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The effects of the oligosaccharides prepared from endophytic fungus Fusarium oxysporum Dzf17 on 
diosgenin accumulation in Dioscorea zingiberensis seedling cultures were investigated. Among three 
oligosaccharide fractions (DP2-5, DP5-8, and DP8-12), DP8-12 at concentration of 20 mg/L resulted in 
the highest diosgenin content and yield of the seedlings with the values individually as 1.28 mg/g dw 
and 18.05 mg/L, which were 4.76-and 5.65-fold higher, respectively compared to the control. Among 
three oligosaccharide monomers (DP4, DP7, and DP10) separately derived from fractions DP2-5, DP5-8, 
and DP8-12, DP10 showed the most significant enhancement on diosgenin accumulation. When the 
seedlings were treated with DP10 at 6 mg/L and harvested on day 36 of culture, both diosgenin content 
and yield increased to 1.85 mg/g dw and 27.69 mg/L, which were 7.24-and 9.33-fold higher respectively 
compared to the control. The results indicated that addition of the oligosaccharides from endophytic 
fungus F. oxysporum Dzf17 as elicitors could significantly enhance diosgenin production in D. 
zingiberensis seedling cultures. 
 
Key words: Dioscorea zingiberensis, endophytic fungus, Fusarium oxysporum Dzf17, seedlings, 
polysaccharide, oligosaccharide, diosgenin. 

 
 
INTRODUCTION 
 
Dioscorea zingiberensis C. H. Wright (Dioscoreaceae) is 
a traditional Chinese medicinal herb, which is indigenous 
to the south of China (Chen et al., 2003). It has been 
considered as the preferred species to produce diosgenin 
(Zhang et al., 2006; Zhu et al., 2010), which is an 
important precursor of semi-synthetic steroids, such as 
corticosteroids, sex hormones, and other steroidal drugs 
in pharmaceutical industry (Fernandes et al., 2003; Li and  
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Abbreviations: WPS, Water-extracted mycelial polysaccharide; 
TO, total oligosaccharide; DP, degree of polymerization; DP2-5, 

fraction composed of oligosaccharides with DPs from 2 to 5; 
DP5-8, fraction composed of oligosaccharides with DPs from 5 
to 8; DP8-12, fraction composed of oligosaccharides with DPs 
from 8 to 12; DP4, oligosaccharide with DP as four; DP7, 
oligosaccharide with DP as seven; DP10, oligosaccharide with 
DP as ten; dw, dry weight; Dzf17, endophytic fungus Fusarium 
oxysporum Dzf17. 

Ni, 2011). However, overexploitation of natural D. 
zingiberensis has resulted in a dramatic decrease of this 
plant resource and a sharp shortage of the raw materials. 
The tissue and cell culture of D. zingiberensis has been 
regarded as an alternative means for efficient and 
controllable production of diosgenin. In addition, 
increasing diosgenin content and yield in field cultivation 
of D. zingiberensis should be another aspect (Dicosmo 
and Misawa, 1995; Zhou and Wu, 2006). 

Compared with the growth of whole plants in the natural 
environment or on agricultural farms, growth of plant 
tissue cultures has the advantages of well-controlled and 
reproducible conditions without the limitations of natural 
factors such as geographical location and climatic 
variation (Kieran et al., 1997; Zhou and Wu, 2006). 
However, the cultured plant cells, tissues or organs 
usually produce low amounts of desired secondary 
metabolites when compared with the natural intact plants. 
Therefore, the great efforts have been made to search 
strategies for improvement of secondary metabolite 
production in plant tissue cultures, such  as  cultivation  of  



 
 
 
 
specific plant organ cultures, selection of cell lines with 
high productivity, optimization of medium and culture 
conditions, application of genetic engineering and 
biotransformation, employment of immobilization and 
permeabilization for cell cultures, and enhancement of 
secondary metabolite production by using elicitors 
(Dicosmo and Misawa, 1995). Among the manipulative 
techniques available to promote the productivity of plant 
secondary metabolites in plant tissue culture system, 
elicitation has been regarded as the most likely one to 
obviously increase yield of the metabolites (Wiktorowska 
et al., 2010). 

