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obtained by shear homogenization-assisted
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Response surface methodology (RSM) was used to optimize the extraction conditions for shear

homogenization-assisted extraction of soluble dietary fiber from pineapple pomace (s-SDF), and the

absorption capacities and antioxidant activities of the obtained s-SDF were also investigated. The

optimum extraction conditions consisted of a cutting speed of 9000 rpm, a cutting time of 20 min,

a cellulase content of 5.0%, a hydrolysis time of 120 min, a pH value of 4.5, a hydrolysis temperature of

50 �C, and a raw material to water ratio of 1 : 45 g mL�1. Under these conditions, the theoretical and

actual extraction yields of s-SDF were 8.80% and 8.76%, respectively. An absorption capacity analysis

indicated that s-SDF exhibited higher absorption abilities to sodium cholate, cholesterol and fat. In

addition, s-SDF possessed higher antioxidant activities, showing a positive concentration effect

relationship for DPPHc, ABTS+, $OH and O2
�c. The concentration of 1.0 mg mL�1 scavenged 76.72%

DPPHc, 58.40% ABTS+, 23.47% $OH and 48.47% O2
�c, respectively, and the reduction power was 0.70.

These results indicated that pineapple pomace is a potential source of natural dietary fiber and

a potential functional food ingredient.
1 Introduction

Pineapple (Ananas comosu), which belongs to the Bromeliaceae
family, is a tropical fruit popular throughout the world due to
its rich nutrients and medicinal properties, including antiox-
idant, anticancer and hypoglycemic activities.1 In 2013, pine-
apple production was around 210 000 t mainly in Latin
America and the Caribbean. This fruit is eaten fresh or used to
produce concentrated juices, fruits salads and jams. Aer
processing, many thousands of tons of pomace (25–35% of the
fruit weight) are generated as an agricultural by-product.
Pineapple pomace contains high concentrations of dietary
ber (DF), saccharides, mineral substances and proteins,
which is perishable without treatment, resulting in not only
a considerable waste of resources but also environmental
pollution.2,3 Therefore, studying the deep processing and
utilization of this surplus waste has important practical and
economic signicance.

Dietary ber (DF), a carbohydrate polymer with benecial
physiological properties, is generally derived from certain
cereals, fruits, vegetables and legumes.4 Dened as the edible
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portion of plants or carbohydrate analogs, DF is resistant to
digestion and absorption in the human small intestine, while
it can be partially or completely fermented in the large intes-
tine.5 Recently, DF has received more and more attention for
its low cost and benecial physiological effects on human
health,6 including reduction of the risk of diabetes, carcinoma
of colon, arteriosclerosis, obesity, and cardiovascular disease,
etc.7–12 Based on its water solubility, DF can be largely divided
into insoluble dietary ber (IDF) and soluble dietary ber
(SDF).13 Benecial effects of SDF include adsorbing heavy
metal, bile acids and cholesterol, reducing the postprandial
blood glucose levels, improving the intestinal microora, and
preventing diabetes and other cardiovascular diseases. While
cellulose, lignin and insoluble hemicelluloses were the main
components of the IDF with high water swelling capacity and
water holding capacity enhances the body's satiety and
increases fecal bulk, thereby reducing the risk of obesity, colon
cancer and constipation.14 Compared with IDF, SDF not only
exhibits more physicochemical and functional properties, but
also possesses a higher viscosity and provides better texture
and taste, hence, it is easier to applying in food processing.
However, the resources shortage of SDF increases the cost of
products production and restricts the development of industry
chain. Therefore, searching for SDF from agricultural by-
products is an important technical research issue in the
development of food industry.
RSC Adv., 2018, 8, 41117–41130 | 41117
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The extraction method is an important factor for the uses
of plant active components. Processing conditions change
the composition and structure of SDF, which, in turn, lead to
desirable and undesirable effects on their physicochemical
and functional properties. Nowadays, chemicals, enzymatic,
thermal, fermentation and mechanical methods have been
widely used to extract SDF from pineapple pomace,15–17 but
some of these methods have many drawbacks such as long
reaction time for chemical treatment, great solvent
consumption, high requirements of temperature, and intro-
duction of a large number of ions during the reaction
process.5 Advances in processing technology have provided
alternative treatments such as homogenization and extrusion
to obtain SDF, resulting in low energy consumption, envi-
ronmentally friendly and economically viable ways of
utilizing by-products.5 The functional properties of dietary
ber was related to its particle size. Generally, a smaller
particle size corresponds to larger surface area and higher
yields, which can be achieved by homogenization. Shear
homogenization-assisted extraction method used a mixture
of homogenization and hydrolysis to obtain highly bioactive
SDF. So far very few studies have been performed about the
application of the shear homogenization-assisted extraction
technique to extract dietary ber from pineapple pomace.

In this study, shear homogenization-assistant cellulase
extraction method was applied to extract s-SDF from pine-
apple pomace, and the extraction conditions were optimized
by Box–Behnken design based on single-factor experiments.
Then, we compared the properties [cholesterol binding
capacity (CBC), sodium cholate binding capacity (SCBC),
nitrite ion absorption capacity (NIAC), oil absorption
capacity (OAC) and glucose absorption capacity (GAC)] of s-
SDF with those of u-SDF (ultrasonic-assisted extraction
method), a-SDF (acidic extraction method) and c-SDF
(cellulase-assisted alkaline extraction method). Further-
more, the potential antioxidant activities of s-SDF were also
investigated. These results can provide a technical reference
for the efficient utilization of pineapple pomace.
Table 1 Univariate experiments of homogenization-assisted extraction

Extraction factors Level of factors

Cutting speed (rpm) 5000, 6000, 7000, 8000, 90

Cutting time (min) 10, 20, 30, 40, 50, 60

The content of cellulase (%) 1, 2, 3, 4, 5, 6

Hydrolysis time (min) 30, 60, 90, 120, 150, 180

pH value 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6

Hydrolysis temperature (�C) 40, 45, 50, 55, 60, 65

Raw material to water ratio (g mL�1) 1 : 30, 1 : 35, 1 : 40, 1 : 45,

41118 | RSC Adv., 2018, 8, 41117–41130
2 Materials and methods
2.1 Materials

Ripened pineapple fruits were purchased from a commercial
orchards located in Xuwen country (Guangdong, China). a-
Amylase, neutral protease and cellulase R-10 were bought in
Novozymes Biotechnology Co., Ltd. (Copenhagen, Danish). 1,1-
Diphenyl-2-picrylhydrazyl (DPPH), glucose, cholesterol and
sodium cholate were purchased from Sigma Aldrich Chemical
Co. (Milwaukee, WI, USA). All other reagents were of analytical
grade.

