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Abstract

The aim of this research was to investigate the effect of pectinase on prebiotic activity and bioactive compounds
of enzymatically depolymerized Thailand-grown mangosteen aril. It was found that after varying enzyme
concentration in 0-3.0% (v/w), mangosteen aril treated with enzyme concentration of 2.5% (v/w) and hydrolyzed
for 0, 1, 2, 4 and 6 h can be hydrolyzed at 5 different levels of reducing sugar. They were 18, 25, 31, 40 and 45
mg glucose/g fresh weight. Hydrolysis of mangosteen aril at 6 h resulted in the highest release of bioactive
compounds with the antioxidant activity value measured by DPPH assay (ECsy) of 3.05 pg dw/pg DPPH and
FRAP value of 45.53 uM TE/g dw. Total phenolic content was 16.00 mg GAE/g dw, total flavonoid content was
3.08 mg CE/g dw, and soluble dietary fiber was increased to 16.56g/100g dw. Moreover, enzymatically
depolymerized mangosteen can increase prebiotic activity score of L. acidophilus and B. lactis to 0.21 and 0.17,
respectively.
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1. Introduction

Garcinia mangostana Linn., mangosteen is one of the most praised tropical fruits and belongs to the family
Clusiaceae (syn. Guttiferae). The major producing countries are found in Southeast Asia, namely Malaysia,
Philippines, Indonesia and Thailand. About 85% of the total production of four countries is in Thailand.
Mangosteen cultivation in Thailand is limited to the South and the East due to climatic condition. Commercial
orchards have been well established in Surat Thani province in the South, and Chanthaburi and Rayong provinces
in the East (Morton, 1987; Osman, 2006). The edible aril is white, soft, juicy, sweet and slightly sour taste
(Zadernowski, 2009; Yu et al., 2007; Palapol et al., 2009). It can be stored only for short time period, mainly
consumed fresh and can also be canned, frozen or processed into juice, jam, preserve, syrup and candy (Morton,
1987; Osman, 2006). Moreover, the mangosteen aril contains many bioactive compounds such as phenolic,
flavonoid and other antioxidants which are our first line of defense against free radical damage, and are critical
for maintaining optimum health and well-being (Percival, 1996). Total dietary fiber found in this fruit can be
divided into insoluble and soluble dietary fiber (pectin). Furthermore, it also contains many vitamins and
minerals including vitamin A, vitamin C, thiamine, riboflavin, niacin, calcium, phosphorous, and iron (Osman,
2006). Plant cell wall consists of cellulose, hemicelluloses and pectin, which is barrier for the release of the
intracellular substances. In addition, there are many phenolic hydroxyl groups existing in flavonoids which can
combine with cellulose, hemicelluloses and pectin as complexes due to hydrogen bonding interactions (Fu et al.,
2008).
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These bioactive compounds can be extracted by many methods. One example is the extraction with solvents such
as ethanol, methanol, hexane, and acetone. Nevertheless, this method dissociates the carotenoid pigments from
the proteins and causes water insolubility and ease of oxidation (Cinar, 2005.a). While releasing of the carotenoid
by enzyme extraction from orange peel, sweet potato and carrot, these pigments remain in their natural state
binding with proteins. This bond structure prevents pigment oxidation and also affects colour stability (Cinar,
2005.b). There are several studies on enzymatic extraction to increase the extractability of bioactive compounds.
These were enhancement of anthocyanins and other phenolics in black currant juice (Landbo and Meyer, 2004),
enrichment of antioxidant phenols from pomace for the production of puree-enriched cloudy apple juices
(Oszmianski ef al., 2011), increasing of polyphenol and polysaccharide composition of red wines (Ducasse ef al.,
2010), improvement of the quality of black tea extracts (Chandini et al., 2011), increasing of the phenolic content
of virgin olive oil (Najafian et al., 2009), enzyme-assisted extraction of antioxidants from vegetal matrixes
(Pinelo and Meyer, 2008), and increasing of lycopene from tomato tissues (Choudhari and Ananthanarayan,
2007). Additionally, there were also increasing of carotenoid, antioxidant activity, soluble dietary fiber and
volatile substances from bael fruit hydrolysate, and flesh and placenta of Sunlady cantaloupe (Charoensiddhi and
Anprung, 2010; Wuttisit and Anprung, 2011). These studies represent the benefits of enzyme hydrolysis.

