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Introduction

Asparagus cochinchinensis Merrill (AC) is a perennial plant

belonging to the genus Asparagus in the family Liliaceae.

The tubers of this plant have been widely used in Korea

and China as traditional medicine for the treatment of

many diseases, such as hepatitis, cutaneous inflammation,

kidney diseases, fever, asthma, and brain disease [1-3]. It

is also used as a remedy in airway inflammation disorders

such as bronchitis and coughs [4]. During evaluation of the

biological activity and effectiveness of AC, effects on skin

inflammation with ethanolic extract of AC, free radical

scavenging activities of AC hot water extract, and

inhibition of nitric oxide production in an LPS-activated

cell line were investigated [4, 5]. Asparagine, β-sitosterol,

steroidal saponin, spirostanol saponin, furostanol saponin,

and phenolic compounds are known to be bioactive

constituents of AC [6-8]. Protodioscin, an important

saponin in the genus Asparagus, is a major ingredient

having anti-inflammatory effects on airways and lungs [4,

9, 10], although quantification of protodioscin by HPLC is

problematic because of its weak UV absorption [11]. 

Weissella cibaria was isolated from Liriope platyphylla

Wang et Tang and is known to be a lactic acid bacterium

that is a gram-positive, non-sporulating, catalase-negative,

facultatively anaerobic, short rod-shaped bacterium [12]. It

is widely found in children’s saliva or in fermented food

and is receiving attention for its high probiotic potential for
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This study was conducted to evaluate the hyaluronidase (HAase) inhibition activity of

Asparagus cochinchinesis (AC) extracts following fermentation by Weissella cibaria through

response surface methodology. To optimize the HAase inhibition activity, a central composite

design was introduced based on four variables: the concentration of AC extract (X1: 1–5%),

amount of starter culture (X2: 1–5%), pH (X3: 4–8), and fermentation time (X4: 0–10 days). The

experimental data were fitted to quadratic regression equations, the accuracy of the equations

was analyzed by ANOVA, and the regression coefficients for the surface quadratic model of

HAase inhibition activity in the fermented AC extract were estimated by the F test and the

corresponding p values. The HAase inhibition activity indicated that fermentation time was

most significant among the parameters within the conditions tested. To validate the model,

two different conditions among those generated by the Design Expert program were selected.

Under both conditions, predicted and experimental data agreed well. Moreover, the content of

protodioscin (a well-known compound related to anti-inflammation activity) was elevated

after fermentation of the AC extract at the optimized fermentation condition.

Keywords: Asparagus cochinchinensis Merrill, fermentation, hyaluronidase (HAase) inhibition

activity, response surface methodology (RSM)
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controlling periodontal disease [13, 14]. Moreover, W. cibaria

is known to produce non-digestible oligosaccharides and

extracellular polysaccharides, such as dextran, which have

their potential application as prebiotics and a wide range of

industrial applications in bakeries and cereal-based

fermented functional beverages [15].

In a preliminary experiment, the hyaluronidase (HAase)

inhibition activity of fermented AC extract increased as

fermentation by W. cibaria proceeded. HAase is known to

be involved in many biological functions, including

inflammation, cancer metastasis, and permeability of the

vascular system; therefore, modulation of HAase inhibition

will be useful for maintaining normal homeostasis in the

body [16-21]. Accordingly, evaluation of HAase inhibition

would be useful for identification of compounds with anti-

inflammatory activity. 

In this study, we applied response surface methodology

(RSM) to analyze attributes of experimental parameters

and evaluate the anti-inflammatory activity of fermented

AC extract using W. cibaria as a starter culture. We also

studied the contents of protodioscin, which is a bioactive

constituent of AC that exerts anti-inflammatory effects. 

Materials and Methods

Culture Condition

The inoculum of W. cibaria, which was isolated from Liriope

platyphylla Wang et Tang, was prepared in 14 ml polypropylene

round-bottomed tubes (BD Biosciences, USA) with Lactobacilli

MRS broth (Difco Laboratories, USA), and seed cultures were

cultivated in a shaking incubator (VS-8480; Vision Scientific, Korea)

until the final cell density approached 107 CFU/ml (OD600 = 0.1) at

37°C and 200 rpm for 12 h.

