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Summary
The effect of fruit dietary fiber (FDF) on the antioxidant capacity 
and phenolic compounds (PC) content from the same fruits was 
investigated. FDF was incubated (pH 2.5, room temperature, 2 h) with 
methanolic extracts (ME) containing PC. The phenolic compounds 
(total phenols and flavonoids) content and antioxidant capacity (DPPH 
and TEAC) were analyzed in the resulting supernatants. Results 
showed that the addition of FDF decreased the PC content (5-25 %) 
and their action as antioxidants (4-22 %), being mango fiber which 
affects in most proportion. Wheat dietary fiber (WDF) was used as 
control, and its addition to ME reduced in greatest proportion the 
phenolic content (16-38 %) and the antioxidant capacity (30-48 %) 
than the FDF. This suggests that apparently depending on the nature 
and type of dietary fiber present in the food, some physicochemical 
interactions between the polysaccharides that conforms the fiber 
and PC could occur and subsequently affect their quantification and 
mode of action at the level of antioxidant capacity. 

Introduction
Several epidemiological studies have linked the consumption of 
tropical fruits to the prevention of chronic disease and different types 
of cancer (HOOPER and CASSIDY, 2006). The proposed beneficial 
effects of these foods have been attributed to their important source of 
numerous phytochemicals with potential biological activity, such as 
phenolic compounds (PC) (KRIS-ETHERTON et al., 2002; GONZALEZ-
AGUILAR et al., 2010). The mechanisms by which PC confers health 
effects are mainly associated to the antioxidant protection, by scav-
enging free radicals, inducing antioxidant enzymes or inhibiting pro-
oxidant enzymes. Mango (Mangifera indica L.), pineapple (Ananas 
comosus L.), papaya (Carica papaya L.) and guava (Psidium gua-
java L.) are popular tropical fruits that presented high antioxidant 
potential, due to the high concentration of PC presented in their pulp 
(SANCHO et al., 2010; FU et al., 2011; PALAFOX-CARLOS et al., 2012). 
However, to achieve any health beneficial effect, the PC must be first 
released from the food matrix in which is embedded (bioaccessibil-
ity) and consequently be bioavailable for absorption (MANACH et al., 
2005; PALAFOX-CARLOS et al., 2011).
In plant cell, most PC are compartmentalized primarily within the 
vacuole, enclosed by tonoplast and cytoplasmic lipid membranes 
which are in turn compressed against the plant cell wall (PADAYACHEE 
et al., 2012b). Mechanical and biochemical break down of food ma-
trix results in cell rupture allowing the PC release and therefore favor-
ing the bioavailability during digestion (PADAYACHEE et al., 2012b). 
However, the exposition of PC with the cell wall polysaccharide-
protein matrix, produces a potential physical and chemical binding 
that promotes interactions in one or other way. There is evidence 
that PC interact physicochemically with polysaccharides during fruit 
synthesis as part of cell growth and development (PALAFOX-CARLOS 
et al., 2011; PADAYACHEE et al., 2012b). These interactions may be 