2.2 Preparation of SDF

2.2.1 Pretreatment of pineapple pomace. The pineapple
fruits were separated into edible and inedible portions
(pomace, stem and leaves), and the pomace was collected and
dried in an air-oven at 50 �C for 36 h, smashed in a blender, and
then sieved at 60 mesh. The dried samples were immersed in
petroleum ether for 2 h to remove some lipids and colors. The
residues were dried at room temperature (RT) and stored in
a desiccator.

2.2.2 Shear homogenization-assisted extraction method (s-
SDF). The pretreated powder (2.0 g) was thoroughly dispersed in
distilled water, 3.0% (w/w) of a-amylase was added and hydro-
lyzed at 65 �C with constant stirring for 1 h. Aer the temper-
ature of the hydrolysate was cooled down to 50 �C, 0.2% (w/w) of
neutral protease was added and incubated for 40 min. And then
the reaction solution was homogenised, adjusted the required
pH and mixed with cellulase to continue to hydrolyze in a water
bath. Aerwards, the mixture was quenched at 95 �C for 5 min
and ltered aer cooled down to RT. The ltrate was vacuum
condensed and precipitated with 4 volumes of 95% (v/v) ethanol
at 4 �C for 12 h. The sediment was collected, washed with 95%
ethanol for 2–3 times and freeze–dried to obtain soluble dietary
ber (s-SDF). Univariate experiments of shear homogenization-
assisted extraction of s-SDF from pineapple pomace were shown
in Table 1, and the extraction yield of s-SDF was calculated by
the following formula:

s-SDF extraction yield ð%Þ ¼ W1

W
� 100 (1)
of s-SDF from pineapple pomace

Extraction conditions

00, 10 000 10 min, 5.0% cellulase, pH 5.0, 55 �C, 2 h,
1 : 40 g mL�1

9000 rpm, 5.0% cellulase, pH 5.0, 55 �C,
120 min, 1 : 40 g mL�1

9000 rpm, 20 min, pH 5.0, 55 �C, 120 min,
1 : 40 g mL�1

9000 rpm, 20 min, 5.0% cellulase, pH 5.0, 55 �C,
1 : 40 g mL�1

.0 9000 rpm, 20 min, 5.0% cellulase, 55 �C,
120 min, 1 : 40 g mL�1

9000 rpm, 20 min, 5.0% cellulase, pH 4.5,
120 min, 1 : 40 g mL�1

1 : 50, 1 : 55 9000 rpm, 20 min, 5.0% cellulase, pH 4.5, 55 �C,
120 min

This journal is © The Royal Society of Chemistry 2018
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Table 2 Factors and levels of the Plackett–Burman design

No. Factors

Levels

Low level
(�1) High level (+1)

X1 Cutting speed (rpm) 8000 10 000
X2 Cutting time/min 10 30
X3 Empty column 1
X4 The content of cellulase (%) 4.0 6.0
X5 Hydrolysis time (min) 90 150
X6 Empty column 2
X7 pH value 4.0 5.0
X8 Hydrolysis temperature (�C) 50 60
X9 Empty column 3
X10 Raw material to water ratio (g mL�1) 1 : 40 1 : 50
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where W1 and W were the weight of s-SDF and dried powder of
pineapple pomace, respectively.

2.2.3 Ultrasonic-assisted extraction method (u-SDF). The
procedure of ultrasonic-assisted extraction was performed
using a PS-30ALD ultrasonic cleaning bath (Kunshan Ultrasonic
Instrument Co. Ltd., Jiangsu, China). 2.0 g powder was pro-
cessed in 80 mL deionized water by multiple enzymes (a-
amylase and neutral protease) hydrolysis in sequence. Then,
cellulase was added to the hydrolysate solutions and placed it
into an ultrasonic cleaning bath, and then extracted under
controlled conditions (the additive quantity of cellulase of 5%,
hydrolysis temperature of 50 �C, hydrolysis time of 40 min, pH
value of 4.5, and ultrasonic power of 180 W). Aer inactivation
of enzymes, the supernatant was condensed, alcohol precipi-
tated and freeze–dried to achieve u-SDF.

2.2.4 Acidic extraction method (a-SDF). Pineapple pomace
(2.0 g) was suspended in 30 times volume of oxalic acid solution
(3%, w/v) with constant stirring using a water bath at 90 �C for
2 h, then ltered, condensed and precipitated by 95% ethanol,
the a-SDF was obtained by dried in a lyophilizer.

2.2.5 Cellulase-assisted alkaline extraction method (c-
SDF). 2.0 g of pineapple pomace was suspended in 80 mL of
distilled water and mixed with 6% cellulase, adjusted pH value
to 4.5. Aer incubation at 55 �C for 1 h, the mixture was heated
at 95 �C for 5 min and then ltered, the residue was treated by
NaOH solution at 60 �C and pH 11.0 for 1.5 h. Aer extraction,
merged the above supernatant, condensed, precipitated and
freeze–dried to obtain c-SDF.
Table 3 Factors and levels of the Box–Behnken design

Level

Factors

A, the content
of cellulase (%)

B, hydrolysis
time (min)

C, hydrolysis
temperature (�C)

�1 4.5 100 50
0 5.0 120 55
1 5.5 140 60
2.3 Optimization of s-SDF extraction

Seven single-factor experiments were done to determine the
preliminary range of the extraction variables, including cutting
speed (X1, 5000–10 000 rpm), cutting time (X2, 10–60 min), the
content of cellulase (X4, 1–6%), hydrolysis time (X5, 30–180
min), pH value (X7, 3.0–6.0), hydrolysis temperature (X8, 40–65
�C) and raw material to water ratio (X10, 1 : 40–1 : 50 g mL�1).
And then the main inuencing factors were screened out from
seven factors affecting the extraction yield of s-SDF by Plackett–
Burman (PB) design. The whole design consisting of 10 factors
and 12 experimental points, each factor was set at two levels of
low (�1) and high (+1). In addition, three empty terms (X3, X6

and X9) were arranged for error analysis. The factors and levels
are shown in Table 2. According to the results of PB design, the
positive and negative effects of signicant factors were selected
to determine the change direction and step size of the steepest
climbing test, and to approach the maximum response area
quickly.18

