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ABSTRACT

Steroidal saponins including furostanol and spirostanol glycosides are the important bioactive compounds in yams.  In the 
study, the content of individual saponin in varied organs of yam (Dioscorea pseudojaponica Yamamoto) harvested from November 
to March of the next year (the harvest season) were determined. Results showed that total saponin levels in yam organs (except 
rhizophor) harvested at various time were in the order: January > December > February > November > March.  Saponin contents in 
rhizophor gathered in December were higher than those obtained in January.  The highest total amounts of saponins among various 
organs were in the order: tuber cortex (619.79 µg/g dw) > tuber flesh (247.84 µg/g dw) > rhizophor (32.19 µg/g dw) > leaf (26.57 µg/g 
dw) > vine (25.06 µg/g dw).
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INTRODUCTION

Steroidal saponins including furostanol and spiro-
stanol glycosides are important functional compounds 
in yam (Dioscorea spp.)(1-3).  Many researches demon-
strated that steroidal saponins had anti-carcinogenic(4), 
anti-thrombotic(5), anti-viral(6), hemolytic(7), hypocho-
lesterolemic(8) and hypoglycemic effects(9). The aglycone 
(sapogenin) of yam steroidal saponins has also been used 
to produce steroidal drugs(10, 11).

Dinan et al.(12) and Lin and Yang(13) described that 
notable variation of saponin quantity could be found 
in plant organs; moreover, the cultivar, the age, or the 
geographic locality of the plant could also influence the 
saponin contents greatly(12).  The harvest time should also 
affect the saponin contents in plants.  There were, howev-
er, no thorough report about the effect of harvest time on 
saponins in yams.  In our previous study(3), six steroidal 
saponins consisting of three furostanol glycosides and 
three spirostanol glycosides were isolated from the tuber 
flesh of yam (Dioscorea pseudojaponica Yamamoto) 
and it was also found the tuber cortex contains abundant 
saponins(13).  The yam is Taiwanese native cultivar whose 
harvest time, in general, is from November to March of 
the next year(14).  In this investigation, we surveyed the 
saponin contents in yam organs (leaf, rhizophor, tuber 
flesh, tuber cortex and vine) that were harvested during 

the five months from the same farm.  The influence of air 
temperature on yam saponins was also discussed.

MATERIAL AND METHODS

I. Yam Samples

The leaves, vines, rhizophores (ca 1 cm in diameter 
and ca 4 cm in length) and tubers (white cortex and flesh, 
ca 4 cm in diameter and ca 130 cm in length) of yam plant 
(D. pseudojaponica Yamamoto) were harvested from 
the same farm randomly in Cidu District, Keelung City, 
Taiwan between Nov. 2006 and Mar. 2007. The yams were 
cultivated at the end of Mar. 2006.  Their growing condi-
tions were identical except for the harvest time. Each 
sample was collected about 10 kg in each month within 
the 5 months. The tubers were peeled and the cortices 
were gathered.  The flesh of yam tubers and rhizophores 
were cut into 4 mm thick slices with a slicer. The leaves 
were took off from yam vines and pooled. The vines were 
cut into 2 cm of length.  All of these samples were lyophi-
lized in a freeze-dryer (Vastech Scientific Co., Ltd., 
Taipei, Taiwan), ground to flour and passed through 40 
mesh standard sieve before experiment.

