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INTRODUCTION

Nowadays, natural products become more and more
popular in many topics of scientific researches due to their
chemical composition, following with two main reasons:
applications as natural options for food ingredients and signifi-
cant influences on human health based on their antioxidant
characteristics [1-8]. Sugar apple seeds (Annona squamosa L.)
belongs to the Annonaceae family which cultivated mainly in
Malaysia, Laos, Thailand and Vietnam [9]. The previous phyto-
chemical investigations made on the plant have proved that
they possess a wide variety of compounds like acetogenins,
diterpenes, alkaloids, phenolics, flavonoids and lignans [10-12].
The previous study reports that various extracts of Annona
squamosa play an essential role in against Tribolium castaneum
(Herbst) and mosquito due to antimicrobial and larvicidal
activities [13,14].

Previous studies have demonstrated the function of the
aqueous leaf extract of Annona squamosa to ameliorate hyper-
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thyroidism [15]. In recent day, natural antioxidant agents have
receiving a great deal of scientific attention due to their ability
to scavenge free radicals [16]. In natural, there are three main
types of plant chemicals including alkaloids, terpenoids, and
phenolic metabolites [17]. Among these three groups, phenolic
compounds play a vital role in dietary applications and extensively
researched [18]. Mainly, phenolic compounds include flavo-
noids, polyphenols and phenolic acids, which protects fruits,
vegetables, plants from oxidative damage. Discovering new
and safe antioxidants from natural sources become a great
interest for applications in functional foods [19].

There are different techniques to obtain antioxidants from
plants including microwave-assisted extraction, Soxhlet extra-
ction, maceration and so on. Moreover, extraction yield depends
not only the extraction method but also the many other extract
conditions [20]. Aside from population studies, previous studies
have highlighted the function of extraction on leaves and seeds
of sugar apple. However, relatively little is explored about the
optimization of extraction of phenolic antioxidants from sugar



apple seeds. Thus, this study was aimed to investigate the effects
of solvents (distilled water, ethanol, and methanol), solvent
concentration (40, 60, 80 and 100%), extraction time (60, 120,
180 and 240 min), solid-to-solvent ratio (2.5/100, 5.0/100,
7.5/100 and 10 mg/100 mL) and extraction temperature (40,
50, 60 and 70 ºC) on the extraction of phenolic compounds
from sugar apple seeds using single factor experiment. The
results of the study will provide scientific data on the conditions
of the extraction of sugar apple seeds to obtain the highest
polyphenol and flavonoid content.

EXPERIMENTAL

Plant material: Annona squamosa L. seeds were colle-
cted from Duyen Hai district, Tra Vinh province, Vietnam in
January 2019. First, the seeds were removed. They then were
washed with water and kept on absorbent paper towels at room
temperature to dry to moisture contents of 10% and ground to
powder.

Extraction conditions: To evaluate the effects of extraction
conditions, Annona squamosa L. was extracted with 40 mL of
solvent at the appropriate extraction conditions of temperature,
time and solid to solvent ratio. Parameters such as the effects
of solvent nature (ethanol, methanol and water), solvent concen-
tration (40, 60, 80, and 100%), solid-to-solvent ratio (2.5/100,
5.0/100, 7.5/100 and 10 mg/100 mL), extraction temperature
(40, 50, 60 and 70 ºC ) and extraction time (60, 120, 180 and
240 min).

Total polyphenol content (TPC): Based on the method
of Pham et al. [21], total polyphenol content was determined.
First, an extract (0.5 mL) was pipetted into a test tube containing
2.5 mL Folin-Ciocalteu reagent 10% v/v. After 5 min, 2 mL
Na2CO3 20% (w/v) was added to the sample. Next, the mixture
was vigorously shaken and incubated for 30 min in the dark.
Finally, the absorbance was spectrophotometrically measured
at 765 nm and the results were shown in mg gallic acid equi-
valents per 100 gram of dried weight (mg GAE/100g DW).

Total flavonoid content (TFC): Based on the aluminum
chloride colorimetric method, the total flavonoid content was

determined [22]. Mixing 0.5 mL the extract with 0.1 mL 10%
AlCl3. Then, 0.1mL of 1M CH3COOK and 4.3 mL distilled
water was added and vigorously shaken. The absorbance was
spectrophotometrically measured at 415 nm and the results were
shown in mg quercetin equivalents per 100 g of dried weight
(mg QE/100g DW).

Statistical analyses: The data were analyzed by one-way
ANOVA followed by using Fisher′s Least Significant Difference
(LSD) test using Statgraphics Centurion XV Version 15.0. Differ-
ences were considered statistically significant at p < 0.05 for
all tests.

RESULTS AND DISCUSSION

The amounts of TPC and TFC in sugar apple seeds were
measured by referring to the calibration curves of gallic acid
(y = 0.017x + 0.0229, R2 = 0.9990) and quercetin (y = 0.0094x
- 0.0118, R2 = 0.9991), respectively.

