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A B S T R A C T

Longan pericarp proanthocyanidins (LPPs) were extracted and examined by structural and

bioactive analyses. By 1H and 13C NMR spectra, LPPs were identified for the first time con-

taining dominant catechin/epicatechin units with a mean degree of polymerisation of 3.3.

Consistent with this result, electron spray ionisation (ESI) mass spectra revealed that the

predominant LPPs were poly(epi)catechin with abundant A-type and B-type linkages. Matrix-

assisted laser desorption ionisation time of flight (MALDI-TOF) mass spectra of LPPs showed

dominant [M + Na]+ peaks that corresponded to procyanidin trimers–octamers. The pres-

ence of galloyl group in monomeric units of LPPs was confirmed by FT-IR, NMR, ESI and MALDI-

TOF mass spectrometry (MS). Moreover, LPPs had a strong antioxidant activity of 1.23 × 104 µmol

TE/g as measured by oxygen radical scavenging capacity (ORAC), and α-amylase inhibitory

activity with IC50 for uncompetitive α-amylase inhibition of 0.075 mg/mL. These results in-

dicate LPPs are promising antioxidant which could be applied as potential functional food

components.

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

Longan (Dimocarpus longan Lour.) is a tropical/subtropical fruit
belonging to Sapindaceae family and is broadly produced in
China, Thailand, India, and some other Southeast Asia coun-
tries (Yang, Jiang, Shi, Chen, & Ashraf, 2011). Longan fruit has
desirable flavour and is used as a widely accessible source of
tonic food. The edible portion of longan is semi-translucent to
white, whereas the leathery and indehiscent pericarp, which

accounts for approximately 15–20% of the whole fruit weight,
usually is discarded as an agricultural waste (Prasad et al., 2010;
Yang et al., 2011).

Longan pericarps are rich of bioactive compounds includ-
ing significant amounts of phenolic compounds and
polysaccharides, which can potentially be applied in chronic
disease prevention or as functional food components (Jaitrong,
Rattanapanone, & Manthey, 2006; Panyathep, Chewonarin,
Taneyhill, Surh, & Vinitketkumnuen, 2013; Prasad et al., 2009,
2010; Yang, Zhao, & Jiang, 2009). Proanthocyanidins, one of the
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most abundant type of natural phenolic compounds, possess
several bioactivities and occur in many fruits and vegetables
(Lei, Ren, Chen, Liu, & Ruan, 2014; Nagahama et al., 2014; Neto,
2007; Ou & Gu, 2014; Wangensteen et al., 2014; Zou et al., 2014).
For example, proanthocyanidins from cranberry were able to
prevent cancer, lower the risk of urinary tract infection and scav-
enge reactive oxygen species (ROS) (Neto, 2007). Apple
proanthocyanidins can improve the anti-carcinogenic attri-
butes of lysosomotropic compounds (Seiler et al., 2006). In
addition, proanthocyanidins from many plants have antioxi-
dant activities (Fu, Loo, Chia, & Huang, 2007; Huang, Ou,
Hampsch-Woodill, & Flanagan, 2002; Shao et al., 2004). Syn-
ergistic effect of different plant proanthocyanidins on
scavenging ROS has been reported (Shao et al., 2004). Besides
antioxidant activity, proanthocyanidins possess potentially posi-
tive effects on glycaemic control, as indicated by their strong
inhibitory capability on pancreatic α-amylase, thus
proanthocyanidins may be used for the long-term treatment
for type II diabetes mellitus (DM) (Hargrove, Greenspan, Hartle,
& Dowd, 2011; Wang, Liu, Song, & Huang, 2012).

Longan pericarps have also been reported to contain
proanthocyanidins (He et al., 2009). To the best of our knowl-
edge, the comprehensive information about structural profile
and bioactivity of longan pericarp proanthocyanidins (LPPs) is
not clear.The aim of the current study was to isolate LPPs from
longan pericarps and characterise their structures and bioac-
tivity. The structures were examined by ultraviolet/visible (UV/
vis) spectrophotometry, Fourier transform infrared spectroscopy
(FT-IR), nuclear magnetic resonance (NMR), electron spray
ionisation (ESI)–mass spectrometry (MS), and matrix-assisted
laser desorption/ionisation time of flight (MALDI-TOF)–MS. The
peroxyl radical scavenging capacity and α-amylase inhibi-
tion activity of LPPs were tested by oxygen radical absorbance
capacity (ORAC) assay and kinetic analysis, respectively.

