The carotenoid content of cooked vegetable 
samples varied from 5.1 to 12.5 mg CE/100g (dwb) 
in comparison to 2.8 mg CE/100g (dwb) in the raw 
vegetable sample. Results showed that after cooking 
carotenoid content increased significantly (p < 0.05) 
in order of fried > pressure cooked > microwave 
cooked. In general, ethanol was most effective solvent 
in extracting carotenoids (7.7 mg CE/100g, dwb) 
followed by butanol and methanol. The most abrupt 
increase in the carotenoid content was observed in 
fried samples, being maximum in EE (14.6 times) 
followed by BE and ME. The previous study 
regarding the green leafy vegetables also observed 
a decrease in the retention of carotenoids after 
cooking (Chandrika et al., 2006). The higher value 
of carotenoids in the fried samples could be ascribed 
to the fact that carotenoids are fat soluble compounds 
and can solubilise readily in oil during frying, and 
thus the availability of carotenoids increased in the 
extract.  Several authors also observed that cooking 
may increase carotenoids content because of its better 
extractability and enhanced bioavailability from heat 
treatment (Mazzea et al., 2011). 

Total antioxidant activity as measured by FTC and 
TBA assays

The antioxidant activity of different samples in 
terms of measurement of inhibition of peroxidation 

Table 2.  Antioxidant activity of various extracts of raw and cooked vegetable of C.pepo as determined 
by FTC, TBA, FRAP assays

Values are presented as mean ±SD (n=3) and referred to the dry weight. Small and capital alphabets in superscripts indicate 
significant differences (p < 0.05) among cooking methods and extracts respectively
FTC % Inhibition of BHT = 88.8±0.28, Vit. E=74.6±0.16
TBA % Inhibition of BHT= 90.9±0.47, Vit. E=78.3±0.19
IC50  value of Ascorbic acid=0.005 mg/ml
ME= methanolic extract, EE= etanolic extract, BE= butanolic extract
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as measured by FTC and TBA methods is as shown 
in Table 2. The extracts from different samples 
of vegetable inhibited 5.1–30.4% peroxidation of 
linoleic acid after incubation for 96 h as measured 
by FTC assay. Nevertheless, the antioxidant activity 
of all extracts was significantly (p < 0.05) lower than 
BHT (88.8%) and vitamin E (74.6%) as standards.  In 
general, ME revealed significantly higher antioxidant 
activity followed by EE and BE (F= 504.3 at df = 
2, p=0.000). The percent inhibition decreased after 
cooking and highest loss of antioxidant activity was 
observed in pressure cooked samples followed by 
microwaved and fried samples (F=85.5 at df = 3, 
p=0.000). A high correlation between FTC and total 
phenols (0.759, p < 0.01) as given in Table 3 suggested 
that phenols were the main compounds responsible 
for the antioxidative activity therefore, the decrease in 
TPC in cooked sample extracts resulted in decreased 
percent inhibition as measured by FTC method. These 
findings are in agreement with the previous studies 
which have reported the positive correlation between 
phenol content and total antioxidant activity (Kubola 
and Siriamornpun, 2008). Interestingly, although 
the flavonoids content of the EE of the vegetable 
samples was the highest followed by ME, but still 
the antioxidant activity of the ME was higher than 
EE. This observation in the present study suggested 
a wide variation in the nature and kind of flavonoids 
compounds recovered in the different solvents and 
hence differences in the antioxidative potency of 
the extracts. The effectiveness of phenolics and 
flavonoids as antioxidants is not only because of their 
composition or relative amount but also influenced 
by the degree of polymerization, concentration and 
interaction of their diverse chemical structures to the 
colorimetric assays (Moure et al., 2001). 