The optimal conditions for shear homogenization-assisted
cellulase extraction with the standard of three-level-three-
factor Box–Behnken design were determined by response
surface methodology (RSM). The content of cellulase (A),
hydrolysis time (B) and hydrolysis temperature (C) were selected
as independent variables, the extraction yield of s-SDF (Y) was
taken as the response value, while the cutting speed, cutting
time, pH value and raw material to water ratio were xed to
9000 rpm, 20min, 4.5 and 1 : 45 gmL�1, respectively. The whole
This journal is © The Royal Society of Chemistry 2018
design consisting of 17 experimental points including 12
factorial points and 5 central points, and the factors and levels
are shown in Table 3. The relationships and interrelationships
of the variables were based on the following second-order
polynomial model:

Y ¼ b0 +
P

bixi +
P

biixi
2 +

P
bijxixj (2)

where Y was the predicted response, xi and xj were the inde-
pendent variable, bi, bj, bii and bj were the model intercept,
linear, quadratic and interaction coefficients, respectively.
2.4 Absorption capacity

2.4.1 Cholesterol binding capacity (CBC). Cholesterol
binding capacity of SDF was investigated according to the
procedure method described with minor modications.14 Fresh
egg yolk was diluted with 9 times volume of distilled water, and
homogenized by stirring. The mixtures of 1.0 g SDF with 50 mL
of diluted yolk at pH 2.0 and 7.0, respectively (similar to the pH
conditions in the stomach and small intestine, respectively),
were shaken at 37 �C for 2 h in a thermostatic oscillator. At the
end of absorption, the mixture was centrifuged at 5000 rpm for
20 min. The supernatant was collected and diluted with 5 times
volume of glacial acetic acid. Briey, 0.2 mL of supernatant
dilution solution wasmixed with glacial acetic acid (0.8 mL) and
o-phthalaldehyde (0.2 mL) in a 10 mL test tube in sequence, and
then, 4.0 mL of mixed acid (glacial acetic acid and sulfuric acid,
1 : 1, v/v) was added. Aer reacting for 10 min, the absorbance
at 550 nm was determined with a UV-1200 spectrophotometer
(Shanghai, China). A linear relationship between cholesterol
RSC Adv., 2018, 8, 41117–41130 | 41119

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra06928j


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
D

ec
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 1

/1
1/

20
26

 6
:5

6:
27

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
concentrations and the absorbances was as follows: y¼ 0.0129x
� 0.0294 (R2 ¼ 0.9926), where y represents the absorbance, x
represents the cholesterol concentration (mg mL�1). The CBC
was calculated as follows:

CBC
�
mg g�1

� ¼ M1 �M2

M
(3)

where M1 and M2 were the content of cholesterol in the yolk
without or with SDF, M was the weight of the sample.

2.4.2 Sodium cholate binding capacity (SCBC). Following
the method of Xu et al.19 with minor modications. 0.5 g of
samples were mixed with 50 mL of NaCl solution (0.15 mol L�1,
pH 7.0) containing 0.2 g sodium cholate and shaken at 37 �C for
2 h, then centrifuged at 4000 rpm for 20 min. The supernatant
(1 mL) was collected and mixed with 6 mL of 45% sulfuric acid
and 1 mL of 0.3% furaldehyde. Aer incubation at 65 �C for
30 min, the absorbance at 620 nm was measured. A linear
relationship between sodium cholate concentrations and the
absorbances was as follows: y ¼ 1.2785x + 0.0262 (R2 ¼ 0.9993),
where y represents the absorbance, x represents the sodium
cholate concentration (mg mL�1). SCBC was calculated using
the following equation:

SCBC
�
mg g�1

� ¼ m1 �m2

m
(4)

where m1 was the content of sodium cholate in the solution
before absorption, m2 was the content of sodium cholate in the
solution aer absorption, and m was the weight of sample.

2.4.3 Nitrite ion absorption capacity (NIAC). The assays for
absorption rate of SDF to nitrite ion were carried out according
to the method described with slight modications.20 0.25 g of
SDF samples were mixed with 50 mL sodium nitrite solution (50
mg mL�1) in a 100 mL conical ask, the pH was adjusted to 2.0
and 7.0 (simulsting the pH conditions in the stomach and small
intestine), respectively. The mixture was shaken at 37 �C for 2 h
in a thermostatic oscillator, then centrifuged at 4000 rpm for
20 min. 0.6 mL of the supernatant was collected andmixed with
2mL of p-aminobenzene sulfonic acid (0.4%, v/v), 1.0 mL of N-1-
naphthylethylenediamine dihydrochloride (0.2%, v/v) in
a 50 mL volumetric ask. Aer incubation at RT for 15 min, the
absorbance at 538 nm was determined. The relationship
between sodium nitrite concentrations and the absorbances
was estimated as follows: y ¼ 0.6587x + 0.0095 (R2 ¼ 0.999),
where y represents the absorbance, x represents the sodium
nitrite concentration (mg mL�1). The NIAC was calculated using
the following equation:

NIAC ð%Þ ¼ C0 � C1

C0

� 100 (5)

where C0 and C1 were the concentration of sodium nitrite in the
buffer without or with SDF, respectively.

2.4.4 Oil absorption capacity (OAC). The OAC was deter-
mined according to the method described by Wang et al.22 with
slight modications. 0.50 g of SDF (recorded as W1) was mixed
with 10 mL of peanut oil in a 15 mL of centrifuge tube, and
maintained for 24 h at RT, and then themixture was centrifuged
at 5000 rpm for 10 min. Aer the supernatant was discarded,
41120 | RSC Adv., 2018, 8, 41117–41130
the residue was collected and weighed (recorded as W2). The
OAC was calculated using the following equation:

OAC
�
g g�1

� ¼ W1 �W2

W1

(6)

2.4.5 Glucose absorption capacity (GAC). The GAC of SDF
was determined according to the method described by C. F.
Chau et al.21 with some modications. 0.25 g of SDF was mixed
with 50 mL of glucose solution (100 mmol L�1) in a 100 mL
triangular bottle and incubated in a thermostatic oscillator at
37 �C for 6 h. Aer centrifugation at 4500 rpm for 20 min, the
supernatant was collected and the concentration of glucose was
determined at 540 nm by colorimetric method. A standard curve
of glucose concentrations to the absorbances as follows: y ¼
2.8477x + 0.1448 (R2 ¼ 0.9981), where y represents the absor-
bance, x represents the concentration of glucose (mg mL�1).
GAC was calculated according to the following equation:

GAC
�
mmol g�1

� ¼ g1 � g2

w
(7)

where g1 and g2 were the glucose content before or aer
absorption, and w was the weight of sample.
2.5 Assay of antioxidant activity of s-SDF in vitro

The s-SDF samples were diluted with distilled water into
different concentrations of 0.2, 0.4, 0.6, 0.8 and 1.0 mg mL�1.
The antioxidant activities were evaluated by scavenging abilities
of DPPHc, ABTS+, hydroxyl radicals, superoxide anion radicals
and reducing power.

