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ABSTRACT: Objective To extract and purify polyphenols from sweetpotato leaves and study their antibacterial
activity. Methods The polyphenols compounds in the ethyl acetate fraction and N-butanol fraction were isolated
and purified by Sephadex LH-20 hydroxypropyl glucan gel column chromatography and liquid chromatography. The
structures were identified by various spectroscopic data and references. The minimal inhibitory concentrations of
different compounds to three pathogens were determined by plate dilution method. The inhibitory rates of different

compounds to three pathogens were measured by broth double dilution method, and the half inhibitory concentration

EEWE: EHEHZE W ARKZRT H(CARS-10). RN AT R GERHIFIE 40 H (XK2020007) . 195048 0F 75 £ RS 52 B BB Xl 150
H(KYCX19_2201)

Fund: Supported by the Earmarked Fund for CARS-10-Sweetpotato, the Research Fund of Xuzhou Academy of Agricultural Sciences (XK2020007),
and the Postgraduate Research and Practice Innovation Program of Jiangsu (KYCX19_2201)

RIECEE: HARRE, WL, BT, FEBWFFE 1 AT SN T, E-mail: niufuxiang@sina.com

*Corresponding author: NIU Fu-Xiang, Master, Professor, Xuzhou Institute of Agricultural Sciences in Jiangsu Xuhuai District, Xuzhou Xuhai
Road High-speed Railway Station North Xuzhou Academy of Agricultural Sciences, Xuzhou 221131, China. E-mail: niufuxiang@sina.com



6300 1% A T R A

13 E

was calculated. Results

Three kinds of phenolic acids and 2 kinds of flavonoids were isolated from the extracts of

sweetpotato leaves and identified as caffeic acid, 3,5-dicaffeoylquinic acid methyl ester, 3,4-dicaffeoylquinic acid

methyl ester, quercetin-3-O-f-glucopyranoside and kaempferol-3-O-4-D-glucopyranoside. All the 5 kinds of

compounds showed different degree of antibacterial activity: Caffeic acid had obvious inhibitory effect on Klebsiella

pneumonia; Kaempferol-3-O-f-D-glucopyranoside had obvious inhibitory effect on Staphylococcus aureus;

3,4-dicaffeoylquinic acid methyl ester and quercetin-3-O-f-glucopyranoside had obvious inhibitory effect on

Acinetobacter baumannii. Conclusion Polyphenols are one of the main antibacterial constituents from sweetpotato

leaves, and have the potential to be used as natural antimicrobial agents in the field of food and medicine.
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M RARBUBE I A FF & B, AT Ay 1
BUR 254, o REAE AR A A8 28 4 RV 1) 1h 2 5 BB s 771,
P Y BT

HE R A S 0EREY, fERERYESR
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R AFH S S AR

LBE, LPROEG . 1IETEE(OIHTEE, L e a));
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1.3.1 HErt % B eiRIR

- R BRI 43 B Al AL AR T i e S vk 3R
DIBiE: HEma R T 100 B, FREL 10.0 kg
BIRESL, DLBCRFEE 25:1 (mL:g) A 70%F Z. B (pH 3.0),
50°C/K AR FP BRI AR I 4 Yk, FFIK 3 h, FEREALEER
B, PLEUE LIS BEE R A R BEKTE R AR B 4
UARBURA I G 108, 50°CHEREZE & LR, 5 ik
B R T IREARIL, K2R LA SN OB IR
BTFEERBEE TR, 200 SR 2R B ANE
TEEXHR ARG TR, HEBEANBOAEHE ik, 2
BUR R, 15 LR LBREBAIE T FIIE T BB AL -
132 o Bh54k

