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Abstract ; Filter paper diffusion method was used to study the bacteriostatic activity of ethanol extracts from water chestnut stem
and water chestnut pericarp and their different solvent extracts. The effects of different temperature,pH and UV irradiation on
the stability of bacteriostatic activity of ethyl acetate extracts from water chestnut stem and water chestnut pericarp were also
investigated. Finally , the components of ethyl acetate extracts from water chestnut stem and water chestnut pericarp was studied
by HPLC and HPLC—-MS to identify. The results showed that the minimum inhibitory concentrations of the extracts of water
chestnut stem and water chestnut pericarp to Staphylococcus aureus , Escherichia coli and Saccharomyces cerevisiae were 0.391,
0.391,3.125 mg/mL and 0.098,0.195 and 1.563 mg/mL, respectively, the antibacterial effect showed that the ethyl acetate
extract of the water chestnut pericarp was superior to the ethyl acetate extract of the water chestnut stem.Both extracts had a
significant bacteriostatic effect on Gram—positive bacteria,and the effect was stronger than Gram—-negative bacteria, and they
had the weakest antibacterial effect on fungi. The ethyl acetate extracts of water chestnut stem and water chestnut pericarp

showed good antibacterial stability when treated at 20~100 °C ,pH5~9 and ultraviolet light for 10~40 min.The content of gallic
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acid and 1,2 ,6—tri-O-galloyl-B—D—glucose in the ethyl acetate extract of water chestnut stem was 45.87% .The content of

1,2,3,6—tetra— O—galloyl-B—D-glucose , Quercetin-3 - O—galactoside and 1,2,6—tri— O—galloyl-8—D-glucose in the ethyl

acetate extract of water chestnut pericarp was 57.84% . This paper provides a reference for the practical application of the

extracts of water chestnut stem and water chestnut pericarp as bacteriostatic agents.

Key words: water chestnut stem;water chestnut pericarp ; antibacterial activity
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de T E IR Wy WY B EAT P UM
FHL RS — FR G AR W id PR R 35 f A Sl —
W IR S — B LR Z 2 [N 7 Bk o

A AN T A 2 7 AR R R, X SE R
PR ARZ AR B A T R 2R BT, O IR B U
FEHUERAL T A ROk U o 35S 5T R S A in Tk
FEH ) TR PR, 205 35 A SR 259% T 4%
FRF ST S B, 35 # 5C $ U B AT I B ) R i
REZRM T i T SRR XA B TR e &
ARV RIS (IS AN AR S B 2K L K
RN R AR N ZE A5
Fh R IO TR T P 5T, e B G v R S TR AR
IS e B TR DA K BT ER R , I HL X 5 2% [GBH
PEREAT R4 RO 8RR, X 22 fa 7 3 B a9 40
TR G MR LA Rl 73 2 5 O T B F S 4 /b o R RRAE
SR Tl A v B I 8, 28 A P Y Z2 BB UIE
FA R RPTEAR TR PE ™ . (E3E M s &Rl L
ER R Z AT, T LIfE R R E H - 52 H
ANJE T ZE A A O 9 00 TR T S il g o A 1
AT i E

FURIXS 22 A0 AR 7 b A o™ AR 59 R R B ™
7| SEMAEANZE M 5e, AR A — 3 AR 24
KA IER TG R A S B I 2 57, 33 i T AR ORI B¢
PIR B o AR SB35 25 A A N 25 A1 52 o B Rk B R
SRAMTAE TR , 4= T FR S AT 5T 3 26 400 3 42 o B 400 7R 3%
P AR S3 , SR HATE Db 400 B 7R A8 25 Bl £ AR B v Y
BRI PR Z
1 #MEERZE
11 HE5NE

