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Abstract 

The total steroidal saponins, particularly its major steroidal sapogenin (diosgenin), are 

the main active principles of fenugreek seed extract. In this study, an ethanol-salt 

aqueous two-phase system (ATPS) was explored for the purification of the total 

steroidal saponins, and the process conditions were optimized by response surface 

methodology (RSM). Under the optimized conditions, the RSM predicted recovery of 

the total steroidal saponins in the top phase of ATPS was 97.9%, which agreed with 

the average experimental recovery (98.3% ± 4.2% (n=6)). Moreover, a rapid micellar 

electrokinetic chromatography (MEKC) method was developed for the determination 

of diosgenin from extracts. The diosgenin content in the ATPS top phase extract was 

3-fold higher than that in crude extract, suggesting this ATPS having a great potential 

for purification pharmacological active ingredients from fenugreek seeds. 
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Experimental 

Chemicals: Standard of diosgenin was purchased from National Institutes for Food and 

Drug Control (Beijin, China, 98%). Deionized water was used for all experiments. All 

other chemicals were of analytical grade and obtained from Shenshi Chemical Co. 

(Wuhan, China). 

Preparation of crude extract: The fenugreek seeds (Trigonella foenum-graecum L.) were 

obtained from the local herbal market (Wuhan, China). The spices were identified by 

associate professor Dingxian Han. Voucher specimen (200902056) has been kept in 

Wuhan Huanghelou Flavor & Fragrance Company for future reference. Seeds were 

sliced and dried to constant weight at 50 °C (moisture of the dry sample was about 

5%) and then powdered with 20 mesh-sieve. Powdered samples (100 g) and 500 mL 

ethanol (50%) were put into the extraction vessel. Microwave-assisted extraction 

(MAE) was carried out as follows: temperature 25 °C, microwave power 300 W, 

duration time 1 h. Then, the extract was filtered through a 0.8 µm membrane filter and 

the supernatant was concentrated in a rotary evaporator under reduced pressure. 

Lastly, the crude extract was obtained by lyophilization of the above concentrated 

solution. 

ATPS preparation: The concentration ranges of ethanol and dipotassium hydrogen 

phosphate were respectively 10-45% (w/w) and 5-50% (w/w) in the ATPS, which 

were determined according to the phase diagram as described in our previous report 

(Feng et al. 2015). The ATPS was prepared as follow: in brief, a predetermined 

quantity of dipotassium hydrogen phosphate was dissolved in water in a centrifugal 

tube, and then the corresponding volumes of ethanol (100%) and crude extract were 

added into the salt solution. After that, water was compensated to total weight of 50 g. 

Next, the solution was well mixed by stirring with a magnetic stirrer at room 

temperature. Lastly, two clear phases were formed after at 4000 rpm for 1 h. The top 

phase was mainly composed of ethanol and the total steroidal saponins, while the salt 

and water-soluble matters were retained at bottom phase. The volumes of the two 



phases were noted down, respectively, and the concentrations of the total steroidal 

saponins in the two phases were quantified by UV-Visible spectrophotometry, 

respectively. The residue accumulated at interface of the two phases was discarded. 

All the experiments were repeated three times. 

Determination of the total steroidal saponins: Aliquots of the top and bottom phase were 

withdrawn to different tubes as sample solutions. Then 2 mL sample solution, 1.0 mL 

5% anisaldehyde-ethyl acetate (v/v) solution, and 1.0 mL 50% sulphuric 

acid-ethylacetate (v/v) solution were mixed sequentially. After fully mixed, the 

mixture was placed in a 60 ºC water bath for 15 min. Finally, it was mixed with 4 mL 

ethylacetate, and the concentration of the total steroidal saponins was determined by a 

UV-Visible spectrophotometer. The absorbance was recorded at 430 nm against a 

corresponding reagent blank. The total steroidal saponins content was calculated from 

a standard curve, and diosgenin was used as a standard for calibration (Baccou et al. 