LR TR T AL B P s i O F b B, WOk 4 5
R RN, LA be-HEE (100:1.,50:1.20:1.,10:1,
5:1, 3:1., 2:1, L:1, 72V, FR)BSEESRE, 4 500 mL Y4E 1
B, VL% 68 1, #ijZ i) (thin layer chromatography,
TLOWRE IF(55~57, 64~66, 67~68)153] 3 NEBAL Fr. 1~3,
Fr.1 231 Sephadex LH-20 #1: 24T, 7 EE-/K H 48 fh15 51k
B 1 (59.4 mg). 1ET B L AR ET, DIZaH
F-FIEE(50:1, 20:1, 10:1, 5:1, 3:1, 2:1., LDEBEEVER, 4
500 mL U4 14y, PEBEE 94 13, TLC KA FH(30~35.
36~40, 41~52, 88~94)f35] 4 NEBAL Fr.1~4, Fr.3 Zad il fi
H:Z M Al Sephadex LH-20 FEJZHr, @124l £ 2 R Al
HE—00 8 TR RAR ISR ARSI T W B S
W 0.22 um BEARTE; FEAIAH A Bk ), WshH B
KPR, VRRAA: WS A R 47%, S B A 53%;
PEMLTRER 1.2 mL/min; FRKIZT7AFH] 65 min, KAl
254 nm 1 365 nm. MRAEGEME MR BIERES,, XTOR B B )4
22~28 min A TUREE, BELAY 2 (18.5 mg). Fr4
it RERCHE AT, h AP h-F R R 16 iy, &34
4y 15~16, £:3t Sephadex LH-20 #FJ2Hr, VLG H2H 4>
10~12 IR 2L 6 3 (36.3 mg); GIF4LS) 11~14,
212 Sephadex LH-20 #1247, BEMLEAIL S 7 bbb &9
4(29.6 mg); HIHUS 5~6, WMEFEILEY 5 (21.8 mg)
133 ##M%x

LT AP EE(H NMR), #35(PC NMR)I
SR, IS0 IR, K TIRE Y 1~5 &5
134 HREEHER

KHER W m e 3 R R, B4R
il 1310”7 CFU/mML B4, (4 F — F SE 000 (dimethyl
sulfoxide, DMSO) B b G172 1000 pg/mL F5@ 13
0.22 um AN ERR I H % H, L DMSO 15 A48 FIxf e

SR FH At A A R R I 5 Ak W 1 S5 /N B TR R
(minimum inhibitory concentration, MIC) %96 fL# 45 fL
HIA 100 pL LB ¥53R3E, SRJ5 M0 AN R B A0-A DRE S iE 1 7

B EERFE(1000.0. 500.0. 250.0. 125.0, 62.5 pg/mL), &%
JETA 100 pL TH 2 BHER . 45 96 fLARE T 37°CIE AN
FEFRIEFR 24 h BRI AR RGO, DA UL 58 2 H
PR AR I B IR MR BE AR S MIC A, B SEH 3 1K

Al MH 73555, PRk LB KigR i i s i 9%
R ES MH BRI EOERESR, RARG A5
WAL A P An g A =20, 96 FLAR P AEFLAIIA 100 uL
MH WG, FIFREIAFHN LA PFE S AT X5 H
FE(1000, 500, 250, 125, 62.5 pg/mL), HJFMA 100 uL
PR TR, 37°CH% 5% 48 h R EFARAI E ODgop, I ZETF
A HPU BTG, FFE Graphpad Prism 6 AR RS
& H¢ & (half inhibitory concentration, 1Csg)o
1.3.5 %ttt

iz FH Excel 2016 F11 Graphpad Prism 6 {17546 5t
THAEEAE R

2 HER55H

2.1 ARG

ATy 3y ssi 5 MeEY, Sl
FEYRIY 572 (Nuclear Magnetic Resonance Spectroscopy, NMR)
INTAISCERELXS, 5 MEEYIG BRI S . 2 4
WIS AR S & E N E AL A Y, BRI 1.

&Y 1, CoHgOs, "H-NMR (400 MHz, methanol-d4)
Su:7.54 (d, J=15.9 Hz, 1H), 7.04 (d, J=2.1 Hz, 1H), 6.93 (dd,
J=8.2, 2.1 Hz, 1H), 6.78 (d, J=8.2 Hz, 1H), 6.22 (d, ]=15.9 Hz,
1H), *C-NMR (101 MHz, MeOD) dc: 171.09, 149.37, 147.07,
146.69, 127.73, 122.88, 116.45, 115.42, 115.06, 53CHk NMR
PR — 3, whE e A 1 A IHERR (caffeic acid).

