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Abstract The optimal extraction of bioactive compounds
from longan fruit pulp using Pectinex® Ultra SP-L pectinase
hydrolysis of the fruit homogenate was evaluated. The highest
degree of hydrolysis (DH), as determined by the amount of
reducing sugars released from the longan pulp, was obtained
at a pectinase concentration of 2.5 % (v/w) (257
polygalacturonase units/g fruit) for 4 h. The level of bioactive
compounds obtained from the pectinase-treated longan pulp
increased with increasing DH to a maximum at the highest
DH (21 %) obtained, with an antioxidant activity of
0.083 EC50 μg fresh mass (FM)/μg diphenyl-(2,4,6-
trinitrophenyl)iminoazanium and 92.7 μM Trolox
equivalent/g FM, respectively. The total phenolic and flavo-
noid contents in the 21 % DH extract were 196.0 mg gallic
acid equivalents/g FM and 19.6 mg catechin equivalents/g
FM, respectively. The 21 % DH longan extract showed an
enhanced (3.6- to 4.0-fold) inhibition of lipid peroxidation of
oil compared to the untreated (0 % DH) extract. In addition,
the 21 % DH longan extract had the highest soluble dietary
fiber content, which was related to the decreased particle size
of 345 μM, and displayed enhanced prebiotic activity scores
of 1.69 and 1.44 for Lactobacillus acidophilus La5 and
Bifidabacterium lactis Bb12, respectively. Most of the 33
detected volatile compounds differed in their relative propor-
tions after enzymic extraction (15 increased, 15 decreased
with three showing no significant change) with the 0 % and
21 % DH hydrolysates exhibiting 25 and 22 different volatile

compounds, respectively, with 11 and eight unique com-
pounds between them, respectively.
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Introduction

Bioactive compounds synthesized by plants (phytochemicals)
have the potential to be used by humans for a variety of
applications. Essential and non-essential bioactive com-
pounds are present in a vast range of foods (such as fruits,
vegetables and grains) and are consumed as part of the human
diet. The dietary inclusion or supplementation with non-
essential bioactive compounds, including coumarins, flavo-
noids, lignans, phenolic acids, tannins, terpenoids and xan-
thones, has been linked to promoting optimal health and
reducing the risk of some chronic diseases, such as cancer,
coronary heart disease, stroke and Alzheimer’s disease that are
directly related to oxidative stress (Denny and Buttriss 2007;
Biesalski et al. 2009; Iriti and Faoro 2009; Zuchi et al. 2010;
Zhou and Raffoul 2012). Accordingly, there is a growing
interest in these phytochemical compounds in food due to
their potential health- or food-protecting capacity, such as
through strong antioxidant and antiproliferative activity or
xenohormone activity, (Chu et al. 2002; Sun et al. 2002).

Natural bioactive compounds include a broad diversity of
structures and functionalities that theoretically provide a di-
verse pool of molecules for the production of nutraceuticals,
functional foods, and food additives (Shahidi 2009; Ayala-
Zavala et al. 2010). One approach to directing searches for
likely useful bioactive compounds, either as highly active but
scarce or less active but relatively common constituents, is to
use existing folklore medicinal applications and screen the
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plant parts traditionally used for medical ailments or
longevity.

Longan (Dimocarpus longan Lour.) from the family
Sapindaceae is a famous subtropical fruit in Southeast Asia,
especially in China, Vietnam and Thailand. It has been used in
traditional Chinese medicines for health benefits for more than
a century, such as to promote blood metabolism, increase
immunity, relieve insomnia, and to improve learning and
memory enhancement (Yang et al. 2008; Park et al. 2010).
Polysaccharides extracted from longan pulp with medium and
low dose ultrasonication have been reported to exhibit excel-
lent immunomodulatory properties and an antitumor effect in
the S180 tumor mice model (Zhong et al. 2010). High
pressure-assisted extraction of the polyphenol-rich longan
pericarp exhibited strong dose-dependent antioxidant activi-
ties, such as inhibiting linoleic acid oxidation and having free-
radical scavenging activity against diphenyl-(2,4,6-
trinitrophenyl)iminoazanium (DPPH) radicals, superoxide an-
ion and hydroxyl radicals (Prasad et al. 2010). The water
extract of longan seeds demonstrated a tyrosinase inhibitor
activity that could be developed for use in pharmaceutical,
food and cosmetic products (Rangkadilok et al. 2007). Thus,
some of the beneficial effect and dietary antioxidants of lon-
gan seem to come from its non-essential bioactive com-
pounds, such as polysaccharides, phenolic acids, and
flavonoids.

