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Abstract
Flavonoids were extracted from Pinus massoniana needles by ethanol impregnation, and the op-
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timal extraction technical conditions such as ethanol concentration, ratio of material to liquid, ex-
traction time, and extraction temperature were determined by orthogonal experiments. After ex-
traction, ethanol was recovered, the extract was dispersed with water, chlorophyll was removed
with petroleum ether, n-butanol was extracted using n-butanol, and n-butanol was recovered un-
der reduced pressure to obtain total flavonoids. The antibacterial activity of total flavonoids was
determined by plate colony counting. The results showed that the optimum extraction conditions
were as follows: ethanol concentration 75%, material ratio 1:30 g/mL, extraction time 90 min, ex-
traction temperature 90°C; the effects of main and secondary factors were as follows: ethanol
concentration > extraction time = substance/liquid ratio > extraction temperature. Pinus massoniana
flavonoids inhibited Salmonella, E. coli and S. aureus, with the strongest inhibition against Salmo-
nella.
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1. 5|

LRI (4 Pinus massoniana Lamb.)2iAElL, MEFA, HMHAMEr. DEMARMRG KIE, 2&
HEHMRM, KPS, HiE, @ Tt e &) [2] [3]. M2 E?rem—it, s
KBRS 2 — I AWEDIRE . LAl PURSH AR BECE, Hith, %«
AR, PR EER R R [4] [5]. Fast R s ESRAE Y SR DO R A B TR0
PN BESE[6] [7]. HAT, WFFREPER M 3R SR IO b, BT AN E T
WL PIRAIRE . ASCRH CRER BUE RIS RAA S M i S R &) . R SR R A IEAS VLB 7T
T AR IR B EE SRR AT TR SEES, Nt DR SR BT AR ML SR T SRR AR, O BT B
TR PIF R AR T 2%

2. MRSRE
2.1. M5

EMINE, RABKETANAR; 15, 1E; 95%LE. SAMM. MRS, WY, B2
Hrai o, T AL T AR B BRSTEA R 79 T Frie il ORI AL A H BR A7) KA # (E.
coli). ¥b 17K (Salmonella). 4 & £f %] % R A (Staphylococcus aureus). 7 %% B4 (Penicillium) . 2 i 5
(Aspergillus niger), P fH i B Bl 2 SRIE T b [ DV A V) B b ORGBUE B8 O s BRUIRMD (R 2E ) . B EE
TR (v R AEA) . BNt ai g )

R E W) R ZVCK B (T Ik %) s TR FRA (G /RIEARER): 1HE/K (LR
SR AT); BETETHICLHIRGE ISR HEARAR): AWKE, MAEREE, SREHE.

2.2. GEMSHEAAYRER
FET R 2 I E - FREO™ T BRAE G 10 mg, IS R 60% LI Ja e A% &5 50 mL (A RIHE A
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FRENRIZ )Y 0.2 mg/mL BIFRAE SR 70 il kG 2 S BUPR E S 3K 1.00 1.5. 2.0. 2.5, 3.0 mL TiRE T,
F 60%[1) BRI OG A E TN 22 10 mLoe SRJ5 AR BN 0.3 mL [0 R ERAMIA W 5%,
HE 6 min. FINA 10%MISREGA R 0.3 mL, HE 6 min. H/ETEMA 4 mL [ 4% ALNETR, HE
TS 10 mine WROGEEEAREAE 490 nm AL FH 60% LI N AT EEAR I GE o DARRIEE il (R B e, DLEE
AN R NG, 2 AR AE 2R [8].

L RAAAET R B (SR I BB S B T E AR, T 60 CHET 12 he K TR AA R B
el oem K. BRRFRECRA ST 1.000 g, FEMEIRAKIET, FAAFKER OB, B B2 HCE 2R3 B [H]
PREL, SO, MR RIE 10 f5. 31 T ARME N RO N W RS ERES . MR ES AN AU AL . A
FLAR 53 B G 52 $RECIAE 490 nm A 58 SRR UL o AR 2 AFRF - b/R e v B0 1 SR Hh B R 2R A S P
W 9].