beneficial, non-beneficial, or even detrimental for the bioactive ef-
fects attributed to PC. 
In previous reports, some authors have studied the interactions 
between different groups of PC and the primary components of 
the cell wall matrix, particularly polysaccharides of dietary fiber. 
RENARD et al. (2001) studied the interactions between apple cell walls 
and native polyphenols. They reported that hydroxycinnamic ac-
ids and epicatechin did not bind to cell walls. However, binding of 
procyanidins reached up to 0.6 g per g cell walls. MotoMura and 
Yoshida, (2002) reported that cell walls from a range of fruits have 
been found to protect ascorbic acid from oxidation. Subsequently, 
apple cell walls and their polysaccharides were shown to affect 
the antioxidant activity of quercetin and L-ascorbic acid (SUN-
WATERHOUSE et al., 2007). SUN-WATERHOUSE et al. (2008) reported 
that fiber from onions have some type of favorable interaction with 
L-ascorbic acid, but not with quercetin. More recently, PADAYACHEE 
et al. (2012b; 2012a) studied the extent of anthocyanins and phe-
nolic acids cell wall interaction, using cellulose and pectin as cell 
wall models. It was found that cellulose and pectin are each able to 
bind both compounds. Consequently the interactions between dif-
ferent PC and dietary fiber components may prevent the bioacces-
sibility or release of the PC, and thereby affect its antioxidant effect 
as well as could potentially impact the nutritional content and func-
tional potential of diets (SUN-WATERHOUSE et al., 2008). However, 
a beneficial interaction could occurs when a PC bound to fiber is not 
bioavailable for absorption in the small intestine; so it is transported 
to the large intestine where fermentation of fibrous material takes 
place and helps maintain good gut health (SAURA-CALIXTO, 2011; 
PADAYACHEE et al., 2012b).
The purpose of this study was to investigate the influence of the 
source of dietary fiber on the interaction with supplemented PC (to-
tal phenols and flavonoids), as well as the effect of the antioxidant 
capacity.

Materials and methods
Materials 
Tropical fruits of mango cv. “Haden”, pineapple cv. “Esmeralda”, 
papaya cv. “Maradol” and guava cv. “Hawaiian white” were pur-
chased from a local market in Hermosillo, Sonora, Mexico, and used 
in this study. Fruits free of defects and mechanical damage were se-
lected and distributed into 2 lots, to obtain fiber and PC. Fruit used 
for PC extraction was freeze-dried and stored until use. In addition, 
wheat dietary fiber (WDF) was obtained from a local store and used 
as fiber control.

Isolation of dietary fiber 
Dietary fiber of tropical fruits were obtained as alcohol insoluble 
solids according to the methodology reported by SAÑUDO-BARAJAS 
et al. (2009). A sample of 100 g of cubed flesh from the pooled tissue 
was homogenized (IKA® Works, Model T25, Willmington, NC) with 
300 mL of 95 % ethanol to dissolve low molecular weight sugars and 



228 A.E. Quirós-Sauceda, J.F. Ayala-Zavala, S.G. Sáyago-Ayerdi, R. Vélez-de la Rocha, J.A. Sañudo-Barajas, G.A. González-Aguilar

organic acids and the slurry was boiled with continuous stirring for 
45 min to ensure enzyme inactivation and prevention of autocataly-
tic breakdown of polysaccharides (ROSE et al., 1998). The insoluble 
material was filtered through glass fiber filter, recovered and sequen-
tially washed with 250 mL of ethanol, 250 mL of chloroform:methanol 
(1:1, v/v), and 250 mL of acetone. Insoluble, acetone-washed mate-
rial was oven-dried at 37 °C, weighed and stored in a desiccator until 
use. This crude extract was named fruit dietary fiber (FDF).