Whilst some non-essential bioactive are found at high
concentrations in plants, such as polyphenols, others can only
be found at very low levels. Moreover, they are typically
synthesized in specialized cell types and only during a partic-
ular growth stage or specific season/conditions, making their
extraction and purification quite difficult. Therefore, given
that their structural diversity and complexity that make chem-
ical synthesis unprofitable, massive harvesting is required to
obtain sufficient quantities. Thus, optimization of the extrac-
tion of bioactive compounds is an essential logisitic and
economic requirement.

Many extraction techniques, such as hot water or other
less-polar solvent extractions, and improvements to this, such
as ultra-high pressure, ultrasonic and microwave-assisted ex-
traction (Rangkadilok et al. 2007; Pan et al. 2008; Prasad et al.
2010; Zhong et al. 2010; Reddy and Urooj 2013) have been
widely used to extract bioactive compounds from plants, but
are not without problems. Solvent extraction has a low pro-
cessing cost and ease of operation but uses toxic solvents,
requires an evaporation/concentration step for recovery, calls
for large amounts of solvent, a long processing time and gives
a low yield (Yang et al. 2011). Moreover, thermal degradation
of the desired products can occurr. Improvement by other
methods, such as soxhlet, ultrasound, or microwave extraction
can give better yields (Szentmihalyi et al. 2002) does not
circumvent the requirement to remove the solvent from the
product (especially if the product is to be used in food

applications), the environmental cost of the solvents, and the
laborious extraction conditions (Starmans and Nijhuis 1996;
Li et al. 2006; Miron et al. 2010). Likewise, although pressur-
ized liquid extraction, which uses a high temperature (50–
200 °C) and pressure (1,450–2,175 psi), provides a rapid
extraction rate of compounds with less solvents, it does not
circumvent that the solvent must still be removed (unless
generally recognized as safe solvents were used), that the
compounds must be thermally stabile, and it requires a high
energy input and prior knowledge of the compounds to match
the polarity of the solvent to that of the compound(s) (Dunford
et al. 2010; Miron et al. 2010; Plaza et al. 2010; Ajila et al.
2011). Indeed, thermal stability of the desired bioactive com-
pound limits the application of the more environmental friend-
ly subcritical and supercritical fluid extraction.

Plant cell walls and some internal structures contain poly-
saccharides, such as cellulose, hemicellulose and pectins,
which act as barriers to the release of intracellular substances.
Moreover, many bioactive compounds bind to these compo-
nents. Some enzymes, such as cellulase, β-glucosidase,
xylanase, β-gluconase and pectinase, can depolymerize these
polysaccharides and degrade the cell wall structure, facilitat-
ing the release of linked compounds (Moore et al. 2006; Chen
et al. 2010). Hence, these enzymes have been used to optimize
the extraction of compounds from the plant matrix (Kim et al.
2005; Wilkins et al. 2007; Wang et al. 2010). For example,
flavonoids and phenolic compounds interact with the cell wall
cellulose, hemicellulose, and pectin (Kim et al. 2005; Fu et al.
2008), and can be released by cell wall-hydrolyzing enzymes,
such as β-glycosidase that breaks the β-1,4 glucosidic link-
ages in glucosides (flavonoids in conjunction with glucose)
(Yang et al. 2010) and xylanases, β-gluconases and cellulases
that hydrolyze the ester-linked phenolic acids (Moore et al.
2006).

Enzyme-based extraction can function under mild process-
ing conditions in aqueous solutions (Gardossi et al. 2009), and
the degradation or disruption of the cell walls and membranes
typically leads to a more efficient extraction of bioactive
components (Pinelo et al. 2006), including polysaccharides,
oils, natural pigments, flavors and medicinal compounds
(Barzana et al. 2002; Wu et al. 2007; Passos et al. 2009;
Sowbhagya and Chitra 2010; Yang et al. 2010). Recent studies
on enzyme-assisted extraction have shown faster extraction,
higher recovery, reduced solvent usage and lower energy
consumption when compared to non-enzymatic methods
(e.g. Barzana et al. 2002; Yang et al. 2010; Dehghan-Shoar
et al. 2011). For example, the enzyme-aided extraction of
lycopene from tomato tissues using cellulases and pectinases
under optimized conditions resulted in an over two-fold
higher lycopene yield (Choudhari and Ananthanarayan 2007).