Elicitation refers to the induction of secondary 
metabolite production by the molecules or treatments 
called elicitors (Zhong, 2002). According to their origins, 
elicitors are generally classified as biotic or abiotic. Fungi 
as biotic elicitors have been widely studied to enhance 
the production of plant secondary metabolites in plant 
culture systems, such as tanshinone production in Salvia 
miltiorrhiza hairy root cultures (Ge and Wu, 2005), 
betalain production in Beta vulgaris hairy root cultures 
(Savitha et al., 2006), oleandrin production in Nerium 
oleander cell cultures (Ibrahim et al., 2007), 
anthraquinone derivatives production in Rubia tinctorum 
cell cultures (Orban et al., 2008), and bilobalide and 
ginkgolide production in Ginkgo biloba cell cultures (Kang 
et al., 2009). 

Fungi, used as elicitors to promote production of plant 
secondary metabolites, usually refer to pathogenic or 
non-pathogenic fungi. Plant endophytic fungi, belonging 
to non-pathogenic fungi, show symbiotic relationships 
with their host plants and induce no visual symptoms to 
host plants (Suryanarayanan et al., 2009). Endophytic 
fungi have attracted increasing attention because they 
could not only protect plants against diseases and ward 
off insect pests, but also increase the fitness of plants by 
enhancing their tolerance to abiotic stresses, such as 
drought and heavy metal stresses (Backman and Sikora, 
2008; Ganley et al., 2008; Kane, 2011). Moreover, 
endophytic fungi have been considered as important and 
novel potential sources of natural bioactive compounds 
(Schulz et al., 2002; Zhou et al., 2010; Zhao et al., 2011). 

Plant endophytic fungi have been investigated as the 
elicitors to enhance plant secondary metabolite 
production. Typical examples included paclitaxel (taxol) 
enhancement in Taxus chinensis cell cultures induced by 
the endophytic fungus Aspergillus niger (Wang et al., 
2001a), artemisinin production in Artemisia annua hairy 
root cultures elicited by the endophytic Colletotrichum sp. 
(Wang et al., 2001b), paclitaxel formation in Taxus 
cuspidata cell cultures treated by the endophtic Fusarium 
mairei (Li and Tao, 2009), and alkaloid production in 
Catharanthus roseus cell cultures induced by its 
endophytic Fusarium oxysporum F9 (Tang et al., 2011). 
Endophytic fungus F. oxysporum Dzf17 was isolated from 
the healthy rhizomes of D. zingiberensis, and the effects 
of  its  mycelia  and  filtrate  have   been   investigated   to  
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enhance diosgenin production in D. zingiberensis cell 
cultures (Zhang et al., 2010). Moreover, polysaccharides 
and oligosaccharides were prepared from this fungus, 
and their enhanced effects on diosgenin production in D. 
zingiberensis cell cultures were also observed (Zhang et 
al., 2009; Li et al., 2011a, b). Diosgenin content in 
seedling cultures of D. zingiberensis was examined to be 
higher compared to cell cultures (Yin et al., 2011). In this 
work, effects of total oligosaccharide, its fractions (DP2-5, 
DP5-8, and DP8-12), and oligosaccharide monomers 
(DP4, DP7, and DP10) on growth and diosgenin 
production of D. zingiberensis seedlings were studied. 
The aim of this investigation is to seek appropriate 
oligosaccharide elicitors from endophytic fungus F. 
oxysporum Dzf17 applying in D. zingiberensis seedling 
cultures to increase diosgenin yield. 

 
 
MATERIALS AND METHODS 

 
Seedling culture of D. zingiberensis 

 
The seedlings of D. zingiberensis C. H. Wright were initially 
obtained by callus redifferentiation on Murashige and Skoog (MS) 
medium supplemented with 6-benzyladenine (5.0 mg/L), kinetin 
(2.0 mg/L), sucrose (30 g/L), and agar (8 g/L) at 25°C under 12 h 
daily illumination of approximately 2000 lux provided by cool 
fluorescent tubes. The pH medium was adjusted to 5.8 before 
autoclaving. Subculture of the seedlings was conducted on MS 
medium supplemented with sucrose (30 g/L) and agar (8 g/L) at 
25°C at an interval of 30 days under 12 h daily illumination of 
approximately 2000 lux (Yin et al., 2011). The seedlings subcultured 
for 5 generations were taken as the plant materials. Each 125 ml 
Erlenmeyer flask was filled with 50 ml of MS solid medium, and 
three seedlings (about 1.0 g fresh weight) were inoculated in each 
flask. 