1Y 2, CygHagO1n, 'H NMR (400 MHz, methanol-d,)
S1:7.58 (dd, J=15.9, 6.1 Hz, 2H), 7.06 (dd, J=4.7, 2.0 Hz, 2H),
6.92 (ddd, J=14.6, 8.2, 2.0 Hz, 2H), 6.78 (dd, J=12.3, 8.2 Hz,
2H), 6.29 (dd, J=15.8, 4.9 Hz, 2H), 5.66 (q, J=4.2 Hz, 1H),
5.07 (dd, J=8.4, 3.4 Hz, 1H), 4.37 (td, J=8.7, 4.2 Hz, 1H),
3.77 (s, 3H), 3.37 (d, J=1.0 Hz, 1H), 2.37 (dd, J=14.7, 3.9
Hz, 1H), 2.23 (m, 1H), 2.15 (dd, J=14.8, 7.0 Hz, 2H), "*C
NMR (101 MHz, MeOD) 6c:174.8, 167.2, 167.2, 148.2,

148.2, 146.1, 145.4, 145.4, 126.4, 126.3, 122.0, 121.8, 115.2,
115.1, 113.8, 113.8, 113.7, 113.5, 73.9, 68.6, 64.7, 52.1,

40.0, 35.4, 5 3CHR NMR 3% Hs — 50, s e sy 2
3,5- e Bk 25 7 BR H g (3,5-dicaffeoylquinic acid
methyl ester),

&1 3, CagHagO1p, 'H NMR (400 MHz, methanol-d4)
Ou: 7.60 (d, J=15.9 Hz, 1H), 7.50 (d, J=15.9 Hz, 1H), 7.02 (dd,
J=8.8, 2.1 Hz, 2H), 6.92 (ddd, J=8.3, 6.1, 2.1 Hz, 2H), 6.75 (d,
J=8.2 Hz, 2H), 6.30 (d, J=15.9 Hz, 1H), 6.17 (d, J]=15.9 Hz,
1H), 5.54 (td, J=7.9, 4.8 Hz, 1H), 5.11 (dd, J=8.1, 3.1 Hz, 1H),
435 (dt, J=6.6, 3.4 Hz, 1H), 3.72 (s, 3H), 3.35 (s, 2H),
2.37-2.14 (m, 3H), "*C NMR (101 MHz, MeOD) J: 36.98,
37.47, 51.69, 67.17, 67.67, 73.44, 74.37, 113.14, 113.31,
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113.73, 113.76, 115.08, 115.12, 121.73, 121.76, 126.13, 126.30,
145.40, 145.43, 146.28, 146.32, 148.31, 148.39, 166.49, 167.07,

17378, 5 3k NMR 4t — 3024, s b a4 3 b 3.4-
WHEREZE 77 R H 1R (3,4-dicaffeoylquinic acid methyl ester).

LAY 4, CyHyO12, 'H NMR (400 MHz, DMSO-d6)
Ou:12.65 (s, 1H), 10.88 (s, 1H), 9.73 (s, 1H), 9.25 (s, 1H),
7.59 (m, 2H), 6.85 (m, 1H), 6.41 (d, J=2.0 Hz, 1H), 6.21 (d,
J=2.0 Hz, 1H), 5.47 (d, J=7.0 Hz, 1H), 5.31 (s, 1H), 5.09 (s,
1H), 4.97 (s, 1H), 4.28 (t, J=5.3 Hz, 1H), 3.59 (d, J=11.6 Hz,
1H), 3.31 (s, 1H), 3.23 (q, J=9.0, 7.6 Hz, 2H), 3.09 (t, J=3.2
Hz, 2H), '*C NMR (101 MHz, DMSO) d¢:177.9, 164.6, 161.7,
156.8, 156.6, 148.9, 145.3, 133.8, 122.1, 121.6, 116.6, 115.7,
104.4, 101.3, 99.1, 94.0, 78.0, 76.9, 74.5, 70.4, 61.4, 53k
NMR EEs— 80>, stk &y 4 Mk &-3-0--ilt
It 3 24 B (quercetin-3-O-p-glucopyranoside) .

LAY 5, CyiHy0O41, '"H NMR (400 MHz, DMSO-dg)
Sw:12.63 (s, 1H), 10.85 (s, 1H), 10.20 (s, 1H), 8.08 (d, J=8.6
Hz, 2H), 6.87 (d, J=8.6 Hz, 2H), 6.45 (d, J=2.1 Hz, 1H), 6.22
(d, J=2.1 Hz, 1H), 5.42 (d, J=7.6 Hz, 1H), 5.19 (d, J=4.7 Hz,
1H), 4.87 (d, J=5.6 Hz, 1H), 4.48 (dd, J=24.9, 4.8 Hz, 2H),
3.67 (d, J=3.5 Hz, 1H), 3.55 (td, J=8.8, 8.2, 3.6 Hz, 1H), 3.38
(m, 5H), *C NMR (101 MHz, DMSO) d.:178.0, 164.6, 161.7,
160.4, 156.8, 156.8, 133.7, 131.5, 121.3, 115.5, 104.4, 102.1,
99.2,94.1,76.2,73.5,71.7, 68.3, 60.7. 53CHR NMR 5k
Pr—30, HE A S M LA -3-0-B-D- M A 4 B
(kaempferol-3-O-f-D-glucopyranoside) .