With respect to tropical fruits, that are of interest due to
their medicinal application and typically low levels of ligno-
celluloses, simple enzyme-assisted extraction has been shown
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to be one of the more effective techniques that can enhance the
extraction of antioxidant activity, soluble dietary fiber (SDF)
and volatile compounds from tropical fruits (Charoensiddhi
and Anprung 2010; Wuttisit and Anprung 2011; Anprung and
Sangthawan 2012).

This research used Pectinex® Ultra SP-L, a commer-
cial pectinase, for the enzyme-assisted extraction to
enhance the yields of extracted bioactive compounds
from longan fruits. The effect of the degree of hydro-
lysis (DH) on the level of antioxidant activity, total
SDF, prebiotic activity score, particle size, volatile com-
pound composition and lipid peroxidation inhibition
levels were evaluated and then compared with that from
longan extracts without enzyme treatment (0 % DH).
The pectinase-mediated biological extraction is some-
what similar to the natural ripening of fruit and is easy
to perform. The application of pectinase-assisted extrac-
tion helps to release bioactive compounds from plant
cell walls because the pectinase-mediated hydrolysis of
the pectin glycosidic bonds leads to the release of
smaller bioactive or prebiotic polysaccharides and the
bound bioactive components so gives a higher extrac-
tion yield (Karunasawat and Anprung 2010).

Materials and methods

Materials

Mature longan fruits, Dimocarpus longan Lour. Cv. Edor,
were purchased from Jatujak market (Bangkok, Thailand).
Pectinex® Ultra SP-L, a commercial enzyme, with a stated
enzyme activity of 10,292 polygalacturonase units (PGU)/
mL, was purchased from Novozyme Co. (Bagsvacrd DK-
2880, Denmark). All other chemicals and reagents used were
of analytical grade and were purchased from Sigma Chemical
Co., Ltd. (St. Louis, Mo, USA) or Sigma Aldrich Co., Ltd.
(Steinheim, Germany).

Methods

Longan pulp preparation Longan fruit pulp was homoge-
nized in a blender for 3 min and then, to inhibit the browning
reaction, was steam blanched until the center reached 85 °C
and held for 5 min before being rapidly cooled and stored at
4 °C in the dark condition until used.

Enzymatic hydrolysis Homogenized longan fruit pulp was
treated by the commercial Pectinex® Ultra SP-L pectinase at
0, 0.5, 1, 1.5, 2 and 2.5 % (v/w) (equivalent to 51.5, 103, 154,
203 and 257 PGU/g fresh mass (FM)) at 32 °C for 0, 1, 2, 3, 4
and 5 h. The reaction was then stopped by boiling at 100 °C
for 5 min. The released reducing sugar concentration was

analyzed using the Nelson-Somogyi method (Somogyi
1952; Nelson 1944) and the DHwas determined using Eq. (1),

DH %ð Þ ¼ reducing sugar produced mgð Þ
total dietary fiber mgð Þ � 100: ð1Þ

Determination of antioxidant activity Samples were prepared
by the modified method of Velioglu et al. (1998). The free
radical-scavenging activity of longan extract was measured
using the DPPH assay according to the method of
Maisuthisakul et al. (2007). The antioxidant activity, as a
percentage of the scavenging activity on the DPPH radical,
was evaluated from Eq. (2);

DPPH radical−scavenging activity %ð Þ ¼ A0− A1−Asð Þ½ �
A0

� 100; ð2Þ

Where A1 and As are the absorbance (measured at 517 nm)
for the diluted sample with and without DPPH, respectively,
and A0 is that for the DPPH solution without longan extract
(control). The percentage of DPPH radical-scavenging activ-
ity was plotted against the longan extract concentration (μg/
mL) to determine the EC50, the amount of extract necessary to
decrease the DPPH radical concentration by 50 %.

The ferric reducing antioxidant power (FRAP) assay was
performed as reported (Anprung and Sangthawan 2012). The
standard curve was linear between 82 and 625μmTrolox. The
results are expressed in μm Trolox equivalent (TE)/g FM.