ISR = [(c xDxV x10°?) /M ]xloo%

X C ABEIKRIE, mo/mL; D AMREREE V RIRBUREAR, mL: M OAEHHE, mg.

FAPRI R SIS % SR A I BOE W T

CLBEMPE: 40%. 50%-. 60%. 70%. 80%. 95%[ L KE; Al tk: 1:10. 1:20. 1:30. 1:40. 1:50.
1:60; #EHUEEE: 50C. 60°C. 70°C. 80°C. 90°C; #ZHUWIA: 1h. 2h. 3h. 4h. 5h.

IEACSESS: DLOREREE . B LG SRR ISR [A] 4 A2 40K R 28 8 v BARAN R RO AR B 1)
L9 (34) IEAZSLES,  LAHR MR $2 HU B P A0 ot 5 2% 14F[10]

2.3. RESMLSYHIESE

Ty RAN ST T B B ) % F R 2.2 H T AT S T A5 0 A LR R ISR AR SR 120 g AT 1 B
Bt &, B R, FIRWHAKSEG A MEST AR =005 B IE T BEEER =%, BEE, H
WOIE T/, FRAAIINE Sk 8 T-80°C AR, HGHAEMBNETHL R ERT, 1530 Kl
EP11].

& B R LB A, VRS TARBLI A RS R B R, RPN TE 37°C R RE IR I T AR K B R K
W, PGSR AN E R, KR BRI R R ET 10510 N ETERE: EEE 29°CERN
B ir s SR K, A BRSO WS VA RO, K R R T 10°~10* AN AR

B SRAL A Py B ) % . B 25 B TR R 1 S 2R A S 0K AR TRC B 100 mg/mL. 50 mg/mL.
25 mg/mL =AML RIVEI, B ERAF & .

SRR BTV T B0 E SR S AG SN B E T ERR I AR & KRR IR BB OB E S . K R R
5 ER AL S ) B AR A R LR & 5 43 751045 B 5 2840 & Y0 22 50 mg/mL. 10 mg/mL. 2.5 mg/mL
PRGIE, HEETKERERIRAE N AR AR GRS HE— . BRI R
TRAR 100 uL HeFh B85535, A ELE 37 CHEETIEFR4) 24 h 5B HH BT 4L, FLIRTE 29°CH I
IR 72 h,

3. RS54
3.1. AT irERZRLET]

ZMRE B P 1, RSB ET5RE:  y =5.41x+0.0026 » R? =0.9982, X Hy
RIEFEAR, X P T ARAE SR B (mg/mL) . P9 TR ELE 20~60 pg/mL Y PN, AR SCHHE 7R IE S
W e 5 AT I R A 2R 1 SR &R
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Figure 1. Standard curve of aloe

B 1 AT Rtk
3.2. EANTERERFHT ORGP RERIRNZAF 0
WL 18] 2 PreR BT AR, LB 40%~80%3K [ X i) HLIN, Bl 5 VA MR RO 8G In, #2
BErh SR B A VIR RS BT, SRR 80% 5 @ MU A BEN sURRAIR. b JR IR w] B A R 9 7E

CREREE i, SRR, W LR M ARIE AR, 5 SRR M B b e R S SR A R Rt
PR R, PECREESY) R TCIE MR BT RS- IS LR, I T S R Pk T [12].
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Figure 2. Effect of ethanol concentration on extraction rate of flavonoids from Pinus massoniana

Bl 2. ZEEREX DR T RERERAIEM

BRBEL R A 3 BT LAFE SR AR AL A W ISR IR AE R EL 1:10~1:30 [IZHEHE; 2R K
T 1:30 I SEHCRARH AL E RN T fE .

IREERISER . i 4 AT, HUEREAE 50°C~90°C L Imi, JREE b Tk AN B v R 24 S P B FR I
FE G AT IR BN AT S BACE A, RO R R FE S R BT . 6003 FE Y LI
W RN 81.1°C, T LAME 90°CIA R i Ja, 4R THR A R ECR TR .