 
 
Preparation of the oligosaccharides 
 
Endophytic fungus F. oxysporum Dzf17 was cultured in a 1000 ml 
Erlenmeryer flask containing 300 ml of liquid medium consisting of 
glucose (50 g/L), peptone (13 g/L), NaCl (0.6 g/L), K2HPO4 (0.6 
g/L), and MgSO4.7H2O (0.2 g/L). All flasks were maintained at 25°C 
on a rotary shaker at 150 rpm for 14 days. A total of 150 L of 
fermentation broth was obtained and centrifuged at 7,741 xg for 20 
min. The mycelia were collected and washed twice with deionized 
water, and then lyophilized. About 600 g of mycelia in dry weight 
(dw) was obtained. Water-extracted mycelia polysaccharides 
(WPS), total oligosaccharide (TO), oligosaccharide fractions (DP2-
5, DP5-8, and DP8-12), as well as oligosaccharide monomers 
(DP4, DP7, and DP10) were prepared according to Li et al. (2011a, 
b). All the oligosaccharide elicitors from endophytic fungus F. 
oxysporum Dzf17 (total oligosaccharide, oligosaccharide fractions, 
and monomers) were independently dissolved in distilled water as 
the concentrate stock solution, filter-sterilized through a membrane 
(pore size, 0.45 μm) and stored at 4°C. 

 
 
Elicitation treatment 
 

Total oligosaccharide (TO) and oligosaccharide fractions (DP2-5, 
DP5-8, and DP8-12) were separately added to MS medium with the  
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final concentrations of 5, 10, 20, 40, and 80 mg/L carbohydrate 
equivalent. Purified oligosaccharide monomers (DP4, DP7, and 
DP10) were employed to treat the seedlings at concentrations of 2, 
4, 6, 8, and 10 mg/L carbohydrate equivalent. The inoculated 
quantity was three seedlings (about 1.0 g fresh weight) in each 
flask. The seedlings were harvested after 32 days culture, which 
was determined according to the dynamics of growth and diosgenin 
yield of D. zingiberensis seedling cultures (Yin et al., 2011). Finally, 
the optimal oligosaccharide elicitor DP10 was chosen for further 
investigation. The addition concentration (4, 6, and 8 mg/L) and 
harvest time (day 30, 33, 36, and 39) for DP10 were studied to 
realize the maximum enhancement of diosgenin accumulation in 
the seedling cultures. 
 
 
Determination of biomass and diosgenin analysis 
 
The seedlings were harvested from the Erlenmeyer flasks and 
washed with distilled water to remove residual medium, and then 
lyophilized to a constant weight. Diosgenin extraction and 
determination were carried out as previously described with some 
modifications (Zhang et al., 2009; Zhu et al., 2010; Yin et al., 2011). 
Briefly, 100 mg of powdered dry cultured seedlings was added into 
a tube with 20 ml of 95% ethanol, and then subjected to ultrasonic 
treatment for 1 h. After that, 20 ml of 1 mol/L sulfuric acid was 
added to each tube, and hydrolyzed at 121°C for 2 h. The hydrolyte 
was extracted for three times with petroleum ether. The combined 
petroleum ether solution was washed twice with 1 mol/L NaOH, and 
then twice with distilled water. After dehydration with anhydrous 
sodium sulfate, the petroleum ether solution was concentrated to 
dryness under vacuum on a rotary evaporator. The extract was 
dissolved in acetonitrile, and then filtered through a filter (pore size, 
0.22 μm) before analysis. 

A high performance liquid chromatography (HPLC) system 
(Shimadzu, Japan), which consists of two LC-20AT solvent delivery 
units, an SIL-20A autosampler, an SPD-M20A photodiode array 
detector, and CBM-20Alite system controller, was employed. A 
reversed-phase Agilent TC-C18 column (250 × 4.6 mm i.d., particle 
size 5 μm) was used for chromatography by using acetonitrile-water 
(90:10, v/v) as the mobile phase at a flow rate of 1 ml/min at 30°C, 
and an LC solution multi-PDA workstation was employed to acquire 
and process chromatographic data. The injection volume was 20 μl. 
Changes in absorbance at 203 nm were recorded. The peak area 
was calibrated to diosgenin content with a chemical standard 
(Sigma). Diosgenin content in the medium was negligible and not 
determined. 
 