There are many enzymes that increase the extractability of bioactive compounds such as cellulase,
beta-glucosidase, pectinase (Fu et al., 2008; Cinar, 2005.b). Pectinase enzyme was used in this study because it
helps to release bioactive compounds from plant cell wall. The Pectinex"Ultra SP-L, pectinase enzyme, a liquid
commercial enzymatic preparation from Aspergillus aculeatus, is currently using as a pectinolytic and
cellulolytic preparation in fruit juice processing (Ghazi et al., 2007). So, this research was to investigate the
effect of pectinase on prebiotic activity and bioactive compounds of enzymatically depolymerized
Thailand-grown mangosteen aril, and expected that the enzymatically depolymerized mangosteen aril would be
effectively used as sources of antioxidant, dietary fiber, and prebiotic. Moreover, this study is an alternative
processing way to add the value of the mangosteen which is one of the traditional economic fruits (Thailand had
the highest mangosteen production, so the mangosteen is vital to the economy of the country).

2. Materials and Methods
2.1 Raw material preparation

Mangosteen, Garcinia mangostana Linn. was purchased from a mangosteen orchard (Rayong province, Thailand)
and was harvested at 13th week after full blooming. The fruits of the weight between 55-65 g were incubated at

3042 °C for 8 days to be fully ripe. Then, the peels were removed from the fruits. Prior to enzyme hydrolysis, the

mangosteen aril browning was controlled by steam blanching until it reached 85°C at the center and holding for 3

min, then it was blended for 3 min until a homogenized fruit aril was obtained.

2.2 Enzymatic hydrolysis

The homogenized and anti-browning controlled mangosteen aril (200 g) was hydrolysed by Pectinex“Ultra SP-L
(Novozymes Switzerland AG, Dittengen, Switzerland) which had enzymatic activity of 10,292 PGU/ml and
produced from Aspergillus aculeatus and controlled the reaction temperature at 30£2°C. The enzyme
concentrations were varied into 7 levels (0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0% v/w) and hydrolysis times were varied
into 9 levels (0, 0.5, 1.0, 1.5, 2, 3, 4, 5, and 6 h). The hydrolysis reaction was stopped by heating at 100+5°C for 5
min. Then, hydrolysis efficiency was determined by the amount of reducing sugar as glucose using the method of
Nelson-Somogyi (Nelson, 1944). All chemicals and solvents used in this study were analytical grade, purchased
from Sigma Chemical Co., Ltd (St. Louis, MO. USA) and Sigma Aldrich Co., Ltd (Steinheim, Germany). All
analyses were performed in triplicate.

2.3 Determination of antioxidant activities
2.3.1 Sample preparation

Preparation of sample was modified from the method of Velioglu ef al. (1998). Mangosteen hydrolysate was
extracted with 95% ethanol, kept in the dark at 25°C for 4.5 h and stored at -20°C until further analysis.

2.3.2 Antioxidant activities

The antioxidant activities of sample extract were evaluated from DPPH and FRAP assays. The
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity was followed by the method of
Maisuthisakul et al. (2007). A series of extract concentrations with different ratios of extract to methanol were
prepared. Then 4.9 ml of each dilution was mixed with 100ul of SmM DPPH in methanol and were placed in the
dark for 30 min. The absorbance of three samples, the diluted sample with the addition of DPPH solution (A),
the diluted sample without the addition of DPPH solution (Ag), and DPPH solution (A) were read at 517 nm
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using a spectrophotometer with methanol as a blank. The decreased content of DPPH radical scavenging activity
in each concentration of sample extract could be calculated by the formula as shown:

