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ABSTRACT KEYWORDS
To optimize the extraction process of total saponins from Ornithogalum Ornithogalum Caudatum Ait.;
CaudatumAit. (OC), ethanol was selected as the extraction solvent and Total saponins,

the extraction rate of total saponins was selected as evaluation index.
Response surface methodology were used to optimize the extraction
process of OC saponins. The result showed that the best extraction process
of total saponinsfrom OC was asfollows:. the temperature was 65 °C, the
ethanol concentration was 82% and the extraction time was 4.3 h. Under
the optimum condition, the actual extraction rate of total saponins from
OC was 0.6743% which was higher than that under the other experimental
conditions. From the above, we could draw the conclusion that response
surface methodol ogy was a feasible and effective method for optimizing
extraction process of the OC total saponins and the results could provide
reference for theindustrial production of total saponins from OC.
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INTRODUCTION

Ornithogalum CaudatumAit. (OC) isaplant of
Liliaceae perennid herbwhoisaso caled pearl grass.
It is nativeto southern parts of Africaand now culti-
vated al over Chind'?. OCisswest, dightly cold and
Channel tropism to liver and spleen. As OC hasthe
efficacy of clearing and detoxifying and dispersing
clumping, itisused for thetreatment of anti-inflamma:
tory, healing bloated soreand cholecystitisin Chinese

folk9, Experimenta studieshaveshownthat theetha:
nol extract of OC not only can significantly combat in-
flammation and ease pain®, but dso can effectively in-
hibit theproliferation of cancer cellssuch asgastric can-
cert, liver cancer®>7, breast cancer™ and so on. Fur-
ther study showsthat saponinsand polysaccharidesare
themain efficacy materiad basisof anti-tumor effect!.
Thispaper isto optimizethe extraction process of total
saponinsfrom OC by response surface methodol ogy
(RSM). Theresult will lay foundationsfor further ex-
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ploration and utilization of OC®.
MATERIALSAND METHODS

Ornithogalum Caudatum Ait. (purchased from
Jilin Changbal K orean Autonomous County Changbai
Mountain Institute of TCM); Yam saponins standard
(purity e™ 98%. BBT INC, batch number: S22-
111012).

Testing

Deter mination of the content of total saponinsfrom
oC

Prepar ation of sandard solution

After precisonweghing 1.5mgYam sgponinsstan-
dardinto 10 mL volumetric flask, methanol wasadded
to dissol ve the saponins standard and diluted to thefi-
na volume. The standard solution wasshaked and re-
served.

Preparation of thesamplesolution

Dissolvedry pastethat had been dried to constant
weight with methanol in 200ml volumetricflask and di-
Iutetothefina volume. Thesamplesol ution wassheked
and reserved.

Preparation of standard curve

Put 0, 0.20, 0.40, 0.60, 0.80, 1.00 mL of Yam sa
poninsstandard solutioninto 10 mL tubeswith Soppers.
Evaporateto dryness, add 0.2 mL of thefresh 5% van-
illin- glacid acetic acid solution, 0.8 mL of perchloric
acid and shake up. The sampleswere cooled immedi-
ately with water when they weretaken out. 5mL glacid
acetic was added and the standard absorbance was
measured at 454 nm. Each concentration wasmeasured
3timesinpardle and theaveragevauewascal cul ated.
Then, calculatetheregress on equation of standard curve
usinglinear regress on method, and draw Standard Curve
with theamount of reference substance asthe abscissa
and absorbanceasthevertica axis. Theregressonequa
tionwasobtained asy =2.6162x + 0.0033 (r = 0.9997).
It showed agood linear relationship of Yam saponins
among 0.03- 0.15mg.

Methodology study
(1) Precisonexperiment: Draw the standard solution

0.2 mL precisely and placed into tubeswith stop-
pers. After color processing, the absorbance of
standard was detected 6 times continuoudly at 454
nm. TheRSD was0.17 % (n = 6).

(2) Stability test: The sametest sample solutionwas
taken and the absorbance was measured at 0, 10,
20, 30, 40, 50, 60, 70, 80 min after color process-
ing. TheRSD was0.23 % (n=9).

(3) Reproducibleexperiment: 6 copiesof OC medici-
nal powder (10g) weretaken and were extracted
3 hat thetemperature of 70 °C with 80 % ethanol.
The absorbancewasmeasured at 454 nm fter color
processing. TheRSD was 1.08 % (n = 6).

(4) Recovery experimentii6 copies of OC medicinal
powder (0.5 g, thetota saponin content is0.63 %)
and 3.0 mg dioscin weretaken and were extracted
3 hat thetemperatureof 70 °C with 80 % ethanol.
The absorbancewasmeasured at 454 nm after color
processing. Recoveryis98.35%+1.12 % and the
RSD was 1.14 % (n = 6).

Deter mination of samplesolution

Draw thetotal saponinssample solution 0.2 mL
precisaly and placed into tubeswith oppers. After color
processing, the absorbance was detected at 454 nm.
Then ca cul ate the content of total saponinsof OC by
theregression equation.

Response surface methodology

Accordingto the principle of Box - Behnken ex-
periment design and theresult of singlefactor experi-
ments, wefixed materid liquidratioat 1:15, extraction
timesat 3times. Extraction temperature, ethanol con-
centration and extraction timewere chosen as 3factors
(A, B, C). 3different levelswereencoded as 1, 0, -1
(showed inTABLE 1). Theextraction rate of total sa
poninswasindicated asresponsevalue Y. Theexperi-
mental datawere anayzed by Minitab 16 software.

