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Growing demands for Melon Manis Terengganu (MMT) have resulted in an increase in waste production 
contributed by both discarded immature MMT and the inedible portion of mature MMT. These wastes 
are the source of biologically active compounds such as polyphenols and epigallocatechin gallate 
(EGCG) which is an interesting compound due to its well-known antimicrobial, antioxidant and anti-
inflammatory properties. Hence, this research aimed to identify and compare the EGCG content in 
different maturity levels and fruit parts (peel, flesh and seed) of MMT. Different fruit parts were dried and 
ground into powder form, followed by water extraction. The crude extracts were then subjected to high 
performance liquid chromatography. The results showed that mature MMT peel demonstrated the 
highest EGCG concentration of 0.042 mg/mL among all fruit parts. In terms of maturity comparison, both 
mature seed and peel had significantly higher EGCG concentrations (0.022 mg/mL and 0.042 mg/mL 
respectively) compared to their counterparts (0.008 mg/mL and 0.009 mg/mL respectively). In summary, 
mature MMT had higher extraction yield and EGCG concentration. The result of this study can serve as 
the baseline data for further applications in the food industry to develop functional food ingredients with 
the utilization of MMT. 
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INTRODUCTION 

Generally, fruits and vegetables are well 
known for their high concentration of polyphenols 
(Sommella et al., 2015). The Cucurbitacaea family 
has garnered a lot of attention by researchers in 
which Cucumis melo L. is the main plant of this 
family (Gill et al., 2011). Melon Manis Terengganu 
(MMT) is one of the Cucumis melo L. species and 
categorized under the Cantaloupe variation which 
originated from Terengganu, Malaysia (N. 
Muhamad et al., 2018). Increasing demands for 
this fruit have resulted in an average total waste of 

up to 83% contributed by discarded immature 
MMT (peel, flesh and seed). The inedible parts of 
mature MMT such as the peel and seed also 
contributed to waste production. However, these 
wastes contain sources of biologically active 
compounds such as polyphenols, vitamins, 
enzymes and dietary fibers (Sagar et al., 2018). 

Fruit polyphenols consist of a wide variety of 
bioactive compounds such as hydroxycinnamic 
acids, flavan-3-ols, gallic acid derivatives, 
flavonols and anthocyanins (Miletić et al., 2012). 
Among all of the bioactive compounds, 
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epigallocatechin gallate (EGCG) is one of the 
interesting compounds being investigated by 
researchers due to its presumed roles in various 
physiological activities with its antimicrobial, 
antioxidant, anti-inflammatory and anti-cancer 
properties (Tu et al., 2019). Research has 
demonstrated that EGCG acts via diversified 
molecular mechanisms (Peter et al., 2017). EGCG 
is derived from the flavonoid class and 
categorized under flavan-3-ols class (Vasantrao 
and Balaraman, 2015). Fruit maturity and fruit 
parts can influence the composition, concentration 
and distribution of these phenolic compounds 
(Miletić et al., 2012). 

It is necessary to identify the concentration of 
these phenolic compounds by using 
chromatography due to its high sensitivity 
(Sarnoski et al., 2012). This study indicates an 
initiative toward marketing it in the nutraceutical, 
functional food and antioxidant industry via value 
addition (Mahmood et al., 2012). Therefore, this 
study aims to determine the extraction yield and 
analyze the EGCG concentration in different fruit 
parts and different maturity levels of MMT using 
high performance liquid chromatography (HPLC). 
  
MATERIALS AND METHODS 

Plant Materials and Chemicals 
Fresh immature MMT with 5° Brix of average 

weight (150 - 200 g), diameter (6 – 9 cm) and 
length (8 – 12 cm), as well as mature MMT with 
10° Brix and average weight (650 - 700 g), 
diameter (10 – 12 cm) and length (11 – 13 cm), 
were collected from Mega Fertigation Farm, 
Kampung Telaga Papan, Setiu, Terengganu. 
HPLC grade acetic acid and HPLC grade 
acetonitrile were obtained from Thermo Fisher 
Scientific (USA) while HPLC grade methanol was 
purchased from O & E Technology (Malaysia). 
Sodium metabisulphite was bought from Nacalai 
Tesque (Japan) while a standard EGCG was 
purchased from Chemfaces (China). All chemicals 
and reagents used were of analytical grade. 
Distilled water was purified using a Sartorius 
water purification system (Germany).  