Preparation of Hot-Water Extracts from AC

We purchased a 17-year-old Asparagus cochinchinensis Merrill

from Cheonmun Farm (Gochang County, Jeollanam-do, Korea) in

2014. AC was washed, freeze-dried, and stored at -20°C before

use. Twenty grams of freeze-dried AC was ground to a powder,

and the hot-water extract was prepared with 1.2 L of deionized

distilled water for 2.5 h in a hot-water extractor (DW-290, Daewoong

Co., Ltd., Korea). After finishing the hot-water extraction, samples

were filtered through filter paper (Whatman No. 2; Whatman,

UK) and then evaporated using a rotary vacuum evaporator (N-

1100 series; Eyela, Japan). The extract was used after freeze-

drying, and the yield of the hot-water extraction was 60.7%.

Butanol Fractionation of Fermented AC Extract

To obtain the n-butanol fraction of fermented AC solution, the

fermented AC extract was mixed and vortexed with the same

amount of butanol to obtain the isolated butanol phase. Butanol

extraction was repeated three times, after which all butanol

phases were combined, evaporated under a rotary vacuum

evaporator, freeze-dried, and stored at -20°C until use.

 

Hyaluronidase Inhibition Assay

The HAase inhibition activity was investigated using a

colorimetric assay based on the modified Morgan-Elson method

[22-24], which measures the amount of N-acetyl-D-glucosamine

produced from sodium hyaluronate. Briefly, 12 µl of sample was

mixed with 12 µl of HAase (10 mg/ml) in 0.1 M sodium acetate

buffer (pH 3.5), and then incubated in a water bath at 37°C. After

pre-incubation for 20 min, the mixture of the sample and HAase

solution was added to 12 µl of 12.5 mM calcium chloride to

activate HAase and then incubated for 20 min. In activated

hyaluronidase solution, 24 µl of sodium hyaluronate (6 mg/ml)

dissolved in 0.1 M sodium acetate buffer (pH 3.5) was added and

incubated for an additional 40 min. Next, the solution was

amended with 12 µl of 0.4 N NaOH and 0.4 M potassium

tetraborate, and then vortexed, boiled for 3 min, and placed on ice

to terminate the HAase activity. Subsequently, 360 µl of DMAB

solution (4 g p-dimethylaminobenzaldehyde in a solution of

350 ml acetic acid mixed with 50 ml of 10 N HCl) was added and

the sample was placed in a 37°C water bath for 20 min. The

absorbance of each test tube at 540 nm was then measured using a

microplate reader (Tecan Sunrises; Tecan, Switzerland). HAase

inhibition activity was estimated using differences in the

absorbance value of the sample solution. 

 

Experimental Design and Statistical Analysis

Evaluation and optimization of fermentation conditions of the

AC hot-water extract were conducted using RSM. In this

experiment, the Design Expert 8 software (State-Easy Co., USA)

was used. Analysis using RSM, which includes multiple response

surface analysis with more than two response variables, was

conducted as follows.

First, to obtain the optimized HAase inhibition activity of AC

fermentation, a 4-factor and 5-level face central composition design

(CCD) consisting of 27 experimental runs, including three replicates

at the center point, was used to estimate reproducibility and

experimental error [25]. The design variables that were selected

influence fermentation, and include concentration of AC extract

(X1), amount of starter culture (X2), pH (X3), and fermentation

time (X4). These independent variables were of established range

and coded in the level of -2, -1, 0, +1, and +2 (Table 1).

The goal of the second step was to identify a suitable model that

describes the results well. When the corresponding response was

entered into the obtained test condition, the initial model was

generated. In this process, p-values were used to check the

significance of variables and their mutual interactions [26]. The

insignificant reciprocal terms were deleted to obtain the optimum

model from the first model, after which the model equation was

checked using a normal plot of residuals, plot of residuals versus

fits, and plot of residuals versus order. 
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Isolation and Identification of Functional Compounds

HPLC was used to identify the functional compounds of the n-

butanol fraction into from the fermented AC hot-water extract.