Determinat ion of to ta l phenol ic and f lavonoid
compounds The total level of phenolics in each longan extract
was determined using the Folin-Ciocalteu reagent according
to method of Waterhouse (2005) and measuring the absor-
bance at 756 nm. The standard curve was linear between 50
and 500 ng gallic acid equivalent (GAE)/mL. The results are
expressed as mg GAE/g FM.

The total flavonoid content in each longan extract was
evaluated by the method of Zhishen et al. (1999), measuring
the absorbance at 510 nm. Measurements were calibrated to a
catechin standard curve (20–100 ng/mL). The results are
expressed as mg catechin equivalent (CE)/g FM.

Determination of the dietary fiber level The total dietary fiber
(TDF), SDF and insoluble dietary fiber (IDF) levels in each
longan extract were analyzed according to standard AOAC
methods (AOAC 1995). The results are expressed as g/100 g
FM.

Determination of prebiotic activity The prebiotic activity as-
say was performed as reported (Anprung and Sangthawan
2012). Lactobacillus acidophilus La5 and Bifidobacterium
lactis Bb12 (Christian Hansen, Denmark) were used as the
representative probiotic cultures (P), while Escherichia coli
(ATCC 25922) (Culture Collection Unit, Chulalongkorn

J Food Sci Technol (September 2014) 51(9):1947–1955 1949



hospital, Thailand) was used as the representative enteric
species (E). Inulin, a commercial prebiotic, was used as the
reference standard for comparison. Each assay was performed
in triplicate, measuring the number of viable colony forming
units (CFU)/mL before (P0 and E0) and after (P24 and E24)
incubation for 24 h on 1 % (w/v) glucose (PG and EG), 1 %
(w/v) of the test longan hydrolysate or 10 mg/mL inulin as the
prebiotic (Px and Ex) as reported (Anprung and Sangthawan
2012). The prebiotic activity score was then determined using
Eq. (3),

Prebiotic activity ¼ Log P24x −Log P0x
� �.

Log P24G −log P0G
� �h i

− Log E24
x −Log E0

x

� �.
Log E24

G −log E0
G

� �h i
:

ð3Þ

Volatile compound analysis Solid-phase microextraction
(SPME), as reported by Chen et al. (2006), was used to isolate
the volatile compounds from longan fruits and analyzed by
gas chromatography–mass spectrometry (GC-MS) using an
Agilent 6890 GC equipped with an Agilent 5973 mass-
selective detector (Agilent Technologies). The HP-Innowax
column dimension were 0.25 mm×30m×0.25 μm film thick-
ness. The carrier gas was Helium which had flow rate of
13.7 ml/min. The column temperature program was isother-
mal for 10 min at 50 °C, rised to 240 °C for 10 min with the
rate of 15 °C/min. The injection port temperature is 200 °C
while the detector port temperature is 250 °C. Eletron impact
mass spectra were recorded at 70 eV. Em voltage was
1576.5 V. The scan range was 10–300 amu. The volatile
identification was obtained by matching the mass spectra
(quality match >80 %) against the system library (Wiley 7).

Particle size measurement Particle size was evaluated using a
Mastersizer 2000 analyzer (Malvern) with a refractive index
of the hydrolysate of 1.353, a laser obscuration of 5.17±
0.13%, pump speed of 2,500 rpm, absorption of 0 and sample
dispersant in distilled water (Worrasinchai et al. 2006). The

results are reported as volume weighted mean d[4,3] (μm).
Each analyzed sample was replicated four times.

Determination of lipid peroxidation Each hydrolysate was
screened for the ability to inhibit lipid peroxidation of soybean
oil, olive oil and lard using the modified thiobarbituric acid
reactive substances (TBARS) assay (Cruz et al. 2000). The
standard curve was obtained using malondialdehyde-bis-
diethyl-acetal, whilst 1 mg/mL butylated hydroxytoluene
(BHT), a synthetic antioxidant agent, was used as a compar-
ative standard. The results are expressed as mg
malondialdehyde (MDA)/g FM.

Statistical analysis SPSS version 19 software was used for the
statistical analyses. The results are shown as the mean ± 1
standard deviation (SD), derived from three replications. The
significance between different means was tested for using
one-way analysis of variance (ANOVA) and Duncan’s new
multiple range test (DMRT), with significance accepted at the
p≤0.05 level.