2. Materials and Methods

2.1. Materials and reagents

Longan (cultivar “Si Chomphu”, cultivated in Thailand) was pur-
chased from a local market and transferred to the laboratory
within 2 h. The moisture content of longan pericarps was de-
termined by weighing the weight changes of a certain amount
of fresh pericarps using a moisture analyser. Proanthocyanidin
extracts of commercial grape seed (95% purity) were ob-
tained from Chengdu SanHerb Plant Extract Co. Ltd. (Chengdu,
Sichuan, China). All solvents used were of analytical grade
unless otherwise specified. SephadexTM LH-20 was purchased
from GE Healthcare Bio-Sciences AB (Uppsala, Sweden). The
compounds 2, 5-dihydroxybenzoic acid, 3, 5-dinitrosalicylic acid,
potassium sodium tartrate tetrahydrate, 2, 2′-azobis (2-
amidinopropane) dihydrochloride, fluorescein disodium salt,
α-amylase (EC 3.2.1.1) and Trolox were purchased from Sigma-
Aldrich Chemical Company (St. Louis, MO, USA).

2.2. Extraction and purification of LPPs

The overall extraction and purification flow diagram of LPPs
is shown in Figure 1A.The meshed longan pericarps were sieved

and the powder (2.0 kg) with particle size smaller than 600 µm
was soxhlet defatted three times, each time with 1200 mL
hexane. Subsequently, proanthocyanidin fractions were ex-
tracted from the residue by mixed solution of acetone/water
(7:3, v/v, three times, each time with 4000 mL) for 4 h, accord-
ing to a previous method (Fu et al., 2007). Then the mixture
was filtered and acetone in the filtrate was removed by a rotary
evaporator set at 40 °C. The extraction procedure was re-
peated two times and the produced water layer was pooled,
and centrifuged at 3000 g for 20 min. The supernatant was col-
lected and liquid–liquid extracted with chloromethane (two
times, each time with 500 mL) to remove lipophilic com-
pounds.The water phase was concentrated to about 60 mL and
filtered through a filter (45 µm porosity, Minisart) before loading
on a Sephadex LH-20 column (50 g Sephadex LH-20, equili-
brated with methanol/water (1:1, v/v) for 3 h). The column was
then washed with 1000 mL methanol/water (1:1, v/v) to remove
carbohydrates and other matters. The adsorbed LPPs were re-
covered by eluting with 500 mL 70% (v/v) aqueous acetone.
Acetone was removed using a rotary evaporator at 40 °C.

2.3. Structural analyses

The purified LPPs were characterised using UV/vis, FT-IR and 1H
and 13C NMR spectroscopy, ESI–mass spectrometry (MS), and
MALDI-TOF–MS. UV/vis spectra were recorded in the range from
200 to 700 nm, with a quartz cuvette (1 cm path length). FT-IR
spectra of the KBr samples of LPPs were scanned between 4000
and 400 cm−1 and then recorded in the transmission mode adopt-
ing a Spectrum One FTIR spectrometer (PerkinElmer, Waltham,
MA, USA). 1H and 13C NMR spectra were recorded in deuter-
ated methanol at 300 MHz for 1H and 75 MHz for 13C with a
Bruker AC300 spectrometer (Bruker BioSpin GmbH, Silberstreifen,
Rheinstetten, Germany) while chemical shifts were recorded on
a δ (ppm) scale. The ESI mass spectra were collected from a
Finnigan/MAT LCQ ion trap mass spectrometer (Thermo-
Finnigan, San Jose, CA, USA) with full-scan mass spectra from
m/z 50 to 2000, using a negative ion mode with a scan speed
of 1 s per scan. The heated capillary and voltage were kept at
250 °C and 4.5 kV, respectively. During the test, nitrogen was op-
erated at 20 psi for auxiliary gas flow rate and 80 psi for sheath
gas flow rate. MALDI-TOF mass spectra were obtained on a
Voyager-DE STR mass spectrometer (Applied Biosystems, Foster
City, CA, USA) equipped with delayed extraction and a N2 laser
set at 337 nm. The measurements were performed under the
conditions: 21 kV acceleration voltage in linear flight path, posi-
tive polarity, 100 pulses per spectrum and 3 ns for the length
of one laser pulse.The LPPs were dissolved in methanol for both
ESI–MS and MALDI-TOF–MS. Sodium chloride (0.1 M aqueous so-
lution) and 2, 5-dihydroxybenzoic acid (10 mg/mL) as matrix were
used to increase ion formation (Behrens, Maie, Knicker, &
Kögel-Knabner, 2003).

