
Chapter 12
Optimization of Diosgenin Production
by Mixed Culture Using Response Surface
Methodology

Jinxia Xie, Xing Xu and Songtao Bie

Abstract Optimization of four process parameters was attempted using
Box-Behnken design for production of diosgenin by a mixed culture with
Aspergillus oryzae, Phanerochaete chrysosporium, and Aspergillus niger. Maxi-
mum diosgenin yield of 42.89 ± 0.53 mg/g was obtained after optimization of
culture conditions such as Dioscorea zingiberensis C.H.Wright (DZW) concen-
tration 42.98 g/l, inoculum size 1.73 ml of spore suspension (1: 2: 3 ratio of
A. oryzae, P. chrysosporium, and A. niger), initial pH 5.0, and cultivation time
5.27 days (127 h) and incubated at 30 �C on a rotary shaker set at 180 r/min as
mixed culture.

Keywords Response surface optimization � Diosgenin � Mixed culture � Asper-
gillus oryzae � Phanerochaete chrysosporium � Aspergillus niger

12.1 Introduction

Diosgenin (CAS number 512-04-9) is an important steroidal precursor in phar-
maceutical industry [1, 2] and used for the synthesis of adrenal cortex hormone,
sex hormone, progestational hormone, and anabolic steroid [3, 4]. The tubers of
some species of Dioscorea are important sources of diosgenin, early investigation
showed that Dioscorea zingiberensis C.H.Wright (DZW) was one of the species
containing high concentration of diosgenin [5]. DZW tubers contain 1–2 %
diosgenin, 30–40 % starch, 10–15 % lignin, and 40–50 % cellulose [6, 7]. Saponin
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is diosgenin and attachment of glucose or rhamnose to aglycone by C–O gluco-
sidic bonds, which in plant cells are wrapped by the starch, cellulose, hemicel-
lulose, and lignin [8]. So extraction of diosgenin needs separation of starch and
others from Saponin and destroying C–O glucosidic bonds.

The conventional extraction of diosgenin from DZW tubers predominantly uses
hydrochloric or sulfuric acid directly for acidic hydrolysis to decompose saponins
and starch and so on [9]. As reported by the previous studies [10], the conventional
acid approach could produce about 1.20 % diosgenin with high concentration of
COD (about 120 g/L) in wastewater and acidic hydrolysis could generate a
byproduct 25-spirosta-3, 5-dienes [11]. In addition, many cellulose and starch of
DZW were conversed into sugar and discarded together with wastewater, resulting
in wasting of resources. Several clean and new technological processes were
reported to solve the problem about wastewater and lower yield. For instance, Qiu
et al. [12] used ultrasound-assisted extraction for diosgenin. Although this tech-
nology for diosgenin production yield could achieve 2.30 %, the process was
complex that included ultrasound extraction of the crude material fermented by
yeast and then acidic hydrolysis, which is hardly applied in diosgenin industry.

Biotransformation approach is a well-known environmentally friendly technol-
ogy due to their high selectivity and mild reaction conditions [13]. Zhang [14]
applied polyethylene glycol (PEG) to modify cellulase, a-amylase and b-glycosidase
were used to hydrolyze the DZW and Liu [15] screening kinds of enzymes draw a
conclusion that the cellulase showed the highest efficiency of diosgenin yield. It is
reported that the glucosyl residue at C-3 sugar chain of steroidal saponins hardly be
hydrolyzed by some enzymes preparations such as b-glucosidase, amylase, and
cellulase [16–18]. So acid hydrolysis was still used after enzyme hydrolysis to further
improve diosgenin yield. In other hand, the cost of enzyme is expensive.

Microbial hydrolysis was an economic alternative [19, 20], nevertheless, the
lower diosgenin yield limited its industrial development. So far, there were few
references regarding an approach of microorganism, where mixed culture was used
for hydrolyzing starch, lignin, and cellulose of the DZW and used for transforming
saponin to diosgenin. Complex mixed cultures are widely used in biotechnology for
many processes, e.g., for the production of antibiotics, enzymes, fermented food,
composting, dairy fermentation, bioconversion of apple distillery, and domestic
wastewater sludge [21]. Application of mixed fermentation to natural product drug
discovery seems an obvious extension, but lack of reproducibility [22].

