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Optimization on extraction technology of bacteriostatic extract from

Indocalamus leaves and its bacteriostatic test
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Abstract: Objective: To study and optimize the extraction tech-
nology of bacteriostatic extract from Indocalamus leaves. Meth-
ods: The extracts were drawn from Indocalamus leaves by ultra-
sound-assisted, refluxing and immersing method with extraction
solvents: water, ethyl acetate, pH 4 of hydrochloric acid
solution, pH 4 of acetic acid solution, pH 10 of ammonia solution
The tests were carried

and different volume ratio ethyl alcohol.

out to analyze the antimicrobial effects with indicator bacteria
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Bacillus  subtilis, Pseudomonas — aeruginosa » Shigella
Dysenteriae and Salmonella typhi and the total bacteriostatic cir-
cle was as inspection indicator, to find out the best extraction sol-
vent and the best extraction method. Using water as extraction
solvent, ultrasonic extraction method as method, an orthogonal
test Ly (3°) was carried out by adjusting three impact factors.
The impact factors were liquid-solid ratio, sonication period and
sonication frequency. The orthogonal test found the optimal ex-
traction process parameters and obtained the best extract. At the
same time, the antimicrobial effect of the extract obtained under
investigated according to the

the optimized conditions was

standard series of reference substances. Results: The results
showed that water was the best solvent, and ultrasound-assisted
method was the best method. The best extraction process param-
eters were as follows: the ratio of liquid to solid was 16 :
1 (mL/g) . ultrasonic frequency was 4 times. ultrasonic period
was 55 minutes. The inhibitory effect of the best extract on Ba-
cillus Subtilis and Salmonella Typhi was equivalent to the effect
of 0.01 and 0.03 mg/mL gentamicin, respectively. The bacterio-
static effects on Pseudomonas Aeruginosa and Shigella Dysente-
riae were greater than that of 0.05 mg/mlL gentamicin. Conclu-
sion: The water ultrasonic method is an effective method for ex-
tracting antibacterial substances from Indocalamus leaves, and
the inhibitive effect of the extract on Bacillus Subtilis, Pseudo-
monas Aeruginosa » Shigella Dysenteriae and Salmonella Typhi
is remarkable.

Indocalamus leaves; extracts; antimicrobial effect;
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i % S5 I TR 2R AT R ORI 43 B L R B T R AT I 4
Wy B BT R B A i Sk B BT B L R
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1.3 RWAE
1.3.1 xR S ARAE R W& % SCik[20] 09 75 2 A )
0.01,0.02,0.03,0.04,0.05 mg/mL FxfE R 5 %8, H T
HiIKE S,
1.3.2 UG AR ROH A BRI A Uk 200 Oy vk
ORI T L A2 1X 107 CFU/mL 1 T 2 8T T 30 5
1.3.3 AW TR FIE Eilld . MEY T iEE
Y5140 T 56 B8 19 FK i 56 B T AR AR R R O 2
WHRE TFTRENKERFRE.

Bt R ERHFRE DS (& pH) 100 mL F
200 mL B T, B F (46 1) CKRE.IKKIEA
1 mL B2 IR AE 5 mL, i 7 4 2% 2 5 5%
TR L HIBE [, RO A 4 Fh S [ 38 06 T S A R 4R U
PTG 6 .
1.3.4  Znl b smEntpkig, 50~55 CHEF L R, il
42 B E
1.3.5 4RI 64

(1D ANTR Y 700 B B - 43 0 BRI 9 0 0 By ok 10 ¢
F 250 mL =M AKKIMA 100 mL /K . Z R 2 TR 3R
R (pH 4) , Z R /KW (pH 4) L& KW (pH 10,
3096 (R B0 .60 % (AR AL B0 B .80 % (R 1
SYEO LEEF 95 % R BU A0 2B 9 Fh 42 B )L 3= i
24 h, FFHE 2 K, A &M IREE 45 C,BFIA] 30 min,
2 WHEIUR A SRR e HE 78 K ORIV 50 “C) L W e 4 &
10 mL, HZFHRBUAHE S T 1 g THE,

(2) AT 7 B U « 6 £ K .60 %0 (RBL H0 2 B
HFRKIE W (pH 4) VEZUKE W (pH 10) 4 B AR P18 BUA
FLFRH12 8ok 0 10 g, 40K 4 40 . 50 is 0 1%
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W L 10 = 1 CmL/g) . 43 53 B 75 4 B % (40 kHe,

