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This study examined the degradation of polysaccharides to oligosaccharides in Chinese jujube fruits. Using a response surface
model, the degradation conditions of polysaccharides under acid hydrolysis and enzymatic hydrolysis were optimized in laboratory
conditions. A degradation rate of 66.9% was obtained under optimum acid hydrolysis conditions: 0.6mol/L hydrochloric acid,
3% substrate concentration, and 1 h reaction time. A degradation rate of 41.4% was obtained under optimum enzyme hydrolysis
conditions: 4.0mL cellulose solution (10mg/mL), 0.3mL substrate solution (20mg/mL), 0.7mL citric acid buffer solution (pH
5), and 7.3 h reaction time. Using the stimulation effect for strain J-4 intestinal probiotic proliferation, the biological activity of
oligosaccharides was determined. The results showed that the oligosaccharides from enzyme hydrolysis encouraged intestinal
probiotic proliferation.

1. Introduction

Chinese jujube (Ziziphus jujuba Mill.) is a native plant of
China that belongs to the genus Ziziphus in the Rham-
naceae family. It is a medicinal plant with a long history
(>7000 years) in China, where it is widely distributed (total
growing area >2,000,000 ha). The fruits and seeds are used
in traditional Chinese medicine where they are believed to
have blood nourishing, sedation, antitumor, and immune-
modulability properties, among others.The fruits are consid-
ered a “natural, healthy food” [1].

Response surface methodology (RSM), first introduced
by Box [2], is an effective statistical method which can
optimize complex processes. There are several recent studies
that have used RSM to identify optimized conditions for the
extraction of bioactive compounds from different sources [3–
6]. The main advantage of RSM is the reduced number of
experimental trials needed to evaluate multiple parameters
and their interactions, whichmakes it less labor-intensive and
time-consuming than other approaches [7].

Chinese jujube fruit is well-known for its high sugar
content (60–80% dried; 25–30% fresh). Our previous studies

revealed that jujube fruit is rich in not only glucose, fructose,
and sucrose, but polysaccharides [8–10].

As a nondigestible carbohydrate, oligosaccharides are a
component of dietary fiber and are of particular interest for
their metabolic properties [11]. Particularly, oligosaccharides
are considered to have prebiotic properties including the
ability to stimulate probiotic bacteria [12, 13].

Apart from soybean oligosaccharides and raffinose (pro-
duced by direct extraction) and lactulose (produced by an iso-
merization reaction), the commercial production of oligosac-
charides uses enzymatic processes [14]. Plant polysaccharides
have been identified as potential sources for oligosaccharide
production [15–18].

There is a lack of knowledge on the preparation of olig-
osaccharides from the degradation of water-soluble polysac-
charides in jujube fruits. The objectives of this study were to
(1) optimize the degradation conditions of polysaccharides to
oligosaccharides using acid hydrolysis and enzymatic hydrol-
ysis and (2) study the biological activity of oligosaccharides.

We believe that the knowledge gained from this study will
help to further exploit and improve the utilization value of

Hindawi
International Journal of Polymer Science
Volume 2018, Article ID 6464051, 8 pages
https://doi.org/10.1155/2018/6464051

http://orcid.org/0000-0002-9359-4025
http://orcid.org/0000-0003-2729-0565
https://doi.org/10.1155/2018/6464051


2 International Journal of Polymer Science

jujube and provide a theoretical support for the development
of health food.

2. Materials and Methods

2.1. Chemicals. Deionized water was purified by an EPED
superpurification system (Eped, Nanjing, China). All other
reagent solutions were of analytical grade (SinopharmChem-
ical Reagent Co., Ltd., Shanghai, China). Dialysis tubes were
from Spectrum Laboratories, Inc. (USA).

2.2. Fruit Material and Treatment. Samples of Chinese
jujube “Jinsixiaozao” fruits were collected fromCang County,
Cangzhou, China. The trees were managed according to
integrated cultivation protocols, with all the fruits trans-
ported to the laboratory in isothermal boxes containing
ice. The fruits were divided into pulp and shells with a
knife. The pulp was cut into thin strips with a knife and
dried at 55∘C in a DGG-9203A constant temperature drying
oven (Senxin Experiment Corporation, Shanghai, China).
The dried jujube pulp was crushed using a universal high-
speed smashing machine (Hongtaiyang Electromechanical
Corporation, Yongkang, China), and the smashed dried pulp
passed through a 70-mesh sieve. The powder was collected
and stored in a desiccator at room temperature (15–20∘C)
until needed.