 
Statistical analysis 
 
All the experiments were carried out three times. Each treatment 
was performed in triplicate, and the results were represented by 
their mean values and standard deviations. The data were 
submitted to analysis of variance to detect significant differences by 
PROC ANOVA of SAS version 8.2. 

 
 
RESULTS AND DISCUSSION 
 
Effects of total oligosaccharide and its fractions DP2-
5, DP5-8, and DP8-12 
 
Effects of total oligosaccharide (TO) and its fractions 
(DP2-5, DP5-8, and DP8-12) on growth, diosgenin 
content, and diosgenin yield of D. zingiberensis seedlings 
were presented in Table 1. The  optimal  concentration  to  

 
 
 
 
promote seedling growth was 20 or 40 mg/L. The highest 
dry weight (14.58 g dw/L) was observed by using 
oligosaccharide fraction DP5-8 at 20 mg/L, which was 
1.22-fold of control. Similarly, the highest dry weight 
(14.15 g dw/L)

 
was observed when the seedlings were 

treated with DP8-12 at 20 mg/L, which was 1.17-fold of 
control. 

These oligosaccharide elicitors resulted in diverse 
influence on diosgenin content. The maximum diosgenin 
content (0.82 mg/g dw) was obtained in the seedlings 
treated with TO at 40 mg/L, which was 3.05-fold of 
control. The maximum values of diosgenin content 
generated by DP2-5 and DP5-8 were separately 0.37 
mg/g dw and 0.40 mg/g dw, which were respectively 1.37 
and 1.49-fold as compared with that of control. Among all 
the elicitation treatments, oligosaccharide fraction DP8-12 
exhibited an excellent effect on enhancement of 
diosgenin content. The highest diosgenin content (1.28 
mg/g dw) was observed when the seedlings were treated 
with DP8-12 at 20 mg/L, which was 4.76-fold of control 
and higher than those of TO, DP2-5, and DP5-8. 

As presented in Table 1, the variation trend of 
diosgenin yield was mostly dependent on that of 
diosgenin content. The most significant enhancement on 
diosgenin yield was generated by DP8-12 at 
concentration of 20 mg/L, which was 5.65-fold of control 
(18.05 mg/L). When the seedlings were treated with DP8-
12 at 40 mg/L, diosgenin yield was also significant higher 
than that of control, which was 3.37-fold of control. 
Elicitor TO also showed a satisfactory effect on 
enhancement of diosgenin yield. When the seedlings 
were treated with TO at 40 mg/L, diosgenin yield was 
increased to 11.32 mg/L, which was 3.54-fold of control. 
The highest values of diosgenin yield in seedling cultures 
treated with DP2-5 and DP5-8 were respectively 4.49 
mg/L and 5.81 mg/L, which were 1.41- and 1.82-fold of 
control, respectively, but both were lower than that of 
DP8-12. It was concluded that the most effective elicitor 
was oligosaccharide fraction DP 8-12 among the total 
oligosaccharide and its fractions. 
 
 
Effects of oligosaccharides DP4, DP7 and DP10 
 

Three purified oligosaccharide monomers were 
respectively isolated from the oligosaccharide fractions 
DP2-5, DP5-8, and DP8-12, which were named as DP4, 
DP7, and DP10, respectively (Li et al., 2011b). The 
effects of DP4, DP7, and DP10 on growth, diosgenin 
content, and diosgenin yield of D. zingiberensis seedlings 
were shown in Figure 1. Dry weight of the seedlings did 
not significantly increase in most of treatments except 
when the seedlings were elicited by 6 mg/L and 8 mg/L of 
DP4, 8 mg/L of DP7, and 6 mg/L of DP10. The maximum 
values of dry weight generated by DP4, DP7, and DP10 
were 15.58, 14.49, and 14.43 g dw/L respectively, 1.29-, 
1.20-, and 1.20-fold higher compared to control but 
showed no significant differences among them. 
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Table 1. Effects of total oligosaccharide and its fractions on growth, diosgenin content, and diosgenin yield of D. 
zingiberensis seedling cultures. 
 