400 W,45 °C,30 min) ., [0l JE 5 (60 %6 £ B 1] iR i B 80 °C
Hofth 100 C) R4 ¥ (E IR .24 h) 3 A7 e gEAT 4R L, 12

B2 WK, A FF IR BE B PR & ORI 50 C) L R 47 &
10 mL,
1.3.6  HWER  LARG R 2 AT B A S M 5 LR 9R

BRI FEY TT IR 4 Fhl 06 W 0 48 /R 1, ST
B /N AN B bR, DR KR B AR vl R 51 S X R, 2 BR STk
(210, A HME I RME RS . 2 1.3.3 ik k&K%
PRSP, FE P AR R 3 5T R 4 A TC B A AR R AR HEAR
JITA 0.280 mL IV . K AT s A AT L 18] B g s
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1.3.7 BRHEFIRE  FHKERBER S &N
A% 40 kHz I3 400 W IR 45 CF, L 2 R W &
bl R RSSO A RS IS U [ A S T R R R
TR 18 S B EC B SR B 5 [ R [ B R A

NrFEE - ZMHNERIMBERIZAURIMNEE

KB BIF Ak 8 7 B ] T 452 L4 0 1 200 SR 1 5% i 5 [
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1.3.9 e I B 4R U 5 % R b o R 8 IR AOR 1 HE
B EREERIR T LT S IO o R IR R AT 40
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2.1 EMER B R B T F R B ik 50 0% ik
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Table 1 Bacteriostasis of extract from Indocalamus leaves with different
solvents (diameter of bacteriostatic circle) mm
FE i AR ZEAAT I SR AMTE RGBT BFEVITTICH R R
7K 14.1 18.3 18.6 15.1 66.1
KaEH — — — —
pH 4 FhRR ¥ W 12.0 17.0 12.6 9.0 50.6
pH 4 FHME WS H — — — —
pH 4 LR W 22.3 22.7 18.6 17.9 81.5
pH 1 W2 H 21.0 18.1 17.6 16.5 73.2
pH 10 &K% 13.6 16.9 17.0 11.1 58.6
pH 10 ZAKBE WA H — — — —
LR TR 10.9 20.5 21.4 12.6 65.4
LR TR= 8.0 8.0 8.2 10.0 34.2
T TTIEEA .
R2 ENARGEROBZERNYNINEBEL(NEEER)
Table 2 Bacteriostasis of different concentrations ethanol extracts from
Indocalamus leaves (diameter of bacteriostatic circle) mm
FE il MR ZEIAF T MBS R ER IO iRV R
30% L EEIR L) 9.9 14.3 12.8 9.1 46.1
30% LA A 8.0 8.0 8.0 8.0 32.0
60 % £ BEFEHLY) 9.8 17.0 13.5 9.0 49.3
60% L B2 H 8.0 8.0 9.0 8.6 33.6
80 % L EEFE L) 12.7 19.1 13.6 10.1 55.5
80% L BE4E 8.0 8.0 9.5 9.4 34.9
95 % L BEHR I 11.9 19.8 14.6 12.0 58.3
95 % L EEA H 8.0 8.0 10.0 10.5 36.5
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F1ME 2 45 BR, B0 LR 0 AR
AR TG, L BR W W (pH 4) B 0 SR B4 N
81.5 mm, /K £ B ¥ N 66.1 mm, Z FR Z fE 2 B ¥ N
65.4 mm;fH 2 ZMBEWR (pH D2 HHN 73.2 mm, LR Z
BRI 25 12 34.2 mm, K925 3 030 B AR, T 0L, oK 2
i I BRI I
2.1.2 ARBERTEEHRBRYOMERFL A,
60% LB .pH 4 ZTRIFW .pH 10 ZAKH W 4 R R MR
BRI 3R 43 500 SR LR 7 Al B TRk R 4 1 3 RO vk
EAT BRI, T AR BRI 0 40 T RO WL 2R 3, KRR R AR

ABNWMEAE R 4.
F R 3 LT AR P B B YA TR OR R B T
BRI RO %

e 4 BT, POORER 28 % 4 48 7% T 400 18 1 ) 1 35
A v 2 50 1 400 T R i 2 O R AR S R B OR T 0,95, 3
WA 7E 6 2 10 Mk B 91 L I G T 5 3 00 A A T R i
BB IEAR SR

