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ABSTRACT

This paper investigated the optimum microwave-assisted extraction proeess of Schisandra chinensis by application
of orthogonal tests. Taking the antibacterial activity as index, with extraction time, extraction power, solvent and
solid-liquid ratio as factors, extraction technology was optimized by L9 (3% orthogonal test. By using the mycelium
growth rates method, the inhibition of Schisandra chinensis extracts were measured, the lethal concentration ECs,
were calculated. It was found that the optimum extraction technology were: microwave power at 400W, extraction
time at 5 min, solid-liquid ratio is 5:70 and solvent is acetone.

Keywords: Schisandra chinensis; microwave; antibacterial

INTRODUCTION

Schisandra is magnoliaceae[Schisandra chinen-§igdz. ) Baill.] ,it's dry fruit acid, sweet, wariy3],it has
many function as astringe the lurggomote the secretion of saliva or body fluidntidiarrhealkidney impotence,
et al.[4-5].Many researches about schisandra ondghtral nervous system [6-8] had been reportellis8edra has
bacterial effect thus researches were focused @rinthibition of bacteria[9-12], however the studyoat which
inhibited to fungal crops is less .Currently inhidm of fungi pathogens are still mainly rely oneahical
fungicides, in order to develop botanical pestisidethis paper discussed Schisandra microwave otxtra
antibacterial activity through orthogonal disigrhi§ study can provide data for future referencagriculture for
Schisandra.

EXPERIMENTAL SECTION

Instruments and Reagents

FW100-speed grinder (Tianjin Teste Instrument CRYM-80KCS Vertical Pressure Steam Sterilizer (Sita
Shen An instrumentarija), 250D constant light irmiglp (Changzhou City Puda teaching instrument Ctl,),
SW-CG-2FD clean bench (Suzhou Antai air Technolaty.), WD900B microwave oven (Galanz microwave
Shunde City Electric Co., Ltd.), 101C-3 type eliectirying oven (Shanghai City Experimental instrumnEactory),
RE-52A rotary evaporator (Shanghai Ya Rong Bioclwaminstrument Factory), SHZ-D circulating watemms
(Henan Gongyi City, Henan Yu Ying Hua instrumentteay), electronic analytical balance (America &eiloledo
Instruments Shanghai Co., Ltd.), MDS-8G microwax&aztion instrument (Wuhan Connaught instrument, Co
Ltd.)

Agar (AR) (Beijing Soledad Ltd.), glucose (AR) (hjan Guangfu Science and Technology Development Iad.),
ethanol (AR) (Tianjin Guangcheng Chemical Reagemt Ctd.), acetone (Tianjin City-wide chemical reagCo.,
Ltd.), ethyl acetate (Tianjin Guangcheng chemieabent Co., Ltd.)
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Species
Citrus anthracnose fungus, Fusarium oxysporum, Baanomyces bacteria (these three plant pathogeasteia
were obtained from Shandong Agricultural Bionic Apgation Engineering Research Center)

Schisandra chinensisdried fruit
purchased in Qingdao City, Hong Jen Tong pharmacy.

Schisandra chinensis microwave extraction methééigh some pulverized sample and placed it intd@ L
three-neck flask, and added into appropriate amotieitraction solvent, then placed the flask ia thicrowave
cavity, with the corresponding extraction powelappropriate times and appropriate extraction teatpes. After
extraction is completed, cooled, concentrated tcedain concentration by rotary evaporation. Iddthogonal
experimental design in accordance with the follgviiable 1

Table 1 Factorsand levels

factors
levels Extraction power/W A Extraction time/min B solid-liquid ratio C Solvent D
1 400 3 5:50 Ethanol
2 600 5 5:70 Acetone
3 800 7 5:100 Ethyl acetate

Inhibition experiment

The mycelium growth rate method was used to detegritie antibacterial activity of extracts. Pipestbene extracts
into 100mL PDA medium with a pipette to preparet¢beresponding concentrations.While each test haventrole
experiment with equal amount 20% ethanol.The PDAioma was poured inside a diameter of 6 cm or 7.5ish

to made of drug-containing tablet , punched atetthge of prepared bacteriathe with 4 mm punch, ifneculated to
the prepared dish with inoculation needle at cleanche. Each treatment was repeated three timapped with
plastic film, placed into a constant temperaRife’C light incubator about 3 d. When the bacteria piéhe control
group grows about 2/3 dish, with a measured crasseter of each colony, inhibition rate was caltadafor each
extract. Inhibition rate (%) = (the diameter ofrtanet growth - the diameter of treatment net ghodimeter)/the
diameter of blank net growth diameterx100%