II. Chemicals

26-O-β-D-glucopyranosyl-22α-methoxyl-(25R)-
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furost-5-en-3β, 26-diol 3-O-α-L-rhamnopyranosyl-(1→2)-
O-{[α-L-rhamnopyranosyl-(1→4)]-O-[α-L-rhamnopyrano-
syl-(1→4)]}-β-D-glucopyranoside (1), methyl protodioscin 
(2), methyl protogracillin (3), (25R)-spirost-5-en-3β-ol 3-
O-α-L-rhamnopyranosyl-(1→2)-O-{[α-L-rhamnopyrano-
sy-(1→4)]-O-[α-L-rhamnopyranosyl-(1→4)]}-β-D-gluco-
pyranoside (4), dioscin (5) and gracillin (6) were isolated 
by the method as detailed in our previous report(1). Their 
structures were showed in Figure 1. Methanol and n-buta-
nol were purchased from Tedia Co. (Fairfield, OH, USA). 
Zorbax SPE C18 cartridges (200 mg) were obtained from 
Agilent Technologies, Inc. (Palo Alto, CA, USA). Deion-
ized water was prepared by UltrapureTM water purification 
system (Lotun Co., LTD. Taipei, Taiwan); it was degassed 
under vacuum and filtered through a 0.2 μm membrane 
filter (Millipore Co., Bedford, MA, USA).

III. Extraction of Yam Saponins

The method of yam saponins extraction was 
described by Lin and Yang(13). The C18 cartridges (200 
mg) were conditioned with 3 mL methanol and 3 mL of 
50% methanol/water in advance. Fifty grams of each yam 
sample were extracted with 1 L methanol for 24 h at 25°C. 
The extract was filtered and the solvent was removed 

using a rotary evaporator (Panchun Scientific Co., Kaoh-
siung, Taiwan) at 30°C. The residue was then resuspended 
in 25 mL distilled water and partitioned against 25 mL n-
butanol 3 times to yield saponin extract. After washing 3 
times with 50 mL distilled water, the extract solvent was 
removed in a rotary evaporator at 45°C. The dried extract 
was then dissolved in 1 mL methanol, diluted with equal 
amount of water and loaded onto a C18 cartridge. 

The cartridge was washed using 3 mL water and 3 
mL of 50% methanol/water in turn; the saponins were 
then eluted with 3 mL of 80% methanol/H2O.  The eluate 
was concentrated to dryness in a rotary evaporator at 
35°C and re-dissolved in 1 mL methanol prior to HPLC 
analysis.

IV. HPLC Analysis of Yam Saponins

A PrimeLine™ Gradient Model 500G HPLC pump 
system (Analytical Scientific Instruments, Inc., El Sobran-
te, CA, USA) outfitted with an Alltech ELSD 3300 evapo-
rative light scattering detector (ELSD) (tube temperature, 
75°C; air flow rate, 2.8 L/min) (Alltech Associates Inc., 
Deerfield, Ireland) was used for the analysis of yam sapo-
nins.  The analytical condition was adopted from Yang et 
al.(15) A Luna C18 column (4.6 mm i.d. × 250 mm, 5 µm 
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Figure 1. Chemical structures of yam saponins.
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particle size) (Phenomenex, Torrance, CA, USA) was used 
for saponins separation; a step gradient solvent system 
consisting of methanol and deionized H2O, 62/38 (v/v) in 
the first 20 min and 71/29 (v/v) from 21 to 65 min at a flow 
rate of 1 mL/min, was used for saponins elution.  Data 
processing was conducted using a Chem-Win computer 
software system (Shuen-Hua Co., Taipei, Taiwan). 

V. Statistical Analysis

The quantitative analyses of the yam saponins were 
performed in triplicate and the mean values were calcu-
lated.  Statistical analyses of the data were done by the 
analysis of variance and Duncan’s test procedures were 
dispensed to evaluate the significance between means, at 
a level of  p < 0.05. 

RESULTS AND DISCUSSION

Table 1 shows that the tuber fleshes of yam gathered 
in Jan. 2007 contained the highest content of saponin; 
the second to fourth was those harvested in Dec. 2006, 
Feb. 2007 and Nov. 2006.  The lowest amount of sapo-
nin was found in that harvested in Mar. 2007.  Though 
the saponin contents in tuber cortices and fleshes had a 
similar trend, the contents of total furostanol glycosides 
in tuber cortices collected in Jan. 2007 and Dec. 2006 did 
not showed significant difference (Table 2).  Yam tuber 
cortices had higher saponin contents than their homolo-
gous fleshes by 2.50- (collected in Jan. 2007) to 2.89- fold 
(collected in Mar. 2007) (Tables 1 and 2).  Figure 2 shows 
the chromatograms of saponin extracts of yam tuber 
cortices collected at varied time.  Milgate and Roberts(16) 