DPPH radical scavenging activity (%) = [Ag- (A; - Ag)]/ Agx 100

The percentage of DPPH radical-scavenging activity was plotted against the sample extract concentration (pg/ml)
to determine the amount of extract necessary to decrease DPPH radical concentration by 50% (called ECsg). The
unit of ECs, was later converted to pg/ ug DPPH as follow:

ECs (ng/ pg DPPH)= [(ng extract/ml)/(ug DPPH/ml)]

Ferric reducing antioxidant power (FRAP) assay was modified from the method of Benzie and Strain (1996). The
sample extracts (50 pl) were allowed to react with 950 pl of FRAP solution (FRAP solution consist of 25 ml of
acetate buffer, 2.5 ml of Ferric chloride solution and 2.5ml of TPTZ solution) and were placed in the dark for 4
min. The standard curve was linear between 100 and 700 uM trolox. Results were expressed in uM trolox
equivalent (TE)/ g dw).

2.4 Determination of total phenolic content

Sample was likewise prepared as the determination of antioxidant activity. Total phenolic content was evaluated
by the method of Waterhouse (2005). The standard curve was linear between 50-500 mg gallic acid/l. The results
were expressed as mg gallic equivalent (GAE)/ g dw.

2.5 Determination of total flavonoid

Sample was likewise prepared as the determination of antioxidant activity. Total flavonoid content was evaluated
by the method of Zhishen et al. (1999). The standard curve was linear between 20-100 mg catechin/l. The results
were expressed as mg catechin equivalent (CE)/ g dw.

2.6 Determination of dietary fiber
Total, soluble and insoluble dietary fibers were analyzed according to AOAC method (AOAC1995).
2.7 Determination of prebiotic activity

Prebiotic activity assay was modified from Huebner et al. (2007). Lactobacillus acidophilus La5,
Bifidobacterium lactis Bb12 (Christian Hansen, Denmark) and Escherichia coli ATCC 25922 (Culture Collection
Unit, Chulalongkorn hospital, Thailand) were used in this study. L. acidophilus La5 and B. lactis Bb12 were
prepared by streaking onto MRS agar and MRS agar supplement with 0.05% L-cystein HCl (decrease of
oxidation-reduction potential), respectively and streaking onto Tryptic soy agar (TSA) for E. coli ATCC 25922.
Then, incubated at 37°C for 24-48 h under aerobic condition for L. acidophilus La5 and E. coli ATCC 25922,
anaerobic condition in anaerobic jar with anaerogen gas pack (Mitsubishi) for B. lactis Bb12. After that, one
colony from each plate was transferred into 10 ml of MRS broth for L. acidophilus La5, MRS broth supplement
with 0.05% L-cystein HCI for B. lactis Bb12, and Tryptic soy broth (TSB) for E. coli ATCC 25922 and incubated
overnight. For L. acidophilus La5, an additional transfer of 1% (v/v) was transferred to MRS broth with 1% w/v
glucose or 1% w/v samples. For B. lactis Bb12, an additional transfer of 1% (v/v) was transferred to MRS broth
supplement with 0.05% L-cystein HCI and 1% w/v glucose or 1% w/v samples. For E. coli ATCC 25922, an
additional transfer of 1% (v/v) was transferred to minimal medium broth with 1% w/v glucose or 1% w/v
samples and incubated overnight.

The prebiotic activity score was determined using the following equation:

Prebiotic activity score =

(probioticlog % on the prebiotic at 24 hr — probioticlog % on the prebiotic at 0 hr)
(probioticlog %ul on glucose at 24 hr — probioticlog %1; on glucose at 0 hr)
(entericlog % on the prebioticat 24 hr — entericlog % on the prebiotic at 0 hr)

(entericlog %ul on glucose at 24 hr — entericlog % on glucose at 0 hr)
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2.8 Statistical analysis

Results of experiment were presented as mean + standard deviation of three independent determinations. All
statistical analyses were performed with SPSS version 11.5. One- way analysis of variance (ANOVA) by
Duncan’s new multiple range test was used to compare the mean values. Differences were considered to be
significant at p<0.05.