During the oxidation process, peroxide is 
gradually decomposed to malondialdehyde, which 
was measured by TBA method on the final day of the 
incubation period. As determined by TBA method all 
the extracts revealed lower antioxidant activity than 
the standard BHT (90.9%) and vitamin E (78.3%). 
Percent inhibition of  various extracts of raw and 
cooked C. pepo samples as measured by TBA 
method revealed highest average percent inhibition 
in ME (36.5%) followed by EE (27.8%) and BE 
(25.8%). As also observed in case of FTC method, 
a highly significant and positive correlation of the 
TBA results with phenols content (r= 0.737, p < 0.01) 
was observed indicating that phenols was the main 
phytochemicals which inhibited malondialdehyde 
formation and responsible for the antioxidant activity 
of C. pepo as described by TBA method. A very high 
correlation (r =0.997, p < 0.01) between FTC and 
TBA assay showed that the increase in peroxide level 
caused formation of malondialdehyde compounds 
(Zin et al., 2002).

FRAP assay
As indicated by the results of FRAP assay given 

in Table 2, significant differences were observed in 
the FRAP values among all the cooking methods 
in their respective extracts (p < 0.05). The average 
FRAP values for all the selected cooking methods 
varied from 360.6 to 959.4 mM FeSO4/100g being 
highest in EE followed by ME and BE. Pressure 
cooking significantly (p < 0.05) decreased the 
reducing power by 22% and 14.2% in ME and EE 
respectively while in case of BE it was found to 
increase by 3.7%. However, microwave cooking and 
frying exhibited a significant (p < 0.05) decrease in 
reduction power of all the extract except EE. The 

Table 3.  Pearson correlation coefficients (r) between phytochemicals and antioxidant 
activity as determined by different assays

*Significantly correlated at p < 0.05, n=12
** Significantly correlated at p < 0.0, n=12
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phenolic content and antioxidant activity have a 
strong relationship between them (Velioglu et al., 
1998). A highly significant and positive correlation 
of the FRAP value with phenols content (r = 0.828, p 
< 0.01) and flavonoids content (r = 0.892. p < 0.01) as 
indicated in Table 3 concluded that lower activity of 
processed sample may be due to the loss of phenols 
and flavonoids after the cooking process. In contrast, 
the increase in FRAP value might be attributed to the 
fact that the processing treatments bruised the tissue 
and expose the antioxidant components. In addition, 
increase in the reducing power could be attributed 
to the possible breakdown of tannins content (Oboh, 
2005). The increased in reducing power after assorted 
cooking treatments were earlier reported in various 
studies (Ng et al., 2011; Lin and Chang, 2005). 

Free radical scavenging activity
Free radical scavenging activity for DPPH 

radicals was expressed as IC50 value in samples 
(Table 2). It is evident from the results that the effect 
of cooking method and the extraction solvent was 
inconsistent. The ME of all the cooked samples 
revealed lower IC50 values in order of pressure 
cooked > microwaved > fried samples suggesting that 
antioxidant activity of the ME of the cooked samples 
was higher in comparison to the raw sample extract. 
The EE of microwaved and fried samples however, 
showed reduced antioxidant activity in comparison 
to the raw sample. Generally, the cooking treatments 
reduced the IC50 value, thus increasing the antioxidant 
activity. This increase in antioxidant capacity after 
heat treatment may be due to the suppression of 
oxidation by antioxidants due to thermal inactivation 

of oxidative enzymes (Yamaguchi et al., 2000). 
Moreover, enhanced antioxidant activity could also be 
witnessed due to the production of novel compounds 
due to maillard reaction (Morales and Babel, 2002). 
The earlier study showed that antioxidant capacity 
of different vegetables increased during cooking 
procedure compared to the fresh vegetables (Faller 
et al., 2009; Turkmen et al., 2005). In contrast, 
antioxidant capacity was also reported to decrease 
after thermal treatment of various vegetables (Ismail 
et al., 2004). The higher antioxidant activity of 
cooked samples even after  their lower total phenolic 
content indicated that radical-scavenging activity 
differed not only by the concentration of phenolic 
compounds but also with the nature and kind of 
phenolic compounds. Therefore, no correlation was 
found between phenolic compounds and antioxidant 
activity measured by DPPH assay.