2.4. Antioxidant capacity analysis

Oxygen radical absorbance capacity (ORAC) assay was carried
out with a Synergy HT fluorescent microplate reader (Bio-tek
Instruments Inc., Winooski, VT, USA), according to Huang et al.
(2002). An excitation wavelength of 485 nm and an emission
wavelength of 530 nm were adopted and the ORAC data were
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expressed as micromoles of Trolox equivalents per gram (µmol
TE/g).

2.5. α-Amylase inhibition assay

The α-amylase inhibitory activities of LPPs were determined
by the method of Ranilla, Kwon, Apostolidis, and Shetty (2010)
with slight modification. LPPs were dissolved in 50% ethanol
to achieve a 5 mg/mL of sample solution which was further
diluted with 0.02 M sodium phosphate buffer to produce
working solutions of various concentrations. α-Amylase solu-
tion (0.25 mL, 0.075 mg/mL, dissolved in 0.02 M sodium
phosphate buffer, pH 6.9 with 6.7 mM NaCl) was mixed with
0.25 mL of sample solution of various concentrations. The
mixture was incubated at 37 °C for 10 min. After pre-incubation,

0.5 mL of 1% (w/w) starch solution in 0.02 M sodium phos-
phate buffer (pH 6.9 with 6.7 mM NaCl) was added, and the
mixture was incubated at 37 °C for 3 min. The reaction was
stopped by adding 1.0 mL of dinitrosalicylic acid colour reagent.
The test tubes were placed in a boiling water bath and incu-
bated for 8 min followed by cooling to room temperature.Then,
the reaction mixture was diluted with 10 mL distilled water,
and the absorbance was recorded at 540 nm. The absorbance
of sample blanks (buffer only) and a control (buffer in place
of sample extract) were measured as well. The α-amylase in-
hibitory activity was calculated according to the following
equation:

% %inhibition
A A A

A
= − −( ) ×1 2 3

1

100 (1)

Fig. 1 – Procedure flow chart and UV/vis as well as FT-IR spectra of longan pericarp proanthocyanidins (LPPs). (A) Flow chart
illustrating the procedures for extracting and purifying LPPs; (B) UV/vis spectrum of LPPs; C. FT-IR spectrum of LPPs.
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where A1 was the absorbance of control, A2 was the absor-
bance of sample and A3 was the absorbance of sample blanks.

The type of inhibition was determined by kinetics curve and
the Lineweaver–Burk plot (Hargrove et al., 2011).The α-amylase
solution (0.25 mL, 0.075 mg/mL, dissolved in 0.02 M PBS, pH 6.9
with 6.7 mM NaCl) was mixed with sample solution (0.25 mL,
0.025 mg/mL, dissolved in 0.02 M PBS, pH 6.9 with 6.7 mM NaCl),
and 0.5 mL of substrate solution at various concentrations. The
absorbance was then read at 540 nm.

2.6. Statistical analysis

All assays were performed in triplicate. The results were ex-
pressed as mean ± SD (standard deviation). Significance of
differences was determined using Duncan’s multiple range test
by SAS software (version 9.2, Cary, NC, USA). Comparisons that
yielded P < 0.05 were considered significant.