2.3. Preparation of Oligosaccharides by
Polysaccharide Degradation

2.3.1. Preparation of Polysaccharides. In order to remove lip-
ids in jujube, the jujube powder was refluxed with 80%
ethanol three times for 1.5 h each time at 100∘C. After
filtration, the residue was dried at room temperature and
then extracted with boiling water twice for 2 h each time.The
water extract was combined, concentrated, and precipitated
with three volumes of 95% ethanol at 4∘C overnight.The pre-
cipitate was washed with ethanol absolute and deproteinized
using the Sevage method [19] before being concentrated and
freeze-dried to obtain the crude polysaccharide.

2.3.2. Selection and Optimization of Acid Hydrolysis Condi-
tions of Polysaccharides. At 90∘C, the appropriate range of
relevant factors that affect the degradation rate of polysaccha-
rides (concentration of hydrochloric acid, amount of different
substrates, and time of acid hydrolysis) was determined
from single factor experiments. The factor levels for each
individual experiment were 0.1, 0.2, 0.5, 1.0, 1.5, and 2mol/L
hydrochloric acid; 0.2%, 0.5%, 1.0%, 2.0%, 3.0%, and 4.0% of
different substrates; and 0.5 h, 1.0 h, 1.5 h, 2.0 h, 2.5 h, and 3.0 h
for acid hydrolysis.

RSM was used to optimize the acid hydrolysis con-
ditions of polysaccharides. A Box-Behnken design (BBD)
with three independent variables—hydrochloric acid con-
centration (𝑋

1
), substrate (𝑋

2
), and acid hydrolysis time

(𝑋
3
)—was used.The input range of the selected variables was

determined in preliminaryRSMexperiments.The three inde-
pendent variables were coded at three levels (−1, 0, 1), which
resulted in an experimental design with 15 experimental

points, including three central points to evaluate the pure
error. Design Expert V8.0.6 (Stat-Ease Inc., Minneapolis,
USA) was used to design the experiments and analyze the
data.

Experimental data were analyzed to fit a second-order
polynomial model. The models were predicted through
statistical analysis and regression analysis (ANOVA) using
Design Expert V8.0.6. This software was also used to obtain
the coefficients of the quadratic polynomial model. The
quality of the fitted model was expressed by the coefficient of
determination 𝑅2, and its statistical significance was checked
with an 𝐹-test.

2.3.3. Selection and Optimization of Enzymatic Hydrolysis
Conditions of Polysaccharides. The reaction system (5mL)
included the polysaccharide solution (20mg/mL), enzyme
solution (10mg/mL), and citric acid buffer solution (pH 5).
Different volumes of enzyme solution, substrate, and citric
acid buffer solution (pH 5) were reacted at 45∘C in a water
bath to degrade the polysaccharides.The single factor test was
used to analyze the three factors (amount of enzyme, amount
of substrate, and enzymatic hydrolysis time) to identify the
appropriate range of each factor. The levels for each factor
were 0.5mL, 1mL, 2mL, 3mL, and 4mL of enzyme, 0.5mL,
1mL, 2mL, 3mL, and 4mL of substrate, and 1 h, 2 h, and 3 h
to 8 h for enzymatic hydrolysis.

Based on the single factor test, a Box-Behnken design
(BBD) with three independent variables—amount of differ-
ent enzymes (𝑋

1
), substrate (𝑋

2
), and enzymatic hydrolysis

time (𝑋
3
)—was used. The input range of the selected vari-

ables was determined in preliminary RSM experiments.

2.3.4. Calculation of Degradation Rate. After polysaccharide
degradation, the unhydrolyzed polysaccharides and cellulase
were precipitated by adding three volumes of 95%ethanol and
removed by centrifugation. The solution was then dialyzed
in a MD10 dialysis tube to remove any small molecules.
The inside part was collected and lyophilized to extract the
oligosaccharides. The sugar contents in the polysaccharide
and oligosaccharide samples were determined using the
CalorimetricDuboisMethod [20].Thedegradation rate (DR)
was calculated from the ratio of the sugar content in the
oligosaccharide and polysaccharide.

2.4. Activity of Oligosaccharides. Strain J-4 with antagonistic
activity against E. coli was isolated from the cecum of healthy
chickens and provided by the Department of Pharmaceutical
Engineering, College of Life Sciences, Hebei Agricultural
University.