3. Results and Discussion
3.1 Effect of enzyme treatment on reducing sugars

It was found that the more increasing the hydrolysis time and the enzyme concentration, the significantly higher
the level of reducing sugar (p<0.05), as shown in Figure 1. It could be explained that pectinase can hydrolyze
polysaccharide by cleaving the a-1,4-glycosidic bond of galacturonic acid, so the reducing group was produced
in depolymerized mangosteen aril (Wuttisit and Anprung, 2011; Chareonsiddhi and Anprung, 2010). However,
the obtained reducing sugar was not significantly different (p>0.05) between using the enzyme concentration of
3.0% and 2.5% (v/w). Using 2.5% (v/w) of enzyme concentration can be resulted in all range of low to high
reducing sugar levels of approximately 5 levels (18, 25, 31, 40 and 45 mg glucose/g fw) and hydrolyzed for 0, 1,
2, 4 and 6 h. These conditions were selected for the study of bioactive compounds, soluble dietary fiber and
prebiotic activity score of enzymatically depolymerized mangosteen aril.

3.2 Antioxidant activity

It can be seen from Table 1 that the antioxidant activity value of depolymerized mangosteen was significantly
increased (p<0.05) due to the increasing of hydrolysis time. At hydrolysis time over 4 h, it had a minimum of
DPPH value in form of ECsy. The antioxidant activity was highest when ECs, value was lowest. On the other
hand, FRAP value or the antioxidant activity was highest. Basically, these results indicate that the enzyme can
hydrolyze and degrade plant cell wall components. So the intracellular contents, especially antioxidant
substances, were easily released (Chen ef al., 2011; Choudhari and Ananthanarayan, 2007). The bael fruit pulp
treated with enzyme concentration of 2.5% (v/w) and hydrolyzed at 6 h gave the highest antioxidant activities up
to 18.85 pg /ug DPPH (Chareonsiddhi and Anprung, 2010). Antioxidant activities in the flesh and placenta of
cantaloupe hydrolysate detected by DPPH method were 1.57, 0.66 pg /ug DPPH, respectively higher than the
undegraded samples.(Wuttisit and Anprung, 2011). Increasing degree of hydrolysis for pectin in mango pulp had
effect on antioxidant activity. The depolymerized mango pulp with reducing sugar content of 95 mg glucose/g
fw (DP 95) has antioxidant activity in form of FRAP value as 28.2uM TE/g dw (Kewalee and Anprung, 2010). It
has a report that enzymatic extraction can give higher yield of antioxidant activity than the solvent extraction
(Wang et al., 2011).

3.3 Total phenolic and total flavonoid content

The hydrolysis time at 6 h had given the highest total phenolic and flavonoid contents of 16 mg GAE/ g dw and
3.08 mg CE/g dw, respectively as shown in Table 1. The experiment was related with the different literature; for
example, total phenolic and flavonoid contents were increased after enzymatic hydrolysis in black current juice
(Landbo and Meyer, 2004), olive oil (Najafian ef al., 2009), ginkgo leaves (Chen et al., 2011), and cactus pear
(Ayoub et al., 2011). Total phenolic contents in the flesh and placenta of cantaloupe hydrolysate were 14.95,
39.72 mg GAE/100 g, respectively higher than the undegraded samples. And total flavonoid contents in the flesh
and placenta of cantaloupe hydrolysate were 2.25, 12.24 mg CE/100g, respectively higher than the undegraded
samples. (Wuttisit and Anprung, 2011). Total phenolic content in flesh and peel of red dragon fruit hydrolysate
were 1,049.18, 561.76 mg GAE/100 g, respectively higher than the undegraded samples, and total flavonoid
content in the flesh and peel of red dragon fruit hydrolysate were 1,310.10, 220.28 mg CE/100 g, respectively
higher than the undegraded samples. (Sornyotha and Anprung, 2011) It can be explained that pectinase does not
only degrade plant cell wall, but also improves releasing of intracellular contents as bioactive compounds such as
phenolic and flavonoid. Moreover, it was found that enzymatic extraction improved phenol released from apple
skin more than solvent extraction (Pinelo ef al., 2008).