3. Results and discussion

3.1. UV/vis and FT-IR analysis of LPPs

The yield of LPPs was 538 mg from 2.0 kg of fresh longan peri-
carps, which accounts for 0.005% of total fresh fruit weight
(Table 1). The LPPs were freeze-dried for 3 days and the powder
(light brown) with particle size smaller than 250 µm was ob-
tained. The yield of dried LPPs corresponded to 70 mg
proanthocyanidins per 100 g dry pericarps and agreed with a
previous report (He et al., 2009). Here in the current study, the
LPPs were purified by chromatographic separation with
Sephadex-LH 20 column, a technique that had been success-
fully used for the purification of proanthocyanidins from
different plants (Chen et al., 2014; Fu et al., 2007; Wang et al.,
2012; Zhou, Lin, Wei, & Tam, 2011). UV/vis spectra proved that
pure proanthocyanidin fractions were eluted from chromato-
graphic column in the same way, since the purified LPPs showed
a catechin-like and symmetrical peak near 280 nm (Fig. 1B),
which is a typical characteristic of proanthocyanidins (Chen
et al., 2014; Zhou et al., 2011). The peak at 280 nm for LPPs was
consistent with proanthocyanidins from Pinus radiata bark
though minor differences were found in low wavelength regions
(Ku & Mun, 2007).

In FTIR spectrum of LPPs, peaks at 3397, 1718, 1611, 1521,
1447, 1209, 1100, 1063, 781 and 764 cm−1 were clearly ob-
served (Fig. 1C). More specifically, the band at 3397 cm−1 was
corresponding to —OH stretch vibration in the phenolic struc-
ture of LPPs. Band at 1718 cm−1 may be due to the stretching
vibration of C=O, suggesting that the presence of galloyl group
(Ku & Mun, 2007; Yazaki & Hillis 1977). Bands at 1521 and
1447 cm−1 were assigned to the aromatic structure of LPPs. Peaks
at 1521 and 781 cm–1 were generally attributed to the aro-
matic ring breathing manner. The band at 1447 cm−1

corresponded to —CH deformation while aromatic ring
vibration appeared at 1209 cm−1. When identifying
proanthocyanidins, it is helpful to further explore bioactivi-
ties and structure–bioactivity relationship to know the subclass
of proanthocyanidins. The proanthocyanidins consisting ex-
clusively of (epi)catechin are designated as procyanidin
(PC). While prodelphinidin (PD) is another subclass of
proanthocyanidins, which contains (epi)gallocatechin as sub-
units. Bands at 764 and 730 cm−1 were attributed to CH out-
of-plane conformations in PC and PD, respectively. The strong
absorption bands were 3397, 1611, 1521 and 1209 cm−1, which
may be caused by the representative functional groups of LPPs
(Ku & Mun, 2007; Xu, Zou, Yang, Yao, & Li, 2012; Yazaki & Hillis,
1977), indicating the main presence of procyanidin (PC) struc-
ture (Foo, 1981; Ku & Mun, 2007; Yazaki & Hillis, 1977). Because
band at 764 cm−1 was much stronger than band at 730 cm−1,
thus LPPs contained mainly PC but small amount of PD units
(Ku & Mun, 2007).

3.2. NMR analysis of LPPs

1H NMR spectrum of LPPs is shown in Fig. 2. It presents B-ring
proton signals (H-2′, 5′ and 6′) at 6.5–7.8 ppm and A-ring proton
signals (H–6 and 8) at 5.8 and 6.5 ppm together with the H4
signals in the terminal units at 2.4–3.0 ppm. The mean degree
of polymerisation (mDP) of LPPs was obtained by calculating
the integrated value of the A-ring proton signals and the in-
tensity of the H4 signals based on Equation (2) (Guyot, Le
Guerneve, Marnet, & Drilleau, 1999). As a result, the mDP of
the LPPs was 3.3, suggesting LPPs were oligomeric
proanthocyanidins which possessed higher absorption rate than
polymers with higher mDP (Ou & Gu, 2014).

m
H H signal area

H signal area
DP = × − + −( )

−( )
−2

6 8
4

1 (2)