Dietary fiber characterization
FDF and WDF were analyzed for total, soluble and insoluble dietary 
fiber contents by using the Megazyme total dietary fiber analysis kit 
(Megazyme International Ireland Ltd Wicklow, Ireland). In addition, 
the uronic acids, total sugars and neutral sugar and starch content 
were determined. The uronic acids was assayed in two mg of sample 
hydrolyzed in H2SO4 and calculated from a standard curve prepared 
with galacturonic acid (GalA) (Sigma) as described by ahMed and 
Labavitch (1977). For total sugars, 3 mg of sample were stirred 
with 3 mL of 67 % H2SO4 for 4 h and aliquots were assayed by 
the anthrone reaction according to YeMM and WiLLis (1954), using 
glucose (Sigma) for the standard curve. The neutral sugars composi-
tion was obtained from two mg of sample residue hydrolyzed with 
one mol L-1 trifluoroacetic acid at 121 °C for 1 h. After hydroly-
sis the samples were centrifuged and the residue was digested with 
67 % H2SO4 and used for cellulose assay using the anthrone reagent 
(crystalline cellulose Sigma was used for a standard curve). The 
trifluoroacetic acid-soluble supernatants were dried and converted 
to alditol acetates (BLAKENEY et al., 1983). For analysis, they were 
injected into a gas chromatograph (Model 3800, Varian Inc.) with 
a 30 m x 0.25 mm i.d. capillary column (model DB-23, J & W 
Scientific, Folsom, CA) as described in CARRINGTON et al., (1993). 
Results were calculated using standards of rhamnose, fucose, ara-
binose, xylose, mannose, galactose, glucose and myo-inositol as 
internal standard (Sigma). Starch was determined in 250 mg of sam-
ple adding 300 U thermostable α-amylase and 3 ml MOPS buffer 
(50 mM, pH 7.0) and hydrolyzed during 45 min in a boiling water 
bath. Thereafter, 100 U amyloglucosidase and 4 mL sodium acetate 
(200 mM, pH 4.5) were added; mixture was incubated for 45 min 
at 50 °C, then cooled and centrifuged until the sedimentation of in-
soluble solids. Aliquots (0.1 mL) in triplicate were taken from the 
supernatant and mixed with the glucose oxidase/peroxidase reagent; 
the mixture was incubated for 10 min at 50 °C; absorbance was re-
corded at 510 nm using a Cary 1E-UV spectrophotometer. By means 
of the glucose standard the concentration was obtained. 

Phenolic compounds extraction
Freeze-dried samples (1 g) of tropical fruits were homogenized 
in 10 mL solution of 80 % methanol (IKA® Works, Model T25, 
Willmington, NC) at room temperature. The homogenate was soni-
cated for 30 min (Bransonic Ultrasonic Co., Model 2210, Danbury, 
CT, USA) and then centrifuged at 14000 rpm for 15 min at 4 °C. 
The supernatants were collected and the pellet was resuspended 
again with 10 mL of 80 % methanol, under the conditions previously 
described. The two supernatants were mixed, filtered (Whatman 
No. 1, Springfield Mill, Maidstone Kent, UK) and made up to a final 
volume of 30 mL. The final concentration of the methanolic extracts 
(ME) was 0.033 g mL-1 which was stored at -25 °C to be used for 
later evaluations. 

Phenolic compounds content and antioxidant capacity
Total phenols
Total phenols were determined according to singLeton and rossi 
(1965), with some modifications. Briefly, 30 μL of fruit ME were 

added to 150 μL Folin-Ciocalteu reagent (dilution 1:10), after re-
acting for 5 min, 120 μL of 7.5 % Na2CO3 solution were added. 
The phenols were incubated for 2 h in the dark, and absorbance at 
765 nm was measured using a microplate reader (BMG Labtech Inc., 
Model Omega, USA). The results were reported as mg of gallic acid 
equivalents (GAE)/100 g of fresh weight. 

Total flavonoids
The total flavonoids content was measured using a colorimetric assay 
in accordance with the method of (ZHISHEN et al., 1999). Flavonoids 
were extracted 5 % NaNO2 10 % AlCl3 and 1 mol L-1 NaOH and 
measured spectrophotometrically at 510 nm using quercetin as stan-
dard. The results were expressed as mg of quercetin equivalents 
(QE)/100 g of fresh weight.

DPPH
Antioxidant capacity was evaluated by radical-scavenging activity 
using the DPPH (2, 2-diphenyl-1-picryl-hydrazyl-hydrate) as re-
ported by PALAFOX-CARLOS et al. (2012). The stock solution was 
prepared by mixing 2.5 mg of DPPH radical with 100 mL of pure 
methanol. The solution was adjusted at an absorbance of 1.0 ± 0.02 
at 515 nm. Samples of 20 μL of the ME were placed in a microplate 
and 280 μL of DPPH radical were added. The mixture was kept in 
the dark for 30 min. The absorbance was read using a microplate 
(BMG Labtech Inc., Model Omega, USA) reader device, at a wave-
length of 515 nm. The capacity of the antioxidants to reduce the 
absorbance of the radical after incubation time was calculated and 
the results were expressed as μmol of trolox equivalents (TE)/100 g 
of fresh weight