Concentration (mg/L) Dry weight (g dw/L) Diosgenin content (mg/g dw) Diosgenin yield (mg/L) 

CK 0 11.93 ± 0.41
ij
 0.27 ± 0.02

lm
 3.20 ± 0.16

kl
 

     

TO 

5 12.23 ± 0.30
hi
 0.31 ± 0.02j

k
 3.78 ± 0.14

j
 

10 13.06 ± 0.21
def

 0.43 ± 0.03
fg
 5.61 ± 0.34

f
 

20 13.69 ± 0.18
bcd

 0.56 ± 0.02
d
 7.60 ± 0.39

d
 

40 13.83 ± 0.29
bc

 0.82 ± 0.02
b
 11.32 ± 0.39

b
 

80 10.91 ± 0.21
l
 0.45 ± 0.05

f
 4.86 ± 0.40

g
 

     

DP2-5 

5 12.09 ± 0.36
hij

 0.29 ± 0.02
kl
 3.50 ± 0.10

jk
 

10 12.64 ± 0.39
fgh

 0.34 ± 0.01
ij
 4.31 ± 0.16

hi
 

20 12.18 ± 0.39
hij

 0.37 ± 0.02
hi
 4.49 ± 0.38

gh
 

40 11.54 ± 0.38
jk
 0.24 ± 0.01

m
 2.81 ± 0.17

lm
 

80 11.07 ± 0.52
kl
 0.20 ± 0.02

n
 2.20 ± 0.16

n
 

     

DP5-8 

5 12.37 ± 0.34
ghi

 0.30 ± 0.02
kl
 3.71 ± 0.13

j
 

10 13.45 ± 0.15
cde

 0.35 ± 0.01
i
 4.74 ± 0.22

gh
 

20 14.58 ± 0.40
a
 0.40 ± 0.02

gh
 5.81 ± 0.24

ef
 

40 13.68 ± 0.34
bcd

 0.29 ± 0.02
kl
 3.95 ± 0.21

ij
 

80 13.09 ± 0.30
def

 0.20 ± 0.01
n
 2.65 ± 0.24

m
 

     

DP8-12 

5 12.16 ± 0.34
hij

 0.38 ± 0.01
hi
 5.59 ± 0.08

gh
 

10 12.59 ± 0.21
fghi

 0.49 ± 0.01
e
 6.11 ± 0.06

e
 

20 14.15 ± 0.31
ab

 1.28 ± 0.02
a
 18.05 ± 0.44

a
 

40 13.93 ± 0.63
bc

 0.77 ± 0.03
c
 10.76 ± 0.23

c
 

80 12.96 ± 0.55
efg

 0.48 ± 0.04
e
 6.24 ± 0.31

e
 

 

Each value was expressed as mean ± standard deviation (n = 3). Different letters in each column indicated significant 
differences at p = 0.05. 

 
 
 

Figure 1B presented the effects of DP4, DP7, and 
DP10 on diosgenin content of the seedlings. The highest 
diosgenin content was 0.35 mg/g dw when the seedlings 
were treated with DP4 at 4 mg/L, which was 1.29-fold of 
control. For DP7, only when its concentration was 
increased up to 8 mg/L, the diosgenin content reached to 
the maximum (0.37 mg/g dw), which was 1.28-fold of 
control and showed no significant difference with that of 
DP4. However, DP10 resulted in an evident 
enhancement on diosgenin content at all designed 
concentrations. When the seedlings were treated with 
DP10 at 6 mg/L, diosgenin content was dramatically 
increased to the highest (1.64 mg/g dw) which was 6.16-
fold of control. 

The effects of DP4, DP7, and DP10 on diosgenin yield 
were shown in Figure 1C, in which DP10 exhibited the 
most obvious enhancement on diosgenin yield at 
concentration range from 2 to 10 mg/L. Especially, when 
the seedlings were treated with DP10 at 6 mg/L, 
diosgenin yield was increased up to the highest (23.71 
mg/L) which was 7.39-fold of control. However, DP4 and 
DP7 generated slight enhancement even inhibitory effects 

on diosgenin yield at the test range of concentrations. 
The maximum values of diosgenin yield treated with DP4 
and DP7 were respectively 4.76 mg/L and 5.34 mg/L, 
which were just 1.48- and 1.66-fold of that of control 
respectively. Hence, DP10 was considered as the most 
effective oligosaccharide elicitor to promote diosgenin 
accumulation in D. zingiberensis seedlings. 
 
 
Optimization of harvest time and elicitation 
concentration for DP10 
 
As oligosaccharide DP10 exhibited an excellent 
promoting effect on diosgenin accumulation in D. 
zingiberensis seedlings (Figures 1B and 1C), the harvest 
time and elicitation concentration for DP10 were further 
studied. Three concentrations (4, 6, and 8 mg/L) and four 
harvest days (30, 33, 36, and 39 days) were chosen to 
conduct the combination experiments, aiming to 
determine the optimal elicitation conditions of DP10. 