ZEAEAIZE TS R T LA R T B9 A
22 s B W) 6 B (T F BRI (AB 99002) | MiAE 25
FAATH (AB 2011085) Al ZF AT ( AB 90008 ) K
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WlERE(AY 92003)  phy A [ LR B SR ) (R o0 3
Pl B IR Ak Th B B A M BUIR 1S IR AL B IR N B
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A BR2 ] 5 SB-5200DNT MR EIFBEIL TR =k
YIBH B A FR S 7] 5 UV=1800 524h—n] W43 5656 &
it HARHEARAT ;MEL04 B TRKF MR-
e FALES HiEAA R 7] s SHB- MR M /KX 2 &
2SI ARMRIREL T3 A FR A7 ; RES2 BUfEFE 725 &
1 R IRAEAANAS ) s 22 HEAE 1260 /5 RORAH 2
WAL ZHARFHA BRA A 5 Q—Exactive 5 RO AH
EIE BT PR RHIRBHE (P ED AR A
1.2 WHIE
1.2.1 2B IBOR A & BB S AR ZE T
VEH RIS ,AE HOCTRIAT, V)43 1 em B, By i
J& , 0 60 B T AL B], 75 31 (s AR AR 45 o
FRE— 5 B0 22 AL 25 A e R R, REE 1L
1:30 (grmL), #2 B 95% 2 B % W, 7K W 1R &
50 °C ,7ETj# 500 W HR 240 2 40 kHz FA44 T @
P BHHEE 20 min , SR AT GRS hag , A ug w0
P R ERE AT 2~3 IR HIEW A I E RT3 &
Pt it B o
1.2.2  HZEFIZEBHIE B 1.2.1 ThaRIS 9 H2EK
W, TEMRBE 45 C IS0 T, i FH B 25 e §% 25 R A Il
WA= ER 4 IOGR) , 15 ) B e IR By R o & 4R IR )
AR 10 5 R 28K BT MR TSR B A Pl
FRUACTIE 2L TR 21 L IE T AR, 45 A BORE IR
BE A5 CHYSAET o B2 e §% 28 R AL W 4 F5 2
BB, A5 3] 25 A BUER 3 R o
1.23 RGN T ERRGERETD
37 °C 4557 24 h, i FHATAEAE [ 35 58 5544 F 19k
AHE FIEALREFE 24 h, 500 BLTE T T 40 55 4 0 B
gE5 523 (potato dextrose agar, PDA) |=F 28 °C I
I 48 h i FH A e AH R 35 3% 54 e a8 b B vE
L3537 48 h, 3B 92 56 i il £ B B R JEE Sl 10° ~
10" CFU/mL,
1.2.4  JRR GG PEAG TN 300 R S 56 SR IR AN R P HK
P REA R P 2 IE AR ( dimethyl sulfoxide,
DMSO ) ¥ fif , S8 FH Z A% # B8 v T ) &= 2] Jon & ¥k 3
(mg/mL) BYFF I S . HERR IR EL 100 pl B =)
B3 o TR e 11| B Ol i ¢ o8 1 O e A 51 S SR e
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FEXWEAZEN 6 mm (WIEL0 A, Hob 3 Fwim
10 pLZ2 0.22 pm JCRE UE S 20 3 P AE 5, AR 38 S0 56
HOAE, & &2 @ X RRE, 5 1 Filim&E s n
DMSO ; 15 & BHH X R BT, 55— v v o B A X 8, BH
PEXT R S 10.0 we/mL 14 247 75 % 25 ( Ampicillin)
8% 1.0 mg/mL W1 RE 2 B( Amphotericin B) , 4H B
F37 CFEEFE 24 h, BT 28 °C FRi32 48 h. R+
TR EL IR B AR (R FENE ARy AR ) o MR
PRV A A SO, A AE 0 B R 1) e PR ARE Tt VR 2 D Shy e
JNHD B ¥R ( minimum  antimicrobial concentration
MIC) (mg/mL) , ZZFAE 25 M 76 2 B U g 90
WP A o R T RE R X R SR A ZE T A
VT ZE U 00 00 BRI PR U S o R v, T S A R
FRE A XS A