1977). A calibration curve was carried out with solutions of 10.0-100.0 µgmL
-1

 of 

diosgenin (y = 0.0583x-0.0114，R
2 

= 0.9947). The analyses were performed in 

triplicate and the standard deviation was calculated. Recovery (Y) of the total steroidal 

saponins is the ratio of the total steroidal saponins partitioned in the top phase to the 

total amount of the total steroidal saponins in the sample: Y (%) = 100 KR(1 +KR). 

Where, R is the phase volume ratio, R=Vt/Vb, Vt and Vb are the top and bottom phase 

volume, respectively. K is the partition coefficient of the total steroidal saponins, and 

is defined as the ratio of the concentration of the total steroidal saponins in the top 

phase (Ct) to the bottom phase (Cb): K = Ct/Cb. (Tan et al. 2011). 

Optimization of ATPS conditions using response surface methodology (RSM): The 

Box-Behnken design (BBD) of RSM consisting of three independent variables was 

used. Each independent variable was studied at three different levels in coded (−1, 0, 

and 1). Then, a set of 17 treatment combinations was generated by BBD of RSM. The 

recovery of the total steroidal saponins (Y) was selected as the response for all runs 

（Table S1）. Quadratic polynomial equation (1) which includes all interaction terms 

was used to calculate the predicted response:  
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Where Y is the predicted response (recovery of the total steroidal saponins); 0 is 

the intercept; i; ii and ij are the linear, quadratic and interactive coefficients, 

respectively; Xi and Xj are independent variables.  

The data were analyzed by Design Expert program (Version 7.0, Stat-Ease Inc., 

USA) and the coefficients were determined using F-test. Values of p < 0.05 were 

considered significant. 

Developed MEKC method for the determination of diosgenin: MEKC experiments were 

carried out with a Beckman Coulter P/ACE
TM

MDQ CE system equipped with a 

diode-array detector (Fullerton, CA, USA). A fused-silica capillary (Yongnian Optical 

Fiber Factory, Hebei, China) was used (75 μm inner diameter, 365 μm outer diameter, 

50.2 cm total length and 40.0 cm effective length). Instrumentation and procedures of 

capillary electrophoresis (CE) were employed as described in our previous report 

(Huang et al. 2012; Yi et al. 2010).  

Strategies for the optimization of analysis conditions in MEKC are based on the 

tuning of the operational parameters (Huang et al. 2012). Thus, the effects of different 

run buffer, pH, the concentration of run buffer and SDS, applied voltage and injection 

time had to be determined in order to achieve suitable analysis conditions. 

The effects of two buffer systems, namely, phosphate buffer (20 mmol L
-1

; pH 

6.5-8.0, containing 20 mmol L
-1

 SDS) and borate buffer (20 mmol L
-1

; pH 8.5-10.0, 

containing 20 mmol L
-1

 SDS) with different pH, were investigated. Borate buffer (pH 

9.5) was finally selected because it provided the least migration time.  

Ionic strength or buffer concentration has significant effects on solute mobility 

and separation efficiency (Yi et al. 2010). Subsequently, Na2B4O7 (pH 9.5) in a 

concentration range of 10 - 40 mmol L
-1

 with 20 mmol L
-1

 SDS as surfactant was 

studied. The best sensitivity was obtained at 20 mmol L
-1

 of Na2B4O7. 

The commonly used anionic surfactant, SDS, as a micellar source at various 

concentrations (10 - 100 mmol L
-1

), while maintaining the concentration of Na2B4O7 

at 20 mmol L
-1

 and the pH at 9.5, were utilized to study the resolution of the analyte. 



The best result in terms of peak height, analysis time and peak shapes was obtained 

with SDS at a concentration of 50 mmol L
-1

. 

The effect of voltage applied was investigated from 10 to 30 kV in steps of 5 kV. 

A voltage of 30 kV was selected because it provided the best compromise in terms of 

migration time, current intensity and peak shape. 