In this work, three fungi Aspergillus oryzae, Phanerochaete chrysosporium, and
Aspergillus niger were used by mixed culture to degrade starch, lignin, and cel-
lulose of DZW, biotransformation of saponins to diosgenin, and optimization of
process parameters for the production of diosgenin by a mixed culture with these
three fungi was carried out using a response surface Box-Behnken design.
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12.2 Materials and Methods

12.2.1 Microorganism

P. chrysosporium (TCCC41024) was preserved in Tianjin University of Science
and Technology Microbiological Culture Collection Center. A. niger (CICC2475)
and A. oryzae (CICC40353) were purchased from China Center of Industrial
Culture Collection (Beijing, China). These strains were stored at 4 �C on potato
dextrose agar slant and subcultured routinely every 2 weeks. To prepare the
inocula, spores in a 7-day-old agar slant were, respectively, suspended in 0.01 %
Tween 80 solution (107 spores/ml), then mixed spore suspension with 1:2:3 ratios
of A. oryzae, P. chrysosporium, and A. niger.

12.2.2 Materials and Fermentation Condition

The dried DZW tubers were supplied by Kangsheng Company, Qingyang, Gansu,
China. The materials were ground by a pulverator (DJ-048 Pulverator, Beijing
Huanya Tianyuan Co. Ltd., Beijing, China) and the powder was screened through
a 40-mesh stainless steel sieve (0.2 cm). All culture and biotransformation
experiments were performed in 250 ml Erlenmeyer flasks. Fermentation medium
consisted of the powder DZW and tap water, sterilized by autoclaving for 20 min
at 121 �C, inoculated mixed spore suspension, and incubated at 30 �C on a rotary
shaker set at 180 r/min for diosgenin production.

12.2.3 Optimization of Culture Conditions for DZW
Concentration, Inoculum Size, Initial pH,
and Culture Time

Effect of DZW concentration, inoculum size, initial pH, and culture time were
studied, primarily, one variable at a time (date not shown). Based on these
experiments, these four independent variables were chosen for the further opti-
mization studies for maximum yield of diosgenin using a response surface
methodology (RSM). Variables were coded as -1, 0, and +1 as presented in
Table 12.1, which corresponded to the lower, middle, and higher values, respec-
tively. The software Design-Expert (Version 8.0.4, Stat-Ease Inc., Minneapolis,
USA) was used for experimental design, the treatment schedule for the model is
given in Table 12.2. The response value (Y) in each trial was the average of
duplicates.
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The general equation of the second degree polynomial is as follows (12.1):

Y ¼ b0 þ Rbixi þ Rbiix
2
i þ Rbijxixj ð12:1Þ

Table 12.1 Experimental range and levels of the four independent variables used in RSM in
terms of actual and coded factors Variables Levels

Variables Levels

-1 0 +1

Concentration of DZW (g/l) 33.33 50.00 66.67
Inoculation size (ml) 1.5 2.0 2.5
pH 4.5 5.0 5.5
Culture time (day) 4 5 6

Table 12.2 Experimental design used in the RSM studies of four independent variables with
three center points for diosgenin yield by mixture fermentation

runs A Concentration of
DZW (g/l)

B Inoculation
size (ml)

C pH D Cultrue
time (day)

Diosgenin
yield (mg/g)

1 -1 -1 0 0 38.15 ± 0.53
2 1 -1 0 0 17.88 ± 0.78
3 -1 1 0 0 20.57 ± 0.67
4 1 1 0 0 25.36 ± 0.04
5 0 0 -1 -1 12.51 ± 0.23
6 0 0 1 -1 11.39 ± 0.02
7 0 0 -1 1 20.07 ± 0.34
8 0 0 1 1 18.21 ± 0.34
9 -1 0 0 -1 21.17 ± 0.78