2.5.1 DPPH radical (DPPHc) scavenging activity. The DPPH
radical scavenging activity was determined according to the
reported method with slight modications.23 Briey, 2.0 mL of
s-SDF sample solutions with different concentrations (0.2–
1.0 mg mL�1) were mixed with 2 mL of DPPH ethanol solution
(0.2 mmol L�1). Aer reacted for 30 min in the dark at RT, the
absorbance of the mixture was measured at 517 nm using a UV-
1200 spectrophotometer. Ascorbic acid (Vc) was used as positive
control. The DPPH radical scavenging activity was calculated by
the following formula:

DPPH radical scavenging activity ð%Þ ¼
�
1� Ai � Aj

A0

�
� 100

(8)

where Ai was the absorbance of the sample, Aj was the absor-
bance of the sample only (ethanol instead of DPPH solution), A0
was the absorbance of the control (distilled water instead of s-
SDF solution).

2.5.2 ABTS+ radical scavenging activity. The ABTS+ radical
scavenging activity was measured as described by Mart́ınez R.
et al.24 with slight modications. Briey, equal volumes of ABTS
solution (7 mmol L�1) and potassium persulfate solution
(2.45 mmol L�1) were added to a ask, and reacted in the dark
for 12–16 h at 4 �C. In the moment of use, the mixture solution
was diluted with methyl alcohol to an absorbance of 0.70 � 0.02
at 732 nm. 50 mL of s-SDF solution with various concentrations
(0.2–1.0 mg mL�1) were mixed with 4 mL of ABTS+ solution.
This journal is © The Royal Society of Chemistry 2018
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Aer reacted at RT for 6 min in the dark, the absorbance at
732 nm was measured using Vc as positive control. The ABTS+

radical scavenging activity was calculated by the following
formula:

ABTSþ radical scavenging activity ð%Þ ¼
�
1� A1 � A2

A0

�
� 100

(9)

where A0 was the absorbance of the control without sample, A1
was the absorbance of sample, and A2 was the absorbance of
sample blank without ABTS+.

2.5.3 Hydroxy radical ($OH) scavenging activity. The
hydroxyl radical scavenging activity was determined according
to the previous method with some modications.25 Firstly, 1 mL
of s-SDF sample (0.2–1.0 mg mL�1), 0.5 mL of salicylic acid–
ethanol (9 mmol L�1), and 0.5 mL of FeSO4 (9 mmol L�1) were
mixed in a 15 mL centrifuge tube, 5 mL of H2O2 (8.8 mmol L�1)
was added nally to start the reactions, and then incubated at
37 �C for 30 min. Aerwards, the absorbance of the mixture was
measured at 510 nm using Vc as positive control, and the
hydroxy radical scavenging activity was calculated according to
the following formula:

Hydroxy radical scavenging activity ð%Þ ¼
�
1� Ai � Aj

A0

�
� 100

(10)

where A0 was the absorbance of the blank (distilled water
instead of s-SDF sample), Aj was the background absorbance
(distilled water instead of FeSO4), and Ai was the absorbance of
sample.

2.5.4 Superoxide anion radical (O2
�c) scavenging activity.

The superoxide anion scavenging activity was measured as
described in the previous study.26 with some modications in
this test. 1 mL s-SDF solution at various concentrations (0.2–
1.0 mg mL�1) were mixed with 4 mL Tris–HCl buffer solution
(0.05 mol L�1, pH 8.2) and 0.4 mL pyrogallol solution (25 mmol
L�1) in sequence. Aer the mixtures were reacted at RT for
5 min, 100 mL of HCl (10 mol L�1) was added to terminate the
reaction. The absorbance at 325 nm was measured. Vc was used
as positive control, and the superoxide anion radical scavenging
activity was calculated using the equation as following:

Superoxide anion radical scavenging activity ð%Þ

¼
�
1� Am � An

Aq

�
� 100 (11)

where Aq was the absorbance of the control (distilled water
instead of s-SDF sample), Am was the absorbance of s-SDF
sample in reactive system, and An was the absorbance of
sample only (distilled water instead of pyrogallol).

2.5.5 Reducing power. The reducing power of s-SDF sample
was carried out by the previous method.27 Briey, 1.0 mL of s-
SDF solution at various concentrations (0.2–1.0 mg mL�1) in
distilled water were mixed with 2.5 mL phosphate buffer
(0.2 mol L�1, pH 6.6), and 2.5 mL 1% K3Fe(CN)6 solution.
Subsequently, the mixtures were incubated at 50 �C for 20 min
in the water bath. Aer cooled to RT, 2.5 mL of 10%
This journal is © The Royal Society of Chemistry 2018
trichloroacetic acid was added, and then centrifuged at
5000 rpm for 15 min. 2.5 mL mixture supernatant was collected
and mixed with 2.5 mL of distilled water and 0.5 mL of ferric
chloride (FeCl3). The absorbance at 700 nm was determined
aer 10 min. Vc was used as positive control. Increased absor-
bance of the reaction mixture demonstrated the increase of
reducing ability.

Reducing power ¼ A1 � A2 (12)

where A1 was the absorbance of sample, and A2 was the absor-
bance of sample only (distilled water instead of ferric chloride).

2.6 Statistical analysis

A soware of Design-Expert 8.0.6 was used for RSM experiment
design and data analysis. All of the results were expressed as the
mean values � standard deviation (SD). The differences
between means were assessed by analysis of variance (ANOVA)
with Dunca's test using a signicance level of p < 0.05.