22 BERUEVIRINERE

F2RWY, LG Y LOMMHERR) T 3 Rl i A ) e/ VL TR
WREE Ay e il 4% o T A1 TR < B 0 ) 4 R TR =0 2 S Bl AT B
AW 3 (3,4-MHEmEZS 7 19 H )% 3 i I B 1 dpe /N
PRIV JBE o : 0 2 AN Sl T < 0 €0 7 Bk DT =Tl 48 S B A1 T,
&Y SOLZEE-3-0--D-MIR # 2 M) XT 3 Fhms 56 1)
T /INPURRVR BE s 4 3 (0 B8 5 R T < 2% o 75 111 PR =fif = R
AP, LAY 2 (3,5-MMEREZE 77 H R AL A4 4(H
i 3R -3-O-- Mtk e 4] 26 At )Xo 60 2 S S A 7R 1) e /NI 1T
FEARTR], AFX 4 305 44 BR DRI 4 v B 1 281 A9 400 1 4
AU, DMSO Y7L B i M TCR e .

7 AR BRI A AL A R 3 i JE R B 4 i
(R 3), TP HON IR L ICso(K 4), 4R 5 E/NMUA
WA, ANEALSYRBRESCR S A, HEaY
Wi 25 0 3 R R AR5 TE A L(MIMERR )X 42 B €
HIATERTA | B0SR ST I L 2 vl B TR A PRI VE L,
w98 T TR A B AR SCR B & AR AW 2 (3,5-mmnE
Tk 25 7 1% FF IR ) % il 9 o B 11 R R 4 €07 25 B R LTI
AR, X A Sl B9 R AN A BLE e kB
W A9 3 (3,4-MMEREZS T R H IR ) FIAb A 4(Mi b
-3-O--NH MR A5 26 W )Xo 860 2 S S B P I R e i b
B 5 (LZSE-3-0-B-D- MM 5 28 M )% 4 8 (A A BR 1
V4 0 ) 2R B o

®1 REHEMHHOUAYDRIEBR. 2 FRAREHR

Table 1 Nomenclature, molecular formula and structural formula of compounds from sweetpotato leaves
e &b TR B BT Vinsi:¥ 25X
(o]
X
" - OH
1 AR caffeic acid CoH;50,
HO
OH
MeOOC OH o
3,5 45 _ o wos8 T LR T 2 o
2 5 FH i 3,5-dicaffeoylquinic acid methyl ester Ca6H26012 wo 5 omsn
. OH
HOZ 6" 57 4m OH
HO.
o
3 3.4-— B E T 3,4-dicaffeoylquini id methyl est Cy6H260 HOD\/\K i
" ,4-dicaffeoylquinic acid me ester o -
1% H i v Y e HOWO’%)%&P
HO H
OH
HO. o. O
,  TRER3-Oput , | . " o™
W quercetin -3-O-f-glucopyranoside C31H20012 LT 3 o
HO. o
OH
2.3 on
890 T .
11145 8-3-0-p-D-1lt . oLy
5 A kaempferol-3-O-f-D-glucopyranoside Cy1H001 oY :ci on
Ho 5 P
& 43 o
OH
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#2 HEMPARELEYN 3 #HHEERR MIC (n=3, pg/mL)
Table 2 MIC of different compounds from sweetpotato lesves to
three pathogens (n=3, pg/mL)