TEAC
ABTS•+ cation was generated through the interaction of 19.2 mg 
of ABTS (2’2-azino-bis(3-ethylbenzotriazoline-6-sulfonic acid)), 
dissolved in 5 mL of HPLC-grade water and 88 μL of potassium 
persulfate (K2S2O8) (0.0378 g mL-1). It was incubated in the dark 
at room temperature for 16 h; then 1 mL of ABTS activated radical 
was taken and 88 mL of pure ethanol was added. The radical was 
adjusted at an absorbance of 0.7 ± 0.02 at 734 nm. The reaction was 
initiated adding 245 μL of ABTS•+ and 5 μL of ME of tropical fruits. 
Absorbance was monitored at 734 nm at 1 and 6 min. The percentage 
of inhibition was calculated and the results were expressed as μmol 
of TE/100g of fresh weight.

Incubation system
The incubation system was carried out to enhance interaction be-
tween the addition of fibers and PC contained in the ME of tropi-
cal fruits. 300 mg of FDF were added in 6 mL of ME pH 2.5 for 
2 h. Samples were mixed and shaken constantly in the dark at room 
temperature. In order to compare the different type of fibers, a WDF 
was used as a positive control in the same study. Control solutions of 
the ME of tropical fruits free of fiber were also incubated under the 
same conditions. After 2 h, supernatant was collected and evaluated 
for phenolic content and antioxidant capacity. Moreover, a dynamic 
interaction was conducted to study the effect of incubation of both 
molecules with respect to the time. Aliquots were taken at 0, 10, 30, 
60, 90 and 120 min and antioxidant capacity was evaluated.

Statistical analysis
Results were expressed as means ± SD. Data were statistically ana-
lyzed by one-way ANOVA procedure, and the Tukey-Kramer mul-
tiple comparison tests were used at 95 confidence level. Number 
Cruncher Statistical System version 6.0 software (NCSS, LLC) was 
used. Four replicates were used for each experiment.
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Results and discussion
Dietary fiber characterization
The dietary fiber total composition of samples is summarized in 
Tab. 1. Among the FDF, the lowest content of total fiber was ob-
served in mango and the highest in guava. Insoluble fiber content 
ranged from 10.1 to 72.1 g/100 g in mango and guava, respectively. 
The soluble fiber content ranged from 10.7 in pineapple to 36.1 g/
100 g in papaya. Interestingly, mango and papaya fibers had the 
highest proportion of soluble fiber; whereas pineapple and guava 
fibers showed highest proportion of insoluble fiber. This relation-
ship agrees with that reported by RAMULU et al. (2003), indicating 
that mango and papaya were rich in soluble fiber whereas pineapple 
and guava contained mainly insoluble fiber. The total sugars range in 
samples from 47.5 to 91.4 g/100g in papaya and mango, respective-
ly. Papaya fiber had the highest content of uronic acids represented 
by pectin and soluble dietary fiber; whereas the cellulose concentra-
tion (representing insoluble dietary fiber) was higher in guava and 
pineapple fiber. In addition, starch was detected only in mango fiber. 
While, by definition, the starch content is not necessarily part of the 
fiber; however, it was determined and included in the FDF due to it 
has been demonstrated that starch molecules (amylose and amylo-
pectin) interacts effectively with phenolic (BARROS et al., 2012). As 
for the WDF (used as control), this presented a high content of total 
dietary fiber compared to the FDF, being insoluble fiber the highest 
proportion. Besides, WDF showed presence of starch. In terms of 
health benefits, both type of fibers are complementary and derived 
from individual polymeric composition, each fraction could play dif-
ferent physiological role depending on their fermentability and the 
reactivity of the sugars found in fiber. Insoluble fiber relates to both 
water and other compounds absorption and intestinal regulation, 
whereas soluble fiber associates with cholesterol in blood and it has 
been observed that it influenced the intestinal absorption (ANDERSON 
et al.  2009). In general, both types of dietary fibers are associated 
with the entrapment and interaction with different molecules with 
biological activity presented in foods. 
Tab. 2 shows the neutral sugars composition of the fiber samples. 
Glucose and galactose were the main neutral sugars in mango and 
papaya fibers, while xylose and arabinose were the major monosac-
charides in pineapple and guava fibers. This contrasts the high pro-
portion of soluble dietary fiber in mango and papaya, and insoluble 
dietary fiber in pineapple and guava; as these sugars are major for 
those types of fibers respectively. The rest of monosaccharides were 
maintained at relatively low concentrations. This is in line with re-
sults reported by others authors (MEDLICOTT and THOMPSON, 1985; 
LARRAURI et al., 1997; GOMEZ et al., 2006) for neutral sugars in same 
fruits. Indeed, the high concentration of specific neutral sugars could 