3 Results and discussion
3.1 Single-factor experiment

Taking the extraction yield of s-SDF as the assessment index,
a single-factor experiment was performed to determine the
preliminary range of the extraction variables (Fig. 1). As shown
in Fig. 1a, the extraction yield of s-SDF rst increased to its
maximum level as the cutting speed was increased to 9000 rpm
and then decreased with further increases the cutting speed,
which may be interpreted that increasing cutting speed
decreases particle size and increases specic surface area of
pineapple pomace, and accelerating the mass transfer of
intracellular substances. However, excessively cutting speed
could promote the degradation of s-SDF. Hence, 9000 rpm was
chosen as the optimum cutting speed. The analysis of the effect
of cutting time on the extraction yield of s-SDF (Fig. 1b) revealed
that the extraction yield of s-SDF presented a relatively rapid
increase as the cutting time was increased from 10 to 20 min,
and then slightly decreased as cutting time was over 20 min,
indicating a longer cutting time could decrease the particle size
of pineapple pomace and increase the mass transfer rate of s-
SDF. Therefore, the optimum cutting time of 20 min was
chosen in the present work. According to Fig. 1c, the extraction
yield of s-SDF increased rapidly with the content of cellulase
ranged from 1% to 5%, beyond which it slightly decreased. That
could be due to the increase of the content of cellulase might
increase the contact chances of cellulase to substrate, which
benetted the dissolution of s-SDF. However, high additive
quantity of cellulase could decrease the hydrolysis rate of the
substrate and increase the produce cost. Thus, the content of
cellulase of 5% was chosen in this experiment. According to
Fig. 1d, the extraction yield slowly increased during the initial
120 min and then it decreased on further increase of hydrolysis
time. s-SDF dissolution requires a certain time, but thermal
degradation could occur if the hydrolysis time is too long, which
could affect the s-SDF extraction yield. Therefore, the optimum
hydrolysis time was 120 min. As shown in Fig. 1e, there was
RSC Adv., 2018, 8, 41117–41130 | 41121
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Fig. 1 The effects of cutting speed (a), cutting time (b), the content of cellulase (c), hydrolysis time (d), pH value (e), hydrolysis temperature (f) and
raw material to water ratio (g) on the extraction yield of s-SDF.

41122 | RSC Adv., 2018, 8, 41117–41130 This journal is © The Royal Society of Chemistry 2018
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Table 4 Plackett–Burman design and corresponding results

No. X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

s-SDF extraction
yield (%)

1 1 �1 1 �1 �1 �1 1 1 1 �1 5.72
2 1 1 �1 1 �1 �1 �1 1 1 1 7.31
3 �1 1 1 �1 1 �1 �1 �1 1 1 6.02
4 1 �1 1 1 �1 1 �1 �1 �1 1 7.05
5 1 1 �1 1 1 �1 1 �1 �1 �1 7.54
6 1 1 1 �1 1 1 �1 1 �1 �1 5.89
7 �1 1 1 1 �1 1 1 �1 1 �1 7.38
8 �1 �1 1 1 1 �1 1 1 �1 1 7.27
9 �1 �1 �1 1 1 1 �1 1 1 �1 7.45
10 1 �1 �1 �1 1 1 1 �1 1 1 6.73
11 �1 1 �1 �1 �1 1 1 1 �1 1 6.00
12 �1 �1 �1 �1 �1 �1 �1 �1 �1 �1 6.19
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a rapid increase in the extraction yield of s-SDF when the pH
value increased from 3.0 to 4.5, and then it decreased slowly on
further increase of pH. This tendency could be explained by the
fact that pH value affected the dissolution of s-SDF by inu-
encing the cellulase activity, weakly acidic or neutral environ-
ment could decrease the cellulase activity. Hence, 4.5 was
chosen as the optimum pH value. The effect of hydrolysis
temperature (Fig. 1f) revealed that the yield of s-SDF rst
increased then tends to decrease with increasing of hydrolysis
temperature, where an optimum value was 55 �C. Both the mass
transfer rate and the density of the solvent might be affected by
the temperature. Proper high temperature could increase
cellulase activity and molecular movement, accelerating the
dissolution of SDF. However, higher hydrolysis temperature
may reduce the enzyme activity and promote the degradation of
SDF. Therefore, 55 �C was chosen as the optimum hydrolysis
temperature. Fig. 1g shown the effect of raw material to water
ratio on the extraction yield of s-SDF. The extraction yield rst
increased then tends to keep constant with increasing of raw
material to water ratio from 1 : 30 to 1 : 55 g mL�1, where an
optimum value was 1 : 45 g mL�1. A larger ratio of raw material
to water implied greater concentration difference between the
interior plant cells and the exterior solvent, thereby dissolving
more SDF from the material. However, too much solvents could
increase the operation difficulty of subsequent concentration.
Therefore, the optimum raw material to water ratio of 1 : 45 g
mL�1 was chosen.
Table 5 The variance analysis of Plackett–Burman design

Factors Coefficient Standard error

Model 6.712 0.082
X1 0.006 0.117
X2 0.022 0.117
X4 �0.621 0.117
X5 �0.104 0.117
X7 �0.061 0.117
X8 0.106 0.117
X10 �0.0175 0.117
S ¼ 0.4070 R2 ¼ 0.9848 Radj

2 ¼ 0.8329

This journal is © The Royal Society of Chemistry 2018
3.2 Determination of signicance factors

The Plackett–Burman design and corresponding results were
shown in Table 4. The regression equation between extraction
factors and the extraction yield of s-SDF was arranged as
follows:

Y¼ 6.71 + 0.01X1 + 0.02X2 � 0.62X4 � 0.10X5 � 0.06X7 + 0.11X8

� 0.02X10.

where Y was the extraction yield of s-SDF, X1, X2, X4, X5, X7, X8

and X10 were cutting speed, cutting time, the content of cellu-
lase, hydrolysis time, pH value, hydrolysis temperature and raw
material to water ratio, respectively.

The variance analysis of the regression equation was pre-
sented in Table 5. The low p-value indicating that the model was
highly signicant. The high value of determination coefficient
(R2 ¼ 0.9848) and adjusted determination coefficient (Radj

2 ¼
0.8329) indicating that 83.29% of the variations could be
explained by the model, and the regression equation had a good
tting degree. The inuential order of the seven factors on the
extraction yield of s-SDF was arranged as follows: X4 > X8 > X5 >
X7 > X2 > X10 > X1. Therefore, the three key factors, i.e., the
content of cellulase, hydrolysis temperature and hydrolysis time
were selected for subsequent optimization and analysis of the
RSM, while other factors were xed at the specic values as
follows: cutting speed of 9000 rpm, cutting time of 20 min, raw
material to water ratio of 1 : 45 g mL�1, and pH value of 4.5.

The steepest ascent direction and step size were determined
according to the variable relationship of three important factors
of PB design. The content of cellulase (A) and hydrolysis time (B)
exhibited negative effects, whereas hydrolysis temperature (C)
showed a positive effect. The steepest ascent test and corre-
sponding results were shown in Table 6, the extraction yield of
s-SDF rst increased and then decreased with increasing of
hydrolysis temperature, and the decrease of the content of
cellulase and hydrolysis time, the maximum extraction yield
may appear in test 3. Then the conditions of test 3 was used as
the center point to carry out the subsequent Box–Behnken
design (BBD).
3.3 Optimization of SDF extraction conditions

RSM was used to optimize the extractions conditions of s-SDF.
The design matrix and the corresponding results of BBD were
T value P value Importance

81.36 0.008 —
0.07 0.955 7
0.27 0.830 5

�7.53 0.084 1
�1.26 0.426 3
�0.74 0.596 4
1.28 0.422 2

�0.21 0.867 6
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Table 6 Slope climbing test and corresponding results

No.