F1RIR 2 45 R U] K BRI A B R RE AL T 2B
R, 5 3CHRO16 JHY BT 58 45 28 — B0 BRI R B A A,
B8 T A 3 A 28 I w8 P 40 T 2 B T A D B B A
HUF . B TS T B AW TR P S 2
L A WSS A A ORI R AR AR

B 2528 | 20224 10 A | RAESYIM

PR BT A2 B A AN TR AR PR 2 A 25 5 FE K TP VA R e
SHLES, EEEBEGE TN A ETEN; 2%
VTR ARAS J2 00 V5 0 208 0 A P b 5 i /DS, B0 T
K GV T HBE R0 T K By iR 28 K IE Ve BT s
AR TR A3 AN TR, B W T B AR el AR W08 AE g 3
W G v FoK o oK HR IO A0 B I M AR T S BRI
T B R A 28 I o 5 5 22 R i AR M K Vs O R 5 B
b M A S A /N AR 1 T T B AR B D A R
HE— 2 X K B O Ak 2 A R HE R A T R I
A B AT
2.2 REMEETEYREERRE
2.2.1 VR TE L e SR EC M T AOR s [ S
AfIi] 30 min 75 AR 1 W, B LL 43 50 2 4 ¢ 1,
8:1,10:1,12:1,16: 1,20 1 (mL/g), &Y iH 5%
RULE 1,

H L1 AT B ] L 4 R B 0 A I
T L MV SO 3] 12 ¢ 1 (mL/g) 5 RIS
R V30 50 2 1% L TN Dy I 2 B B0 500 A i B 4 T
JEARBCRBEZ B W E ok 12 ¢ 1 (mL/@) J5 . G W
JE TR 43 O 4 WO S O 50 o, FE I 4 O R T L 4R
B MR, Hik. 12+ 1 (mL/g) & S
W L

F3 ZHMREAZEHRIYHNEERL (NEEER)
Table 3 Bacteriostasis of the extracts from Indocalamus leaves by three extraction
methods (diameter of bacteriostatic circle) mm
- 7k 60% £ pH 4 FhAR KB W pH 10 F/KIFE ]
el [ 9 =it E 71 i oS H [ 37t Bt il [ 9 B2
MR AR 14.2 11.1 12.0 9.0 9.8 10.2 11.5 11.2 10.3 13.0 11.0 12.2
M 211 18.5 15.1 14.8 17.3 16.7 10.0 17.6 16.3 15.8 15.8 14.5
FIREBIRE 190 16.2 17.9 11.1 12.6 11.0 12.4 12.2 13.2 14.0 10.6 12.9
W TTIRE  14.1 8.9 11.0 8.5 10.0 10.3 9.0 8.2 8.2 11.5 10.0 10.4
amEE 67.4 547  56.0  43.4 497  48.2 42,9  49.2  48.0 543 474 50.0
Fe4 RAEZXMBRFERIN 4 MERENIEERA(NEBEER)
Table 4 Bacteriostatic effects of gentamicin standard series on 4 indicator bacteria
(diameter of bacteriostatic circle)
PR K T VR B/ il L 2 J ) 53 {2 A P P BTG ESURNES ST R/

(mg+* mL™1) B /mm i /mm T /mm B /mm mm

0.01 15.0 14.5 12.4 15.0 56.9

0.02 18.1 15.5 13.4 16.6 63.6

0.03 19.4 17.0 14.3 17.6 68.3

0.04 20.8 17.5 15.1 18.4 71.8

0.05 21.3 18.5 16.1 19.1 75.0

CRMERSINE A y—1530 41433 y—100r +13.6  y=91r+11.53  y=100r 1430  y—dddr +53.8
PSS ¥4 0.958 7 0.990 2 0.999 3 0.984 7 0.987 3
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Figure 2

Effects of ultrasonic time on bacteriostasis of

Indocalamus leaves extract
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[k 10 = 1 (mL/g) R 75 B[] 30 min, 3% B8 75 A4
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Effects of ultrasonic number of times on bacte-

riostasis of Indocalamus leaves extract

& I o ) 95 R B TG AR St A1 SR ML T O R BT R R
P RGN F] 5, 48 BP0 JE U T IR T I VA A B
TR TG TR R B N, 32 PR ] B, A 3 AR
TR TS AT RE R IR IR ZE T E . T YRR, 1
B 3 R LR AR,
2.3 mERBRIZSH

PIOK Sy 2 O 70, sE 83 5 M IR R MK 7, i R
Lo (3°) JFJEIEACI T, il 4 25 it 4 MLy, 0 1.3.6 I BT
JR AT IR I, 43 BT 45 S5 4T BT AR 42 B 1) 30 D RICSR. L &5
SYAT LR 6 RIEE 7.

