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Summary

The optimal extraction of bioactive compounds from lychee fruits using commercial
Pectinex® Ultra SP-L pectinase hydrolysis of the fruit pulp homogenate was evaluated. The
lychee fruit pulp was treated with the pectinase at volume per mass ratios between 0.5
and 2.5 % for 0.5–5 h. The degree of hydrolysis (DH), monitored as the level of released re-
ducing sugar, increased with the increase of enzyme volume per mass ratio and time up to
2 % and 4 h, respectively, to give a maximum DH of 19 %. The antioxidant activity in
lychee pulp hydrolysates increased with increasing DH, with the highest DH of 19 % di-
splaying an EC50 of 0.25 �g of fresh mass (FM) per �g of diphenyl-(2,4,6-trinitrophenyl)-
iminoazanium and 53.17 �M of Trolox equivalents per g of FM. The lychee hydrolysate
with the DH of 19 % had the highest level of total phenolic acids (165.8 mg of gallic acid
equivalents per 100 g of FM) and flavonoids (70.8 mg of catechin equivalents per 100 g of
FM), and the highest prebiotic activity score of 1.68 and 0.82 of Bifidobacterium lactis Bb12
and Lactobacillus acidophilus La5, respectively. In accordance with the level of phenolic acids
and flavonoids, the lychee hydrolysate with the DH of 19 % revealed a reasonably good
level (72–77 %) of lipid peroxidation inhibition in soya bean, lard and olive oil. The lychee
hydrolysate with the DH of 19 % increased the number of detected volatile compounds to
37, with 11 new compounds that were not found in the lychee hydrolysate with the DH of
0 %. Moreover, the particle size and insoluble fibre level were reduced with a concomitant
increase in the soluble fibre level.
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Introduction

Lychee (Litchi chinensis Sonn.) is a subtropical to
tropical fruit of the Sapindaceae family, native to South-
east Asia. Lychee fruits contain antioxidant compounds,
such as phenolic acids and flavonoids, in the pericarp,
seeds and flowers (1–5). In general, phenolic acids and
flavonoids exhibit powerful antioxidant activities (6)
that inhibit key enzymes in mitochondrial respiration,
offer protection against coronary heart diseases, and
have anti-inflammatory, antitumour and antimicrobial
activities (7–9).

Whilst some bioactive compounds, such as polyphe-
nols, are found at high concentrations in plants, others
are only found at very low levels and may only be synthe-
sized in specialized cell types or during particular growth
stages or under specific conditions. This makes their ex-
traction and purification quite difficult. Many extraction
techniques, such as hot water or other less polar solvent
extractions, ultrahigh pressure, ultrasonic and micro-
wave-assisted extractions (10-13) have been widely used
to extract bioactive compounds from plants. Plant cell
walls and some internal structures contain polysaccha-
rides, such as cellulose, hemicellulose and pectins, which
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act as barriers to the release of intracellular substances.
Moreover, many bioactive compounds bind to these com-
ponents and pectinases can depolymerize these polysac-
charides and degrade the cell wall structure, facilitating
the release of linked compounds (14,15).

This study evaluates the use of pectinase-based en-
zyme-assisted extraction to increase the yield of extract-
ed bioactive compounds. The effect of the degree of hy-
drolysis (DH) on the level of soluble dietary fibre (SDF),
volatiles, prebiotic activity, and inhibitory activity of lipid
peroxidation of the lychee fruit pulp hydrolysates was
also monitored.

Materials and Methods

Preparation of materials

Mature (ripe) lychee fruits (Litchi chinensis Sonn. cv.
Jukkapat) were obtained from a local market in Bang-
kok, Thailand. They were peeled and the seed was re-
moved to leave the pulp which was then homogenized
in a blender. To inhibit the enzymatic browning reaction,
the crude homogenate was blanched at 85 °C for 1 min
and then cooled rapidly to and kept at 4 °C until use.
The commercial pectinase Pectinex® Ultra SP-L was pur-
chased from Novozymes Co., Ltd. (Bagsværd, Denmark).
All other chemicals and solvents used in the experiment
were of analytical grade and were purchased from Sigma
Chemicals Co., Ltd. (St. Louis, MO, USA) or Sigma-Al-
drich Co., Ltd. (Steinheim, Germany).