1.2.5 ZBROFRZEBUYI e Al B = Fh i
T B8 VBCALAE ) R B T TR 4 B €6 2 BR AT L TR VY 1 £
WIFE R A, 25 4800 B2 L pH 585G XS £ R
e FE VI B A PR s2 ), 25 AL R AN T f TR
A1 50 mg/mL 1) FE B W, 43 A HE 20,40 .60 .80,
100 °C 7K IS VR R AL FH 30 min , #6000 300 4 7% M 5 F1) FH
0.1 mol/L Ay NaOH £l 0.1 mol/L Ay HCl ¥ W ¥4 71
pH 75 pH 41317 5 6.7 .8 .9 Wi Hy 50 mg/mL ()
FEH s W, A DU ) RT3 P 5 (s i 3 SR 50 mg/mL Yy
ZEBUYIWRAE 30 WS84T T 43 ) B4 10,20 .30,
40 min , A 0P B 7 4 o

1.2.6 ZMRERZER Y aifl AR 4890 oA S5 96 45
PRI TR SR M) L TR e ZE I , >R A HP-20 K
FLANE T BE TR AliAl, ERERE N 10 g, BEARRL
590 mL(47 ecm x4 cm) , % JHIRFRS %52 0 ~100% ) H
BV MR BEAT R, 15 3] 25 VeG4 43 o KA T A5 3] 1Y)
Ve TG PE 43P I Sephadex LH-20 HEALHE: (85 em x
1 em) , MR ¥ A AS [A] e B 1 AR B2 (AR FR 43 40 0 ~
100% ) Y, 45 B iF—25 i alifb i, TR a4
BEE T o

1.2.7 8 ve5 250 0T B8 FH v R v A R A o i Tk A%
12 e R o Bk A 7% (ultra — performance  liquid
chromatography — tandem mass spectrometry, UPLC —
MS) 514 : a4 Agilent ZORBAX SB—C (2.1 mm x
100 mm, 1.8 pwm) ; JisIAH: A, 7K B, s ELAR )T -
0~ 15 min,0 ~100% B;15~20 min, 100% B;20 ~
25 min,100% ~0B; #i#E 300 wl/min, #FEAEH1.0 pL,
AR 40 °C, BUig S F : s 25 v g (EST) |, K il 25+
HTUES T 4 HE 3 70000, 34 75 Bl m/z 140 ~ 2000 ;
BB B R 43 ) S 35015 L/min, HLES R R
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32KV, BT S BN IR E 320 C, BT U IR
200 C, H¥a i Full MS—ddMS®,

=R MR AH 4 4% ¥ ((high  performance liquid
chromatography , HPLC) %f#i}%j{@(ﬁ{fmdg . (O %
%, Agilent ZORBAX SB - C, (4.6 mm x 250 mm,
5 wm) ;HEIAH: A, 25 B,0.1% W R K 5 PELFR 7
0~3 min,2% A;3~30 min,2% ~30% A ;30~35 min,
30% ~70% A ;35~39 min,70% A ;39~41 min,70% ~
2% A;41~45 min,2% A, ik 0.8 mL/min, JEFE
10w, il 40 °C
1.2.8 UPLC-MS F1 HPLC 4347 ZEMAE ZEM5TH
2R IR FE IR 22 UPLC—MS il | 3 ik A T 33 5] i
BT B SCHRXT LE , i 2 T F 5 T 1 8- A fb 22 o, e s
FIJH HPLC ¥, 3@ 3 by o 5 X5 2 FJ0 4 BT k47 & =
ialll S
1.3 HiiEabmE

JITA SEg 2 /b B =R B A5 R BOT ME L R
JH Origin 8.0 $EA7 AR 2R J5 22 434 5 [ R HIAE o
2 HBRESMH
21 ERAE.EARKICERIHIIEEES

ZEFNE ZEA ST O PE R B TE W E Ty 50 mg/mL
kX LA L 280 ) D A 2 4 1 A KA W R i S, 4
RILFE 1,

P 1 AIAA, 22 A0 7E £ B B B 1 900 1 15 P 5
FEEMBE LR, HWE RIS —E 0 imE
AR - X 22 TG B A G 40 BT BE D > X 2 IR
M RES] > X E RN IEEE ST -