Equipment 
HPLC was conducted using a Shimadzu 

model LC20A system (Japan) comprising a binary 
pump LC-20AT with micro vacuum degassers, a 
thermostated column compartment, an 
autosampler SIL-20A, and a UV-Vis detector 
SPD-20A. The analytical column used in the 
reversed phase of HPLC was Shim-pack GIS 

HILIC (4.6×250 mm, 5 μm, Japan) while the guard 
column used was HILIC (4.0×10 mm, 5 μm, 
Japan). 

Sample Preparation 
The immature and mature MMT were washed 

under running tap water to remove any impurities, 
dust or foreign substances and separated into 
different parts, namely peel, flesh and seed. The 
peel, seed and sliced flesh were soaked in 0.2% 
sodium metabisulphite for 15 minutes before 
drying in a cabinet dryer at 50 °C for 72 hours. 
Then, the dried pieces of fruits parts were ground 
into powder form using a stainless steel grinder. 
The sample powder was then sieved through 500 
μm mesh and stored in an airtight container in a 
freezer (-18°C) prior to extraction (N. Muhamad et 
al., 2018).  

Sample Extraction 
Samples were extracted with deionized water 

following the procedure described by Wissam et 
al., (2012). 200 mg of sample powder was mixed 
with 10 ml of deionized water and placed in a 
thermostatic water bath shaker at 50°C for 20 
minutes. The supernatant was collected by 
centrifugation at 2000 rpm for 10 minutes at 25 °C 
(Mitchell, Robertson, and Koh 2017) and filtered 
through Whatman filter paper No. 1 to obtain a 
clear solution. Then, 10 ml of deionized water was 
added to the solid residue and extracted twice, 
following the same procedure. The supernatants 
were pooled and freeze dried using the VirTisTM 

SP Scientific (United Kingdom) pilot freeze dryer 
at -40 °C for 72 hours.  

HPLC Analysis  

Chromatographic Condition 
The crude extract was dissolved in HPLC 

grade methanol (50 mg/ml) and filtered through a 
polypropylene filter unit (0.45 μm) before being 
injected for the reversed phase of HPLC analysis 
described (Pasini et al., 2019) with acetonitrile: 
acetic acid (98:2v/v) as mobile phase A and 
methanol: water: acetic acid (95:3:2 v/v/v) as 
mobile phase B. Separation of phenolic 
compounds was achieved with the following 
gradient as shown in Table 1 with a flow rate of 
0.8 ml/min. The temperature of the column was 
kept at 35°C and the injection volume was 10 μL. 
The separation was monitored by UV-Vis at 280 
nm. HPLC analysis was performed in triplicate for 
each sample. 
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Table 1 : Gradient elution of reversed-phase 
HPLC 

Time (min) Mobile  
phase A 

Mobile phase B 

0 – 3  93% 7% 

3 – 20  93% - 84.5%  7% - 15.5%  

20 – 23 84.5% - 0% 15.5% - 100% 

23 – 30 0% 100% 

30 – 36 0% - 93% 100% - 7% 

36 - 42 93% 7% 

 

Standard Solution Preparation 
A stock solution containing the EGCG was 

prepared and diluted to appropriate 
concentrations ranging from 0.02 – 0.1 mg/ml with 
HPLC grade methanol. Briefly, the calibration was 
achieved using the standard substance EGCG. 
Standard calibration curve of peak area (y) 
against concentration (x) was plotted. A linear 
regression method was used to identify the slope 
and correlation coefficient of the linear regression 
equation. 

Statistical Analysis  
The research data were analyzed using IBM 

SPSS for Windows version 21.0. Data were 
entered, cleaned and checked before analysis. 
The data were assessed by descriptive analysis 
and presented as mean and standard deviation. 
Statistical analysis was conducted using one-way 
ANOVA test followed by Tukey’s Post-hoc test to 
compare the extraction yield and EGCG content in 
different fruit parts while independent t-test was 
used for different maturity comparison. A p-value 
of ≤ 0.05 was considered as statistically 
significant. 
 