indicated that saponin could inhibit the growth of mold 
and help protect the plant from insect attack. Yam tuber 
is a reproductive organ; its cortex should play a princi-
pal role to resist the injurious factors in growing condi-
tions, e.g., the insect pests, climatic change and so on. 
Therefore, tuber cortex should produce more secondary 
metabolites including saponin. Pęksa et al.(17) also found 
that unpeeled potato tuber had much higher glycoalka-
loid (α-solanine and α-chaconine), the steroidal alkaloid 
with a similar structure to yam saponin, than the peeled 
one, which indicated that the cortex possess rich bioac-
tive compounds.

Yam rhizophor, which is highly charactristic tuber-
like organ on the presence of decussately arranged sporo-
phylls.  Table 3 indicates that all of the rhizophor samples 
lacked compounds 1 and 4, and even compounds 3 and 6 
could not be measured in those harvested in Nov. 2006 
and Mar. 2007, whose saponin quantities were lower 
than others.  The saponin content in rhizophor collected 
in Dec. 2006 and Jan. 2007 did not show any significant 
difference, though the one collected in Dec. 2006 had the 
highest saponin content.

Tables 4 and 5 show that compounds 1 and 4 did 
not exist in all leaf and vine samples; moreover, those 
harvested in Nov. 2006, Feb. 2007 and Mar. 2007 
contained compounds 2 and 5 merely.  Both of the leaf 
and vine samples obtained in Jan. 2007 contained the 
highest saponin amounts; nevertheless, their amounts 
were lower than those in other yam organs, the tuber 
cortex and flesh especially.  Kraverts et al.(18) indicated 
that saponins could not be found in leaf of onion but they 
exist in the fruit and seed, the reproductive organs.

Many researches(19-22) indicated that harvest time 
would affect the chemical composition and yield of crops. 

Table 1. Saponin contents in yam tuber fleshes

Compounds

Saponin contents (µg/g dw)a

Harvest time

Nov. 2006 Dec. 2006 Jan. 2007 Feb. 2007 Mar. 2007

1 43.15 ± 2.35 Db 50.54 ± 2.91 B 53.90 ± 3.21 A 45.34 ± 3.41 C 38.76 ± 2.47 E 

2 40.28 ± 2.18 D 55.63 ± 3.12 A 54.65 ± 2.37 B 42.72 ± 3.02 C 36.42 ± 2.66 E 

3 22.35 ± 2.41 E 29.94 ± 2.51 B 31.54 ± 2.17 A 25.28 ± 1.85 C 24.38 ± 2.29 D 

Total furostanol glycosides 105.78 ± 6.94 D 136.11 ± 8.54 B 140.09 ± 7.75 A 113.34 ± 8.28 C 99.56 ± 7.42 E 

4 32.93 ± 1.87 C 37.07 ± 2.33 A 37.57 ± 2.54 A 34.27 ± 1.85 B 28.62 ± 2.36 D 

5 39.17 ± 2.04 B 47.34 ± 2.18 A 46.94 ± 1.83 A 38.74 ± 2.63 B 33.44 ± 2.15 C 

6 15.57 ± 2.05 C 21.38 ± 2.31 B 23.24 ± 3.04 A 16.62 ± 2.18 C 13.52 ± 1.27 D 

Total spirostanol glycosides 87.67 ± 5.96 D 105.79 ± 6.82 B 107.75 ± 7.41 A 89.63 ± 6.66 C 75.58 ± 5.78 E 

Total saponins 193.45 ± 12.90 D 241.9 ± 15.36 B 247.84 ± 15.16 A 202.97 ± 14.94 C 175.14 ± 13.20 E 
a. All values are mean ± SD obtained by triplicate analyses.
b. Values bearing different letters in the same row are significantly different (p < 0.05).
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Table 2. Saponin contents in yam tuber cortices