The basal fermentation medium included 2% glucose,
2% peptone, 0.2% NaH

2
PO
4
∙2H
2
O, 0.4% Na

2
HPO
4
∙2H
2
O,

0.05% MgSO
4
∙5H
2
O, and 0.02% CaCl

2
at pH 7.2–7.4. To

determine the effect of the oligosaccharides prepared by
polysaccharide degradation on the growth of strain J-4
intestinal probiotics in vitro, oligosaccharides at different
concentrations (0.25%, 0.50%) were added to the basal
medium in place of glucose to culture the intestinal pro-
biotics. The growth of bacteria was measured at 600 nm
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Table 1: Box-Behnken design and observed responses.

Number Hydrochloric acid concentration (𝑋
1
) Substrate (𝑋

2
) Acid time (𝑋

3
) Hydrolysis degradation rate (%)

(1) 0 (0.5) −1 (2) 1 (1.5) 40.01

(2) 1 (0.75) −1 (2) 0 (1.0) 40.52

(3) 0 (0.5) 1 (4) −1 (0.5) 17.42

(4) 0 (0.5) 1 (4) 1 (1.5) 55.95

(5) 1 (0.75) 1 (4) 0 (1.0) 39.48

(6) 0 (0.5) 0 (3) 0 (1.0) 63.03

(7) 1 (0.75) 0 (3) −1 (0.5) 40.52

(8) 0 (0.5) 0 (3) 0 (1.0) 65.89

(9) 1 (0.75) 0 (3) 1 (1.5) 39.06

(10) 0 (0.5) −1 (2) −1 (0.5) 39.91

(11) −1 (0.25) 0 (3) −1 (0.5) 13.27

(12) 0 (0.5) 0 (3) 0 (1.0) 66.69

(13) −1 (0.25) 1 (4) 0 (1.0) 23.13

(14) −1 (0.25) −1 (2) 0 (1.0) 9.90

(15) −1 (0.25) 0 (3) 1 (1.5) 23.49

wavelength (OD
600

) at 12 h, 14 h, and 16 h into the culture
period [21].

2.5. Statistical Analysis. All of the experiments were con-
ducted in triplicate. 𝑃 values < 0.05 and < 0.01 were regarded
as significant and highly significant, respectively. The direc-
tion and magnitude of the correlation between the variables
were quantified by the square of the correlation coefficient, R.

3. Results

3.1. Optimization of Acid Hydrolysis from Jujube Polysaccha-
rides. Acid hydrolysis was used to extract polysaccharides
from Chinese jujube “Jinsixiaozao.” The operational param-
eters were optimized using the Box-Behnken design based
on RSM. All experimental data obtained from the 15-run
experiment are shown in Table 1.

Experimental values for the extraction efficiency of the
degradation conditions of polysaccharide by acid hydrolysis
(Table 1) were analyzed using multiple regressions to fit the
second-order regression equation, and the regression model
in terms of coded factors was predicted as follows:

𝑌 = 65.203 + 11.224𝑋
1
+ 0.709𝑋

2
+ 5.92𝑋

3

− 3.568𝑋
1
𝑋
2
− 2.92𝑋

1
𝑋
3
+ 9.60𝑋

2
𝑋
3

− 23.095𝑋
1

2
− 13.85𝑋

2

2
− 13.023𝑋

3

2
.

(1)

Y denotes the response function (DR) and𝑋
1
,𝑋
2
, and𝑋

3

are the encoded values of the three independent variables.
The coefficients in (1) were calculated using RSM, and

statistical analysis of the experimental data was used to
establish the best-fitmodel for the independent variables.The
model had a satisfactory level of adequacy (𝑅2) (Table 2).
The response values were significantly affected by all three
parameters, suggesting that they were directly related to the
degradation rate.