Results and discussion

Enzyme hydrolysis Increasing the pectinase concentration
(0.5–3.0 % (v/w); 51–257 PGU/g FM) and hydrolysis time
(0.5–5 h) both significantly increased the level of released
reducing sugar level, and so the DH, up to 2.5 % (v/w)
pectinase and a 4 h reaction time (Fig. 1). Further increasing
either the enzyme concentration or the reaction time had no
significant effect upon the DH obtained (maximal at 21 %
DH). The increased reducing sugar level represents the hydro-
lysis of the glycosidic bonds in the longan pulp. From the
reducing sugar yield (% DH) over time with 2.5 % (v/w) of
pectinase (Fig. 1), a DH of longan pulp of 9, 13, 17 and 21 %
was obtained after 1, 2, 3 and 4 h digestion, respectively, and
these hydrolysates were selected, along with the 0 % DH (no

Fig. 1 Changes in the reducing
sugar content during enzyme
hydrolysis. Data are shown as the
mean ± 1 SD and are derived from
three independent repeats
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enzyme treatment) hydrolysate, to screen for bioactive
compounds.

Antioxidant activity The 0, 9, 13, 17 and 21 % DH longan
hydrolysates were screened for antioxidant activity using the
DPPH and FRAP assays, with the results summarized in
Table 1. Longan extract with a 21 % DH exhibited the highest
level of antioxidant activity, with EC50 values of 0.083 μg
FM/μg DPPH and 92.7 μM TE/g FM. These results agree
with a previous study on the DPPH antioxidant activity of
Thai bael fruit pulps (Aegle marmelos (L.) Corr. Serr.), where
extracts with a higher DH had a higher antioxidant activity
(Charoensiddhi and Anprung 2010). This presumably reflects
the release of bound antioxidants from the plant cell walls as
the protopectin is hydrolyzed by pectinase (Cinar 2005;
Puupponen-Pimia et al. 2008). Therefore, pectinase-assisted
extraction of plant homogenates can improve the extraction
efficiency of bioactive compounds and give higher yields
(Wang et al. 2011).

Total phenolic and flavonoid contents Longan fruit is known
to be relatively abundant in polyphenolic compounds, such as
corilagin, gallic acid and ellagic acid (Rangkadilok et al.
2005). The total phenolic and flavonoid contents in the longan
fruit hydrolysates increased in a dose-dependent manner with
an increasing DH, reaching a total phenolic and flavonoid
content of 196.0 mg GAE/g FM and 19.6 mg CE/g FM,
respectively, in the 21 % DH hydrolysate (Table 1). This
was 1.75- and 3.1-fold higher, respectively, than in the un-
treated (0 % DH) hydrolysate (Table 1). In accord, the total
phenolic and flavonoid contents in cantaloupe hydrolysates
were reported to be higher in the enzyme treated samples than
in the non-treated ones (Wuttisit and Anprung 2011).

Determination of dietary fiber levels The TDF, SDF and IDF
levels in the 0 % and 21%DH longan hydrolysates are shown
in Table 2. Pectinase treatment to a 21 % DH increased the
SDF level by 0.176 g/100 g (2.6-fold) and correspondingly

decreased the IDF by 0.161 g/100 g (1.61-fold) with no
significant change in the TDF level. This is because the
pectinase breaks down pectin in the longan pulp by cleaving
the α-1,4- glycosidic bonds between galacturonic acid mole-
cules forming smaller more soluble pectins and carbohydrates
(Karunasawat and Anprung 2010), and so increases the SDF
level whilst concomitantly decreasing the IDF level. The SDF
level of the 21%DH longan hydrolysate found here was 1.43-
fold higher than that reported in the pectinase-treated bael fruit
hydrolysate (Charoensiddhi and Anprung 2010), reflecting
the greater TDF content of longan fruits.