10 1 0 0 -1 15.97 ± 0.23
11 -1 0 0 1 25.91 ± 0.21
12 1 0 0 1 19.28 ± 0.16
13 0 -1 -1 0 21.34 ± 0.19
14 0 1 -1 0 34.73 ± 0.87
15 0 -1 1 0 33.22 ± 0.41
16 0 1 1 0 10.33 ± 0.17
17 -1 0 -1 0 34.48 ± 0.90
18 1 0 -1 0 14.06 ± 0.98
19 -1 0 1 0 17.03 ± 0.37
20 1 0 1 0 23.17 ± 0.23
21 0 -1 0 -1 11.81 ± 0.49
22 0 1 0 -1 23.78 ± 0.56
23 0 -1 0 1 34.58 ± 0.13
24 0 1 0 1 18.88 ± 0.23
25 0 0 0 0 40.79 ± 0.67
26 0 0 0 0 40.07 ± 0.48
27 0 0 0 0 40.32 ± 0.14
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where Y is the predicted response for diosgenin yield; b0, bi, bii, and bij are
constant regression coefficient; and xi and xj (i = 1, 3; j = 1, 3, i = j) represent
the independent variables in the form of coded values.

12.2.4 Extraction and Analysis Diosgenin

At the end of culture, the steroidal saponins extraction was according to zhu et al.
[20], the fermentation sample was centrifuged, dried at 60 �C, extracted with
chloroform, and ultrasonicated for 30 min (KQ3200B ultrasonicator); centrifuged
and analyzed on Agilent 1100 Multi-solvent Delivery System equipped with a
Phenomsil C18 column, 250 9 4.6 mm (5 lm), the injection volume for all
samples was 20 ll. The mobile phase column temperature of 30 �C.

Yield of Diosgenin mg=gð Þ ¼ diosgenin content mgð Þ
DZW gð Þ

12.3 Results and Discussion

Interactive effects of the factors, concentration of DZW, inoculation size, pH, and
culture time, were examined by RSM using Box-Behnken design. The actual yield
of diosgenin yield (response) obtained is presented in Table 12.2. The ANOVA
analysis yielded the following regression Eq. (12.2) in terms of the levels of
diosgenin yield (Y) as a function of concentration of DZW (A), inoculation size
(B), pH (C), and culture time (D).

Diosgenin yield mg=gð Þ ¼ þ 41:06� 3:47 � A� 1:94 � B� 1:99 � C þ 3:36 � D

þ 6:27 � A � Bþ 6:64 � A � C � 0:36 � A � D

� 9:07 � B � C � 6:92 � B � D� 0:18 � C � D

� 8:23 � A2 � 6:03 � B2 � 11:04 � C2 � 13:16 � D2

ð12:2Þ

The subsequent analysis of variance showed aptness of the model for diosgenin
production. The computed F-value of 52.00 implies significance of the model.
There is only a 0.01 % chance that a model F-value this large could occur due to
noise. The lack-of-fit F-value is not significant, and there is only a 6.28 % chance
that a lack-of-fit F-value this large could occur due to noise. The model was found
to be highly significant and occur due to noise. The lack-of-fit F-value is not
sufficient to represent the actual relationship between the response and the
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significant variables as indicated by the small model P value (\0.0001), large lack-
of-fit P-value (0.0628), suitable coefficient of determination (R2 = 0.9811), and
adjusted coefficient of determination (R2adjusted = 0.9623) from ANOVA
(Table 12.3). The predicted sum of squares (PRESS) of 314.23 indicated fit of
each point in this design. Signifiance of seven model terms (A, B, C, D, A2, B2, C2,
and D2) and an adequate precision of 20.624 indicated low signal-to-noise ratio
(Table 12.4).

Response surface contour plots graphically represented regression equations and
were generally used to demonstrate relationships between the response and exper-
imental levels of each variable in case of diosgenin yield (Fig. 12.1a–d). The points
on the corners and center of the figure represent experimental design points. The
point with number five in the center contour plots indicates the highest predicted
value of selected variable with other variables constant at centra level.

Our results showed that the DZW concentration in the medium was the most
significant single parameter which influenced diosgenin yield followed by culture
time, inoculum size, and initial pH (Table 12.2). The interactions between DZW
concentration and inoculum size, DZW concentration and pH, inoculum size and
culture time, and that between pH and inoculum size also had significant effects.