be associated to the result of the transformation of some other sugars, 
by hydrolysis or bond. Xylose and arabinose indicate the presence of 
arabinoxylans. Galactose can be converted to galactan by hydrolysis. 
Binding of arabinose and galactose generates arabinogalactans and 
xyloglucans have a backbone composed by xylose, galactose and 
fucose. Although, these molecules may also bind to other compounds 
such as phenolic. In addition, the highest neutral sugars present in the 
control fiber (WDF) were glucose, arabinose and xylose. Thus agrees 
with that reported in the literature, indicating that arabinoxylans are 
the major constituents in wheat bran (BATAILLON et al., 1998).

Phenolic compounds content and antioxidant activity
Determination of total phenols and flavonoids content as well as an-
tioxidant activity of crude ME are shown in Tab. 3. Total phenols 
varied in all fruits, papaya had lowest content but not different for 
mango, followed by pineapple and guava. Moreover, the flavonoids 
content measured was lower than the content of total phenols; 
however, it showed the same trend. Contrasting these results with 
others reported in the literature, we observed comparable values for 
the same fruits (ROCHA RIBEIRO et al., 2007; CORRAL-AGUAYO et al., 
2008; FU et al., 2011; ROSAS-DOMINGUEZ, 2011). The variation 
found in fruits and previous studies, may be attributed to differences 
in varieties, climate and ripeness, among others.
The antioxidant capacity evaluated by the DPPH assay showed a 
range of radical scavenging capacity, 7.19 to 14.30 μmol TE/100 g 
of fresh weigh. The highest activity was found in guava and the low-
est in pineapple. With the TEAC assay the extracts showed higher 
activity than DPPH assay but the same trend, showing the pineapple 

Tab. 2:  Sum of the neutral sugars composition of fibers (g/100 g). 

 Fiber Rha Fuc Ara Xyl Man Gal Glc Total

 Pineapple 0.79b 0.38b 9.63c 19.5c 1.23c 5.77c 2.91a 40.2b

 Mango 0.64b 0.39b 5.09b 2.01a 0.45a 5.12c 75.9c 89.6d

 Papaya 1.03c 0.35b 0.90a 2.74a 0.98b 2.82b 3.05a 11.8a

 Guava 0.89bc 0.31b 5.39b 21.6c 0.43a 2.69b 2.45a 34.1b

 Wheat 0.13a 0.04a 10.8c 12.7b 0.40a 1.18a 24.7b 49.9c
 (control)

Rha: rhamnose. Fuc: fucose. Ara: arabinose. Xyl: xylose. Man: mannose. Gal: 
galactose. Glu: glucose. Means values in each column followed by a different 
letter are significantly different (p<0.05).

Tab. 3:  Phenolic compounds content and antioxidant activity of methanolic 
extracts of tropical fruits. 