Enzymatic hydrolysis of lychee pulp

The lychee pulp homogenate was treated with Pecti-
nex® Ultra SP-L (enzymatic activity of 10 292 polygalac-
turonase units (PGU) per mL at the controlled reaction

temperature of (30�2) °C) at six different ratios (0, 0.5, 1,
1.5, 2 and 2.5 %, by volume per mass) at various times
(0, 1, 2, 3, 4 and 5 h). The hydrolysis reaction was then

stopped by heating at (100�5) °C for 5 min. The DH of
each obtained lychee hydrolysate was determined from
the amount of reducing sugar (as glucose equivalents)
using the Nelson-Somogyi method (16,17), as follows:

DH=
m(reducing sugar)/mg

(total dietaryfibre)/mgm







 ⋅100 /1/

Determination of the antioxidant activity

Samples were prepared according to the modified
method of Velioglu et al. (18). Lychee pulp was ground
and extracted with 95 % ethanol in the dark at 25 °C for
4.5 h. The free radical-scavenging activity of each lychee
hydrolysate was measured using the DPPH assay ac-
cording to the method of Maisuthisakul et al. (19). The
antioxidant activity, as a percentage of the scavenging
activity on the DPPH radical, was evaluated using the
following equation:

DPPH radical-scavenging activity=

=
[ ]A A A
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0

100
− −
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where A1 and As are the absorbance (measured at 517
nm) of the diluted sample with and without DPPH, re-

spectively, and A0 is that of the DPPH solution without
any lychee hydrolysate (control) and methanol as the
blank. The percentage of DPPH radical-scavenging ac-
tivity was calculated and plotted against the sample ex-

tract concentration (�g/mL) to determine the amount of
the extract capable of decreasing the DPPH radical frac-
tion by 50 % (EC50).

The ferric reducing antioxidant power (FRAP) assay
was performed on each lychee hydrolysate as reported
previously (20) with some modifications. Briefly, the

fruit extracts (50 �L) were allowed to react with 950 �L
of the FRAP solution for 4 min in the dark. The standard

curve was linear between 82 and 625 �M of Trolox. The

results were expressed in �M of Trolox equivalents (TE)
per g of fresh mass (FM).

Determination of the total phenolic and flavonoid
contents

Samples were prepared in the same way as for the
determination of antioxidation activity. Total phenolic con-
tent was determined by the Folin-Ciocalteu assay (21).
Gallic acid (50–500 mg/L) was used for calibration of
the standard curve. The results were expressed in mg of
gallic acid equivalents (GAE) per 100 g of FM.

Total flavonoid content was measured by alumini-
um chloride colourimetric assay (22). Measurements were
calibrated to a standard curve of prepared catechin solu-
tion (20–100 mg/L). The results were expressed in mg of
catechin equivalents (CE) per 100 g of FM.

Determination of the dietary fibre content

The total dietary fibre (TDF), soluble dietary fibre
(SDF), and insoluble dietary fibre (IDF) contents were
analyzed according to the standard AOAC method (23),
and the results were expressed in g per 100 g of FM.

Determination of the prebiotic activity

Lactobacillus acidophilus La5 and Bifidobacterium lactis
Bb12 (Christian Hansen, Hørsholm, Denmark) were used
as the representative probiotic cultures (P), while Esche-
richia coli (ATCC 25922) (Culture Collection Unit, King
Chulalongkorn Memorial Hospital, Bangkok, Thailand)
was used as the representative enteric species (E). Inulin,
a commercial prebiotic, was used as the reference stan-
dard for comparison. Each assay was performed in trip-
licate, measuring the number of viable colony forming
units (CFU) per mL before (P0 and E0) and after (P24 and
E24) incubation for 24 h on 1 % (by mass per volume)
glucose (PG and EG), 1 % (by mass per volume) test ly-
chee hydrolysate or 1 % (by mass per volume) inulin as
the prebiotic (Px and Ex) as reported previously (20). The
prebiotic activity score (PA) was then determined using
the following equation:

PA=[(logPX
24 –logPX

0)/(logPG
24 –logPG

0)]–

–[(logEX
24 –logEX

0 )/(logEG
24 –logEG

0 )]
/3/

Analysis of volatile compounds

Volatile compounds were isolated using solid-phase
microextraction (SPME) as reported previously (24). Com-
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pounds were identified by matching the mass spectra (qual-
ity match >80 %) against the mass spectral library (25).