Determination of median lethal concentration EC50

Pipette some extracts into 100mL PDA medium wifhipette to prepare the following concentrationsg/mL. 2
mg/mL. 3 mg/mL. 4 mg/mL. 5 mg/mL. 6 mg/mL. 7 mg/mL. 8 mg/mL and 10 mg/mLantibacterial activity was
measured using the above mycelial growth rate ndetho

Data processing
data calculated and processed by EXCEL.

RESULTSAND DISCUSSION

The antibacterial effects of Schisandra microwave extract

Schisandra microwave extracts inhibite citrus anthfusarium gaeumannomyces three fungi were disigned 3 level
4 factor orthogonal experiment. The extract solweeite ethanal acetone ethyl acetate and the concentration of
extract was 4.0 mg/mL. The orthogonal experimesilte showed in table 2 to table 4

It can be seen from table2~4, Schisandra have taianhibitory effect to the three bacteria at 4n@/mL in
different extract solvent. Among which Schisandratane extracts have the best inhibitory effeet,ittibition rate
to citrus anthrax was 77.9%. Schisandra ethanotaetst have better inhibitory effect than ethyl atet
extracts. Throughout the experimental data in t@htd and analysis by range R , we can see that ptienal
extraction process for Schisandra extract inhithieethree fungi are: acetone, 400W, 5min, soliditicratio is 5:70.

Calculating the lethal concentration EC50 of Schisandra microwave extract

Pipette some extracts into PDA medium with a pg#dtprepare the following concentrations:1 mgin-mg/mL.
3 mg/mL. 4 mg/mL. 5 mg/mL. 6 mg/mL. 7 mg/mL. 8 mg/mL and 10 mg/mL at the optimal extraction mss:for
schisandra(acetone, 400W, 5min,solid-liquid radi®:i70). Followed by inoculation,investigated thkibiton of the
three fungi and calculated the EC50 for each specie
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Table2 Theorthogonal experiment results of Schisandra microwave extractsinhibite citrusanthrax at 4.0 mg/mL

Test No A(Power) B(Time) C(solid-liquid ratio) D(solvgn Inhibition rate

1 1(400W 1(3min) 1(5:50 1(Ethanq) 0.34:
2 1(400W  2(5min) 2(5:70 2(Acetonq 0.77¢
3 1(400W  3(7min) 3(5:100 3(Ethvl 0.23¢
4 2(600W 1(3min) 2(5:70 3(Ethvl 0.20(
5 2(600W  2(5min) 3(5:100 1(Ethanq) 0.321
6 2(600W  3(7min} 1(5:50 2(Acetone) 0.47¢
7 3(800W 1(3min) 3(5:100 2(Acetone) 0.60(
8 3(800W  2(5min) 1(5:50 3(Ethvl 0.28¢
9 3(800W 3(7min} 2(5:70 1(Ethanaq) 0.55¢(

K1 1.357 1.14% 1.10% 1.21<

K2 1.00C 1.38¢ 1.52¢ 1.857

K3 1.436 1.264 1.157 0.721

k1 0.452 0.381 0.36¢ 0.40¢

k2 0.33¢ 0.462 0.51¢( 0.61¢

k3 0.479 0.421 0.386 0.240

Range (R) 0.145 0.081 0.140 0.379
Primary and secondary D>A>C>B
factors
Optimal solution D2 A3 C2 B2

Table3 Theorthogonal experiment results of Schisandra microwave extractsinhibite fusarium at 4.0 mg/mL