Each butanol-fractioned sample was dissolved in deionized

distilled water at 1 mg/ml. After filtering the samples with a

syringe filter (0.45 µm), they were analyzed using an HPLC

system (iLC3000; Interface Engineering Co. Ltd., Korea) with a

charged aerosol detector (CAD; Dionex, USA) and a YMC-Triart

C18 column (4.6 mm × 250 mm, i.d. 5 µm; YMC Co., Ltd., Japan).

The mobile phase consisted of 0.1% formic acid in water (solvent

A) and acetonitrile (solvent B). The gradient conditions for

analysis of samples were as follows: 0–20 min B, 10→20%; 20–40

min B, 20→100%; 40–60 min B, 100%; total run time 60 min. The

column was equilibrated for 10 min at room temperature prior to

each analysis. The injection volume was 20 µl and the flow rate

was 1 ml/min. Data acquisition and preprocessing were

accomplished with the Clarity chromatography software (Data

Apex, The Czech Republic).

The identification of protodioscin was performed using the

Agilent 1290 Infinity HPLC system (Agilent Technologies,

Germany) equipped with a Q-TOF MS/MS system (Agilent

Accurate-Mass 6530; Agilent Technologies, USA). The mass

spectrometer was operated with ESI interface in the positive-ion

detection mode, and the analytical conditions were as follows:

collision energy 40 V, gas temperature 300°C, gas flow 9 l/min,

nebulizer pressure 45 psig, sheath temperature 350°C, sheath gas

flow 11 l/min, VCap 4,000 V, and fragmentor 175. The gradient

conditions were the same as described above except for 0.3 ml/min

of flow rate. The identification of protodioscin in the fermented

AC extract was confirmed by the comparison of MS/MS spectra

between the fermented AC samples and protodioscin standard.

Results and Discussion

Optimal Condition of Fermentation by Weissella cibaria

and Its HAase Inhibition Activity

The HAase inhibition activities, of fermented AC samples

with 27 fermented conditions deduced from a four-

variable-five-level matrix of CCD, of which four variables

were concentration of AC hot water extract (X1), amount of

starter culture (X2), initial pH (X3), and fermentation time

(X4), were evaluated. The observed results are shown in

Table 2. Each test was conducted in triplicate, and results

Table 1. Experimental ranges and levels of three independent variables in terms of actual and code factors based on response

surface methodology.

Variables Parameter
Level

-2 -1 0 1 2

Concentration of hot-water extract (%) X1 1 2 3 4 5

Amount of starter culture (%) X2 1 2 3 4 5

pH X3 4 5 6 7 8

Fermentation time (day) X4 0 2.5 5 7.5 10

Table 2. Central composite design arrangement and the

observed and predicted values for response surface

methodology.

Run

Coded variable levels HAase inhibition (%)

X1 X2 X3 X4

Observed 

valuesa
Predicted 

values

1 –1 –1 –1 –1 20.91 19.33

2 +1 –1 –1 –1 22.11 20.58

3 –1 +1 –1 –1 22.11 22.25

4 +1 +1 –1 –1 22.83 21.62

5 –1 –1 +1 –1 15.14 16.26

6 +1 –1 +1 –1 21.15 19.63

7 –1 +1 +1 –1 19.95 19.48

8 +1 +1 +1 –1 23.31 20.97

9 –1 –1 –1 +1 11.29 11.71

10 +1 –1 –1 +1 15.86 13.02

11 –1 +1 –1 +1 16.10 14.33

12 +1 +1 –1 +1 16.82 13.76

13 –1 –1 +1 +1 11.77 9.68

14 +1 –1 +1 +1 15.14 13.11

15 –1 +1 +1 +1 12.98 12.60

16 +1 +1 +1 +1 15.86 14.15

17 –2 0 0 0 25.48 25.16

18 +2 0 0 0 22.42 27.96

19 0 –2 0 0 20.24 22.7

20 0 +2 0 0 23.87 26.66

21 0 0 –2 0 20.96 24.1

22 0 0 +2 0 19.27 21.42

23 0 0 0 –2 -2.28 -1.14

24 0 0 0 +2 -19.71 -15.58

25 0 0 0 0 23.55 23.56

26 0 0 0 0 22.83 23.56

27 0 0 0 0 24.27 23.56

aData are the means of three replications.
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were similar between observed and predicted values.