Particle size measurement

Particle size was measured using a Mastersizer 2000
analyzer (Malvern Instruments Ltd, Malvern, UK) as re-
ported earlier (26). The results are reported as volume

weighted mean, D[4,3] (�m). Each analyzed sample was
replicated four times.

Determination of the inhibition of lipid peroxidation
activity

Each lychee hydrolysate was screened for the ability
to inhibit the lipid peroxidation of soya bean, lard and
olive oil using the modified thiobarbituric acid reactive
substances (TBARS) assay (27) with some modifications.
Briefly, 0.1 mL of ferrous sulphate and 0.1 mL of ascorbic
acid were added to 1 mL of the sample or butylated hy-
droxatoluene (BHT) with oil (vegetable oil, olive oil and
lard). Test samples were incubated at 37 °C for 45 min
with continuous shaking. The reaction was stopped and
TBARS were analyzed using 1 mL of 0.5 % thiobarbi-
turic acid (TBA) in 20 % trichloroacetic acid (TCA). The
products used in the samples were added to the blank.
After agitation, the samples were incubated at 100 °C for
15 min and then centrifuged at 1000×g for 15 min at 4
°C. The amount of produced TBARS was measured as
the spectrophotometric absorbance of the supernatant at
593 nm. The standard curve was obtained using malon-
dialdehyde-bis-diethyl-acetate, whilst 1 mg/mL of BHT
was used as a comparative standard. The results were
expressed in mg of malondialdehyde (MDA) per g of FM.

Statistical analysis

Statistical analyses were performed using the SPSS

v. 19 software. Results are shown as the mean values�
standard deviation (S.D.). The significance between dif-

ferent means was tested using one-way analysis of vari-
ance (ANOVA) and Duncan’s new multiple range test

(DMRT), with significance accepted at p£0.05 level.

Results and Discussion

The effect of enzyme hydrolysis

The level of released reducing sugar and DH signifi-
cantly increased with the increase of pectinase ratio from
0.5 up to 2.5 % (by volume per mass) and hydrolysis
time from 0.5 up to 4 h (Fig. 1). Further increase in ei-
ther the enzyme concentration (to 2.5 %) or the reaction
time (to 5 h) had no significant effect on the obtained
DH (maximum at DH of 19 %). The increased reducing
sugar level represented the hydrolysis of the glycosidic
bonds in the lychee hydrolysate. With pectinase at 2.0 %
(by volume per mass), the DH of lychee pulp of 6, 11, 14
and 19 % were obtained after 1, 2, 3 and 4 h of diges-
tion, respectively (Fig. 1), and these hydrolysates were
selected, along with the hydrolysate with the DH of 0 %
(no enzyme treatment), to screen for bioactive compounds.

Antioxidant activity

The DH of 0, 6, 11, 14 and 19 % of lychee hydroly-
sates were screened for antioxidant activity using the
DPPH and FRAP assays, with the results summarized in
Table 1. The level of antioxidant activity significantly in-
creased in a dependent manner with the increase of DH
of the hydrolysate, which was twofold higher at the DH
of 19 % compared to the DH of 0 %. Thus, the EC50 val-

ues decreased from 0.50 at DH of 0 % to 0.25 �g of FM

per �g of DPPH at the DH of 19 %, whilst the FRAP in-

creased from 25.3 to 53.2 �M of TE per g of FM, respec-
tively. Therefore, pectinase-assisted extraction of plant
homogenates can improve the extraction efficiency of
bioactive compounds and give higher yields (4).
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Fig. 1. Changes in the reducing sugar (glucose) content in lychee fruit hydrolysates during pectinase hydrolysis. Data are shown as the

mean values�S.D. and are derived from three independent repeats. Mean values with different letters are significantly different (p<0.05)