Test No A(power) B(time) C(solid-liquid ratio) D(solvgn Inhibition rate
1 1(400W 1(3min; 1(5:50° 1(Ethano) 0.37:¢
2 1(400W 2(5min; 2(5:70° 2(Acetonq 0.69¢
3 1(400W 3(7min’ 3(5:100 3(Ethy| acetat) 0.19¢
4 2(600W 1(3min} 2(5:70 3(Ethvl acetat) 0.12¢«
5 2(600W 2(5min 3(5:100 1(Ethano) 0.34C
6 2(600W 3(7min’ 1(5:50° 2(Acetonq 0.55¢
7 3(800W 1(3min; 3(5:100 2(Acetonq 0.58:2
8 3(800W 2(5min’ 1(5:50° 3(Ethy| acetat) 0.222
9 3(800W 3(7min’ 2(5:70 1(Ethano) 0.45]
K1 1.26¢ 1.07¢ 1.15C 1.16:2
K2 1.02C 1.261 1.27¢ 1.837
K3 1.255 1.203 1.118 0.542
k1 0.42:¢ 0.35¢ 0.38¢ 0.38¢
k2 0.34C 0.42C 0.42¢ 0.61:
k3 0.418 0.401 0.373 0.181
Range (R) 0.083 0.061 0.052 0.431
Primary and D>A>B>C
secondary factors
Optimal solution D2 Al B2 C2

Table4 Theorthogonal experiment results of Schisandra microwave extracts inhibite gaeumannomyces at 4.0 mg/mL

Test No A(power) B(time) C(solid-liquid ratio) D(solven Inhibition rate

1 1400w 1(3min’ 1(5:50° 1(Ethano) 0.38%
2 1(400W 2(5min’ 2(5:70° 2(Acetond 0.67¢
3 1400w 3(7min’ 3(5:100 3(Ethyl| acetat) 0.19¢
4 2(600W 1(3min’ 2(5:70° 3(Ethvl acetat) 0.16¢
5 2(600W 2(5min’ 3(5:100 1(Ethano) 0.36%
6 2(600W 3(7min’ 1(5:50° 2(Acetong 0.57¢
7 3(800W 1(3min’ 3(5:100 2(Acetond 0.50¢
8 3(800W 2(5min; 1(5:50° 3(Ethyl| acetat) 0.13:¢
9 3(800W 3(7min’ 2(5:70 1(Ethano) 0.42C
K1 1.25:2 1.04% 1.09:¢ 1.17:2

K2 1.10C 1.17¢ 1.25¢% 1.745

K3 1.05:2 1.185 1.06C 0.4875

k1 0.41¢ 0.34¢ 0.36¢ 0.391

k2 0.367 0.391 0.41¢ 0.58:2

k3 0.35] 0.39¢ 0.35¢2 0.162

Range (R) 0.067 0.047 0.064 0.420
Primary and secondar: D>ASC>BE
factors
Optimal solution D2 A1 C2 B3

Schisandra chinensis microwave extraction antibacterial activity inhibited citrus anthrax at the optimal
extraction processlisted in the following table 5

From the linear regression equation Y=3.1594X+327#Y table 5, we can seen that when the inhibitatg
probability valueY=5, the logarithmic of concenioat X=0.3869 i.e., EC50=2.44 mg/mL. Through statistics and
chi-square testf=4.68), degree of freedom df=g(significant level)=0.05, y%05(7)=14.07, »x°<y*0s0bviously,
so it was accord with chi-square test, 95% confidanterval[1.35,4.40].

Schisandra chinensis microwave extraction antibiattactivity to fusarium at the optimal extraction process listed
in the following table 6
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Table5 Schisandra chinensis microwave extraction antibacterial activity to citrus anthrax at the optimal extraction process