Finally, different injection times were tested (between 5 and 40 s) at a constant 

pressure of 0.5 psi. Comparing the signal response and peak shape, injection at 0.5 psi 

for 10 s was chosen as the optimal value. 

Taken together, under above optimum conditions, a typical electropherogram of 

standard solution (diosgenin) was obtained (Figure S2A).  

The method showed good linear response (R
2
 = 0.9938) over the concentration 

range 20.0-100.0 µg mL
-1

. A typical regression equation was y = 485.6x + 5769.3. 

Where y was the peak area of diosgenin, x was the concentration of diosgenin. The 

low LOD (3.0 µg mL
-1

) and LOQ (10.0 µg mL
-1

) reflected the sensitivity and 

reliability of the method. 

To test the precision of the developed method, both of the intra-day (six times 

per day) and inter-day (six a day for three consecutive days) repeatability and 

reproducibility for migration time and peak area were performed (Table.S2). The 

values of the intra-day and inter-day (RSD) testing didn’t excess 5% RSD. Results 

implied that the experimental conditions selected above could provide a stable 

background with quite good repeatability and reproducibility of the method.  

The accuracy of the proposed method was evaluated by recovery experiments, 

using the standard addition technique. The standards were added to ATPS extract, as 

shown in Table S3. Recoveries were found to be ranged from 91.9-111.9 % and the 

RSD values were less than 10 %. These results further demonstrated that the 

developed method was feasible and reliable. 

An optimal separation conditions as follow: separation voltage (30 kV); injection 

time (10 s); injection pressure (0.5 psi); UV detection (195 nm); the capillary 

temperature (25 ºC); optimum running buffer: Na2B4O7 (20 mmolL
-1

) containing 

SDS (50 mmolL
-1

) at pH 9.5. Standard stock solution (1 mgmL
-1

) of diosgenin was 



prepared in methanol and stored at room temperature. Working standard solutions 

were freshly prepared daily by diluting the stock solutions with methanol to the 

appropriate concentration. Then 10 μL diluted solution was mixed with 90 μL the 

running buffer for MEKC analysis.  

Analysis of the ATPS top phase extract and crude extract: ATPS top phase extract was 

prepared as follow: 0.5000 g crude extract was purified by ATPS under the optimum 

conditions (sample loading 4% (w/w), K2HPO4 25% (w/w) and ethanol 23% (w/w)). 

Then, top (ethanol rich) phase of ATPS was evaporated under vacuum (rotary 

evaporator) and lyophilization. Finally, 0.1326 g ATPS top phase extract was obtained. 

ATPS top phase extract and crude extract were respectively hydrolyzed for CE 

analysis. The hydrolysis method was performed as described in previous report 

(Taylor et al. 2000) with slight modifications. In brief, the ATPS top phase extract 

(0.1326 g) and crude extract (0.5000 g) were respectively dissolved in 18.0 mL 70% 

2-propanol (v/v) solution containing 1.0 molL
-1

 sulfuric acid and was heated at 

100 °C for 2 h. After cooling, 2.0 mL above solution was mixed with 3.0 mL water. 

Then, the mixture was extracted three times with methyl tert-butyl ether (MBE; 2.0 

mL). The combined MBE extract was mixed with 1.0 molL
-1

 NaOH solution (1.0 mL) 

and centrifuged. The supernatant was evaporated under vacuum (rotary evaporator) to 

evaporate the solvent. Then, 3.0 mL methanol was added to dissolve the sample and 

followed by centrifugation, and the supernatant was diluted in methanol (6.0 mL) as 

sample stock solution for CE. Finally, 10.0 µL sample stock solution was mixed with 

90.0 µL the running buffer prior to injection for MEKC analysis. 

References 

Baccou JC, Lambert F, Sauvaire Y. 1977. Spectrophotometric method for the 

determination of total steroidal sapogenin. Analyst. 102: 458-465. 