Using this design, test variables were fitted according to

the following equation: 

Y = 23.56 + 0.7X1 + 0.99X2 - 0.67X3 - 3.61X4 - 0.47X1X2 +

0.53X1X3 + 0.015X1X4 + 0.075X2X3 - 0.075X2X4 + 0.26X3X4 +

0.75X1

2

 + 0.28X2

2 - 0.2X3

2 - 7.98X4

2 (1)

where Y is the HAase inhibition activity of fermented AC

hot-water extract, X1 is the concentration of extract, X2 is

the amount of starter culture, X3 is the pH of extract, and X4

is the fermentation time.

Based on the experimental response, the HAase inhibition

activity ranged from –19.71% to 25.48%. When the condition

of independent variables was set based on a concentration

of 1% AC extract, 3% starter culture, pH 6, and a

fermentation time of 5 days, the highest anti-inflammatory

activity could be attained (Run 17 in Table 2).

Eq. (1) is described in Table 3 as the ANOVA results for

the response model for optimization of HAase inhibition

activity of fermented AC extract. The F-value (14.64) and p-

value (<0.0001) of this model indicate that it is significant.

The determination coefficient (R2) can be to evaluate

whether the model fits [27]. In this study, the R2 was 0.9447,

indicating that 94.5% of the variations in HAase inhibition

activity could be explained by this model [28]. The F-value

indicating the lack of fit was 24.08, implying that a lack of

fit was related to pure error and could be emerged in 4.05%

[29]. The signal-to-noise ratio could be measured with

adequate precision, and it is generally ideal to have a value

higher than 4 [30, 31]. In this model, the Adeq. precision

value was 18.02, indicating that the model could reasonably

be applied to investigate the design space.

The p-values from the F-test could be used to estimate

the regression coefficient of the quadratic model of the

HAase inhibition activity (Table 4). When the p-value was

less than 0.05, the model was considered to indicate

significance. In this surface quadratic model, time (β4)

was found to be the most significant factor among the

independent variables, with a -3.60 estimated coefficient

and a p-value < 0.01 (Table 4). Moreover, the quadratic

terms of time (β44) estimated the coefficient at -7.98 with a

p < 0.01. Thus, each variable has the largest effect on HAase

inhibition activity with linear terms of β4, and it is

identified in the second-order polynomial with β4, like β14,

β24, β34. 

The response surface and contour plots of the quadratic

model were obtained to investigate the interactions among

variables, as well as to determine the optimal conditions of

each factor for the maximum HAase inhibition activity.

Fig. 1A shows the interaction between X1 (concentration of

AC extract) and X2 (amount of inoculated starter culture)

that influenced the HAase inhibition activities when the

other two factors (X3, initial pH; X4, fermentation time)

were at its center point (i.e., fixed at 0). When the pH

and fermentation time were fixed, the HAase inhibition

Table 3. Analysis of variance of the experimental results for the quadratic modela.

Source Sum of squares Degrees of freedom Mean square F-Value Prob>F

Model 2,156.24 14 154.02 14.64 <0.0001

Residual 126.25 12 10.52

Lack of fit 125.21 10 12.52 24.08 0.0405

Pure error 1.04 2 0.52

Total 2,282.49 26

aCoefficient of determination (R2) = 0.9447; Adjusted R2 = 0.8802; Coefficient of variation = 18.86%; Adeq precision = 18.0154.

Table 4. Significance of regression coefficient model.

Model 

term

Estimated 

coefficient

Standard 

error
F-Value p-Value

β0 23.55 1.87

β1 0.69 0.66 1.11 0.3133

β2 0.99 0.66 2.25 0.1591

β3 -0.67 0.66 1.03 0.33

β4 -3.60 0.66 29.66 0.0001a

β12 -0.46 0.81 0.33 0.5763

β13 0.52 0.81 0.42 0.5289

β14 0.01 0.81 3.43E-04 0.9855

β23 0.07 0.81 8.58E-03 0.9277

β24 -0.07 0.81 8.58E-03 0.9277

β34 0.25 0.81 0.099 0.7582

β11 0.75 0.70 1.15 0.3044

β22 0.28 0.70 0.16 0.6965

β33 -0.20 0.70 0.085 0.7761

β44 -7.98 0.70 129.25 < 0.0001a

ap < 0.001.
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activity could be increased, followed by increases in the

concentration of AC extract and amount of starter culture.