Compounds

Saponin contents (µg/g dw)a

Harvest time

Nov. 2006 Dec. 2006 Jan. 2007 Feb. 2007 Mar. 2007

1 139.88 ± 9.23 Cb 162.45 ± 9.91 A 162.36 ± 11.17 A 147.36 ± 7.96 B 132.65 ± 10.37 D 

2 148.64 ± 10.04 C 159.38 ± 9.64 A 160.42 ± 10.52 A 154.21 ± 8.79 B 141.84 ± 9.64 C 

3 79.41 ± 4.89 D 89.57 ± 5.08 A 87.34 ± 6.23 B 83.41 ± 6.03 C 73.81 ± 4.42 E 

Total furostanol glycosides 367.93 ± 24.16 C 411.40 ± 24.63 A 410.12 ± 27.92 A 384.98 ± 22.78 B 348.30 ± 24.43 D 

4 62.38 ± 3.79 D 73.25 ± 3.98 B 75.66 ± 4.47 A 70.32 ± 4.48 C 56.60 ± 3.52 E 

5 74.53 ± 5.03 D 83.26 ± 5.45 B 87.71 ± 3.81 A 81.95 ± 4.95 C 67.72 ± 4.24 E 

6 39.92 ± 3.36 C 47.52 ± 2.84 A 46.30 ± 3.63 B 40.39 ± 3.55 C 34.08 ± 2.99 D 

Total spirostanol glycosides 176.83 ± 12.18 D 204.03 ± 12.27 B 209.67 ± 11.91 A 192.66 ± 12.98 C 158.40 ± 10.75 E 

Total saponins 544.76 ± 36.34 D 615.43 ± 36.90 B 619.79 ± 39.83 A 577.64 ± 35.76 C 506.70 ± 35.18 E 
a. All values are mean ± SD obtained by triplicate analyses.
b. Values bearing different letters in the same row are significantly different (p < 0.05).

Figure 2. HPLC chromatograms of saponin extracts of yam tuber cortices harvested from various months. HPLC conditions: column, Luna C-18 
(4.6 mm i.d. × 250 mm, 5 µm); mobile phase, MeOH/ H2O = 62/38 (v/v) from 0 to 20 min and 71/29 (v/v) from 21 to 65 min; flow rate, 1 mL/min; 
detection, evaporative light scattering detector (ELSD) (tube temperature, 75°C; gas flow rate, 2.8 L/ min).
Compounds: (1) 26-O-β-D-glucopyranosyl-22α-methoxyl-(25R)-furost-5-en-3β, 26-diol 3-O-α-L-rhamnopyranosyl-(1→2)-O-{[α-L-
rhamnopyranosyl-(1→4)]-O-[α-L-rhamnopyranosyl-(1→4)]}-β-D-glucopyranoside, (2) methyl protodioscin, (3) methyl protogracillin, 
(4) (25R)-spirost-5-en-3β-ol 3-O-α-L-rhamnopyranosyl-(1→2)-O-{[α-L-rhamnopyranosy-(1→4)]-O-[α-L-rhamnopyranosyl-(1→4)]}-β-D-
glucopyranoside, (5) dioscin, (6) gracillin.
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Pęksa et al.(17) reported that greater influence of harvest 
time on bioactive compounds was due to environmental 
and weather conditions such as low air temperature. 

From the data(23) of Cetral Weather Bureau, Taiwan, 
we could obtain that the monthly mean temperatures 
in Keelung City in Nov. 2006, Dec. 2006, Jan. 2007, 
Feb. 2007 and Mar. 2007 were 22.1, 18.4, 16.5, 17.8 and 
19.0°C, respectively. By compared with our results, 
the saponin contents in yam seem to increase with the 

reduced temperature (from Nov. 2006 to Jan. 2007) and 
then decrease with raised temperature (from Jan. 2007 to 
Mar. 2007).  Yam gathered at the lowest temperature (Jan. 
2007) had the highest saponin content. Dong et al.(21) 
found that harvest time would influence saponin contents 
in roots of Panax notoginseng cultivated in China.  
Pecetti et al.(22) demonstrated that climatic temperature 
was the main factor affecting saponin contents in lucerne 
(Medicago sativa L.).  Their results were similar to ours. 