PRIV IR R . |15 5 AT, EFRIEUET KON 1 hy 2hy 3h B, BEERAL SRR IR AT, 7E
3~5 h [A]f HU A S (] T 3848 o TR S 06 IR 1) HH BILHE DI 7T RE D9 SRR AL &1 P RE L8 B AN 444, T TR]
IR GBI AERT 3 /NI R BB AL & VPR B R B AT 50 20 A, RS 20 ff A G Ak
TENA LRSS, MAE=/DNN)E, S0 MEEES O, BFIRERE . i T 5B A f K 2% 5
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Figure 3. Effect of ratio of material to liquid on extraction rate of flavone from Pinus massoniana
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Figure 4. Effect of extraction temperature on extraction rate of flavonoids from Pinus massonianat
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Figure 5. Effect of extraction time on extraction rate of flavonoids from Pinus massoniana
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3.3. IF3ZsCig

CABE AR SR BCR 94 br, MRS Lk AN BRI SRIR 8 RN 25 NI E SRR . BRREL . $HL
WFTEL SREGRIE 4 MUK BER R AR, & 1L ARRSKT, £ 2 NRass

Table 1. Factor level table

F 1 BAFEKFR

. A B o] D
er LR IE% KL/ gimL) PR/ C FLALI [/min
1 75 1:25 80 60
2 80 1:30 85 90
3 85 1:35 90 120
Table 2. Orthogonal test results
Fe 2. IERXIGHR
P A B C D e
1 1 1 1 1 1.65%
2 1 2 2 2 3.20%
3 1 3 3 3 2.68%
4 2 1 2 3 1.83%
5 2 2 3 1 2.41%
6 2 3 1 2 2.58%
7 3 1 3 2 1.76%
8 3 2 1 3 1.51%
9 3 3 2 1 1.58%
K1 0.075 0.052 0.057 0.056
K2 0.068 0.071 0.066 0.075
K3 0.049 0.068 0.068 0.06
k1 0.025 0.017 0.019 0.019
k2 0.023 0.024 0.022 0.025
k3 0.016 0.023 0.023 0.02
R 0.009 0.006 0.004 0.006

EH 2 2 )1, 4 P IR 200) B SR AR SR AH DG VERR 1 - ZBEVRBE > $REUTA] = R EL > JREE,
Fr A AR SR A 25 9 ALB2C3D2, R 45 il Bk B A 75%, BHEEL Y 1:30 g/mL, $2HUs K74 90 min,
PERCRE N 90°CHY, $REUCR A=

3.4. BEI2L & 4PINE I8

PAAR A 3 B2 T AN B VI I SR GE B EE B b o fE B RR R B, AT AP IR % Bk v 2%,
103 S T VR R O A I TR DA S P BT AR T S A OR B P S . ] 6~10 At T 3R
FARA S ) 5 M EMIIEE IR, Horh R 1 X 3 RN A HUR BCR, BB EE RS B AE
X R A AT R R S, ORI

11 D9SRB Bk ot =R 4 B (K30 4 PR EL, SR SRAL S 0 171 BT R A0 A A
SR, X ST O A ERE MR E I s, oA AR A, H o BRSO KR AT R R 1
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Figure 6. Antibacterial activity of flavonoid suspension against Salmonella
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Figure 7. Antibacterial activity of flavonoid suspension against Escherichia coli

7. R SRR KA T E I EE

o “"\—

y<f

A = =

(a) & B (3 2 BR B (b) & B B R () & H O R (d) & O EFRE
et 0.25 mg /s E Img & R 5mg i 21

Figure 8. Antibacterial activity of flavonoid suspension against Staphylococcus aureus
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Figure 9. Antibacterial activity of flavonoid suspension against Aspergillus niger
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Figure 10. Antibacterial activity of flavonoid suspension against Penicillium
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Figure 11. Comparison of antibacterial effect of bacteria
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o MR NG Ty EAARAET B AR SR ZUAN ] R A0 B DA S YD T BB, R T A A AR R AN B

FARE A I B R AP S UE M JF HEMRL R 245, SR ZM g, [N, 5405405 R4
e, MR SRR, BAAARR, BABEH, BATZAERM e, B AR & T & &
7 25 3 A T2 R P R SR RO 3 M A 1
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