Hi 3% 6 AT, B2 i 40 B ) B 4 BOROR IR R Y 32 v It
T oA J 7 B R R LG > R A e A R B O
W 16 + 1 (mL/g), M 7 WAL 4 WK, 8 7 i) [H] 55 min,
MR 7 Al A B R R
2.4 BRERBRYSHBRRERIININEERLE

AT 2S8R IE s R Y, 1 1.3.6
7 AT R IR 6K 5 k. A 5 X BE A B v R B
MTERCR AT L3, SR W& 8.

F 8 5 M R L e AR B X A 2 AR AT TR N 2R
B TR LR A B TG A R 405 JE D T TG T Y 4 T B AR
BIh(16.941.54),(23.841.80),(22.341.41), (17.9 &
1.13) mm,FHRSAME Ry 80.9 mm ., VB SR AH 4
F0.01,>>0.05,>>0.05,0.03 mg/mL KK ZE, 3 WX
4 B0 T A0 TE AR W3 R O B IS R Ak
HH AL TR AT FF & RRL A [, b3k 6, 58
AsB, Gy 5T I B0 B 5 e 45 KA ZE A K.

£5 EXKBHEZRNKE

Table 5 Factors and levels of the orthogonal test

KV ARBER(mL/g) BEHEKE  CHEAHE/min
1 10:1 2 35
2 12:1 3 45
3 16+ 1 4 55
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Table 6 Orthogonal experimental design and results
T B B2/ mm
KEFs A B C
MR ZFIAT R WSERPAME  RRERRE HEYITRE SiERE
1 1 1 1 7.0 12.1 12.9 7.7 39.7
2 1 2 2 12.0 17.3 18.9 11.6 59.8
3 1 3 3 15.7 21.6 21.9 17.2 76.4
4 2 1 2 11.0 16.0 17.4 8.9 53.3
5 2 2 3 14.3 20.6 21.6 15.3 71.8
6 2 3 1 16.0 22.0 21.9 17.9 77.8
7 3 1 3 11.2 16.9 16.6 12.2 56.9
8 3 2 1 16.1 23.3 21.8 18.3 79.5
9 3 3 2 13.4 23.7 22.7 18.0 77.8
ok 58.63  50.00  65.67
ko 67.63 70.37 63.63
ks 71.40 77.33 68.37
R 12.77 27.33 4.74
F7 EXREAHESH
Table 7 Results of variance analysis of orthogonal test
T2k AWEE A5 2 J5 R ¥y F{H F it FHAH

A 2 258.18 129.09 3.64 Fo.05(2,2)=19.0

B 2 1 213.63 606.97 17.09 Fo10(2,2)=9.0

) 2 33.83 16.92 0.48 Fo.20(2,2)=4.0

""" N T L
JE¥ill 8 1 576.66

®8 mERBYNERESE RSt

Table 8 Statistical analysis of the results of bacteriostat-
ic test of the best extract (n=5)
0 B A2 /mm RO T
EEZN) e M 7E {8 Xof B O vk R/
¥ E A5 (mg* mL™1)

Ml 52 JAT T 16.9 16.9+1.54 0.01
R S Al 23.8 23.841.80 =0.05
IR A B I 22.3 22.34+1.41 =0.05
(CESSUAREN 17.9 17.9£1.13 0.03
Ty umeEE s
3 s

FO M A AR T 25 DK SR B A
KB 7Rl B BRI 7 vk RIS B W 16 ¢
1 (mL/g) B 4 Y, WA 55 min, % T2 & - i ¥ 5
AT IRBE AT - TCVT Yo 5 T 3 BRI 412 I oF 0] 4 {1 o4 i 1A
A F 2460 T B 799 A S R L A5 S VD 1) I R R

AP TSP R R UL O T B R B T AR R
AN TARRCR % 6, USSR TARE i L Z S80I
ke 16 = 1 (mL/g),#75 3 W, Bt 35 min, J34h, H AT
ot 48 I K 40 4 TF 5 P S A R P R T B A
Gy AT T T 0 A 5, 22 07 T O R R M AR e v
58, R ZHM K=,
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