Identification of phenolic acids and flavonoids by 
HPTLC 

Considering the fact that the average value of 
phytochemicals and antioxidant activity of ME of C. 
pepo was reasonably higher than the EE and BE and 
the methanol being considered as universal extraction 
solvent,  the ME were subjected to HPTLC analysis. 
The Rf value of different phenolic acids and flavonoid 
standard compounds were: 0.08 (chlorogenic acid); 
0.29 (gallic acid); 0.63 (quercetin); 0.72 (caffeic 
acid); 0.87 (kaempferol); 0.90 (apigenin) in solvent 
system I while 0.13 (rutin); 0.22 (ellagic acid); 0.37 
(catechin); 0.52 (myricetin); 0.79 (leutolin); 0.91 
(p-coumaric acid) in solvent system II and 0.73 
(vanillic acid); 0.74 (ferulic acid); 0.75 (benzoic 

Table 4. Phenolic acids/flavonoid compounds (μg/ml of extract) in methanolic extracts 
of  raw and cooked vegetable of C.pepo as determinesd with HPTLC

nd= not detected
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acid); 0.94 (cinnamic acid) in solvent system III. The 
HPTLC analysis revealed the presence of phenolic 
acids and flavonoids in ME as presented in Table 4 
and Figure 1 showed the HPTLC profile.  Cinnamic 
acid was identified as phenolic acid in extracts 
of raw as well as cooked samples but in varying 
concentrations being maximum to 10.7 μg/ml in 
pressure cooked sample extract. Chlorogenic acid 
(303.3 μg/ml) in raw sample extract and benzoic acid 
in pressure cooked sample extract (192.25 μg/ml) 
and microwaved sample extract (180.61 μg/ml) were 
identified as other prominent phenolic acids.  Rutin 
(727.89 μg/ml) and catechin (263.85 μg/ml) were 
identified as prominent flavonids in C. pepo extracts. 
However, their concentration decreased drastically in 
the heat processed samples. Quercetin was although 
not identified in the raw sample extract, but it was 
detected in the extracts of pressure cooked (31.87 
μg/ml) and microwaved (45.95 μg/ml) samples. 
Presence of chlorgenic acid and benzoic acid as 
phenolic acids along with other phenolic compounds 
and flavonoids including quercetin, luteolin, 
kaempferol has been reported in C. pepo extracts 
(Iswaldi et al., 2013).  Rutin has been studied for its 
antioxidant, anti-inflammatory and protective effects 
against hepatotoxicity (Koda et al., 2008). The results 
presented here showed that heat processing treatments 
could make the phenolic acids and flavonoids different 
from that of uncooked form. The formation of new 
phenolic compounds after heat treatments was due to 
availability of precursors formed by non-enzymatic 
inters conversion between phenolic molecules (Vega-
Galvez et al., 2009). The most destructive effect of 
heat processing was on cholorgenic acid, which 
was not identified at all in the cooked samples. The 
degradation in polyphenolic compounds may also 
due to the epimerization, dimerization, hydrolysis, 
oxidative and polymerization reaction (Okumura et 
al., 2008). 

Conclusions

It could be concluded from the results that 
cooking method as well as extraction solvent could 
have considerable effects on recovery of phenols and 
flavonoids present in C. pepo.  Methanol was most 
effective solvent in extracting phenolics and tannins 
whereas flavonoids were extracted best in ethanol. 
The antioxidant activity of the methanolic extracts 
as measured by FTC, TBA and DPPH assays was 
the highest. From the results it could be inferred that 
cooking had both positive and negative impact on the 
concentration of phytochemicals and their antioxidant 
activity.  In general, pressure cooking emerged as 

most effective cooking treatment in lowering the 
antioxidant activity. However, from the observations 
of quantitative testing and HPTLC profiles, it can also 

Figure 1. HPTLC profiles of ME of C. pepo (A) raw (B) 
pressure cooked (C) microwave cooked (D) fried; numeric 
superscript on the alphabet represent (1) solvent system 
I (6.4 chloroform: 3.9 hexane: 2.0 methanol: 0.5 formic 
acid) (2) solvent system II (4.0 chloroform: 1.0 hexane: 
1.0 methanol: 1.0 formic acid) (3) solvent system III (4.5 
acetonitrile:1.0 methanol: 0.5 water)
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be concluded that there could be even wider range 
of phytochemicals present in C. pepo. Therefore, 
more detailed qualitative and quantitative analyses of 
the phytochemicals in this gourd vegetable will be 
necessary to elucidate its antioxidant potential.
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