Since 13C NMR spectrum was able to elucidate the large
amount of structural information including the monomeric
units, the stereochemistry of the heterocyclic ring (C2=C3), and
the type of interflavan linkage according to reports from dif-
ferent research groups (Chen et al., 2014; Czochanska, Foo,
Newman, & Porter, 1980; Ku & Mun, 2007; Wang et al., 2012),
LPPs were next examined by 13C NMR. Figure 3 shows the 13C
NMR spectrum of the LPPs in methanol-d4. The characteristic
13C peaks in LPPs were corresponding to a dominant amount
of PC oligomers while no peaks of non-proanthocyanidin im-
purity were observed. Thus, the purity of the LPPs was also
confirmed by 13C NMR spectrum, which indicated the absence
of non-proanthocyanidin impurity (Fig. 3). As regards the sub-
class of proanthocyanidins, a minor amount of PDs was also

Table 1 – ORAC values and IC50 for α-amylase inhibition
of proanthocyanidins.

LPs LPPs cGSPs

Percent of fruit weight (%) 16.8 ± 0.3 0.005 –
Moisture content (%) 61.5 ± 2.6 0 –
Yield (%) – 0.07 –
mDP – 3.3 –
IC50 for α-amylase

inhibition (mg/ml)
– 0.075 ± 0.003 –

ORAC value
(×104 µmol TE/g)

– 1.23 ± 0.02 1.01 ± 0.09

LPs, longan pericarps; LPPs, longan pericarp proanthocyanidins; cGSPs,
commercial grape seed proanthocyanidins; mDP, mean degree of
polymerisation; yield, dry matter against longan pericarps; ORAC,
oxygen radical absorbance capacity.
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present besides dominant PCs. The C4′ peak of PDs was ob-
served at 131 ppm, overlapping with the chemical shifts of C1′
(PC). These data suggest LPPs contained a dominant amount
of PC units as well as a minor amount of PDs and are consis-
tent with the result of FT-IR spectrum for LPPs.

13C NMR spectrum also provided the structural diversity of
the linkage (A and B types) and stereoisomer of monomeric
units of PCs and PDs. In particular, C5, C7, C4′ and C8a carbons
of PC emerged at 160–150 ppm. There were peaks at 145.3 and
145.5 ppm, corresponding to C3′ and C4′ of PC units, respec-
tively (Czochanska et al., 1980). The clusters of peaks between
110 and 90 ppm were assigned to C8 and C6 of PC, C6′ (PD) and
C2′ (PD). Furthermore, the ratio of the 2, 3-cis to 2, 3-trans isomers
could be measured through the distinct differences in their re-
spective C2 chemical shifts by detecting the region between
70 and 90 ppm which was sensitive to the stereochemistry of
the C-ring (Czochanska et al., 1980; Fu et al., 2007). For both
cis and trans isomers, C3 occurred at 71.4 ppm while C2 showed
a resonance at 75.3 ppm and 79 ppm for the cis form and the
trans form, respectively. From the peak areas for C2, it was con-
cluded that the ratio of trans isomers was approximately equal
to that of cis isomers in LPPs.

The C4s of the extension units exhibited an extensive
peak at 36 ppm while the terminal C4 showed multiple lines
at 29 and 27 ppm. The presence of galloyl group, which is re-
vealed by FT-IR spectrum of LPPs, was confirmed by the signal
of C3″, C4″ and C5″ appearing at 131 ppm together with car-
bonyl carbon peaks occurring above 165 ppm. The presence of
signals at 151–152 ppm owing to C5 and C7 of the A-ring in-
dicated that there were some A-type linkages. This indication
was supported by the additional bond observed at 104.7 ppm
which suggested the chemical shift of the ketal carbon (C2).
Overall, the results discussed earlier are consistent with pre-
vious reports (Czochanska et al., 1980; Fu, Wang, Ng, Song, &
Huang, 2013).

3.3. ESI and MALDI-TOF–mass spectra of LPPs

Although the information from 13C NMR spectrum suggests LPPs
contain a complex typical structure of proanthocyanidins, it
could not provide the quantitative data related to the struc-
tural proanthocyanidins profile as determined by ESI or MALDI-
TOF–mass spectrometry (MS).Thus, ESI–MS analysis was carried
out to further characterise LPPs.