Factors
s-SDF extraction
yield (%)The content of cellulase (%) Hydrolysis time (min) Hydrolysis temperature (�C)

1 6.0 160 45 7.33
2 5.5 140 50 7.48
3 5.0 120 55 8.06
4 4.5 100 60 7.00
5 4.0 80 65 4.64

Table 7 Design and results of Box–Behnken experiment

No.

Factors
s-SDF extraction
yield (%)A B C

1 �1 �1 0 5.59
2 1 �1 0 6.74
3 �1 1 0 5.12
4 1 1 0 7.08
5 �1 0 �1 5.92
6 1 0 �1 8.14
7 �1 0 1 6.15
8 1 0 1 6.81
9 0 �1 �1 8.11
10 0 1 �1 6.98
11 0 �1 1 7.07
12 0 1 1 6.35
13 0 0 0 8.56
14 0 0 0 8.87
15 0 0 0 8.41
16 0 0 0 8.32
17 0 0 0 8.62
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shown in Table 7. The data were analyzed bymultiple regression
equation analysis to obtain the following second-order poly-
nomial equation:

Y ¼ 8.556 + 0.748A � 0.247B � 0.346C + 0.202AB � 0.390AC

+ 0.102BC � 1.398A2 � 1.025B2 � 0.403C2
Table 8 ANOVA for response surface quadratic modela

Variance sources Sum of squares DF Mea

Model 21.30 9 2.37
A 4.49 1 4.49
B 0.49 1 0.49
C 0.96 1 0.96
AB 0.16 1 0.16
AC 0.61 1 0.61
BC 0.042 1 0.04
A2 8.23 1 8.23
B2 4.43 1 4.43
C2 0.68 1 0.68
Residual 0.60 7 0.08
Lack of t 0.42 3 0.14
Pure error 0.18 4 0.04
Cor total 21.90 16

a ** Indicates extremely signicant differences (p < 0.01); * indicates sign

41124 | RSC Adv., 2018, 8, 41117–41130
where Y was the extraction yield of s-SDF, and A, B and C were
the content of cellulase, hydrolysis time and hydrolysis
temperature, respectively.

The variance analysis of the quadratic regression model was
shown in Table 8. The model had a high F-value (27.76) and
a low p-value (<0.001) indicated that the quadratic model was
highly signicant (p < 0.01), the high value of R2 (0.9728) and the
Radj

2 (0.9377) also clearly demonstrated that the model was
statistically signicant. Meanwhile, the p-value of lack of t was
0.1519 indicating that the extraction yield of s-SDF can be
accurately predicted using the quadratic model. Additionally,
The linear coefficients A and B, quadratic term coefficients A2,
B2 and C2, and the interaction terms AC of the regression
equation were signicant with small p values (p < 0.05), whereas
the other term coefficients were insignicant (p > 0.05). The
inuential order of the three factors on the extraction yield of s-
SDF was arranged as A > C > B, that is the content of cellulase >
hydrolysis temperature > hydrolysis time.

As the graphical representations of a regression equation, 3D
response surface and 2D contour plots were made to predict the
relationships between the independent variables and the
dependent variables.28 As shown in Fig. 2, the extraction yield of
s-SDF was investigated when two varieties kept in experimental
range and other variety xed at zero. For the content of cellulase
and hydrolysis time (Fig. 2a and b), the contour plot was
circular, which indicated the mutual interactions between the
n squares F value P value Signicance

27.76 0.0001 **

52.61 0.0002 **

5.75 0.0476 *

11.25 0.0122 **

1.92 0.2080
7.14 0.0319 *

2 0.49 0.5053
96.53 <0.0001 **

51.94 0.0002 **

8.02 0.0253 *

5
3.09 0.1519

5

icant differences (p < 0.05).

This journal is © The Royal Society of Chemistry 2018
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Fig. 2 Respose surfaces plots showing the mutual effects of the content of cellulase (a and b), hydrolysis time (c and d) and hydrolysis
temperature (e and f) on the extraction yield of s-SDF.
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content of cellulase and hydrolysis time was insignicant. The
similar trend (Fig. 2e and f) was found for hydrolysis tempera-
ture and hydrolysis time. The elliptical contour plot shown in
Fig. 2c and d indicated the mutual interactions between the
content of cellulase and hydrolysis temperature was signicant.
By solving the regression equation and analyzing the response
surface contour plots, the optimal extraction conditions were
obtained as follows: the content of cellulase 5.0%, hydrolysis
time 120 min, hydrolysis temperature 50 �C. The maximum
predicted extraction yield of s-SDF was 8.80%. To validate the
reliability of the model equation, the verication experiment
was carried out under optimal extraction conditions. As a result,
an actual extraction yield of 8.76 � 0.06% was obtained, which
This journal is © The Royal Society of Chemistry 2018
was not signicant different from the predicated value, indi-
cating that the model was adequate for the prediction of s-SDF
extraction.
3.4 Functional characteristics of SDF

3.4.1 Binding capacities of sodium cholate, cholesterol and
oil. Dietary ber is an important component of our diet,
although it is not digested by endogenous enzymes within the
human intestinal tract. Especially the non-starch poly-
saccharides and lignin of the plant origin, may lower choles-
terol and fat contents. DF is capable of binding bile acids in the
small intestine and binding cholesterol in both the stomach
and small intestine.29 Therefore, the binding capacities of DF
RSC Adv., 2018, 8, 41117–41130 | 41125
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Table 9 Comparison of extraction yield and absorption capacities of s-SDF, u-SDF, a-SDF and c-SDF

s-SDF u-SDF a-SDF c-SDF

SDF extraction yield (%) 8.76 � 0.06b 8.12 � 0.04b 12.19 � 0.04a 15.08 � 0.13a

SCBC (mg g�1) pH 7.0 9.29 � 0.77b 6.28 � 0.82c 10.82 � 0.31a 2.45 � 0.29d

CBC (mg g�1) pH 2.0 14.07 � 0.55ab 14.56 � 0.33a 13.51 � 0.16bc 13.16 � 0.26c

pH 7.0 15.23 � 0.83a 15.49 � 0.23a 13.86 � 0.09b 14.86 � 0.19ab

NIAC (mg g�1) pH 2.0 4.27 � 0.05b* 4.43 � 0.04a 4.34 � 0.08ab 4.14 � 0.02c

pH 7.0 2.44 � 0.24b 2.10 � 0.16bc 3.24 � 0.12a 1.93 � 0.11c

OAC (g g�1) 1.11 � 0.09b 1.03 � 0.02b 0.86 � 0.02c 1.34 � 0.12a

GAC (mmol g�1) 19.12 � 0.06c 19.34 � 0.04ab 19.45 � 0.04a 19.32 � 0.06b

a s-SDF, soluble dietary ber prepared from pineapple pomace by shear homogenization-assisted cellulase extraction method; u-SDF, ultrasonic-
assisted cellulase extraction method; a-SDF, acid extraction method; c-SDF, cellulase-assisted alkali extraction method; data are presented as
the mean values � SDs (n ¼ 3). Different letters within the same line are signicantly different at the level of p < 0.05, and the same letters
within the same line are insignicantly different at the level of p > 0.05. *Is signicantly different at the level of p < 0.05 (comparing pH 2.0 and
pH 7.0).
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for sodium cholate, cholesterol and oil were commonly
considered as the important parameters to evaluate its
adsorption capacity for lipophilic components.4