Feng YC, Li WL, He FM, Kong TT, Huang XW, Gao ZH, Lu NH, Li HL. 2015. 

Aqueous two-phase system as an effective tool for purification of phenolic 

compounds from fig fruits (Ficus carica L.). Sep Sci Technol. 50: 1785-1793. 

Huang XW, Yi L, Gao ZH, Li HL. 2012. Simultaneous determination of seven active 

ingredients in three plant essential oils by using micellar electrokinetic 



chromatography. Anal Lett. 45: 2014-2025. 

Tan ZJ, Li FF, Xing JM. 2011. Separation and purification of aloe anthraquinones 

using PEG/salt aqueous two-phase system. Sep Sci Technol. 46: 1503-1510. 

Taylor WG, Elder JL, Chang PR, Richards KW. 2000. Microdetermination of 

diosgenin from fenugreek (Trigonella foenum-graecum) Seeds. J Agr Food Chem. 

48: 5206-5210. 

Yi L, Li HL, Deng QQ, Yuan ZH. 2010. Study of nobiletin binding to bovine serum 

albumin by capillary electrophoresis-frontal analysis and circular dichroism. 

Biomed Chromatogr. 24: 1023-1028. 

 

 

 

Fig. S1 (A) Three-dimensional response surface plot and (B) Two-dimensional 

contour plot for the effect of K2HPO4 concentration and ethanol concentration on the 

recovery of the total steroidal saponins from crude extract of fenugreek seeds at 

sample loading 4% (w/w). 

 

 

 

 

 

 

 



 

 

Fig. S2 Electropherograms of (A) diosgenin standard (40.0 µg mL
-1

), (B) crude 

extract (0.5000 g crude extract was hydrolyzed for CE analysis); (C) ATPS top phase 

extract (0.1326 g ATPS top phase extract was hydrolyzed for CE analysis). 

Peaks: 1: internal standard (methanol); 2: diosgenin. 

 

 

 

 

 

 

 



 

Table S1 Arrangement and results of the three-factors/three-level response surface design 

Run Independent variables (w/w, %)
 

 Experimental recovery 

(%) Sample 

loading 

K2HPO4 

concentration 

Ethanol 

concentration 

1 4 30 20  87.2±1.4 

84.2±2.5 

87.4±4.1 

98.0±3.2 

94.6±3.0 

93.1±4.2 

71.3±5.4 

92.3±3.1 

96.1±2.1 

96.5±1.3 

97.6±1.2 

78.3±4.0 

97.0±3.6 

86.7±2.2 

81.8±5.8 

80.0±5.0 

61.1±3.9 

2 2 25 30  

3 6 20 25  

4 4 25 25  

5 2 25 20  

6 6 25 20  

7 6 30 25  

8 4 20 30  

9 4 25 25  

10 4 25 25  

11 4 25 25  

12 4 20 20  

13 4 25 25  

14 6 25 30  

15 2 20 25  

16 2 30 25  

17 4 30 30  

a
 Coded symbols of independent variables (X1: sample loading; X2: K2HPO4 concentration; X3: 

ethanol concentration), and actual values of independent variables refer to Table 1 

 

 

 

 

 



 

Table S2. The precision of determination diosgenin (40 µgmL
-1

) by MEKC 

 Intra-day (n=6) 

  

Inter-day (n=18) 

mean ± S.D. RSD mean ± S.D. RSD 

Migration Time (min) 12.61 ± 0.16 1.3% 12.51 ± 0.29 2.3% 

Peak Area 26119 ± 800 3.1% 25524 ± 1200 4.7% 

 

Table S3. Recovery of spiked diosgenin samples by MEKC (n=5) 

Background  

(µg mL
-1

) 

Added 

 (µg mL
-1

) 

Found  

(µg mL
-1

) 

Recovery 

(%) 

RSD 

(%) 

31.8 30.0 63.7±5.5 103.0±8.9 8.6 

31.8 50.0 78.7±3.5 96.2±4.3 4.4 

 