Table 12.3 Analysis of variance for the fitted second-order polynomial model and lack of fit for
diosgenin yield as per Box-Behnken design

Source Sum of squares df Mean sum of
squares

F-value Prob [ F Significance

Model 2992.31 14 213.74 52.00 \0.0001 Significant
Concentration of

DZW (A)
144.14 1 144.14 35.07 \0.0001

Inoculation size
(B)

45.36 1 45.36 11.04 0.0050

pH (C) 47.36 1 47.36 11.52 0.0044
Cultrue time (D) 135.34 1 135.34 32.93 \0.0001
AB 157.00 1 157.00 38.20 \0.0001
AC 176.36 1 176.36 42.91 \0.0001
AD 0.51 1 0.51 0.12 0.7296
BC 329.06 1 329.06 80.06 \0.0001
BD 191.41 1 191.41 46.57 \0.0001
CD 0.14 1 0.14 0.033 0.8578
A2 439.30 1 439.30 106.88 \0.0001
B2 235.82 1 235.82 57.38 \0.0001
C2 790.70 1 790.70 192.38 \0.0001
D2 1123.94 1 1123.94 273.45 \0.0001
Residual 57.54 14 4.11
Lack of Fit 53.44 10 5.34 5.21 0.0628 Not

significant
Pure Error 4.10 4 1.03
Cor Total 3049.85 28
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The results presented in Fig. 12.1 indicated that the DZW concentration
influenced diosgenin yield independent of the inoculum size. A 50 g/l concen-
tration of DZW was selected as appropriate level since any further increase in
concentration resulted in an undesirable increase of viscosity of the medium,

Table 12.4 Analysis of
variance (ANOVA) Table for
response-surface quadratic
model

Parameter Value

Standard deviation 2.03
Mean 25.14
R2 0.9811
Adjusted R2 0.9623
Predicted R2 0.8970
F-value 52.00
PRESS 314.23
Adequate precision 20.624

Fig. 12.1 a Response surface contour plots showing effect of concentration of DZW and
inoculation size on diosgenin yield in mixed culture with other variables constant at centra level.
b Response surface contour plots showing effect of concentration of DZW and pH on diosgenin
yield in mixed culture with other variables constant at centra level. c Response surface contour
plots showing effect of inoculum size and culture time on diosgenin yield in mixed culture with
other variables constant at centra level. d Response surface contour plots showing effect of
inoculum size and pH on diosgenin yield in mixed culture with other variables constant at centra
level
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causing negative effect of the growth of fungi and decreasing diosgenin yield per
gram of the DZW. Higher concentration of DZW always necessitated the
requirement of a higher inoculum size, while at lower levels of DZW concen-
tration, the yield increased initially with increase in inoculum size and then
decreased. When there is lesser DZW in the medium, the addition of more inoc-
ulum probably result in a competition, with the result that growth and produc-
tivities might be affected which could be the reason for this observation [23]. The
effect of pH and concentration of DZW on diosgenin yield, and the effect of pH
and inoculum size on diosgenin yield were presented in Fig. 12.1b and d. Dios-
genin yields increased with increasing pH up to a value of 5.0 pH influenced
enzyme activity which play leading role for hydrolysis saponin. The appropriate
pH of cellulase [24], glucoamylase [17], and b-glycosidase [25] is about 5. The
yields of diosgenin were determined to be maximum at culture time of 5 days, no
increase beyond culture time (Fig. 12.1c).

Analysis of response-surface curves and contour plots indicated optimum levels
of the variables necessary to achieve better results. The results predicted by
Box-Behnken design showed that a combination of concentration of DZW
42.98 g/l, inoculation size 1.73 ml, pH 5.0, and cultivation time 5.27 days (127 h),
the diosgenin yield was 42.77 mg/g. A repeat fermentation of DZW for highest
production of diosgenin by mixed culture under optimal conditions was carried out
for verification of the optimization. Maximum diosgenin production was
42.89 ± 0.53 mg/g closely agree with the predicted value. The final diosgenin
yield of optimization process increased by 61.18 % compared to the acid hydro-
lysis of DZW (26.61 ± 0.78 mg/g).

12.4 Conclusion

We report a study involving A. oryzae, P. chrysosporium, and A. niger for the
production of diosgenin from DZW by mixed culture. Response-surface meth-
odology was adopted to optimize the variables and to study their influence on
diosgenin yield. The results predicted by Box-Behnken design showed that a
combination of concentration of DZW 42.98 g/l, inoculation size 1.73 ml, pH 5.0,
and cultivation time 5.27 days (127 h), which would yield a maximum yield of
42.77 mg/g diosgenin. Evaluation experiments carried out to verify the predictions
revealed that three fungi yield 42.89 ± 0.53 mg/g closely agree with the predicted
value.
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