 Fruit  Phenolic compounds Antioxidant capacity

  Total  Total   
  phenols flavonoids DPPH TEAC
  (mg GAE/100g FW)  (mg QE/100g FW) (μmol TE/100 g FW)

 Pineapple 77.59b 63.30c 7.196a 189.5a 

 Mango 55.85a 49.39b 10.80c 224.4c 

 Papaya 51.01a 34.71a 9.679b 325.7b 

 Guava 221.8c 108.2d 14.30d 959.1d 

FW: fresh weight. GAE: gallic acid equivalents. QE: quercetin equivalents. 
TE: trolox equivalents. Means values in each column followed by a different 
letter are significantly different (p<0.05). 

Tab. 1:  Total, soluble and insoluble dietary fiber, uronic acids, total sugars, 
starch and cellulose content of fibers (g/100 g).

 Fiber TDF IDF SDF TS UA Cellu- Starch
       lose

 Pineapple 76.1b 65.3c 10.7b 50.5ab 21.6b 43.3d ND

 Mango 28.3a 10.1a 18.1c 91.4d 19.4b 10.6a 48.6b

 Papaya 68.9b 32.8b 36.1d 47.5a 46.1c 30.1b ND

 Guava 85.2c 72.1d 13.1b 56.4b 17.9b 43.6d ND

 Wheat  93.5 d 89.0 e 4.50 a 72.5c 5.20a 35.1c 15.9a

 (control) 

ND: not detected. TDF: total dietary fiber. IDF: insoluble dietary fiber. SDF: 
soluble dietary fiber. TS: total sugars. UA: uronic acids. Means values in each 
column followed by a different letter are significantly different (p<0.05).
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the lower activity, followed by mango, papaya and guava. The fact 
that both reactions have same mechanism explains the behavior be-
tween their results. Moreover, the antioxidant activity did not follow 
the same tendency that PC present in the ME; as reported by TABART 
et al. (2009). This can be explained largely because the antioxidant 
activity of PC depends on the structure, in particular the number 
and positions of the hydroxyl groups and the nature of substitutions 
on the aromatic rings (BALASUNDRAM et al., 2006). In this sense, it 
appears that the differences in the antioxidant capacity of ME are 
attributed to the specific structure and concentration of each PC pre-
sent in them. 

Effect of dietary fiber on phenolic compounds content and anti-
oxidant capacity
Fig. 1 shows the total phenols content of ME after 2 h of contact 
with fibers. Total phenols decreased significantly (p<0.05) in all ME 
of tropical fruits when both types of fibers were added. Mango FDF 
mostly decreased total phenols content (23.72 %), followed by papa-
ya (13.06 %), pineapple (10.82 %) and guava (5.86 %). Nevertheless, 
addition of WDF increased 15 % the depletion of the phenols con-
tent, following the same trend than FDF, mango (38 %), papaya 
(31.30 %), pineapple (28.77 %) and guava (16.17 %). Interestingly, 
the addition of FDF and WDF decreased at a higher ratio the phenols 
content in mango. By contrast, flavonoids content was affected in 
lowest proportion; however, similarly, the compounds were mostly 
decreased when WDF and mango fiber were present (Fig. 2). 
The effect on the antioxidant capacity of ME with the addition of 
FDF and WDF evaluated by DPPH assay are shown in Fig. 3. When 
FDF was added, ME of tropical fruits shows a significantly decrease 
(p<0.05) in the DPPH scavenging capacity. Mango fiber decreased 
the antioxidant capacity in greater extent (22.13 %), followed by pa-
paya (8.83 %), pineapple (5.76 %), and guava (4.69 %). Moreover, 
addition of WDF decreased the antioxidant capacity of ME in greater 
proportion, being the pineapple the highest reduction (48.27 %), fol-
lowed by mango (41.58 %), papaya (33.20 %) and guava (30.35 %). 
Similar results and the same tendency was showed in the effect on 
the antioxidant capacity assessed by TEAC (Fig. 4). It was observed 
that the decrease of PC content as well as antioxidant capacity is not 
directly related to the concentration of FDF, it could be more related 
to the type of fiber present as well as by the type of sugars that con-
form it. For example, guava showed a higher content of fiber but 
less decreased of PC content and antioxidant capacity. However, this 
behavior could be attributed to previous reports that indicated that 

 

 

Fig. 1:  Total phenols content of methanolic extracts of tropical fruits and 
reduction by adding fruit dietary fiber (FDF) and wheat dietary fi-
ber (WDF). Different letter in bars indicates significant difference 
(p<0.05) among fiber types by fruit.

