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A B S T R A C T

In order to find new sources of natural antioxidants, total phenolic contents and antioxi-

dant capacities of 11 fruit seeds before and after in vitro digestion were evaluated by Folin–

Ciocalteu method, 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity assay (DPPH),

ferric reducing antioxidant power assay (FRAP), and ABTS•+ scavenging activity (ABTS) assay,

respectively. The correlations between DPPH, FRAP, ABTS values and total phenolic con-

tents were also evaluated. The results showed that 11 fruit seeds had diverse antioxidant

capacities and the variation was very large. Furthermore, the main compounds of 11 fruit

seeds were identified and quantified. Four fruit seeds, Dimocarpus longgana Lour, Vitis vin-

ifera Linn (red), Vitis vinifera Linn (black), and Litchi chinensis Sonn showed the strongest

antioxidant activities whether before or after digestion, which implied that these fruit seeds

are important natural sources for preventing oxidative stress diseases.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Free radicals are generated in our body during the normal
metabolic processes and during exposure to adverse patho-
physiological conditions (Van Langendonckt, Casanas-Roux, &
Donnez, 2002). Free radicals are unstable species; they can
induce cellular damage in several ways. The most deleterious

effects of free radicals are damage to DNA, which is associ-
ated with the process of carcinogenesis (Nagala, Yekula, &
Tamanam, 2013). Antioxidants have great importance in terms
of reducing oxidative stress, which could cause damage to bio-
logical molecules (Tepe, Sokmen, Akpulat, & Sokmen, 2005).
Although synthetic antioxidants such as tertiary butylated hy-
droxytoluene, butylated hydroxyanisole, gallic acid esters and
tertiary-butylhydroquinone have the potential to neutralise free

Abbreviations: FRAP, ferric reducing antioxidant power; DPPH, 2, 2-diphenyl-1-picrylhydrazyl; ABTS, 2, 2-azinobs-(3-ethylbenzothiazoline
-6-sulfonic acid); UPLC, Ultra performance liquid chromatography
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radicals, they have been criticised due to their possible toxic
effects and low solubility. Hence there is a need to discover new
potential natural sources of antioxidants (Parejo et al., 2002;
Piconi, Quagliaro, & Ceriello, 2003). Previous studies have in-
dicated that fruit, vegetable, cereal, barley, millet grains, wheat,
Brazil nut, macro-fungi and microalgae are rich in natural an-
tioxidants (Chandrasekara & Shahidi, 2010, 2011; Deng et al.,
2012; Guo et al., 2012; John & Shahidi, 2010; La Vecchia, Altieri,
& Tavani, 2001; Lako et al., 2007; Li et al., 2007; Liyana-Pathirana
& Shahidi, 2006a, 2006b; Liyanapathirana & Shahidi, 2004). The
best health and nutrition results can be achieved not only from
the consumption of vegetables, fruits and macro-fungi, but also
from plant and fruit seeds. Fruit seeds have not generally re-
ceived much attention as antioxidant sources, and this could
be due to their lack of popularity and lack of commercial ap-
plications (Soong & Barlow, 2004); thus, millions of tons of fruit
seeds were wasted every year. Previous studies have indi-
cated that fruit seeds are other important source of antioxidants
(Deng et al., 2012; Soong & Barlow, 2004); if they could be used
as source of natural antioxidants, it would be beneficial in im-
proving the complete utilisation of the seeds. Several studies
have shown that some fruit seeds possess more potent anti-
oxidant activity than common fruits and vegetables (Soong &
Barlow, 2004). Antioxidant compounds of the citrus (Bocco,
Cuvelier, Richard, & Berset, 1998), grape (Jayaprakasha, Singh,
& Sakariah, 2001), mango (Puravankara, Boghra, & Sharma,
2000), and lupin (Tsaliki, Lagouri, & Doxastakis, 1999) in the
seeds have been identified, and the antioxidants of some tropi-
cal and subtropical fruit seeds were also determined. Not too
many studies have investigated the antioxidant activity of fruit
seeds, especially those used in an in vitro digestion model. The
objectives of the present study were to determine the pheno-
lic contents and total antioxidant capacities of 11 selected fruit
seeds by an in vitro digestion model, to investigate the rela-
tionships between antioxidant activity and phenolic content
before and after the in vitro digestion, and to investigate the
relationships between the antioxidant activity assays before
and after the in vitro digestion. In addition, polyphenols in se-
lected fruit seeds were also identified and quantified by UPLC.