Concentration Logarrlhmqfthe .Colony Inhibition rate .pr.ol.J.abllmes of logEC50 Theoretical probability ) T.h.e.oretlcal Thegre!lcal colony Difierence(rnp)  (-np)2inpi(1-p)
concentration(X) diameter(r) inhibition rate (Y) | Standard error value inhibition rate(p); diameter(np)
1.00 0.0000 3.80 0.2273 4.2521 0.017 3.7772 0.1107 4.3129 -0.5129 0.0686
2.00 0.3010 315 0.3750 4.6814 0.131 4.7282 0.3929 3.0712 0.0788 0.0033
3.00 0.4771 2.80 0.4545 4.8858 5.2846 0.6120 21071 0.6929 0.5872
4.00 0.6021 210 0.6136 5.2888 5.6793 0.7515 14933 0.6067 0.9922
5.00 0.6990 1.55 0.7386 5.6391 5.9855 0.8378 1.1136 0.4364 1.0541
6.00 0.7782 1.00 0.8636 6.0968 6.2357 0.8917 0.8765 0.1235 0.1607
7.00 0.8451 0.65 0.9432 6.5821 6.4472 0.9261 0.7253 -0.0753 0.1057
8.00 0.9031 0.50 09773 7.0004 6.6304 0.9485 0.6266 -0.1266 0.4969
10.00 1.0000 0.45 0.9886 7.2780 6.9366 0.9736 0.5162 -0.0662 0.3212
CK=, 4.80 i= 3.79
The correation 1=|0.9462 EC50 Standard error SE= 0.74
coefficient
The reggssmn vl 7772 N 3150k 95% Uppgr confidence 013 95%Lowgr confidence 064
equation limit limit(
IgEC50= 0.3870 95% Upper confidence limi 135 95%Lower confidence limit 144
ECEO4 244 Chi-square valug@) 12=|3.79 Probability (P)=0.05,N=7 1200;- 14.07 ooy?
g 800 y = 3.1594x+3.7772
5 R"2 = 0.8952
s 6.00
=
£
5>4.00
¢
§ 2.00
g_ 0.00 L L L L L L |
0.00 0.20 0.40 0.60 0.80 1.00 1.2
Logarithm of the concentration X

Table6 Schisandra chinensis microwave extraction antibacterial activity to fusarium at the optimal extraction process

.| Logarithm of the| : P probabilities of logeC50 Theoretical probability Theoretical Theoretical colony ,
Concentratior| Colony diameter(f)  Inhibition rate Difference(r-np)| (r-np)*2/np/(1-
concentration(X i ) inhibition rate (Y) Standard error value inhibition rate(p diameter(ng (tnp)) (Fnp)2/np/(1-p)
1.00 0.0000 4.45 0.1131 3.7900 0.012 3.3766 0.0523 4.7280 -0.2780 0.0173
2.00 0.3010 4.10 0.1898 4.1213 0.109 4.4123 0.2784 3.6955 0.4045 0618.
3.00 0.4771 3.20 0.3869 4.7125 5.0181 0.5072 2.6504 0.5496 0.2313
4.00 0.6021 1.80 0.6934 5.5056 5.4479 0.6729 1.8938 -0.0938 0.0142
5.00 0.6990 150 0.7591 5.7035 5.7813 0.7827 1.3924 0.1076 0.0383
6.00 0.7782 125 0.8139 5.8922 6.0537 0.8540 1.0668 0.1832 0.2156
7.00 0.8451 0.90 0.8905 6.2292 6.2840 0.9004 0.8547 0.0453 0.0241
8.00 0.9031 0.75 0.9234 6.4280 6.4836 0.9310 0.7149 0.0351 0.0249
10.00 1.0000 0.45 0.9891 7.2921 6.8170 0.9654 0.5581 -0.1081 0.6046
CK= 4.97 3= 1.23
The correlatior r=|09694 EC50 Standard error Sk= 0.74
coefficient
The regrgsslor v=|3.3766 N 3.4408 95% U;v)pver confidence 026 95%L0?N?r confidence 069
equation limit (Ig) limit(Ig)
IgeC50= 0.4719 95% Upper confidence limi 181 95%Lower confidefiwt 4.85
ECSO=| 2.96 Chi-square valug@) 72=|1.23 Probability (P)=0.05,N=7 12005 14.07 10.05712

5}

3 8.00

§

g 6.00

E

= >4.00

5>

g 2.00

g 0.00

a 0.00 0.20 0.40 0.60 0.80 1.00 1.20

Logarithm of the concentration X

From the linear regression equation Y=3.4403X+36316 table 6, we can seen that when the inhibitatg
probability valueY=5, the logarithmic of concenioat X=0.4719 i.e., EC50=2.96 mg/mL. Through statistics and
chi-square testf=1.23), degree of freedom df=d(significant level)=0.05;% 05(7)=14.07 y°< 5?0s Obviously, so it
was accord with chi-square test, 95% confidencarvwal[1.81,4.85].

Schisandra chinensis microwave extraction antib@ttactivity to gaeumannomyces at the optimal extraction
process listed in the following table 7.