Figure 4A shows the ESI–MS spectrum of the LPPs re-
corded in the negative ion mode. According to the peak signals,
a first series of abundant ions separated by 288 Da were ob-
served from m/z 577 to 1905, which corresponded to the
molecular masses of LPPs with DP 2–6, suggesting that the
dominant species were oligomeric PCs.This observation agreed
well with the data obtained from 1H and 13C NMR spectra. Peak
at m/z 432 could be caused by the fragmentation of
propelargonidin dimer (m/z 559) after heterocyclic ring fission
(HRF) (Gu et al., 2003). A 1, 3, 5-trihydroxybenzene (molecular
weight of 126 Da) structure in A-ring of the extension unit
maybe present according to the loss of 126 Da (i.e. 559–432) in
the HRF pathway. For LPPs, A-type PC trimer (m/z 863) was the
most abundant followed by B-type PC trimer (m/z 865) and
dimmer (m/z 577) although other less intense signals were also
observed in the higher m/z values. When there is an A-type
interflavan linkage between adjacent flavan-3-ol subunits, two
hydrogen atoms (Δ2 amu) are lost to format this (4β-8, 2β-O-
7) interflavan bond. ESI–MS spectrum of LPPs shows several
A-type proanthocyanidins such as trimer (m/z 863) and hexamer
(m/z 1905) that were two units less than B-type trimeric and
hexameric PCs. PC dimer gallate (m/z 729) and PD hexamer
gallate (m/z 1905) appeared with less abundant signals, which
is consistent with the NMR results. Interestingly, the peak at
m/z 1009 had 144 mass units more than trimer ion (m/z 865)
and lower than tetramer (m/z 1153), which might be due to the
doubly charged species of heptameric PCs.

Fig. 2 – 1H NMR spectrum of longan pericarp proanthocyanidins (LPPs) (room temperature, 300 MHz, solvent, CD3OD).
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Because the detection range imposed by the quadruple
analyser in the ESI–MS was from 50 to 2000 Da, the interpre-
tation and quantification of the signals for higher molecular
weight proanthocyanidins need stronger tools. Additionally, by
ESI–MS method, it is difficult to show the separately charged
ions of higher DP proanthocyanidins with a good accuracy
(Rodrigues et al., 2007).

To solve these issues, MALDI-TOF–MS was applied. MALDI-
TOF–MS is a complementary spectroscopic method which could
precisely detect high mass molecules because of the limited
production of multiple charged ions. Figure 4B shows the
MALDI-TOF–mass spectra of the LPPs recorded as sodium
adducts in the positive reflectron ion mode. The periodic oc-
currence of peak series with distances of 288 Da represented
LPPs with different chain lengths; this is consistent with the
13C NMR and ESI–MS spectra.To analyse MALDI-TOF–MS spectra
for obtaining the profile of LPPs, an expression of
290 + 288a + 152b + 16c − 2d + 23 was formulated according to
the monomeric units and the type of interflavan linkage, where
290 represented the molecular mass of the terminal catechin/
epicatechin unit, a was the DP contributed by the extending

catechin/epicatechin unit, b was the number of the galloyl
group, c was the number of additional hydroxyl group in
prodelphenidins, and d was the number of A-type interflavan
bond while 23 was the mass of sodium. For example, the peaks
at m/z 887 are (epi)catechin trimer with an A-type linkage
(887 = 290 + 288*2 − 2*1 + 23). Therefore, these peaks at m/z 887,
1175, 1463, 1751, 2039 and 2327 were attributed to trimeric, te-
trameric, pentameric, hexameric, heptameric and octameric
PCs with one A-type linkage, respectively. B-type procyanidins
trimer, tetramer and pentamer were also observed at m/z 889,
1177, and 1465, respectively. In addition, there were clear
mass signals that were 152 Da higher than homoprocyanidins,
2(G) at m/z 1039 to 4(G) at m/z 1615, suggesting the addition
of a galloyl group at the heterocyclic C-ring. Therefore, these
data clearly revealed in LPPs pure PC polymers and polymer
gallates with different ratios of A-type linkage and B-type
linkage co-existed. However, consistent with ESI–mass spectra,
A-type PC trimer (m/z 863 and 887 in ESI and MALDI-TOF–
mass spectra, respectively) was the most abundant molecule.
No obvious proanthocyanidin signal after m/z 2300 was ob-
served, indicating that LPPs were almost composed of oligomeric