3.4 Dietary fiber

From the Table 2, total dietary fiber content in sample without hydrolysis (A1) was found not different from
sample with hydrolysis (A2) (p>0.05). On the other hand, the soluble dietary fiber of A2 was higher than Al
(16.56, 12.91 g/100g dw), respectively. These results were caused by Pectinex Ultra SP-L which is complex
enzyme that can be divided into 3 groups: depolymerase, pectinesterase and protopectinase. Depolymerase can
cleave the o-1,4-glycosidic bonds of pectic substances, pectinesterase can catalytically deesterify the methyl
ester linkages of pectic substances to release acidic pectins and methanol. In addition, protopectinase can
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hydrolyze insoluble protopectin to get more highly soluble pectin, therefore these enzymes are able to produce
soluble dietary fiber. It was related with the experiments in fully ripe fresh Thai bael fruit degraded by enzyme
that the soluble dietary fiber of bael fruit hydrolysate (4.58g/100gfw) was higher than nonenzyme treated sample
(3.51g/100gfw) (Chareonsiddhi and Anprung, 2010). And the soluble dietary fiber in flesh and peel of
cantaloupe hydrolysate (0.76, 0.52 g/100gfw, respectively) were higher than undegraded enzyme (0.65, 0.32
g/100gfw, respectively) (Wuttisit and Anprung, 2011).

3.5 Prebiotic activity score

Lactobacilli and Bifidobacterium strains were chosen to test the prebiotic activity score because they are
used in dairy foods and have good potential probiotic properties. From the determination of prebiotic
activity of Al (sample without hydrolysis) compared with A2 (sample with hydrolysis) and inulin, the
amount of bacterial cell grown in media with mangosteen aril samples (A1l and A2), inulin and glucose for
24 h can be found (shown in Table 3). The amount of L. acidophilus La5 and B. lactis Bb12 grown on
media with inulin and media with A2 were significantly higher (p<0.05) than ones grown on media with A1l
and media with glucose. On the other hand, the amount of E.coli ATCC 25922 (representative of Enteric
bacteria) grown on glucose (no prebiotic) was significantly higher (p<0.05) than other media with prebiotic.
Moreover, prebiotic activity scores were derived from cell density values as shown in Figure 2. It was
found that the highest prebiotic activity scores wer L. acidophilus La5 and B. lactis Bb12 grown on media
with inulin (0.41, 0.38, respectively), followed by L. acidophilus La5 and B. lactis Bb12 grown on media
with A2 (0.21, 0.17, respectively), and the lowest scores were L. acidophilus La5 and B. lactis Bb12 grown
on media with Al (0.16, 0.12, respectively). From these results, it can be concluded that the different
bacterial strain affected to the different prebiotic activity score owing to the differences in the metabolic
capacity of related strains apparently existed, and utilization of prebiotics by these related bacteria requires
the presence of specific hydrolysis and transport systems for the particular prebiotic (Hubner et al., 2007).
Moreover, prebiotic activity score of B. lactis Bb12 was lower than L.acidophilus La$5, this may be caused
that the different cell density value between prebiotics, and glucose of B. lactis Bb12 was less than
L.acidophilus La5 affected to the prebiotic activity score of B. lactis Bb12 lower than L.acidophilus La5.
When compared the prebiotic activity score which used depolymerized mangosteen aril as prebiotic with
other studies which used bael fruit hydrolyzate as prebiotic, it was found that probiotic bacteria were higher
grown on depolymerized mangosteen aril than bael fruit hydrolyzate. This may be caused that the
depolymerized mangosteen aril was hydrolyzed to smaller molecules than bael fruit hydrolyzate
(Charoensiddhi and Anprung, 2010) that appropriated for supporting the growth of probiotics.