The analysis of variance (ANOVA) of the model is
shown in Table 2. The calculated model explained 96.59% of

the polysaccharide degradation rate. Moreover, the adjusted
correlation coefficient of determination (RAdj2) of the equa-
tion was 0.9044, which suggests an excellent correlation
between any two independent variables. The corresponding
variables would be more significant if the absolute 𝐹-value
increased and the 𝑃 value decreased. The statistical analysis
produced a high 𝐹-value (15.7242) and a very low 𝑃 value
(𝑃 < 0.01), which implies that the model is significant.
Lack of fit (𝑃 = 0.0667, not significant) confirmed the
validity of the model. The results indicate that the model
worked well for the analysis and prediction of degradation
conditions of polysaccharide using acid hydrolysis. Table 2
shows that 𝑋

2
, 𝑋
1
𝑋
2
, and 𝑋

1
𝑋
3
had no significant effect on

the oligosaccharide conversion.
According to the regression equation of the model, fixing

a factor in the encoding value “0” level, the effect of two
factors was analyzed on the conversion rate of oligosaccha-
rides in the process of acid degradation by Expert Design
software (Figure 1). The 3D response surface plots showed
that when the acid concentration was at 0.5mol/L, sub-
strate concentration and time affected the conversion rate
(Figure 1); the substrate and acid concentration affected the
degradation rate when the time was at 1.0 h; and when
the substrate concentration was 3.0%, the other two factors
affected the degradation rate. There was an extreme value in
the selected range which was the highest point of response
surface.

According to the results of 15 experiments, the pre-
dicted optimized conditions—0.6mol/L hydrochloric acid,
3.1% substrate concentration, and 1.1 h of acid hydrolysis—
produced a conversion rate of 67.2%. To confirm the accu-
racy of the model, three verification tests were carried out,
and the conditions were slightly modified to make them
more feasible—0.6mol/L hydrochloric acid, 3% substrate
concentration, and 1 h of acid hydrolysis—and produced a
degradation rate of 66.9%, which was close to the predicted
value. Therefore, we believe that this model is credible.
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Table 2: Estimated regression coefficients for quadratic polynomial model and ANOVA for the experimental results.

Sourcea Sum of squares dfb Mean square F-value 𝑃 value Significance
Model 4659.3052 9 517.7006 15.7242 0.0037 ∗∗

𝑋
1

1007.7805 1 1007.7805 30.6095 0.0026 ∗∗

𝑋
2

4.0186 1 4.0186 0.1221 0.7410
𝑋
3

280.3712 1 280.3712 8.5158 0.0331 ∗

𝑋
1
𝑋
2

50.9082 1 50.9082 1.5462 0.2688
𝑋
1
𝑋
3

34.1056 1 34.1056 1.0359 0.3555
𝑋
2
𝑋
3

368.6400 1 368.6400 11.1968 0.0204 ∗

𝑋
1

2 1969.4705 1 1969.4705 59.8190 0.0006 ∗∗

𝑋
2

2 708.3103 1 708.3103 21.5136 0.0056 ∗∗

𝑋
3

2 626.2019 1 626.2019 19.0197 0.0073 ∗∗

Residual 164.6191 5 32.9238
Lack of fit 157.2140 3 52.4047 14.1537 0.0667 Not significant
Pure error 7.4051 2 3.7025
Cor total 4823.9243 14
𝑅Adj2 = 0.9044 𝑅2 = 0.9659
aCoefficient refers to the general model. bDegrees of freedom. ∗Significant (𝑃 < 0.05). ∗∗Highly significant (𝑃 < 0.01).
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Figure 1: Response surface plot for acid degradation of polysaccharides on the effect of (a) varying hydrochloric acid concentration (mol/L)
and substrate percentage (%), (b) varying time (h) and substrate percentage (%), and (c) varying time (h) and hydrochloric acid concentration
(mol/L).
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Table 3: Box-Behnken design and observed responses.

Number Amount of different enzymes (𝑋
1
) Substrate (𝑋

2
) Enzymatic hydrolysis time (𝑋

3
) Degradation rate (%)

(1) 0 (4) 0 (0.5) 0 (7) 39.0
(2) 1 (4.5) 1 (0.75) 0 (7) 23.4
(3) 1 (4.5) 0 (0.5) −1 (6) 28.2
(4) 0 (4) 0 (0.5) 0 (7) 40.5
(5) −1 (3.5) 0 (0.5) 1 (8) 25.6
(6) 1 (4.5) 0 (0.5) 1 (8) 40.1
(7) 0 (4) 0 (0.5) 0 (7) 39.4
(8) −1 (3.5) 0 (0.5) −1 (6) 10.7
(9) 0 (4) 1 (0.75) −1 (6) 12.5
(10) 1 (4.5) −1 (0.25) 0 (7) 35.1
(11) 0 (4) −1 (0.25) 1 (8) 30.1
(12) −1 (3.5) −1 (0.25) 0 (7) 25.1
(13) 0 (4) 1 (0.75) 1 (8) 25.5
(14) −1 (3.5) 1 (0.75) 0 (7) 10.7
(15) 0 (4) −1 (0.25) −1 (6) 28.5

Table 4: Estimated regression coefficients for quadratic polynomial model and ANOVA for the experimental results.