Prebiotic activity score The prebiotic activity scores for
L. acidophilus La5 and B. lactis Bb12 were significantly
higher (56.3- and 5.76-fold, respectively) in the 21 % DH
hydrolysate than the corresponding values for the untreated
(0 % DH) hydrolysate (Fig. 2). Indeed, the 21 % DH longan
hydrolysate had a 1.4-fold higher prebiotic score than inulin
for L. acidophilus and was only slightly (1.17-fold) lower than
that for inulin for B. lactis. Thus, the 21 % DH longan fruit
hydrolysate has a good potential as a prebiotic, especially for
L. acidophilus La5. The pectinase hydrolyzes pectin to
galacturonic acid and pectic oligosaccharides that have prebi-
otic potential (GullÓn et al. 2013). Furthermore, the hydroly-
sis of pectin also enhances the release of bound bioactive

Table 1 Bioactive compounds and antioxidant capacity of longan pulp with different degrees of hydrolysis (DH)

Longan fruit hydrolysate with a DH of:

0 % 9 % 13 % 17 % 21 %

Antioxidant activity:

DPPH (EC50 μg FM1/ng DPPH) 254a±22 184b±4 153c±4 126d±2 83e±1

FRAP (μM TE2/g FM1) 38.3e±1.8 49.5d±0.0 63.1c±1.8 73.0b±1.8 92.7a±1.8

Total phenolic (mg GAE3/g FM1) 111.7e±0.1 126.3d±0.1 156.6c±0.3 181.2b±0.1 196.0a±0.2

Total flavonoid (mg CE4/g FM1) 6.32e±0.10 9.89d±0.16 11.1c±0.3 15.3b±0.2 19.6a±0.2

Data are shown as the mean ± 1 SD, and are derived from three independent repeats. Means in the same row with a different letter are significantly
different (p≤0.05; ns non-significant; ANOVA and DMRT)
1FM fresh mass, 2 TETrolox equivalents, 3GAE gallic acid equivalents, 4CE catechin equivalents

Table 2 Total dietary fiber (TDF), soluble dietary fiber (SDF) and
insoluble dietary fiber (IDF) of longan pulp hydrolysates without (0 %
DH) or with (21 % DH) pectinase treatment

Dietary fiber (g/100 g) 0 % DH 21 % DH

TDF 0.575ns±0.01 0.571ns±0.00

SDF 0.110b±0.00 0.286a±0.01

IDF 0.460a±0.00 0.286b±0.01

Data are shown as the mean ± 1 SD, and are derived from three indepen-
dent repeats. Means in the same row with a different letter are signifi-
cantly different (p≤0.05; ns non-significant; ANOVA; DMRT)
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compounds from the cell wall, and these can affect a higher
growth of the probiotic bacterial strain, as seen here (Table 3).
The 21 % DH longan hydrolysate showed a higher prebiotic
value and bacterial growth level for L. acidophilus and
B. lactis than that previously reported for the enzymatically
extracted mangosteen aril hydrolysate (Anprung and
Sangthawan 2012). This presumably reflects the different
pharmaceutical properties of longan, and highlights the poten-
tial medical importance and interest in this fruit.

Volatile compounds In total, 33 volatile compounds were
identified from within the 0 % and 21 % DH longan fruit
hydrolysates after enrichment and characterization by
SPME/GC/MS analysis (Table 4). Of these, β-ocimene, eth-
anol, acetaldehyde, ethyl acetate, and (E)-2,6-dimethyl-
1,3,5,7-octatetraene were the main volatile compounds (in
decreasing order) in the 21 % DH hydrolysate and the same
top three compounds were also the most common in the 0 %
DH hydrolysate. In both the 0 % and 21 % DH hydrolysates,
β-ocimene had by far the highest content, followed by etha-
nol, with much lower levels of the others. In some but not total
accord, it was reported that the major volatile compounds in

longan were ethanol, ethyl acetate and cis-ocimene
(Susawaengsup et al. 2005). β-Ocimene is reported to have
a flowery, sweet scent (Chang et al. 1998) or a herbal, weak
floral scent (Jirovetz et al. 2002).