22 HFAB . EARTIBAFNERMHNANEEES T

ZEFHAE ZE R 50 v A5 AR FE B X D A L R
KO (< 20 €0 8 4 K B I A 21 90T TR R AT B L R
THERE R ) BIM BT PR R UL 1 FiEl 2, & 1 F0
P 2 Al FER]—HBE R (50 mg/mL) |, 22 FAEFIZE M
FEAS AR FE U R G e L TR DU TR ) 00 TR A FH R B
— L, 2R A A5 A PR FE U R TN T 4 B g ) ER 5
NG R (BRRBFFE) : LR L WA > 1B T BEAE
By el A i ik ZE B > K ZE B, 25 M 7 45 IR PE 2R
ESA3oF s VAL TR A0 T e 7 El SR R 55 DRy - LR £ TR AR HL
Yy > 1IE T REASIY) > A EAS Y > KA, W
13 a1 R EE I B 1 0 iE sy EEE
TEPEENC PR LR S BR A< B, PR, T8 )5 22 50 B
Ty S e S g b, B N A AT 25 AR Y L R TR 2
H ¥y (ethyl acetate extract of water chestnut stem, EAS)
FIZE A 52 1 O 1R Z T8 25 B (ethyl acetate extract of

R EMM ZEMC ORI R IR

Table 1 ~ Antibacterial activity of water chestnut stem and water chestnut pericarp ethanol extract
B » A A Tfﬂ%lgﬁﬁé(mm) A A ‘
SHOMARKE  ERRERTE AT KIGHT A S AR L PP 7
B 14.88 +£0.05 11.50 £0.07 12.08 +£0.05 9.17 £0.52 8.07 £0.13 8.17 £0.06
ZEfA5e 16.42 +0.98 15.35 +0.81 15.19 £0.78 13.17 £0.75 12.83 +1.30 11.27 £0.42
BRI HER 2491 +1.13 21.87 £0.99 23.83 +1.16 19.83 +1.37 17.37 +1.21 -
PitkE: R B - - - - - 11.95 =0.64
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Fig.1 Antibacterial activity of solvent extracts from water chestnut stem
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Fig.2 Antibacterial activity of solvent extracts from water chestnut pericarp
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Table 2 Minimum antibacterial concentration of ethyl acetate

extract from water chestnut stem and water chestnut pericarp

oy MIC( mg/mlL)

T SWEARE KT B
EAS 0.391 0.391 3.125
EAP 0.098 0.195 1.563
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[d] 30 min 7] B BAEHE EAS X7 MG AT B I EAEH
IR EFAFIE] 20 min, EAS X 45 % (0, 48 49 BR & 69 9 &
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Fig.3 Effects of various treatment conditions on antibacterial

stability of ethyl acetate extract of water chestnut stem
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Fig.4 Effects of various treatment conditions on antibacterial

stability of ethyl acetate extract of water chestnut pericarp
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3 EAS iy UPLC-MS F1 UPLC % E 455
Table 3 UPLC-MS and UPLC identification results of ethyl acetate extract of water chestnut stem

i

ESI(-) - B

o y LR i) [M-H] -~ [2M-H]~ [M/2-H] " g2
T 5 fes ('min) REES (m/z) (m/z) (m/z) MS?2 (%)
1(11) W TR 9.367 C7HgO05 169.01 339.03 n.d. 125 27.22

2 2,3- - 0- V& FW-B-D- 4t 17455 CyHy0y4  483.08 967.16 241.03 331313 211 169 125 2.57
3(12) 1,2,3-=-0-% & FHt-p-D-Ti% b 18383 CyHp0p5 63508 1271.18 317.03 519 465 313 169 125 175
4(13) W T S 20.149 CgHgO5 183.03 367.06 n.d. 168 140 124 111 5.54
5(14) ikl Z-3-0—2fFLBHH 20.951 Cy HpOpp  463.09 927.23 n.d. 301 300 1.76

6 1,3,6-=-0-% & FHt-p-D-Ti% bk 21461  CyHpyOps 63509  1271.18 317.04 483 465 313 211 169 125 139
7(15) 1,2,6- =-0- ¥ Fit-B-D- % b 24138  CyHpO0pg 63509  1271.18 317.04 483 465 313 211 169 125 18.65

6-0- "R " fEH-1,2-—-0-
’ C34Hp0

8 I a— 24.741 34Hy0p  787.10  1575.20 393.04 465 313 277 169 125 4.88

9 3-0- H - 1R W g 25.78 CoH (05 197.04 395.10 n.d. 169 140 125 111 5.13

10 1,2,3- = HEE-6- — HE 4 26.866  CyH3p0p  939.11 1880.22 469.05 707 635 617 465 447 169 125 4.30