Sourcea Sum of squares dfb Mean square F-value 𝑃 value Significant
Model 1454.6438 9 161.6271 23.4274 0.0014 ∗∗

𝑋
1

374.9691 1 374.9691 54.3507 0.0007 ∗∗

𝑋
2

273.1953 1 273.1953 39.5989 0.0015 ∗∗

𝑋
3

214.0381 1 214.0381 31.0242 0.0026 ∗∗

𝑋
1
𝑋
2

1.8090 1 1.8090 0.2622 0.6304
𝑋
1
𝑋
3

2.2500 1 2.2500 0.3261 0.5927
𝑋
2
𝑋
3

32.6041 1 32.6041 4.7259 0.0817
𝑋
1

2 181.8072 1 181.8072 26.3524 0.0037 ∗∗

𝑋
2

2 302.2143 1 302.2143 43.8051 0.0012 ∗∗

𝑋
3

2 153.8276 1 153.8276 22.2969 0.0052 ∗∗

Residual 34.4953 5 6.8991
Lack of fit 33.2545 3 11.0848 17.8663 0.0535 Not significant
Pure error 1.2409 2 0.6204
Cor total 1489.1391 14
𝑅Adj
2 = 0.9351 𝑅

2 = 0.9768
aCoefficient refers to the general model. bDegrees of freedom. ∗∗Highly significant (𝑃 < 0.01).

3.2. Optimization of Enzymatic Hydrolysis from Jujube Pol-
ysaccharide. All experimental data obtained from 15-run
experiment are shown in Table 3. Experimental values for the
extraction efficiency of degradation conditions of polysac-
charide using enzymatic hydrolysis (Table 3) were analyzed
using multiple regressions to fit the second-order regression
equation, and the regression model in terms of coded factors
was predicted as follows:

𝑌 = 39.6 + 6.8𝑋
1
− 5.8𝑋

2
+ 5.2𝑋

3
+ 0.7𝑋

1
𝑋
2

− 0.8𝑋
1
𝑋
3
+ 2.9𝑋

2
𝑋
3
− 7.0𝑋

1

2
− 9.0𝑋

2

2

− 6.5𝑋
3

2
.

(2)

𝑌 denotes the response function (DR) and𝑋
1
,𝑋
2
, and𝑋

3

are the encoded values of the three independent variables.

The coefficients of (2) were calculated using RSM, and
statistical analysis of the experimental data was used to
establish the best-fit model for the independent variables.
The model had satisfactory levels of adequacy (𝑅2) (Table 4).
The response values were significantly affected by all three
parameters, suggesting that they were directly related to the
degradation rate.

The ANOVA result of the model is shown in Table 4.
The calculated model explained 97.7% of the degradation
rate. Moreover, the adjusted correlation coefficient of deter-
mination (RAdj2) was 0.9351, which suggests an excellent
correlation between any two independent variables. The
statistical analysis produced a high 𝐹-value (23.4) and a
very low 𝑃 value (𝑃 < 0.01), implying that the model was
significant. Lack of fit (𝑃 = 0.0535, not significant) confirmed
the validity of the model. The results indicate that the model
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Figure 2: Response surface plot for acid degradation of polysaccharides on the effect of (a) varying enzyme concentration (mL) and substrate
concentration (mL), (b) varying time (hour) and enzyme concentration (mL), and (c) varying time (hour) and substrate concentration (mL).

couldworkwell for the analysis and prediction of degradation
conditions of polysaccharide by enzymatic hydrolysis. Table 4
shows that 𝑋

1
𝑋
2
, 𝑋
1
𝑋
3
, and 𝑋

2
do not have a significant

effect on the oligosaccharide conversion rate, while the others
were significant.

The 3D response surface plots show that, with 4mL
of enzyme, the substrate concentration and enzyme time
affected the conversion rate (Figure 2); at 7.0 h, the substrate
and enzyme amount affected the rate; and at 0.5mL of
substrate, the enzyme amount and time affected the rate.
There was an extreme value in the selected range which was
the highest point of the response surface.