Total phenolic and flavonoid contents

The total phenolic and flavonoid contents in the ly-
chee fruit hydrolysates increased in a dose-dependent
manner with increasing levels of the DH of the hydro-
lysate, reaching total phenolic and flavonoid contents
per 100 g of fresh mass of 165.8 mg of GAE and 70.8 mg
of CE, respectively, in the hydrolysate with the DH of 19
% (Table 1), i.e. 1.6- and 3.0-fold higher than those in the
hydrolysate with the DH of 0 %, respectively. Thus, the
lychee fruit hydrolysates at 0 and 19 % of DH were se-
lected to evaluate the effect of pectinase treatment on
the dietary fibre, prebiotic activity score, volatile com-
pounds, lipid peroxidation inhibition and particle size.

Dietary fibre

The TDF, SDF and IDF levels in the lychee hydroly-
sates with the DH of 0 and 19 % are shown in Table 2.
The TDF levels in the lychee hydrolysates with the DH
of 0 and 19 % were not significantly different (p>0.05),
whereas the SDF was increased by the enzyme treat-
ment to 0.150 g per 100 g of FM (2.67-fold), whilst the
IDF was correspondingly reduced to 0.170 g per 100 g of
FM (1.83-fold). This is the result of the cleavage of the

pectin �-1,4-glycosidic bonds to form smaller more solu-
ble pectins and carbohydrates (20,28), which increased
the SDF level and concomitantly decreased the IDF level.

Prebiotic activity score

The prebiotic activity scores of L. acidophilus La5 and
B. lactis Bb12 were significantly higher (8.15- and 16.4-
-fold, respectively) in the lychee hydrolysate with the DH

of 19 % than the corresponding values for the untreated
hydrolysate (DH of 0 %), and only 1.04- and 1.46-fold
lower than that for inulin, a commercial prebiotic (Fig. 2
and Table 3). Indeed, the prebiotic activity score observed
here of the lychee hydrolysate with the DH of 19 % con-
taining B. lactis Bb12 was higher than that reported for
optimally digested mangosteen pulp or banana (20,29).
Presumably the enzyme-cleaved polysaccharides in the
lychee hydrolysate (DH of 19 %) were smaller soluble
oligosaccharides of which some are prebiotic compounds
(30,31). Thus, the lychee hydrolysate with the DH of 19
% has a better potential as a prebiotic than the optimally
digested mangosteen pulp or banana.

Volatile compounds

In total, 41 volatile compounds were found in the ly-
chee hydrolysates with the DH of 0 and 19 %, including
an ester, an alcohol, aldehydes, ketones and other com-
pounds (Table 4). These compounds are important for
the fruit aroma, and the major compounds found were

geraniol, ethanol, 1-octen-3-ol, �-citronellol and acetalde-
hyde. The pectinase-mediated hydrolysis of pectin used
in this extraction is somewhat similar to the natural fruit
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Table 1. Bioactive compounds and antioxidant capacity of lychee hydrolysates measured on fresh mass basis with different degrees
of hydrolysis (DH)

Antioxidant activity and bioactive compounds
DH/%

0 6 11 14 19

DPPH radical scavenging activity, EC50/(�g/�g)

FRAP as TE/(�M/g)

(0.5�0.0)a

(25.3�1.8)e

(0.400�0.002)b

(33.4�1.8)d

(0.40�0.002)c

(38.3�1.8)c

(0.310�0.014)d

(45.8�1.8)b

(0.250�0.016)e

(53.17�1.8)a

w(TP as GAE)/(mg/100 g) (104.1�0.2)e (118.5�0.3)d (128.7�0.1)c (142.1�0.6)b (165.8�0.2)a

w(TF as CE)/(mg/100 g) (23.8�0.1)e (43.3�0.2)d (51.1�0.3)c (62.02�0.05)b (70.8�0.2)a

Data are shown as the mean values�S.D. and are derived from three independent repeats. Mean values in the same row with a differ-
ent lower case letter in superscript are significantly different (p<0.05). FRAP=ferric reducing antioxidant power, TE=Trolox equiva-
lent, TP=total phenolics, GAE=gallic acid equivalent, TF=total flavonoids, CE=catechin equivalent

Table 2. Total dietary fibre (TDF), soluble dietary fibre (SDF)
and insoluble dietary fibre (IDF) levels in the untreated (DH of
0 %) and pectinase-treated (DH of 19 %) lychee hydrolysates

w(dietary fibre)/(g/100 g)
DH/%

0 19

TDF (0.46�0.01)n.s. (0.46 �0.01)n.s.