 

 

Fig. 2:  Total flavonoids content of methanolic extracts of tropical fruits and 
reduction by adding fruit dietary fiber (FDF) and wheat dietary fi-
ber (WDF). Different letter in bars indicates significant difference 
(p<0.05) among fiber types by fruit.

 

 

Fig. 3:  Radical scavenging activity assessed by the DPPH assay, of metha-
nolic extracts (ME) of tropical fruits by adding fruit dietary fiber 
(FDF) and wheat dietary fiber (WDF). Different letter in the same 
fruit indicates significant difference (p<0.05) between fiber types.

Fig. 4:  Radical scavenging activity assessed by the TEAC assay, of metha-
nolic extracts (ME) of tropical fruits by adding fruit dietary fiber 
(FDF) and wheat dietary fiber (WDF). Different letter in the same 
fruit indicates significant difference (p<0.05) between fiber types.
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guava is an excellent source of antioxidant dietary fiber; this indicates 
that fiber has associated phenols, which confer antioxidant activity to 
it (JIMENEZ-ESCRIG et al., 2001). In this sense, due to that guava fiber 
has in its structure associated PC, there could be no space to interact 
with other phenols. Furthermore, it was observed that in all assays, 
the highest depletion of PC and antioxidant capacity occurred with 
the addition of WDF and mango fiber, which can be associated to the 
presence of starch; these fibers being the only ones that had starch in 
their structure. It is evident that the addition of both types of fibers 
affects adversely the PC content and consequently the antioxidant 
capacity of ME. This could be attributed to physicochemical inter-
actions that may occur between PC and the components of dietary 
fiber, causing PC physical trapping, consequently affecting their 
quantification and their action as antioxidants (PALAFOX-CARLOS 
et al., 2011). Next, will be described some possible explanations that 
could be causing the observed results.
The group of complex polysaccharides that conform dietary fiber has 
the ability to act forming physicochemical interactions with the PC, 
thereby preventing its action as antioxidants (SERRANO et al., 2009). 
These interactions may occur by hydrogen and ester bonds (with 
ferulic and cinnamic acids), hydrophobic interactions, and covalent 
bonds or simply by a physical entrapment (PALAFOX-CARLOS et al., 
2011). However, the composition, functional group substitution and 
physical properties of the fibers are key factors for this interaction. In 
addition, another key factor is the type of PC present in the extract. 
PC that have more hydroxyl groups and also contain more hydro-
phobic domains provide hydrogen bonding and would promote 
stronger interactions. Comparing between fiber types, WDF de-
clined proportionally the phenolic compounds (total phenols and 
flavonoids) and antioxidant capacity of ME of tropical fruits. WDF 
is an insoluble fiber type, consisting mainly of cellulose. According 
to its architecture, the cellulose has the ability to trap and bind phe-
nolic. PC may be interacting through non-covalent interactions with 
neutral sugars (xyloglucans) present in cellulose chain (PADAYACHEE 
et al., 2012a). Furthermore, when the cellulose are in contact with 
water or aqueous solutions (as study was conducted) can form mul-
tiple compact fibers by hydrogen bonds between the hydroxyl groups 
on different chains of glucose (LE-BOURVELLEC et al., 2004). Thus, 
some PC can be caught in its structure, thereby reducing its bio-
accessibility or release, in consequence affecting their bioactive ac-
tion. Also, molecular size and structure of PC are key factors that 
could influence the possible interactions between both molecules. 
Therefore, architecture of the cellulose may be more conducive to 
PC penetration through and potentially binding to the surface than 
pectin composites (LE-BOURVELLEC et al., 2004). Another possible 
mechanism of interaction is due to the presence of starch. It was 
reported that presence of starch can significantly decrease the phe-
nols content, due to strong interactions with their constituents, par-
ticularly with the amylose. The amylose possess a linear nature that 
affords a more optimum configuration for stronger bond formation 
between starch and PC in solution, particularly hydrophobic interac-
tions. However, also the amylopectin double helix structure might 
provide a physically trapped of PC within the bulky amylopectin 
matrix, without necessarily chemically interacting with the starch 
(BARROS et al., 2012).
As for FDF, mango and papaya fibers were those that decreased in 
largest proportion the PC and antioxidant capacity of ME. These 
fruits fibers are characterized by showing highest uronic acid com-
position that is associated with the content of pectin, the fibers also 
showed presence of cellulose. PADAYACHEE et al. (2012a) reported 
that PC presented in various fruits and vegetables had the ability 
to interact with both cellulose and pectin. As mentioned before, the 
architecture of the cellulose may be more conducive to PC pene-
trating through and potentially binding to the surface of the cellu-
lose, than pectin composites. However, pectin components also play 