TABLE 1: Factor of factorial experiment design and code
value

Temperature Ethanol concentration Extraction
Leve () (%) time(h)
-1 60 70 3
0 70 825 4
1 80 95 5
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RESULT AND DISCUSSION

thequadratic regression equation of OC total saponins
extraction rateto the conditions of temperature (A),

Selection of response surfacefactorsand levels  ethanol concentration (B) and time (C) wasasfollows:

Result of ANOVA analysis

Y=0.60717 - 0.09913A - 0.05038B + 0.04350C -
0.09483A2- 0.04708B2 - 0.09633C?- 0.119AB -

Theexperimentdl resultswereshowninTABLE2. o 05354 C - 0.15BC. Theandysisof varianceand sig-
ThroughtheANOVA andlysisby Miniteb 16 Software, pyifi cance tests of model wereshownin Table3. TheF

TABLE 2: Box-Behnken design plan and experimental results

Point Temperatu-reT/ Ethanol Extractio-n Total saponin
StdOrder RunOrder Block i ) ) )
classarea C concentration% time/h extraction yield %
5 1 2 1 60 825 3 0.4445
13 2 0 1 70 825 4 0.6550
2 3 2 1 80 70.0 4 0.5575
6 4 2 1 80 825 3 0.3070
9 5 2 1 70 70.0 3 0.3185
12 6 2 1 70 95.0 5 0.3090
7 7 2 1 60 825 5 0.6320
11 8 2 1 70 70.0 5 0.6122
9 2 1 60 95.0 4 0.6110
10 2 1 60 70.0 4 0.4715
14 11 0 1 70 825 4 0.6395
8 12 2 1 80 825 5 0.2805
13 2 1 80 95.0 4 0.2210
10 14 2 1 70 95.0 3 0.5155
15 15 0 1 70 825 4 0.6454
TABLE 3: Responsevaluesestimated and regression coefficients
Term Freedom Coefficient SD T P Significance
Constant 0.60717 0.02294 26.464 0.000 >
A-temperature/'C 1 -0.09913 0.01405 -7.055 0.001 *
B-ethanol concentration% 1 -0.05038 0.01405 -3.585 0.016 *
C-extraction times’h 1 0.04350 0.01405 3.096 0.027 *
A2 1 -0.09483 0.02068 -4.586 0.006 *
B2 1 -0.04708 0.02068 -2.277 0.072
c2 1 -0.09633 0.02068 -4.658 0.006 *
AB 1 -0.11900 0.01987 -5.989 0.002 *
AC 1 -0.05350 0.01987 -2.693 0.043 *
BC 1 -0.15000 0.01987 -7.549 0.001 *
Residua and error 5 0.007896
Lack of fit 3 0.004373 0.83 0.588
Pure error 2 0.003523
Total 14 0.346859

Note: * P d” 0.05, significant; ** P d” 0.01, very significant.
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valueis23.85, P valueis0.001, the P value of loss of
guasi is0.588. Theanalysisresults made known that
the model was remarkable and the test method was
reliable. Theresult of R?=0.9772indicated that 97.72
% of theextraction rateof total saponinswasfromthe
selected independent variablethat a so showed the pre-
cision of themodel wasexcellent. Accordingtothe P
value, wecould know that theinfluenceranking of fac-
torsontheextraction rate of total saponinswasasfol-
lows:. extractiontemperature> ethanol concentration>
extractiontime.

Result of surfaceplot analysis

The contour plots and response surfacegraphs af -
ter regression optimization were shown in Figure 1-
Fgure3. Theresultsin TABLE 3andthefiguresshowed
that theinteraction between the temperatureand etha-
nol concentration, theinteraction betweenthetempera-
ture and extraction time, theinteraction between the
ethanol concentration and extractiontimewered| sg-
nificant. The P values were 0.002, 0.043 and 0.001
respectively.
Thebest extraction conditions

To obtainthe optimum condition of total saponins
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Figurel: Thecontour plot and surfacegraph of theeffect of
temper atur eand ethanol concentration ontheextractionrate
of total saponins
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of OC, theexperimenta datawerefurther anayzed by
response surface optimization. Theresult showed that
thetheoretica maximum vaueof total sgponinsextrac-
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Figure2: Thecontour plot and surfacegraph of theeffect of
temperatureand extraction timeon the extraction rate of
total saponins
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Figure3: Thecontour plot and surfacegraph of theeffect of
ethanol concentration and extraction timeon theextraction
rateof total saponins
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tion rate was 0.68 %, and the best condition was as
follows: temperature (A) was 64.65 °C, the ethanol
concentration (B) was 82.12 %, extraction time (C)
was4.25h.

Reault of verificationtesting:Considering theactua
operation, theexperiment conditionwas sdected asfol-
lows: solid-liquidratio of 1:20, thetemperature of 65
°C, ethanol concentration of 82 %, extraction for 4.3
h. The verification testing was taken 3 timesand the
averageactud extractionrateof OC total saponinswas
0.6743 % that was higher than that of the other condi-
tions. Thedifference between the experimental extrac-
tion rate and the theoretical extractionratewasonly
0.0032 %.

CONCLUSION

In the paper, we optimize the extraction process of
OC totd saponinsusing Minitab 16 software and the
Box - Behnken design. The results showed that any
two of al thethree conditions (temperature, ethanol
concentration and extractiontime) interaction had Sig-
nificant influence on the extraction rates of OC total
saponins. Theoptimum condition obtained wasasfol-
lows:. temperature was 65 °C, ethanol concentration
was 82 %, extraction timewas4.3 h. Under the opti-
mum condition, the actual average extraction rate of
OC tota saponins was 0.6743%, which was higher
than that under the other conditions. The response sur-
face andys sand vdidation experiment showed that the
model wasfeas bleand effective. Theexperimentd re-
sult could providethereferencefor theindustrial pro-
duction of total saponinsfrom OC.
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