The enzyme hydrolysis of pectin is somewhat similar to the
natural fruit ripening in response to ethylenewhere an increase
in the activity of cell wall hydrolyzing enzymes, such as
pectinases and pectinesterases, is noted (Chourasia et al.
2006). The volatile profiles of Alphonso mango fruit were
observed to significantly change upon exogenous ethylene
treatment (Chidley et al. 2013), whilst after enzyme hydroly-
sis, free and glycosidically-bound volatile compounds were
both found to change. This is because they were easily re-
leased from the cell wall, leading to changes in the proportion
of volatile compounds, and was also caused by the subsequent
isomerization of some of the volatile compounds via oxidation
(Chyau et al. 2003; Moreira et al. 2010). Here, compared to
the 0 % DH hydrolysate, the 21 % DH longan hydrolysate
showed 15 and 15 compounds with a reduced and increased
proportion, respectively, whilst 11 and eight volatiles were
unique to the 0 % and 21 % DH hydrolysates, respectively. Of
these proportional changes in the volatile composition, a
significantly reduced proportion of β-ocimene and (E)-2,6-
dimethyl-1,3,5,7-octatetraene (1.2-fold, respectively) were
noted after enzyme treatment, whilst conversely, acetaldehyde
and ethanol were both increased (1.5- and 1.4-fold, respec-
tively). Longan also has other volatile compounds which
occurred after hydrolysis, such as ethyl acetate, which is
described as being of a fruity and pineapple flavor (Chen
et al. 2006; Guillot et al. 2006), eugenol, which is described
as having a herbal scent (Ashurst 1995), and limonene, which
is mostly found in oranges, grapes and lemons (Sawamura
et al. 1991).

Particle size The average particle sizes of the longan pulp was
decreased 2.26-fold by the pectinase treatment, from 781±
2.7 μm in the 0 %DH hydrolysate to 345±2.7 μm in the 21%
DH hydrolysate, which was significantly smaller (p<0.05;
DMRT). The particles from the 21 % DH hydrolysate were,
however, within the average particle sizes seen in some com-
mercial concentrated fruit essences of 86±3.1 to 395±1.0 μm

Fig. 2 Prebiotic activity score of bacterial cultures grown in MRS
supplemented with 1 % (v/w) of the untreated (0 % DH) or pectinase
treated (21 % DH) longan fruit hydrolysates in comparison to that with
10 mg/mL of inulin. Data are shown as the mean ± 1 SD and are derived
from three independent repeats

Table 3 Cell density after 0 and 24 h culture in MRS/TSAwith various prebiotics

Bacterial culture Cell density (log10 [CFU/mL])

Glucose Inulin 0 % DH longan hydrolysate 21 % DH longan hydrolysate
(10 mg/mL) (10 mg/mL) (1 % (v/w)) (1 % (v/w))

L. acidophilusLa5 8.79c±0.01 8.87b±0.01 7.42d±0.02 9.02a±0.06

B. lactisBb12 10.10c±0.06 10.33a±0.06 9.53d±0.06 10.26b±0.01

E. coliATCC 29922 9.96a±0.06 8.91c±0.06 9.25b±0.06 8.85d±0.06

Data are shown as the mean ± 1 SD, and are derived from three independent repeats. Means in the same row with a different letter are significantly
different (p≤0.05; ns non-significant; ANOVA; DMRT)
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that require a longer and more energy-utilizing manufacturing
process than this pectinase treatment. The decreased particle
size between the 0 and 21 % DH hydrolysates simply reflects
the hydrolyzed pectin glycosidic bonds leading to increased
TSF contents and less intermolecular interactions and so a
smaller particle size (Karunasawat and Anprung 2010). The
smaller particle size can further aid digestion and so might
make it quicker or easier to absorb the bioactive compounds.

Lipid peroxidation Using the TBARS assay, the 21 % DH
longan hydrolysate was found to be able to reduce the lipid
peroxidation of lard, soybean oil and olive oil better than the
non-enzyme treatment (Fig. 3). That is the 0 % DH hydroly-
sate decreased the lipid peroxidation of soya oil, lard and olive
oil by 1.3-, 1.18- and 1.15-fold, respectively, compared to the
MDA control, whilst that for the 21 % DH hydrolysate was
2.19-, 1.90- and 2.1-fold lower than MDA, respectively.
However, even the 21 % DH longan hydrolysate was still far
less effective than BHT. The inhibition of lipid peroxidation is
associated with the total phenolic and flavonoid contents
(Thitilertdecha et al. 2010; Wu et al. 2013), which act as
antioxidants, and in accord the 21 % DH longan hydrolysate
had the highest levels of phenolics and flavonoids (Table 1).