Fig. 3 – 13C NMR spectrum of longan pericarp proanthocyanidins (LPPs) (room temperature, 75 MHz, solvent, CD3OD). Upper,
13C NMR spectrum; below, typical structures of proanthocyanidins.
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Fig. 4 – ESI and MALDI-TOF mass spectra of longan pericarp proanthocyanidins (LPPs). (A) ESI–MS recorded in the negative
ion mode; (B) MALDI-TOF–MS recorded in the [M + Na]+ mode.
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proanthocyanidins. This finding is consistent with many
proanthocyanidins from other tropical plants (Fu et al., 2007,
2013). ESI and MALDI-TOF–mass spectra clearly showed that
A type PC trimer and B-type PC dimer and trimer were the
major individual proanthocyanidins. The ratio of individual
proanthocyanidins can be approximately calculated accord-
ing to the peak height of the oligomeric proanthocyanidins in
the MALDI-TOF–mass spectra (Fig. 4B) (Krueger, Reed, Feliciano,
& Howell, 2013; Yang & Chien, 2000). The yield of dried LPPs
was 70 mg per 100 g dry pericarps. Therefore, the contents of
A type PC trimer, B-type PC trimer and dimer, and other
proanthocyanidins were 33, 13, 9, 15 mg/100 g dry pericarps,
respectively.

3.4. Antioxidant activities of LPPs

The antioxidant capacity of LPPs was tested by ORAC assay and
compared to the commercial proanthocyanidins extracted from
grape seed (cGSPs) in order to reveal their potential commer-
cial value. Compared to a Trolox standard, the antioxidant
curves of LPPs and cGSPs showed a dose dependent response
with a clear lag phase (data not shown). The net area under
the kinetic curve changed linearly with concentration of
proanthocyanidins. Table 1 shows the ORAC value of LPPs
(1.23 × 104 µmol TE/g), which was higher than cGSPs, suggest-
ing LPPs had a potential to be a candidate resembling
commercial antioxidant proanthocyanidins. This suggestion
was further supported by the report that the ORAC value of
commercial pine bark proanthocyanidins being 0.75 µmol
TE/g was much lower than that of LPPs (Fu et al., 2007). There-
fore, LPPs are a promising alternative for the commercially
available proanthocyanidins such as cGSPs and pine bark
proanthocyanidins.

3.5. Inhibitory activities of LPPs against α-amylase

Since LPPs possess both A-type and B-type PCs, they may have
positive effects on glycaemic control. To be sure whether this
is true, inhibitory activities of LPPs against α-amylase were in-
vestigated. As shown in Fig. 5A, an obvious increase in
α-amylase inhibitory activity was observed when concentra-
tions of LPPs increased from 0.025 to 0.5 mg/mL.The percentage
inhibition of LPPs was found to be 85.79% at the concentra-
tion of 0.5 mg/mL.The IC50 value of LPPs against α-amylase was
0.075 ± 0.003 mg/mL (Table 1). These results demonstrated a
dose-dependent manner for LPPs against α-amylase and sug-
gested LPPs possessed a strong α-amylase inhibitory activity.
Kusano et al. (2011) also demonstrated that acacia bark PCs
can effectively inhibit α-amylase and reported an IC50 value of
0.068 mg/mL. Similar results were found in the unripe chiku
proanthocyanidins, sorghum bicolor bran proanthocyanidins
and peanut seed skin proanthocyanidins (Hargrove et al., 2011;
Tsujita, Shintani, & Sato, 2014; Wang et al., 2012).