In this study, the absorption properties of SDF obtained by
four extraction methods were investigated. The extraction yield
and binding capacities of ber samples (s-SDF, u-SDF, a-SDF
and c-SDF) to sodium cholate, cholesterol (at pH 2.0 and pH
7.0) and oil were listed in Table 9. The results shown that the
extraction yield of s-SDF was 8.76%, which is lower than the
extraction yield of a-SDF (12.19%) and c-SDF (15.08%), but
higher than that of u-SDF (8.12%). The binding capacities of a-
SDF and s-SDF to sodium cholate was signicantly higher than
those of u-SDF and c-SDF. The binding capacities to cholesterol
was dramatically inuenced by the pH value of reaction system.
The CBC of four kinds of dietary ber at pH 7.0 was better than
those at pH 2.0, and s-SDF exhibited obvious binding capacities
for cholesterol in vitro, which indicated that the CBC in small
intestine was higher than that in stomach, and s-SDF exhibited
better healthy effect to lower the concentration of cholesterol in
the small intestine.

The ability of SDF to retain oil is important for food appli-
cations, such as preventing fat loss upon cooking, improving
the texture and sensory quality of foods and removing excess fat
from the human body.30 As shown in Table 9, the c-SDF had
higher binding capacity for peanut oil (1.34 � 0.12 g g�1)
compared with s-SDF (1.11 � 0.09 g g�1), u-SDF (1.03 � 0.02 g
g�1) and a-SDF (0.86 � 0.02 g g�1). A comparison of the OAC of
s-SDF with the OACs of SDF from other sources indicated that
the OAC of s-SDF was similar to the papaya skin (1.15 � 0.09 g
g�1) but lower than those of orange peel (1.76 � 0.32 g g�1) and
rice bran (1.85 � 0.15 g g�1),22,31 which may be due to the
different sources and extraction methods of the above SDF.

3.4.2 Absorption capacity of nitrite ion. Nitrite is
a compound with relatively high toxicity, which is commonly
used for the curing of meat for a desirable color and prevention
of bacterial growth. Consumption of cured meat products and
vegetables containing natural nitrate could increase content of
nitrites in human digestive system, which react with degrada-
tion products of amino acids to form the carcinogenic impor-
tant trait. DF contributes to the prevention of human toxication
by absorption over dose of nitrites.2 The NIAC of s-SDF, u-SDF,
41126 | RSC Adv., 2018, 8, 41117–41130
a-SDF and c-SDF were showed that the condition in the stomach
was higher than that in intestine, and the NIAC of s-SDF was
higher than c-SDF, but lower than u-SDF and a-SDF.

3.4.3 Absorption of glucose. The viscous and gel forming
properties of DF slows down gastric emptying and macronu-
trient adsorption from the gut which marks reduction in post-
prandial glucose responses.12,32 The inuence of four kinds of
SDF on the postprandial glucose level was analyzed by in vitro
glucose adsorption assay. The results shown that s-SDF, u-SDF,
a-SDF and c-SDF can absorb 19.12, 19.34, 19.45 and 19.32 mmol
g�1 of glucose at the concentration of 100 mmol L�1, respec-
tively, which indicated that SDF from different extraction
methods absorbs glucose effectively and thus can play a poten-
tial role in reducing postprandial glucose.

3.4.4 Antioxidant activities. Several methods have been
developed to estimate the antioxidant capacity of different plant
materials, these methods including measure the ability of
antioxidants to scavenge specic radicals, to inhibit lipid per-
oxidation or to chelate metal ions. Usually, more than one
method should be used to gain a more complete picture of the
antioxidant capacity of active compounds, as illustrated by the
data in Fig. 3 that show the antioxidant activity of s-SDF using
each of the DPPHc, ABTS+, hydroxyl radicals, superoxide anion
radicals and reducing power assays.

The DPPH radical does not requires any special preparation
and is considered a simple and very fast method for deter-
mining antioxidant activity. Results in Fig. 3 demonstrated that
the s-SDF exhibited outstanding DPPH scavenging ability, with
a dose-dependent manner. The scavenging rates at the
concentration of 1.0 mg mL�1 was 76.72%. The ABTS assay is
based on the ability of antioxidants to scavenge the long-life
cation ABTS+. With the increases of s-SDF concentration, the
scavenging ability to ABTS+ radical was gradually increased. The
scavenging rates was 58.40% at 1.0 mg mL�1. The scavenging
ability of s-SDF to hydroxyl radicals was insignicantly
improved with the concentration increased from 0.2 mg mL�1

to 1.0 mg mL�1, which indicated that s-SDF had a moderate
scavenging ratio for hydroxyl radicals, the scavenging rate was
only 23.47% when the concentration was 1.0 mg mL�1. Super-
oxide anions radical is considered as the initial free radicals
formed from the mitochondrial electron transport system.
This journal is © The Royal Society of Chemistry 2018
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Fig. 3 The scavenging capacity of s-SDF from pineapple pomace against DPPHc, ABTS+, hydroxyl radicals, superoxide anion free radicals and
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Fig. 3 shown that the s-SDF had a certain ability to remove
superoxide anions. With the increase of s-SDF concentration,
the scavenging ability to superoxide radical was gradually
improved. At the concentration of 1.0 mg mL�1, the scavenging
rates reached 47.79%, but lower than the scavenging rate of Vc.
Meanwhile, the s-SDF presented stronger reducing power,
reaching 0.7 at 1.0 mg mL�1.