From the linear regression equation Y=3.2874X+351b table 7, we can seen that when the inhibit@tg
probability valueY=5, the logarithmic of concenioat X=0.4516 i.e., EC50=2.83 mg/mL. Through statistics and
chi-square testf=1.62), degree of freedom df=a(significant level)=0.05;20.05(7)=14.075°<)’.0s Obviously, so

it was accord with chi-square test, 95% confidenterval[1.65,4.85].
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The following are physical map of the optimal smlatantibacterial activity oSchisandra chinensiextracts by
microwave-assisted

Table 7 Schisandra chinensis microwave extraction antibacterial activity to gaeumannomyces at the optimal extraction process

Concentration Lugarithmqf the F:olony Inhibition rate | _ pr.ol.).abilities of | logEC50 Standard| Theoretical probability ) Th.te.oretical Thepretical colony Difference(r-np)| (-np)"2/np/(1-p)
concentration( diameter(r inhibition rate (Y) error value inhibition rate(p diameter(ng
1.00 0.0000 4.00 0.1290 3.8690 0.017 3.56154 0.0688 4.2489 -0.2489 0.0157
2.00 0.3010 3.40 0.2742 4.3998 0.131 4.5050 0.3103 3.2507 0.1493 0099.
3.00 0.4771 270 0.4435 4.8580 5.0839 0.5334 2.3285 0.3715 0.1271
4.00 0.6021 1.90 0.6371 5.3507 5.4946 0.6896 1.6831 0.2169 0.0900
5.00 0.6990 1.55 0.7218 5.5881 5.8132 0.7920 1.2599 0.2901 0.3210
6.00 0.7782 1.25 0.7944 5.8216 6.0735 0.8585 0.9849 0.2651 0.5040
7.00 0.8451 0.75 0.9153 6.3743 6.2936 0.9021 0.8047 -0.0547 0.0379
8.00 0.9031 0.65 0.9395 6.5507 6.4842 0.9311 0.6847 -0.0347 0.0255
10.00 1.0000 0.45 0.9879 7.2540 6.8028 0.9643 0.5476 -0.0976 0.4871
CK= 4.53 2= 1.62
The correlation r=|0.o708 EC50 Standard error Sk= 0.85
coefficient
The regrgssion v=|35154 . 3087k 95% UPpgr confidence| 0.19 95%Lo}n/gr confidence| 071
equation limit(Ig) limit(Ig)
IGEC50= 0.4516 95% Uppe.r confidence] 157 95%Low.er.confidence 511
limit limit
EC50=| 283 Ch"sq“;)'e valug( 2=|1.62 Probability (P)=0.05,N=7] oo 14.07 B Aoosr? Tt

PIODALHITUES UL HTITTOIUOT | ale

0.00 0.20 0.40 . 0.60 . 0.80 1.00 1.2
Logarithm of the concentration X

Fusarium

Citrusanthrax Gaeumannomyces

Figl Physical map of the optimal solution antibacterial activity of Schisandra chinensis extracts by microwave-assisted

Through the above comparative analysis we can khaivthe lethal concentration of Schisandra acetom®ct to
citrus anthrax fungi was 2.44 mg/mL , to fusariumsw2.96 mg/mL, and to gaeumannomyces was 2.83 mafmL
the optimal process. These results were in liné wie chi-square test, it have a better inhibitormritrus anthrax
fungi.

CONCLUSION

In this study, schisandra were extracted by mick@vdrough Orthogonal way, and its extract weredoated
antifungal activity tested , the bacteria are FusayCitrus anthrax and Gaeumannomyces. The anéillattctivity
were obtained from each of experiments , througiibition data we can be seen that optimal extragtimcess is:
acetone, 400W, 5min, solid-liquid ratio is 5:70.dAwe calculated thkethal concentration EC5@t can be seen that
Schisandra microwave extracts have antibactertaligcto fungi, and it's effect is higher than shangpu discribed
in reference [13]. This study provide some guidafae Schisandra used in botanical pesticides in ftiare
agriculture. In the same time microwave extract hagh dissolution rate, shorten the extraction tired
maintained the biological activity of the origiralbstance, so the microwave extraction has an tatyam herbal
extracts.
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