a role in binding PC, especially on prolonged exposure. Pectin con-
tains hydrophobic cavities that could potentially encapsulate PC, as 
LE BOURVELLEC et al. (2004) concluded. Also, the portion of pectin 
polygalacturonic acid may be complex with some types of antioxi-
dants through Ca+ ions, which are the main cations present in the 
cell walls. Furthermore, in less proportion to the cellulose, the po-
rosity of the pectin composites might also be a contributing factor to 
PC entrapment. Nevertheless, the high presence of starch in mango 
fiber could be associated with the greatest depletion of PC, as men-
tioned before. Moreover, the major neutral sugars identified in the 
insoluble fibers (xylose and arabinose) and soluble fibers (glucose 
and galactose) may be directly involved in the interaction with the 
PC, facilitating their physics interactions (SUN-WATERHOUSE et al., 
2008; PADAYACHEE et al., 2012a; SIVAM et al., 2013).

Dynamic interaction
Fig. 5 shows a dynamic interaction of the addition of FDF and WDF 
on the antioxidant capacity of the ME of tropical fruits with respect 
to time. The addition of FDF shows a slow steady decline in the 
antioxidant capacity of ME of tropical fruits; however, the addition 
of WDF shows a faster decrease. With the addition of both types of 
fibers, mango fruit was decreased antioxidant capacity in less time. 
This indicates that the physical interaction or entrapment between 
these compounds was carried out more easily and more quickly, in 
comparison with the rest of the tropical fruits. That could be attrib-
uted to the type of PC presents in mango ME. 

Fig. 5:  Antioxidant capacity depletion of methanolic extract (ME) by add-
ing fruit dietary fiber (FDF) and wheat dietary fiber (WDF) respect 
to time. 

 

Conclusion
This study has shown that addition of FDF to ME containing PC 
decreased their phenolic content, as well as their antioxidant capa-
city. This can be attributed to the result of different physicochemical 
interactions between the two molecules, which affects the determi-
nation and antioxidant action of PC, as reported by other authors. 
However, it is shown that the type of fiber (soluble or insoluble) 
and the specific components, such as starch, are a key factors in this 



232 A.E. Quirós-Sauceda, J.F. Ayala-Zavala, S.G. Sáyago-Ayerdi, R. Vélez-de la Rocha, J.A. Sañudo-Barajas, G.A. González-Aguilar

process. However, is necessary further work to evaluate the type of 
the physicochemical interactions that can be carried out between fi-
ber and phenols. Spectroscopy studies (IR, NMR, UV/Vis) are tools 
that can provide more information to understand this phenomenon. 
Furthermore, it is important to know if this interaction affects the 
absorption and bioavailability of PC during digestion process.
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