RESULTS  

Extraction Yield 
As shown in Table 2, the yield of extract 

ranged from 20.00% to 31.70% in mature MMT 

and 15.83% to 21.50% in immature MMT. In 
terms of maturity breakdown, a significantly higher 
extraction yield was found in mature peel and 
flesh compared to their counterparts (P < 0.05) 
but not for the seed.  

By looking at the fruit parts, the highest yield 
was obtained from the flesh while seed presented 
the lowest yield in mature MMT. However, there 
was no significant difference in the extraction yield 
between peel and seed. On the other hand, the 
immature seed had the highest extraction yield, 
followed by flesh and peel (P = 0.016).  

HPLC Analysis  
Chromatographic peaks in the MMT extracts 

were determined by tallying the retention time and 
UV absorption spectra with the peak in the 
chromatogram of EGCG standard. The retention 
time for EGCG standard was 18.099 minutes as 
shown in Figure 1. Meanwhile, the chromatogram 
for mature and immature MMT flesh is displayed 
in Figure 2 and 3 respectively. An external 
standard calibration method was used for EGCG 
quantification in the MMT extracts. Figure 4 
depicts the EGCG calibration curve with R2 = 
0.995. The equation for calibration curve was y = 
4.58059e+006x - 24720.3. The EGCG 
concentration in MMT extracts was calculated 
based on the calibration equation prepared by the 
EGCG standard as displayed in Table 3. 

In terms of the fruit parts, there was no 
significant difference in EGCG concentration in 
immature MMT (P = 0.106). In contrast, mature 
MMT showed a significant difference in which peel 
had the highest EGCG concentration of 0.0420 
(0.0026) mg/mL, followed by seed and flesh (P < 
0.0001). Next, in terms of maturity comparison, 
both mature seed and peel had a significantly 
higher EGCG concentration compared to their 
counterparts while the EGCG concentrations in 
both mature and immature flesh were similar.

 
Table 1 : Comparison of % extraction yield in different maturity and parts (n = 3) 

 

Maturity 
Extraction yield (%) 

P-valueb 
Seed Peel Flesh 

Mature 20.00 (1.56)a 21.87 (0.15)a 31.70 (1.60)b < 0.0001 

Immature 21.50 (2.82)a 15.83 (0.35)b 18.10 (0.30)ab 0.016 

P-valuea 0.465 < 0.0001 < 0.0001  

Data are reported as mean (SD). 
Values with different superscript letters within the same row are statistically different  

a Independent t-test was applied. 
b ANOVA test was applied followed by Post-hoc multiple comparison test. 
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Table 2 : Comparison of EGCG concentration in different maturity and parts (n = 3) 
 

Maturity 
EGCG concentration (mg/mL) 

P-valueb 
Seed Peel Flesh 

Mature 0.0220 (0.0017)a 0.0420 (0.0026)b 0.0150 (0.0035)c < 0.0001 

Immature 0.0077 (0.0029)a 0.0087 (0.0006)a 0.0130 (0.0036)a 0.106 

P-valuea 0.002 < 0.0001 0.527  

Data are reported as mean (SD). 
Values with different superscript letters within the same row are statistically different  

a Independent t-test was applied. 
b ANOVA test was applied followed by Post-hoc multiple comparison test. 

 

 
Figure 1: HPLC chromatogram of EGCG standard at 280 nm 

 

 
Figure 2: HPLC chromatogram of mature MMT flesh at 280 nm (red arrow: EGCG) 
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Figure 3: HPLC chromatogram of immature MMT flesh at 280 nm (red arrow: EGCG) 

 

 
Figure 4: Standard curve for EGCG over the concentration range of 0.02–0.1 mg/ml 

 
  

DISCUSSION 

Extraction Yield 
Extraction is the first vital step to recover and 

isolate bioactive compounds from plant tissues 
(Singh et al., 2016). Solid liquid extraction (SLE) is 
the most common extraction method that involves 
the mass transfer phenomenon in which the 
compounds in the solid matrix are dispersed into 
the extraction solvent via maceration, mixing or 
shaking (Miletić et al., 2012). The results of this 
study are in agreement with the extraction yield of 
pawpaw pulp (Asimina triloba [L.] Dunal) with ripe 
fruit having a higher yield than unripe fruit (J.-S. 