el Rk & Jiiti 58 ve 7 il = AN 5y
AASIEEN i e e e
a T AAIERIE A R
1000 0.0+0.0' 0.0+0.0' 0.0£0.0!
500 0.0+0.0' 0.0+0.0' 0.0+0.0'
1 250 4.7+1.5% 0.0+0.0' 5.3+0.6
125 10.7+1.5" 6.7£1.5' 15.342.1
62.5 15.3+4.08 13.0£2.08"  20.7+2.5
1000 7.7£1.5" 6.0£1.0' 0.0+0.0'
500 25.343.1° 15.7+1.5¢8 0.0+0.0'
2 250 37.743.5¢ 24.742.1° 11.342.1¢
125 42.0+3.6° 37.3+1.5¢  21.0£2.0%
62.5 51.7+4.7° 47.3+3.8° 32.3+2.1°
1000 0.00.0" 0.0+£0.0/ 0.0+0.0'
500 0.0+0.0" 0.0£0.0' 0.0+0.0'
3 250 3.3+0.6 5.3+0.6' 0.0+0.0'
125 9.0+1.0" 15.3+0.68 6.3+£2.1"
62.5 19.3+2.1%  24.042.6 16.0£1.77
1000 7.3+1.5M 5.7+£1.2 0.0+0.0'
500 16.7+2.1% 11.3+1.5" 0.0+0.0'
4 250 20.0+2.0° 14.3+2.5%" 7.7£1.5"
125 24.343.8° 33.0+2.6° 19.7+1.5°
62.5 42 7+4.0° 413+42° 23.7+3.1%
1000 0.0+0.0" 0.0+0.0' 0.0+0.0'
500 0.0+0.0" 0.0+0.0' 0.0+0.0'
5 250 0.0+0.0' 7.3+1.5 5.7+2.1"
125 3.0£1.04 14.743.28"  18.3+3.1¢
62.5 9.3+1.5" 257257 25.3+2.5°
DMSO 1000 77.7+6.1° 84.3+5.1°  79.3+7.1°

= 3(8)
ey FE R SFOEYE O WREE RS
(ug/mL) Bk L] i

1000 100.0£0.0°  100.0+£0.0°  100.0%0.0"

500 100.0£0.0°  100.0+£0.0°  100.0+0.0"

3 250 84.1+2.3% 87.242.7%  100.0+0.0*
125 72.2+42.1° 77.5+4.4%  84.3+3.7%

62.5 53.9+3.19 69.5+3.0" 47.8+0.6"

1000 89.9+3.9° 67.0+4.1"  100.0£0.0*

500 80.1+3.1¢ 65.7+1.5"  100.0£0.0*

4 250 67.1x2.9" 58.6+4.8¢ 92.241.5
125 62.1+4.0% 46.6+1.0" 77.4+3.6"

62.5 47.143.1% 37.8+1.9' 44.6+£3.2"

1000 100.0£0.0°  100.0+£0.0°  100.040.0"

500 100.0£0.0°  100.0+£0.0°  100.040.0"

5 250 100.0+0.0° 84.943.0° 85.944.0%
125 89.5+3.9° 74.9+4.0° 53.9+1.9¢

62.5 72.0£2.9° 65.9+£3.5" 33.543.50

#z4 HEMDLAEREWXT 3 MHEEREER ICs (n=3, ng/mL)
Table 4 ICs, of different compounds from sweetpotato lesves to
three pathogens (n=3, pg/mL)

A ICso/(pg/mL)
et —
SWOMERE  WREEAE R AE
1 51.0 28.8 93.3
2 172.6 270.1 106.3
3 57.8 313 64.8
4 73.0 156.4 69.3
5 393 37.1 101.0

Al AR RF B RRTE P<0.05 K V225 0%, T,

x3 HEMRSTRRERLAWI 3 #REREEHIIH EN=3, %)
Table 3 Inhibitory rates of different compounds from
sweetpotato lesves to three pathogens (n=3, %)

o Ipistie7idi-4 ﬁ&?é%%% Hfﬁﬁé%ﬁ? ﬁ@ﬁ—'zziﬂ
(ug/mL) BRTR AR FF 1A

1000 100.0+0.0° 100.0+0.0°  100.00.0°

500 100.0+0.0° 100.0£0.0"  100.0+0.0°
1 250 86.9+1.8™  100.0+0.0° 88.8+3.1%
125 71.6%1.5° 90.9+2.7°  56.2+5.0°

62.5 58.6+3.9" 79.6+2.2%  36.9+3.0'

1000 74.6+4.6° 56.6+4.6°  100.0+0.0°

500 64.2+3.7"% 55.9+1.45  100.0£0.0"
2 250 56.942.7" 54.6+3.0¢ 80.6+1.4°
125 42.6+3.3" 44.8+3.9" 53.3+3.7¢

62.5 37.1+3.6™ 34.8+1.31 31.6+6.13
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