2. Materials and methods

2.1. Materials

Acetonitrile was HPLC grade and purchased from Merck
(Darmstadt, Germany). Formic acid was HPLC grade and pur-
chased from CNW Technologies GmbH. Gallic acid, (+)-catechin,
epicatechin, protocatechuic acid, caffeic acid, vanillic acid, ferulic
acid, p-coumaric acid, quercetin, isoquercitrin, rutin, quercitrin
and syringic acid were bought from Yanshengshiye CO., LTD
(Shanghai, China) and National Institutes for Food and Drug
Control of China. The 2,4,6-Tri(2-pyridyl)-S-triazine (TPTZ), 2,
2-diphenyl-1-picrylhydrazyl radical (DPPH•), porcine pepsin,
taurodeoxycholate, taurocholate, glycodeoxycholate and pan-
creatin were purchased from Aladdin Industrial Inc. The
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
(Trolox) and the Folin–Ciocalteu’s phenol reagent were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). All chemicals

used in the experiments were of analytical grade, and deionised
water was used.

2.2. Sample preparation

Eleven fruits were studied, namely Amygdalus persica Linn,
Annona squamosa L, Citrullus lanatus (Thunb.) Matsum and Nakai,
Dimocarpus longgana Lour, Durio zibethinus L, Eriobotrya japonica
(Thunb.) Lindl, Litchi chinensis Sonn, Prunus salicina Lindl, Prunus
salicina Lindl (san hua), Vitis vinifera Linn (red), and Vitis vin-
ifera Linn (black). The fruits were collected from the local
markets in Fo-shan, China. Fruit seeds were separated from
pulp and washed with deionised water. Then, the fruit seeds
were placed in an oven at 60 °C until dry. The dry seeds were
ground to a fine powder with a special grinder for herbal medi-
cine and passed through a 20-mesh sieve.The particle size was
0.8 mms. Fifty millilitres of 30% ethanol was added to 1.0 g of
the powder, and then samples were ultrasound for 15 min to
extract phenolic content at room temperature.The mixture was
centrifuged at 1540 g for 10 min to obtained free phenolic acids.
The supernatant containing free phenolic acids was recov-
ered for the evaluation of antioxidant capacity and total
phenolic content.

2.3. In vitro digestion procedure

The in vitro digestion model was carried out according to the
procedure described in the literature (Ryan, O Connell, O
Sullivan, Aherne, & O Brien, 2008). Samples were transferred
to clean amber bottles and mixed with saline to create a final
volume of 20 mL. The samples were acidified to pH 2.0 with
1 mL of a porcine pepsin preparation (0.04 g pepsin in 1 mL
0.1 mol/L HCl) and incubated at 37 °C in a shaking water bath
at 95 rpm for 1 h. After gastric digestion, the pH was in-
creased to 5.3 with 0.9 mol/L sodium bicarbonate, followed by
the addition of 200 µL of bile salts glycodeoxycholate (0.04 g
in 1 mL saline), taurodeoxycholate (0.025 g in 1 mL saline), tau-
rocholate (0.04 g in 1 mL saline) and 100 µL of pancreatin (0.04 g
in 500 µL saline). The pH of each sample was increased to 7.4
with 1 mol/L NaOH. Samples were incubated in a shaking water
bath (95 rpm) at 37 °C for 2 h to complete the intestinal phase
of the in vitro digestion process. After the intestinal phase, 2 mL
of each sample was extracted and stored at −20 °C; samples
were analysed within 2 weeks.

2.4. FRAP

The ferric reducing antioxidant power (FRAP) assay before and
after the gastric and duodenal phases of digestion was carried
out according to the procedure described in the literature
(Benzie & Strain, 1996). Briefly, the FRAP reagent was pre-
pared from 20 mmol/L iron(III) chloride solution, 10 mmol/L
TPTZ solution in 40 mmol/L HCl and 300 mmol/L sodium acetate
buffer (pH 3.6) in a volume ratio of 1:1:10, respectively. FRAP
reagent should be prepared fresh daily and warmed in a water
bath at 37 °C before use. Then 100 µL of the diluted sample was
added to 3 mL of the FRAP solution and the absorbance was
determined at 593 nm after 2 h using a Rui Li U9600 UV–vis
spectrophotometer (Beijing, China) (Ozgen, Reese, Tulio,
Scheerens, & Miller, 2006). Trolox was used as a reference
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