Effect of solvent nature: Fig. 1 illustrates the effect of
the solvent nature on total polyphenol content and total flavo-
noid content of sugar apple seeds. All solvents can extract
phenolic compounds from sugar apple seeds. Ethanolic extract
showed the highest polyphenol and flavonoid contents with
values of 234.17 ± 9.25 mg GAE/100g DW and 189.15 ± 3.74
mgQE/100g DW, respectively, followed by methanol (232.01
± 8.40 mg GAE/100g DW and 183.90 ± 6.50 mgQE/100g DW)
and water extracts (113.89 ± 9.79 mg GAE/100g DW and 84.90
± 8.99 mgQE/100g DW). There was no significant difference
(p > 0.05) between the content of polyphenols and flavonoids
obtained in ethanol and methanol solution. Therefore, ethanol
was taken as the extraction solvent for the next studies.

Effect of solvent concentration: In this study, ethanol at
different concentrations was used as the extracting solvent.
Fig. 2 shows the effect of the solvent concentration (40, 60,
80 and 100%) on total polyphenol content and total flavonoid
content of sugar apple seeds. The highest TPC value was achieved
at solvent concentration of 80% (230.47 ± 4.03 mg GAE/100g
DW) and 100% (216.29 ± 6.30 GAE/100g DW), respectively.
The highest TFC value was achieved at solvent concentration
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Fig. 1. Effect of the solvent nature on total polyphenol content (a) and total flavonoid content (b) of sugar apple seeds
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of 80% (201.17 ± 3.25 mg QE/100g DW) and 100% (205.80
± 4.56 mg QE/100g DW), respectively. However, there is no
significant difference (p < 0.05) observed in both the solvent
concentration between 80% to 100%. Therefore, 80% of ethanol
concentration is an optimal factor for the next studies.

Effect of sample-to-solvent ratio: In many cases, a large
volume of solvent is also used for extraction and recuperation
of extracts, which can be a significant problem in terms of environ-
mental considerations. Fig. 3 demonstrated the effect of the
sample-to-solvent ratio on total polyphenol content and total
flavonoid content of sugar apple seeds. The optimal phenolic
compound extraction was obtained with a ratio of 5 mg/100
ml with 263.16 ± 6.56 mg GAE/100g DW for TPC and 211.04
± 6.67 mgQE/100g DW for TFC. Therefore, based on the graph
we choose the liquid/solid ratio of 5 mg/100 mL.

Effect of extraction temperature: In order to determine
the influence of temperature on the extraction efficiency of
sugar apple seeds, the extractions were taken between temper-
ature ranges of 40 and 70 ºC. The highest TPC and TFC value

was achieved at extraction temperatures of 60 ºC (328.24 ±
4.75 mg GAE/100g DW for TPC; 232.94 mg QE/100g DW
for TFC) and 70 ºC (328.85 ± 7.48 mg GAE/100g DW for TPC;
233.86 ± mg QE/100 DW for TFC), respectively (Fig. 4).
Previous studies [23] demonstrates that TPC increased at eleva-
ted temperature due to increased mass transfer and diffusion
rate. However, the over increasing the temperature may raising
possible concurrent decomposition of phenolic compounds.
Moreover, high temperature may promote solvent loss vapou-
rization. Thus, the optimal extraction temperature for sugar
apple seeds was of 60 ºC.

Effect of extraction contact time: Extraction time plays
an essential role in minimizing the cost and energy of the
extraction process. Fig. 5 shows effect of extraction time on
TPC and TFC of sugar apple seeds and the level of TPC and TFC
tends to decrease with prolonged extraction time. As shown
in Fig. 5, total polyphenol and flavonoid contents increased
from 60 to 120 min with the highest values of 356.92 ± 9.27
mgGAE/100g DW for TPC, 240.03 ± 6.16 mgQE/100g DW
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Fig. 2. Effect of the solvent concentration on total polyphenol content (a) and total flavonoid content (b) of sugar apple seeds
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Fig. 3. Effect of the sample-to-solvent ratio on total polyphenol content (a) and total flavonoid content (b) of sugar apple seeds
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Fig. 4. Effect of the extraction temperature on TPC (a) and TFC(b) of sugar apple seeds
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Fig. 5. Effect of the extraction time on total polyphenol content (a) and total flavonoid content (b) of sugar apple seeds

for TFC. After 120 min, the values fell significantly (p < 0.05).
Therefore, an extraction time of 60-240 min was selected.

Conclusion

In this study, the single factor experiments determined
for recognizing the optimum condition of each independent
variable influencing the total phenolic content and total flavonoid
content of sugar apple seeds (Annona squamosa L.), namely
solvent nature, solid-to-solvent ratio, the solvent concentration,
extraction time and temperature. Commonly, high extraction
yield was achieved using 80% aqueous ethanol as the solvent,
sample-to-solvent ratio 5g/100 mL, and the extraction yield
could further be improved using a prolonged time of 120 min
and a higher incubation temperature of 60 ºC. Under these
optimized conditions, the maximum experimental yield of total
phenolic content and the total flavonoid content was 356.92 ±
9.27 mgGAE/100g DW and 240.03 ± 6.16 mgQE/100g DW,
respectively.
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