Nam et al., 2019). Next, another study also 
reported increased extraction yield in Berberis 
buxifolia fruit throughout the ripening process 
(Arena et al 2012). This is because mature fruits 
have a higher activity of pectinolytic enzymes 

(Goulao et al 2007) which assists the extraction 
process and results in higher extraction yield 
(Antonio et al., 2014). The high extraction yield is 
predicted to be contributed by the 
monosaccharide or disaccharides such as 
glucose, sucrose and fructose due to increased 
free sugar content with the ripening process (J. 
Nam et al., 2018). 

The findings on the comparison of mature 
MMT parts are in accordance with the study 
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conducted by Ismail et al., (2010) and Marwa and 
Hany (2016) who reported that the highest 
extraction yield was in the flesh of cantaloupe and 
the lowest was in the seed. Another study which 
was carried out by Shafii et al., (2017) also 
reported a higher extraction yield in the flesh of 
Manilkara zapota fruit compared to the peel and 
seed. Low extraction yield of seed was attributed 
to the presence of major components such as 
starch and protein which are less soluble in 
deionized water (Ismail et al., 2010; Marwa and 
Hany 2016). However, a study reported a higher 
yield in the peel of Carica papaya compared to its 
seed (S. A. S. Muhamad et al., 2017). Research 
claimed that the extraction efficiencies are mostly 
influenced by understanding the nature of plant 
matrix and chemistry of the bioactive compounds 
(Azmir et al., 2013). 

Hydrophilic Interaction Chromatography 
(HILIC) 

HPLC is considered as the most common and 
crucial method to separate and quantify distinct 
phenolic compounds. HILIC column was used as 
it was expected to provide a better resolution 
compared to Diol column with a similar eluent 
mixture. This is because the HILIC column 
contains cross-linked diol groups which increase 
both its functionality and robustness compared to 
the Diol column. By looking at organic solvents, 
acetonitrile is commonly used as an eluent due to 
its weak polarity and samples dissolved in such 
solvent can be directly introduced into the HPLC 
system without any effect on separation efficiency 
(Miletić et al., 2012). Methanol is also 
recommended in HILIC (Sentkowska et al., 2013) 

as it can disturb the water layer formation by 
replacing the water molecules via hydrogen 
bonding. This results in a more hydrophobic water 
layer (Sentkowska et al., 2016). In addition, 
another study proposed that methanol is adsorbed 
near the stationary phase by hydrogen bonding 
with residual silanols while acetonitrile can react 
with silanols using dipol-dipol interactions 
(Buszewski et al., 2010). 

EGCG is unstable in an alkaline medium, thus 
the presence of acid in the mobile phase is crucial 
to ensure complete resolution and peak tailing 
elimination (Dhanani et al., 2017). Buffers are 
usually used to adjust the mobile phase pH to 
avoid pH fluctuation of eluent in order to produce 
more reproducible and robust methods (Tu et al., 
2019). Next, the presence of organic acid such as 
acetic acid in the mobile phase acts as salt to 
protect against attractive and repulsive 

electrostatic effects. Some modifications had been 
made to ensure complete resolution of EGCG. For 
example, an isocratic period was set at the initial 
run (held at 7% B for 3 minutes) followed by a 
slowed increase in the addition of the methanolic 
mobile phase (B) into the acetonitrile phase (A) 
(Kelm et al., 2006). Column temperature of 35 °C 
was found to aid in achieving good resolution and 
deviations of ±5 °C and did not exert significant 
effects on the separations (Robbins et al., 2009). 