4. Conclusion

The Pectinex“Ultra SP-L had a potential to release the bioactive compounds from plant cell wall and affected to
changes in prebiotic activity and amount of bioactive compounds from enzymatically depolymerized mangosteen.
Results show the significant increasing in amount of antioxidant activity, total phenolic, total flavonoid, soluble
dietary fiber as well as promoting the growth of probiotics. It could be said that enzymatically depolymerized
mangosteen was effective to be used as sources of antioxidant, dietary fiber, and prebiotic. Moreover, the
depolymerized mangosteen aril as prebiotic give the highest activity scores among the studied Thailand-grown
fruits. Regarding to a slimy characteristic of mangosteen hydrolysate and the results of bioactive compound from
this study, it could be possible to further study about rheological profile of enzymatically depolymerized
mangosteen aril for using as a valuably functional stabilizer in the emulsion system.
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Table 1. Effect of enzyme hydrolysis on bioactive compounds of depolymerized mangosteen aril

Bioactive compounds Hydrolysis time (h)
0 1 2 4 6
Antioxidant activities
DPPH a b b d d
| 11.53+0.13* | 6.37+0.06 5.70+0.11>° | 4.17+0.09% 3.05+0.04
(ECso, pg dw /ugDPPH)
FRAP g g b
) 34.4+0.53 35.67+0.81° | 37.53+£0.50° | 42.60+1.24 45.53+0.70°
(UM TE"/g dw)
Total phenolic . g . b .
3 9.03+0.50 10.57+£0.31¢ | 12.53+0.35° | 14.57+0.70 16.00+0.82
(mg GAE’ /g dw)
Total flavonoid d b b
. 1.174£0.08 1.68+0.14° | 2.35+0.32 2.66+0.17 3.08+0.15°
(mg CE"/g dw)

Each value represented a mean+tstandard deviation.
Means with the different letter in the row are significantly difference at p<0.05.
'dw= dry weight, “TE=Trolox equivalents, *GAE=gallic acid equivalents , *CE=catechin equivalents.
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Table 2. Effect of enzyme hydrolysis on total dietary fiber (TDF), soluble dietary fiber (SDF) and insoluble
dietary fiber (IDF) of depolymerized mangosteen aril

Total dietary fiber Al A2’
(2/100g dw")
Total dietary fiber 25.15+0.50™ 25.60+0.21"™
Soluble dietary fiber 12.91+0.13° 16.56+0.10"
Insoluble dietary fiber 12.24+0.37" 9.04+0.11°

Each value represented a mean+standard deviation.
Means with the different letter in the row are significantly difference at p<0.05.
'dw = dry weight basis, ?A1 = Sample with no hydrolysis, A2 = Sample with hydrolysis.

Table 3. Effect of enzyme hydrolysis on the increasing of bacterial cell density between 0 and 24 h in different
carbohydrates

Bacterial culture Cell density [log;o(cfu/ml)]
Glucose Inulin Al A2?
L. acidophilus La5 2.02+0.04° 2.38+0.04° 2.2240.03° 2.35+0.12°
B. lactis Bb12 2.14+0.06" 2.45+0.09° 2.27+0.03° 2.4240.09°
E. coli ATCC 25922 2.11+0.02° 1.62+0.02¢ 1.98+0.03° 2.02+0.06°

Each value represented a meantstandard deviation.
Means with the different letter in the row are significantly difference at p<0.05.
'A1 = Sample with no hydrolysis, A2 = Sample with hydrolysis.
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Figure 1. Changes in the reducing sugar content during enzyme hydrolysis
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Figure 2. Prebiotic activity score of depolymerized mangosteen aril
A1 = Sample with no hydrolysis, A2 = Sample with hydrolysis
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