SDF (0.09�0.00)b (0.24�0.00)a

IDF (0.38�0.01)a (0.21�0.01)b

Data are shown as the mean values�S.D. and are derived from
three independent repeats. Mean values in the same row with a
different lower case letter in superscript are significantly differ-
ent (p<0.05); n.s.=not significant, DH=degree of hydrolysis

Fig. 2. Prebiotic activity scores of bacterial cultures grown in
MRS supplemented with 1 % (by volume per mass) of the
lychee hydrolysate with DH of 0 % (no enzyme treatment) or
DH of 19 % compared to that with 1 % (by mass per volume)

inulin as a prebiotic. Data are shown as the mean values�S.D.
and are derived from three independent repeats. Mean values
with different letters are significantly different (p<0.05)



ripening where an increase in the activity of the cell-wall-
-hydrolyzing enzymes, such as pectinases and pectin-
esterases, is noted (32) along with the volatile profiles of
lychee (33). This is because they were released from the
cell wall, leading to changes in the proportion of volatile
compounds, and to the subsequent isomerization of some
of the volatile compounds via oxidation (34,35).

The lychee hydrolysate with the DH of 19 % con-
tained 11 compounds that were not found in the lychee
hydrolysate with the DH of 0 %, as opposed to only four
in the opposite case, which is in agreement with the fact
that postharvest fruits have more volatile compounds
than the preharvested fruits (36). The increased level of
some volatiles observed in the lychee pulp with the DH
of 19 % is likely due to the presence of both free and
glycosidically bound aroma compounds, and when treat-
ed with the pectinase, the latter were released, whilst some
of the former were unstable and easily oxidized, causing
the formation of new aroma compounds and the loss of
the old ones (34,35).

Particle size

The lychee hydrolysate with the DH of 19 % had an

average particle size of (128�2.98) �m (D[4,3]), which was
1.75-fold smaller than that of the lychee hydrolysate with

the DH of 0 % ((225�2.98) �m). This may be due to the
degradation of the polysaccharide components of the
plant cell wall, such as pectin, cellulose and hemicellu-
loses, by enzyme treatment. In addition, the higher deg-
radation level in lychee pulp with the DH of 19 % can
cause the smallest particle size formation, which may ef-
fectively inhibit pulp droplet aggregation or coalescence,
leading to the increase of cloud stability.

Lipid peroxidation

From the TBARS assay, the lipid peroxidation of lard,
soya bean and olive oil was found in all cases to be sig-
nificantly inhibited by BHT (positive control) at 95–96 %
of the MDA control. The lychee hydrolysate with the DH
of 19 % inhibited the lipid peroxidation of lard, soya bean
and olive oil by 77, 76 and 72 % of the MDA control, re-
spectively, better than the hydrolysate with the DH of 0 %
(Fig. 3). The decreased lipid peroxidation was likely due
to the total phenolic and flavonoid contents that neutral-
ized (reduced) the free radical molecules (36–40). Accord-
ingly, the lychee hydrolysate with the DH of 19 % had
the highest levels of phenolics and flavonoids (Table 1).
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Table 3. Increase in the cell density from 0 to 24 h of growth of bacterial cultures in MRS supplemented with the indicated prebiotics
and the untreated (DH of 0 %) or pectinase-treated (DH of 19 %) lychee hydrolysates at 1 % (by mass per volume)

Bacterial strain

Cell density

N/(log CFU/mL)

Glucose Inulin
DH/%

0 19

L. acidophilus La5 (8.79�0.01)b (8.87�0.03)a (7.55�0.02)d (8.71�0.03)c

B. lactis Bb12 (10.10�0.06)b (10.33�0.06)a (9.42�0.01)c (10.29�0.01)a

E. coli ATCC 29922 (9.96�0.01)a (8.91�0.01)b (8.92�0.02)b (8.62�0.01)c

Data are shown as the mean values�S.D. and are derived from three independent repeats. Mean values in the same row with a dif-
ferent lower case letter in superscript are significantly different (p<0.05); DH=degree of hydrolysis, MRS=de Man, Rogosa and Sharpe
agar

Table 4. Volatile compounds in the untreated (DH of 0 %) and
pectinase-treated (DH of 19 %) lychee hydrolysates

Peak
no.