3.5 Discussion

Greater consumption of fruits, vegetables and cereals, which
contain relatively high levels of dietary ber, contributes to the
decrease of the risk of chronic diseases caused by
This journal is © The Royal Society of Chemistry 2018
hyperlipidemia or hyperglycemia. In recent years, attention was
focused on the bers extracted from fruit peels, seeds, and
cores, a much more cheap and available resource, while those
from pineapple pomace have not been well investigated.
Nowadays, chemical, enzymatic, and enzyme-assisted chemical
methods have been used to extract SDF from different food
sources. Differences of extraction conditions could affect the
structure and composition of SDF, and further inuence the
physicochemical properties.33,34 Studies have shown that acid or
alkali extraction can destroy the glycosidic bond of DF, resulting
in almost loss of 100% SDF, 30–40% hemicellulose, and 10–
20% cellulose.35 Some scholars have also used a-amylase,
RSC Adv., 2018, 8, 41117–41130 | 41127

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra06928j


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
D

ec
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 1

/1
1/

20
26

 6
:5

6:
27

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
cellulase, glucosidase, neutral protease, or papain to extract DF
from wheat bran, sweet potatoes, potatoes, bean dregs, cereal
bran, and oats. However, these methods usually use a variety of
enzymes for continuous extraction, the operation process is
cumbersome, and the enzyme utilization rate is low.36,37 Shear
homogenization technology is mainly used for agitating and
crushing some uid materials. During the high-speed relative
rotation of the spindle and rotor, the material could withstand
tens of thousands of shears, tears, andmixing per minute under
huge centrifugal force to achieve a dispersed and homogeneous
effect. To date, shear homogenization-assisted extraction has
been used to extract peptides from corn gluten, which has mild
extraction conditions, high yield, continuous production and
easily achieves industrialization compared with traditional
extraction methods. However, there was no report on its appli-
cation in the extraction of SDF. In this study, the pineapple
pomace was decomposed by shear homogenization-assisted
enzymatic hydrolysis to prepare soluble dietary ber, and the
optimum extraction conditions were determined by PB design
and RSM. The extraction yield of s-SDF from pineapple pomace
reached to 8.76%.

The changes in the particle size of dietary ber may affect its
structure, porosity, and specic surface area, and then affected
its physical and functional properties. Reducing the particle
size of the dietary ber from lime does not change the
absorption capacity of glucose, but could signicantly increase
the glucose arrest and bile acid block indices.38 The absorption
capacity analysis in vitro indicated that s-SDF exhibited higher
CBC than u-SDF, a-SDF and c-SDF. In addition, the OAC and
SCBC of s-SDF were higher than those of u-SDF and c-SDF,
which might be partly mechanism for their hypolipidemic
effect. Meanwhile, s-SDF could reduce the diffusion speed of
bile acids, cholesterol, glucosemolecules and nitrite or trap part
of them due to its high viscosity and network structure. In
addition, s-SDF generally showedmore promising capacities for
binding cholesterol, fat and sodium cholate, and the cholesterol
binding capacity in small intestine was higher than that in
stomach. Their binding capacities to fat and cholesterol could
disturb the absorption of lipids in the digestive system, while
binding of bile acids could promote the conversion of choles-
terol to bile acids in liver, which could reduce the levels of total
cholesterol and LDL cholesterol as a result.39 Aer entering the
stomach and intestines, dietary ber absorbs the moisture and
oil in the food through its swellability and its water and oil-
holding capacity, thus expanding the volume, enhancing the
satiety of the human body, and effectively reducing the intake of
food, fat, and calories. The oil-holding capacity of s-SDF was
lower than that in orange peel and rice bran, indicating that
pineapple pomace s-SDF has a certain space for development in
reducing the absorption of oil in the human intestine.

The antioxidant manifestations of dietary ber are mainly
free radical scavenging, inhibition of lipid peroxidation,
increase in body antioxidant enzyme activity, and adsorption of
chelated metal ions. Studies have reported that citrus peel
dietary ber could remove DPPHc and nitrite, and the clearance
rate was not affected by irradiation treatment.38 The effect of
drying temperature on the antioxidant properties shown that
41128 | RSC Adv., 2018, 8, 41117–41130
orange dietary ber has the strongest antioxidant capacity at
60 �C, and drying at 80–90 �C or 30–40 �C for a long time could
reduce its antioxidant capacities.38 However, the antioxidant
activity analysis of pineapple pomace dietary ber obtained by
shear homogenization-assisted enzymatic method in vitro has
not been reported. This study has found that s-SDF showed
scavenging ability to DPPHc, ABTS+, $OH, and O2

�c in
a concentration dependent manner. At a mass concentration of
1.0 mg mL�1, the scavenging rates of DPPHc, ABTS+, $OH, and
O2

�c reached 76.72%, 58.40%, 47.79% and 23.47%, respec-
tively, indicating that the prepared s-SDF has strong antioxidant
activity.

In this study, we compared the properties of s-SDF with those
of u-SDF, a-SDF and c-SDF. The extraction yield of s-SDF was
slightly lower than that of a-SDF and c-SDF, but higher than u-
SDF. Meanwhile, the adsorption ability of s-SDF to cholesterol
and sodium cholate was improved compared with u-SDF and c-
SDF, and possessed higher antioxidant activities. Cellulase-
assisted alkali extraction method (c-SDF) and acid extraction
method (a-SDF) have been widely used to extract SDF from
different materials due to high extraction yield, but they have
some drawbacks such as great solvent consumption, high
requirements of temperature, and introduction of a large
number of ions during the reaction process. Shear
homogenization-assisted extraction method (s-SDF) is a new
and promising biological extraction method, which resulting in
low energy consumption, low environment pollution and high
product safety. This study provides a theoretical basis for the
application of shear homogenization-assisted extraction
method for the preparation of pineapple pomace dietary ber in
health care products.
4 Conclusion

RSM were used to optimize the extraction conditions of s-SDF
based on PB design, and the optimal extraction conditions
were obtained as follows: the content of cellulase 5.0%, hydro-
lysis time 120 min, hydrolysis temperature 50 �C, cutting speed
9000 rpm, cutting time 20 min, pH value 4.5, and raw material
to water ratio 1 : 45 g mL�1. The extraction yield of s-SDF under
these conditions was 8.76 � 0.06%, the slight difference
between the theoretical (8.80%) and actual extraction yield
indicated the optimization process was feasible. The in vitro
absorption capacity experiments revealed that s-SDF had
a higher binding capacity for lipophilic components especially
for sodium cholate, cholesterol, and oil. The scavenging activ-
ities to DPPHc, ABTS+, hydroxyl radicals, superoxide anion
radicals and reducing power assays indicated that s-SDF has
stronger antioxidant activities. Which implies the potential
applications of s-SDF as an ingredient in formulated foods.
Further investigations on the potential hypolipidemic ability of
s-SDF using animal-feeding experiments in vitro are awaited.
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