ﬂfndﬂ%*\/‘l\ﬂj :%%4 Iﬁ]o
24 EAP 1§ UPLC-MS 1 UPLC X5E45 R
Table 4 UPLC-MS and UPLC identification results of ethyl acetate extract of water chestnut pericarp
13- s ] . [M-H] - [2M-H]~ [M/2-H] " ESI(-)- o
e 2 L N
T fead ('min) EEES (m/z) (m/z) (m/z) MS? (%)

11 WETR 9.439 C7HgO5 169.01 339.03 n.d. 125 2.31

12 1,2,3-=-0- % & FEt-p-D- % 17.657  CyHy0pg 63508  1271.18 317.03 483 465 313 295 179 169 125 4.58

13 W TR T g 18.657 CgHgOs 183.03 367.06 n.d. 168 140 215

14 Witz 2 -3-0— 2L FLIFT 211107 CyHy0p  463.09 927.23 n.d. 301 300 12.23

15 1,2,6-=-0- % & FEt-p-D- % 24258  CyHpOpy 63509  1271.18 317.04 483 465 313 211 169 125 11.68

16 1,2,3,6-U-0- & FHt-B-D-Hi%i 25061  CayHyg0,5  787.10 n.d. 393.04 716 617 465 313 169 125 33.93

17 1,2,3,6-PU-0- 1% & FHE-p- DAk 26024  CayHp0, 78710 1575.20 393.04 635 617 465 313 169 125 1.72

18 1,2,3,4,6-0- A& FBLHEY 26987  CyHpOy 93911 1880.22 469.05 787 635 617 465 313 169 125 4.56

19 FE B IR -3 - O T £ TS 28.004 CpHig09 42504 851.09 n.d. 377 273 233 207 169 125 2.80

1000{ A 3 #ig
3004 ; EAS 71 EAP #P AT #8055 i W0 & B8 71, AT 1 34 %7
_ 600] 22 R BEA: PR3 0 8 O 35 2% I 0k 8, % 2
5 BB /R B2 59 . il O L EAS F1 EAP (1) MIC
400 [TEOPN S i 2%
20 {8, EAP I BR 58 J1 UL T EAS, FE#D e Fo e PE W5
2001 L3 selff1o FR I, X T EAS T R B PR P, 1
0 - P PR S5 AT U0 DA G PR, 58 A2k b R 5 B RS B
5710 15 20 25 30 35 40 45 #Bid 30 min; Xf+ EAP Wi & , ##aikE &F 60 °C iR
00 I ) (min) TR R A I, 5 A BT o400 1 0 ) B W e /1N
1200 L 16 I UPLC—MS i1 HPLC, )\ EAS W% 52 HY 10 F4k
000l ) EE N BT KA A, D R T
5 8001 w27.22% ,1,2,6- =-0-% & Flt-B-D-H & &
£ 600 HE18.65% ; N EAP 285 i O Bk &4, Horh iy
400 t1s F R TR —1,2,3,6-P1-0~
200, | | WE T - 8- D— A HE, it 33.93% . AHF5E K
o] 1L 3 Ihdee EAS il EAP 750 5 -6 10T Hh 4 o 400 5 700 19 1) P42
T T T T T T T T 1 H- N 7 o SRRV
T 15 20 25 30 35 40 45 LT B SR, HoA SEBR R 9 S,

A1) (min)
S EAS EAP FP e i 73 Y s ROBOR (35 5]

Fig.5 High performance liquid chromatograms of
antibacterial components in EAS and EAP
TE: A EAS i nli o3 i) s RORAR (35 181 5
B EAP FreR A 73 Y s OB (35 11
T LG 14 .19 RIEE TG Y, KA e 1
MR M HAG =W . EAP h & Bl FE N 1,2,3,
6— -0 V& B Fli—B- D— % bl , & & 33.93% , K
WM 2R -3 -0 k2B 1,2,6- =-0- & & T

Mt —B— D3k 288 , & &4 12.23% 11.68%
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