α-Amylase inhibition included reversible or irreversible types
depending on specific binding modes and characteristics
between enzymes and inhibitors. Figure 5B shows the inhibi-
tion kinetics curve of pancreatic α-amylase against LPPs.
Compared with the curve in the absence of LPPs (y = 5.5848x,
R2 = 0.9953), the curve with LPPs had a smaller slope (y = 4.4357x,
R2 = 0.9948) and passed through the original spot post the

addition of LPPs. Because kinetics curve of α-amylase activity
by reversible inhibitors showed a straight line starting from the
original spot (Yu et al., 2013), therefore, the inhibition type of
LPPs against α-amylase was reversible (Hargrove et al., 2011;
Kandra, Zajacz, Remenyik, & Gyemant, 2005).To investigate the
inhibition mode of the LPPs against pancreatic α-amylase,
Lineweaver–Burk plots were generated based on the data gen-
erated from enzyme assays (Fig. 5C). When the concentration
of LPPs increased, both the slope (s) and the vertical axis in-
tercept (i) increased. Therefore, based on the double-reciprocal

Fig. 5 – Inhibitory activities of longan pericarp
proanthocyanidins (LPPs) against α-amylase. (A)
Relationship between inhibition ratio and concentration of
LPPs; (B) inhibitory kinetics curves of LPPs against
α-amylase; (C) Lineweaver–Burk plot for the mode of
inhibition of α-amylase by LPPs.
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plots of enzyme kinetics (Hargrove et al., 2011), LPPs inhib-
ited α-amylase in uncompetitive mode.

Longan or longan extracts such as LPPs possess health-
benefits arising from their components and properties such as
antioxidant and α-amylase inhibitory activities. In the current
study, the abundance of proanthocyanidins was 26.9 mg/
100 g fresh longan pericarps. Though the abundance of LPPs
was lower than that of blueberries and whole grains, it was
comparable to that of raspberries and greater than many fruits
like kiwis, mangoes, avocados and vegetables, indicating the
potential commercial value of this fruit byproduct (Gu et al.,
2004). LPPs are pretty easy to be processed into powder that
can be used as one functional food ingredient. It will be prom-
ising to mix longan or LPPs with common staple foods such
as wheat flour and rice to slow the starch digestion. Recently,
sorghum proanthocyanidins were encapsulated in kafirin
microparticles and used as a nutraceutical to successfully inhibit
both α-amylase and α-glucosidase during digestion (Links,
Taylor, Kruger, & Taylor, 2015), which provided an example for
LPPs application.Though the detailed amount needed for having
enough significant inhibition on amylase in order to affect
physiologically is not clear, the rich abundance of LPPs in ad-
dition to corilagin and bioactive polysaccharides that co-
existed in longan pericarps suggest that longan pericarps may
act as functional food ingredients (Jaitrong et al., 2006; Lei et al.,
2014; Prasad et al., 2009; Yang et al., 2009).

The challenges for utilising longan or longan extracts as
functional food ingredients are improving their solubility in sol-
vents and sensory properties since polysaccharides in longan
pericarps are difficult to dissolve in ethanol while
proanthocyanidins and other polyphenols have poor water-
solubility. A mixed solution of water and ethanol at proper ratio
can help to overcome this challenge when extracting the func-
tional molecules out of longan. For the sensory properties,
further tests should be performed.

4. Conclusions

LPPs extracted from longan pericarps and purified by a
Sephadex LH-20 column had a final yield of 0.07% based on
dry basis. The purity, structure and bioactivity of LPPs were in-
vestigated. By UV/vis, FT-IR, 1H and 13C NMR spectra, LPPs
oligomers were mainly composed of procyanidin units [cat-
echin and epicatechin] with a mean degree of polymerisation
of 3.3. In addition, the ratio of trans isomers was approxi-
mately equal to that of cis isomers in LPPs. These results were
further confirmed by ESI–MS and MALDI-TOF–MS spectra, which
showed the presence of predominant PC oligomers and a small
amount oligomer gallates containing one galloyl group.The suc-
cessive units in LPPs were coupled each other with abundant
both A-type and B-type linkages. Besides, LPPs showed a strong
antioxidant activity which is comparable to cGSP products with
an ORAC value of 1.23 × 104 µmol TE/g. Moreover, LPPs also in-
hibited α-amylase in a dose dependent manner under a
reversible uncompetitive mode and had an IC50 of 0.075 mg/
mL, indicating that LPPs possess potentially positive effects on
glycaemic control. Overall, these results indicate LPPs mainly
consisting of catechin/epicatechin oligomers and are promis-
ing to be developed as a functional food component.
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