To confirm the accuracy of the model, three verification
tests were carried out, and the conditions were slightly
modified to make them more feasible—4.0mL of enzyme
(10mg/mL), 0.3mL of substrate (20mg/mL), 0.7mL of
citric acid buffer solution (pH 5), and 7.3 h of enzymatic
hydrolysis—and produced a conversion rate of 41.4%, which
was close to the predicted value. Therefore, we believe that
this model is credible.

3.3. Biological Activity of Oligosaccharides. The effect of dif-
ferent concentrations and different sources of Chinese jujube
oligosaccharides on the promotion of intestinal probiotics
was determined in vitro. Glucose in basal culturemediumwas
replaced by different concentrations of oligosaccharides that
had been prepared by polysaccharide hydrolysis as a carbon

source. Since the concentration of bacterial suspension was
proportional to the turbidity, theOD

600
value of fermentation

liquor was monitored every two hours after inoculation for
bacterial growth.

The activities of two types of oligosaccharides, prepared
using different methods, were determined with strain J-4
intestinal probiotics.

With the oligosaccharide from acid hydrolysis, strain
J-4 intestinal probiotics had a significantly lower growth
rate than that of the basal culture medium (Figure 3). It is
suggested that oligosaccharide obtained by acid hydrolysis
has low activity. The oligosaccharide obtained by enzyme
hydrolysis had a significantly higher growth rate of J-4
intestinal probiotics than the basal medium (𝑃 < 0.05;
Figure 4).

4. Discussion

According to our research (data not shown), Chinese jujube
fruits have low levels of natural oligosaccharides. It is difficult
to extract oligosaccharides from the fruit directly. However,
the content of jujube polysaccharides in the fruit is somewhat
higher [22, 23]. It is reported that the high degree of poly-
merization, large molecular space, and low bioavailability
have greatly restricted the application of polysaccharides in
the food, pharmaceutical, and chemical industries and other
fields [24]. It can, however, be degraded to oligosaccharides.
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Figure 3: The influence of different concentrations of oligosaccha-
ride from acid hydrolysis of jujube polysaccharides on strain J-
4 intestinal probiotics (bacterial growth determined by measuring
OD600 nm at 12 h, 14 h, and 16 h into the culturing period). Values
represent the mean of at least three biological replicates ± standard
error of the mean.
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Figure 4: The influence of different concentrations of enzyme
hydrolysis products of jujube polysaccharide on strain J-4 intestinal
probiotics (bacterial growth determined by measuring OD600nm at
12 h, 14 h, and 16 h into the culturing period). Values represent the
mean of at least three biological replicates ± standard error of the
mean.

Oligosaccharides formed by hydrolysis have a variety of
biological activities [25]. In this study, twomethodswere used
to prepare the oligosaccharides—acid hydrolysis and enzyme
hydrolysis—which produced degradation rates of 66.9% and
41.4%, respectively. Moreover, the degradation rates were
higher than that of other plants [24, 26, 27].

The yield of oligosaccharides prepared by enzyme hydrol-
ysis was lower than those prepared by acid hydrolysis.
However the activity of enzyme hydrolysis oligosaccharides
was higher than that from acid hydrolysis. Wang believes
that the reaction conditions of acid hydrolysis are more
severe—destroying the structure of sugar—than the milder
enzyme hydrolysis [28]. This may explain why the enzyme

hydrolysis oligosaccharides had better activity on strain J-4
intestinal probiotics.

In this study, we extracted oligosaccharides through
polysaccharide degradation of Chinese jujube. The exact
structural information and bioactivities of these oligosaccha-
rides need further study.

This experiment has laid a foundation for further studies
on the degradation of jujube polysaccharides and provided a
reference for the development of new functional oligosaccha-
rides and a new direction for the development and utilization
of Chinese jujube.

5. Conclusions

By incorporating a response surface model, the degradation
conditions of jujube polysaccharides using acid hydrolysis
and enzyme hydrolysis were studied. The optimum acid
hydrolysis conditions were 0.6mol/L hydrochloric acid, 3%
substrate concentration, and a 1 h reaction time. The opti-
mum enzyme hydrolysis conditions were 4.0mL of enzyme
(10mg/mL), 0.3mL of substrate (20mg/mL), 0.7mL of citric
acid buffer solution (pH 5), and 7.3 h of enzymatic hydrolysis.
Under these conditions, the degradation rate of acid hydroly-
sis and enzyme hydrolysis was 66.9% and 41.4%, respectively.
The oligosaccharides from enzyme hydrolysis encouraged
intestinal probiotic proliferation.
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