However, the increase was not large when compared with

the effects of other factors. In the case of the effects of the

Fig. 1. Response surface curves with factors that influence the fermentation of Asparagus cochinchinensis (AC) hot-water extract for

anti-inflammatory effects. 

Response surfaces as a function of (A) concentration of AC extract (X1) and amount of starter culture (X2); (B) concentration of AC hot-water

extract (X1) and initial pH (X3); (C) concentration of AC extract (X1) and fermentation time (X4); (D) amount of starter culture (X2) and initial pH

(X3); (E) amount of starter culture (X2) and fermentation time (X4); and (F) initial pH (X3) and fermentation time (X4).
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interaction between X1 and X3 shown in Fig. 1B, there was

more HAase inhibition activity when X3 was low and the

other factors (X2 and X4) were at its center point. However,

X1 had little influence on HAase inhibition activity

throughout the experimental ranges. As shown in Figs. 1C,

1E, and 1F, the interaction between X4 and X1, X2, or X3

indicated similar tendencies when the other two factors

were fixed at the center point, respectively. HAase

inhibition activity increased sharply from the X4 level of –2

to 0 and decreased again from the X4 level of 0 to 2, but

variations in HAase inhibition activity were minor

throughout the X1, X2, or X3 ranges. As shown in Fig. 1D,

HAase inhibition activity increased when the levels of X2

and X3 decreased. However, the effects of X2 and X3 were

not high. Moreover, the good correlation between the

model (predicted) and experimental values yielded the

goodness of fit of the model, as shown in Fig. 2. When

Fig. 2 was replotted as the residual versus predicted values,

each data point appeared to be randomly distributed under

the horizontal band with a range of ±3.0, which satisfied

homoscedasticity (data not shown). 

Overall, the most important factor in fermentation

conditions responsible for increased HAase inhibition

activity of AC hot-water extract was fermentation time.

Therefore, fermentation time was considered to be the most

effective method to maximize HAase inhibition activity.

Model Validation

To validate the model obtained by solving the quadratic

equation using the Design Expert program, two different

conditions among conditions generated by the same

program were selected. The predicted response under X1 =

5%, X2 = 5%, X3 = pH 6.13, and X4 = 4.39 days was 29.7%,

and the product generated under the same conditions

showed 30.4% HAase inhibition activity. Moreover, the

response predicted at X1 = 1%, X2 = 5%, X3 = pH 5.33, and

X4 = 4.34 days was 29.1%, and the HAase inhibition activity

was 28.6%. Based on these results, the above model is

adequate to predict the HAase inhibition activity of

fermented AC extract within the range of variables tested.

Fig. 3. High-performance liquid chromatogram of butanol fractions from fermented Asparagus cochinchinensis extract by Weisella

cibaria with a charged aerosol detector (CAD): (A) before fermentation, (B) after fermentation.

Fig. 2. Predicted-actual values plot of HAase inhibition

activity of fermented Asparagus cochinchinensis extracts.
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Changes in Protodioscin during Fermentation of AC

Extract 

To compare the changes in biologically active compounds

during fermentation, an HPLC system equipped with a

charged aerosol detector was introduced. As shown in Fig.

3, there was an increase in peak height at a retention time

of 28.6 min when the butanol fractions of the AC extract

before and after fermentation were analyzed. This peak

was identified as protodioscin by the addition of internal

standard, and confirmed by LC-MS/MS analysis (data not

shown). The amount of protodioscin was changed from

25.5 μg/mg of the butanol fraction to 34.5 μg/mg after

fermentation. Protodioscin is a well-known biologically

active compound in Asparagus that has anti-inflammatory

activity [11], which was recently reported in AC root [4,

10]. Based on these results, protodioscin could be produced

through bioconversion during the fermentation of AC

extract by W. cibaria, resulting in higher HAase inhibition

activity. 
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