As presented in Figure 2A, dry weight of the seedlings 
in all these elicitation treatments was higher  than  that  of  
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Figure 1. Effects of oligosaccharides DP4, DP8 and DP10 on growth (A), diosgenin 
content (B) and diosgenin yield (C) of D. zingiberensis seedlings. Each value was 
expressed as mean ± standard deviation (n = 3). Different letters indicated significant 
differences among the treatments at p = 0.05 level. 

 
 
 
control. Dry weight of the seedlings increased with the 
prolongation of harvest time, and arrived at the maximum 
(15.34 g dw/L) on the 36th day at concentration of 4 
mg/L, which was 1.32-fold of control. The highest dry 
weight of the seedlings treated at 6 mg/L was still 
observed on the 36th day, which was 1.29-fold of control 
but slightly lower than that of 4 mg/L.  For the seedlings 
treated with DP10 at 8 mg/L, the highest dry weight was 
obtained on the 39th day, which was 1.17-fold of control. 
So, the optimal concentration to promote growth of the 
seedling cultures was 4 mg/L or 6 mg/L. 

The optimal harvest time of the seedlings treated with 
DP10 at 6 mg/L was on the 36th day, on which diosgenin 
content increased to 1.85 mg/g dw which was 7.24-fold of 
control and higher than (1.64 mg/g dw) on the  32nd  day. 

For the seedlings treated with DP10 at 4 mg/L or 8 mg/L, 
the highest values of diosgenin content were separately 
observed on the 36th and 33rd day, which were 
respectively 4.74-and 3.19-fold of control. 

Diosgenin yields in seedling cultures treated with DP10 
at 4, 6 or 8 mg/L and harvested on the 30th, 33rd, 36th, 
and 39th day were presented in Figure 2C. When the 
seedlings were treated with DP10 at 6 mg/L, the values 
of diosgenin yield were higher than those of  4 or 8 mg/L. 
Diosgenin yield in seedling cultures reached maximum 
(27.69 mg/L) when treated at 6 mg/L

 
and harvested on 

the 36th day, which was 9.33-fold higher than the control 
and far higher (7.29-fold) than that on the 32nd day. For 
the seedlings treated with DP10 at 4 mg/L or 8 mg/L, the 
harvest time with the highest diosgenin yield was the 36th  
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Figure 2. Effects of different concentrations of oligosaccharide DP10 on growth 
(A), diosgenin content (B), and diosgenin yield (C) of D. zingiberensis seedlings 
with different harvest time. Each value was expressed as mean ± standard 
deviation (n = 3). 

 
 
 
and 33rd days, which were respectively 6.27- and 3.25-
fold higher than the control. Therefore, the optimal 
concentration of DP10 and the optimal harvest time for 
maximization of diosgenin accumulation in D. 
zingiberensis seedlings were separately determined as at 
6 mg/L and on the 36th day. 

In conclusion, three oligosaccharide fractions (DP2-5, 
DP5-8 and DP8-12) were prepared from total oligosac-
charide (TO) which was obtained by acid hydrolysis of the 

water-extracted mycelial polysaccharide (WPS) from 
endophytic fungus F. oxysprorum Dzf17. Three 
oligosaccharide monomers (DP4, DP7, and DP10) were 
separately derived from fractions DP2-5, DP5-8, and 
DP8-12. Among them, DP10 showed the most significant 
enhancement on diosgenin accumulation. When the 
seedlings were treated with 6 mg/L of DP10 and 
harvested on day 36 of culture, both diosgenin content 
and  yield  increased  to   1.85 mg/g dw  and  27.69 mg/L,  
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which were respectively 7.24- and 9.33-fold higher 
compared to the control. The results indicated that 
addition of oligosaccharides from endophytic F. 
oxysporum Dzf17 as elicitors could significantly enhance 
diosgenin production in D. zingiberensis seedling 
cultures. However, the specific mechanisms of how these 
oligosaccharides regulate the growth and secondary 
metabolism are rarely understood. The oligosaccharides 
prepared from endophytic fungus F. oxysporum Dzf17 
could be used as elicitors to enhance diosgenin 
production either in large-scale culture of the seedlings or 
in field cultivation of D. zingiberensis intact plants in the 
future. 
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