Table 3. Saponin contents in yam rhizophors 

Compounds

Saponin contents (µg/g dw)a

Harvest time

Nov. 2006 Dec. 2006 Jan. 2007 Feb. 2007 Mar. 2007

1 NDb ND ND ND ND 

2 6.05 ± 1.27 Cc 8.23 ± 1.83 A 8.09 ± 2.03 AB 7.23 ± 1.71 B 5.22 ± 0.84 C 

3 ND 6.91 ± 1.02 A 7.14 ± 0.81 A 2.12 ± 0.47 B ND

Total furostanol glycosides 6.05 ± 1.27 C 15.14 ± 2.85 A 15.23 ± 2.84 A 9.35 ± 2.18 B 5.22 ± 0.84 C 

4 ND ND ND ND ND

5 7.54 ± 2.08 C 10.88 ± 1.81 A 10.36 ± 2.05 A 8.64 ± 1.15 B 6.05 ± 1.22 D 

6 ND 6.17 ± 0.88 A 5.93 ± 0.76 A ND ND 

Total spirostanol glycosides 7.54 ± 2.08 B 17.05 ± 2.69 A 16.29 ± 2.81 A 8.64 ± 1.15 B 6.05 ± 1.22 C 

Total saponins 13.59 ± 3.35 C 32.19 ± 5.54 A 31.52 ± 5.65 A 17.99 ± 2.86 B 11.27 ± 2.06 C 
a. All values are mean ± SD obtained by triplicate analyses.
b. ND = not detected.
c. Values bearing different letters in the same row are significantly different (p < 0.05).

Table 4. Saponin contents in yam leaves

Compounds

Saponin contents (µg/g dw)a

Harvest time

Nov. 2006 Dec. 2006 Jan. 2007 Feb. 2007 Mar. 2007

1 NDb ND ND ND ND

2 5.17 ± 0.75Cc 6.89 ± 0.67A 6.82 ± 0.84 A 5.54 ± 0.92 B 4.25 ± 0.71D 

3 ND 6.74 ± 0.69 A 6.84 ± 1.02 A ND ND

Total furostanol glycosides 5.17 ± 0.75B 13.63 ± 1.36 A 13.66 ± 2.27 A 5.54 ± 0.92 B 4.25 ± 0.71 C 

4 ND ND ND ND ND

5 4.18 ± 0.56 B 5.96 ± 0.89 A 6.37 ± 1.03 A 6.04 ± 1.02 A 3.29 ± 0.45 C 

6 ND 6.13 ± 1.17 B 6.54 ± 1.25 A ND ND

Total spirostanol glycosides 4.18 ± 0.56 C 12.09 ± 2.16 A 12.91 ± 2.28 A 6.04 ± 1.02 B 3.29 ± 0.45 C 

Total saponins 9.35 ± 1.31 C 25.72 ± 3.42 A 26.57 ± 4.55 A 11.58 ± 1.94 B 7.54 ± 1.16 C 
a. All values are mean ± SD obtained by triplicate analyses.
b. ND = not detected.
c. Values bearing different letters in the same row are significantly different (p < 0.05).
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CONCLUSIONS

Harvest time would influence saponin content in 
yam. Environmental temperature might play a crucial 
factor. Yam harvested in January with the lowest monthly 
mean temperature had higher saponin content than those 
gathered in other months. Regardless of harvest time, 
tuber cortex and flesh, the reproductive organs of yam 
contained much higher saponin than rhizophor, leaf and 
vine; furthermore, tuber cortex had the highest saponin 
level. 
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