RI Compound name

Peak area/%

DH/%

0 19

1 714 acetaldehyde 7.59 3.28

2 807 ethyl acetate 3.42 n.d.

3 857 athanol 20.98 18.88

4 877 hexaldehyde n.d. 1.16

5 990 �-myrcene 2.66 2.66

6 1035 DL-limonene 2.17 1.77

7 1155 isoamyl alcohol 0.90 0.80

8 1240 3-buten-1-ol 0.73 0.73

9 1276 �-terpinolene 2.17 1.55

10 1286 octanal n.d. 0.76

11 1299 1-octen-3-one n.d. 1.60

12 1313 2-buten-1-ol 3.27 3.06

13 1358 trans-rose oxide n.d. 0.39

14 1368 3-octanol 1.23 1.52

15 1430 2-octenol n.d. 1.95

16 1455 1-octen-3-ol 8.37 10.75

17 1488 �-copaene 0.92 n.d.

18 1529 �-gurjunene 0.52 n.d.

19 1544 linaloon 2.26 2.88

20 1551 1-octanol 0.54 1.33

21 1558 �-cubebene 0.44 n.d.

22 1579 4-terpineol 0.47 0.52

23 1652 (E)-2-decen-1-ol n.d. 0.94

24 1658 Z-citral 0.52 0.48

25 1669 �-terpineol 2.05 1.94

26 1149 �-muurolene 0.75 0.42

27 1686 E-citral 1.05 1.09

28 1715 carvone n.d. 0.67

29 1737 �-citronellol 6.11 6.35

30 1752 7-methyl-3-methylene-6-octen-1-ol 0.65 0.81

31 1782 benzoic acid n.d. 0.29

32 1825 (Z)-3,7-dimethyl-2,6-octadien-1-ol 2.30 2.42

33 1857 geraniol 23.65 22.78

34 1884 benzyl alcohol 0.78 0.68

35 1915 isopropyl myristate 0.34 0.44

36 1958 octanoic acid n.d. 0.39

37 2017 acrylaldehyde n.d. 0.42

38 2202 nonanoic acid 1.49 1.90

39 2215 eugenol 0.41 1.18

40 2243 2,4-di-tert-butylphenol 0.86 0.46

41 2517 dodecanoic acid n.d. 0.49

RI=retention index, n.d.=not detected



The particle size, dietary fibre, prebiotic activity
score, lipid peroxidation and volatile compounds of ly-
chee hydrolysates were studied at the highest cleavage
level of glycosidic bonds or at the degree hydrolysis of
19 %. Under these conditions, lychee hydrolysate should
show notably different characteristics from the nonenzy-
matically treated sample (DH of 0 %).

Conclusion

The pectinase-assisted extraction of lychee fruit pulp
significantly increased the level of antioxidant activity,
total phenolics, total flavonoids, soluble dietary fibre
(SDF), prebiotic activity score and lipid peroxidation in-
hibition. These were all increased in a DH-dependent
manner, the highest being at the highest DH (19 %) of
the hydrolysate. This is likely caused by the cleavage at
the glycosidic bond in the cell wall as a consequence of
hydrolysis. The lychee hydrolysate with the DH of 19 %
showed the highest level of lipid peroxidation inhibi-
tion, prebiotic activity score and increased SDF with a
concomitant decrease in the insoluble dietary fibre (IDF)
level and decreased particle size. The concentration of
some volatile compounds, such as 1-octen-3-ol, trans-
-rose oxide and eugenol, also increased following the
pectinase digestion treatment. Pectinase digestion of ly-
chee fruit pulp may be of benefit to the food industry,
such as in the manufacture of energy drinks, fruit es-
sences, functional food products, and as a preservative
in food or food additive to enhance flavour. Moreover, it
may be able to promote human health and give addi-
tional value to lychee fruit.
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