HPLC Analysis of EGCG 
The results demonstrated that EGCG 

concentration was higher in mature MMT peel, 
which is in accordance with the study by Rolim et 
al., (2018) who found that the melon (Cucumis 
melo L.) peel extracts showed a higher phenolic 
content than the melon seed extracts. They also 
revealed that catechin concentrations in the melon 
peel aqueous extracts were higher (4.10 µg/mL) 
than that of the melon seed aqueous extracts 
(1.77 µg/mL). Besides, the peel extracts of grape 
varieties had high proanthocyanidins contents 
(PACs) which are known to have a high 
antioxidant activity according to Benmeziane and 
Cadot (2018). Wissam et al., (2012) also reported 
that higher PACs yield was observed in 
pomegranate peel extracts by using water as a 
solvent. Similarly, a significant portion of 
polyphenols is often present in high 
concentrations in the outer parts of fruits (Wissam 
et al., 2012). 

Morais et al., (2015) evaluated seven tropical 
fruits’ parts (pulp, seed and peel) and the results 
showed that the highest phenolic contents were 
found in peels as compared to pulps and seeds. 
Pulps were found to have a poor amount of 
antioxidant compounds. Ayala-Zavala et al., 
(2011) also reported that the content of functional 
compounds in different tissues of tropical exotic 
fruits was located mostly in peels and seeds and 
to a lesser extent in the pulps. The differences in 
phenolic compounds concentration in different 
fruit parts could be attributed to the variability of 
each part against environmental stresses that can 
stimulate an increase in phenolic compound 
contents as a natural survival instinct of the 
plants. Thus, peel extract had the highest EGCG 
concentration due to greater exposure to 
environmental stress conditions (Rolim et al., 
2018). 

Generally, the EGCG concentrations in 
mature MMT were higher than those of immature 
MMT. According to Bargui Koubala (2016), the 
total phenolic contents of peel, flesh and seed 
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varied significantly (p < 0.05) during the Tibish 
melon (Cucumis melo L.) fruit development. The 
peel was five to six times richer in phenolic 
compounds than the flesh and seed at the early 
stage of fruit maturation. Lee and Hwang (2017) 
reported that the total phenolics, anthocyanins, 
and antioxidant activities of mulberry fruits 
increased during ripening. An increase in the 
concentrations of total phenols in the grape seed 
during grape ripening has been reported by 
Abdel-Salam and Hassan (2015). A study on bitter 
melon proposed that catechin contents increased 
with increasing maturation (S. H. Lee et al., 2018). 
Next, catechin also increased slightly during 
ripening from the immature stage to the 
commercially mature stage as observed in 
cranberries (Oszmiański et al., 2018). Higher 
phenolic compound concentration in mature fruit 
could be attributed to the biosynthesis of phenolic 
compounds caused by enzyme hydrolysis during 
maturation (Kubola and Siriamornpun, 2008). 

Strengths and Limitations  
The presence of high organic solvent 

concentration in the HILIC mode enables fast 
separation of analytes under higher flow rates or 
when using a column with small particles due to 
lower backpressure. However, HILIC is more 
affected by the sample diluent composition and 
the retention characteristics are less predictable 
due to the complex retention mechanism 

(Sentkowska et al., 2016).  
The traditional extraction method has a few 

drawbacks such as solvent consumption, high 
energy usage, thermal destruction of heat-
sensitive compounds and long extraction period. 
Besides, this method is not selective in which 
other polar compounds will also be extracted 
together with EGCG when a polar solvent is used 
in the extraction (Watson, 2019).  

Besides, all phenolic compounds absorbed 
UV light in the 280 nm region. Therefore, it is 
difficult to quantify EGCG in complex samples 
containing various interfering compounds that can 
be co-eluted with EGCG (Nollet and Toldrá, 2013). 
Thus, HPLC coupled with mass spectrometry can 
be performed in future studies for a more accurate 
EGCG quantification. 

CONCLUSION 
This study generated informative and novel 

data on the extraction yield and EGCG content 
with regard to different fruit parts and different 
maturity level of MMT. Mature MMT had both 
higher extraction yield and EGCG concentration. 

This result can serve as the baseline data for 
further application in the food industry to develop 
a functional food ingredient. 
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