Conclusion

The pectinase-assisted extraction of longan fruit pulp signifi-
cantly increased the level of antioxidant activity, total pheno-
lics, total flavonoids, SDF, prebiotic activity score and lipid
peroxidation inhibition. These were all increased in a DH-
dependent manner, being highest with the highest DH (21 %)
of the hydrolysate. The optimal 21 % DH hydrolysate degrad-
ed pectin into short molecules leading to the release of the
highest amount of phenolics and flavonoids from both the
cytoplasm and the structural polysaccharides in plant cell wall,
which are linked to the antioxidant capacity and lipid perox-
idation inhibition. Changes in the proportion of volatile com-
pounds, including those associated with food-associated hu-
man olfactory responses, were also detected, and are likely to
reflect both changes in volatilization and oxidation. β-
Ocimene was the major volatile compound in both the treated

Table 4 Volatile compounds in the untreated (0 % DH) and pectinase
treated (21 % DH) longan pulp hydrolysate

Peak Compound name (%)area

0 %
DH

21 %
DH

RIs

1 Acetaldehyde 4.39 6.78 714

2 Ethyl acetate ND 2.42 807

3 Ethanol 20.16 28.50 857

4 Butanoic acid ethyl ester 0.73 ND 1,022

5 2-butenal ND 0.27 1,040

6 (E)-2-butenal 0.31 ND 1,041

7 DL-limonene ND 0.50 1,194

8 α-ocimene 1.92 1.25 1,245

9 β-ocimene 60.34 49.72 1,270

10 3-hydroxy-2-butanone ND 0.47 1,295

11 Alloocimene 0.50 ND 1,378

12 Ethyl octanoate 0.87 ND 1,427

13 (E)-2,6-dimethyl-1,3,5,7-octatetraene 2.31 2.00 1,460

14 Ethyl sorbate 0.17 ND 1,478

15 2-ethyl-1-hexanol ND 0.53 1,492

16 Ethyl 3-hydroxybutyrate 0.85 1.25 1,524

17 Linalool 0.73 0.92 1,554

18 Ethyl E-2-octenoate 0.31 ND 1,585

19 Nonylcyclopropane 0.17 ND 1,621

20 Ethyl benzoate 1.83 0.82 1,675

21 alpha-caryophyllene 0.18 ND 1,680

22 2,6-octadienoic acid, 3,7-dimethyl-,
methyl ester

0.34 ND 1,698

23 2,6-dimethyl-6-(4-methyl-3-
pentenyl)bicyclo[3.1.1]hept-2-ene

0.21 0.26 1,712

24 E,E-alpha-farnesene 0.55 0.72 1,725

25 Methyl salicylate 0.25 ND 1.782

26 Dodecanoic acid, ethyl ester 0.71 0.85 1,822

27 Carbamodithioic acid, diethyl-,
methyl ester

0.18 0.40 1,956

28 Ethyl tetradecanoate 0.36 0.46 2,029

29 Methyl 2-methoxybenzoate ND 0.33 2,114

30 Eugenol ND 0.63 2,215

31 Hexadecanoic acid, ethyl ester 0.19 0.21 2,229

32 Phenol, 2,4-bis(l,l-dimethylethyl)- 1.45 ND 2,243

33 Benzophenone ND 0.70 2,545

ND not detected

RIs retention indices

Fig. 3 Thiobarbituric acid (TBARS) formation in the three different lipid
sources in the presence of 1 % (w/v) longan pulp hydrolysate without
(0 % DH) or with (21 % DH) pectinase treatment compared to that with
1 mg/mL BHT or no addition (control). The 0 % DH hydrolysate
contained 111.7 mg GAE/g FM and 6.32 mg CE/g FM, whilst the
21 % DH hydrolysate contained 196.0 mg GAE/g FM and 19.6 mg
CE/g FM. Data are shown as the mean ± 1 SD and are derived from
three independent repeats
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(21 % DH) and non-treated (0 % DH) longan hydrolysates.
Also the 21 % DH longan hydrolysates exhibited a good
prebiotic potential on L. acidophilus La5 and increased the
SDF and decreased the average particle size to 345 μm, which
is within the range of available concentrated fruit essences.
Therefore, subject to the caveats of the commercial and tech-
nical limitations of industrial scale processing of (i) the en-
zyme cost and the (ii) difficulty in scaling up enzyme-assisted
extractions due to the different environmental conditions,
pectinase-treated longan fruit extract can be developed and
applied as concentrated fruit essences or as a food additive for
added nutritional value and shelf-life extension.
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