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Synthesis and Synergistic Antibacterial Activity of
Complexes of Quinoa Saponins with Silver Nanoparticles
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Abstract ; Quinoa saponins and silver nitrateas raw materials, the complexes of quinoa saponins with nano-silver were prepared
by biological reduction method,and the antibacterial activity of the complexes was studied.The complexes of quinoa saponins
and silver nanoparticles were characterized and analyzed by ultraviolet—visible spectrophotometer( UV-vis spectrophotometer)
and transmission electron microscope( TEM).The synergistic antibacterial activity of quinoa saponins and silver nanoparticles
were studied by bacteriostatic circle experiment, minimal inhibitory concentration ( MIC ) experiment, minimum bactericidal
concentration ( MBC) experiment and so on.The results showed that the complex of quinoa saponins with silver nanoparticles was
spherical , and the diameter of the particles was mostly concentrated around 10 nm, with good dispersity. Characteristic
absorption peaks appear at 420 nm.The complex of quinoa saponins and nano-silver preform had good inhibitory effect and
synergistic inhibitory effect on foodborne microorganisms, and had good inhibitory effect on Staphylococcus epidermidis and
Staphylococcus aureus ,the bacteriostatic diameter were(11.33 £0.58) and (10.67 +1.15) mm, respectively.The low toxicity to
normal gastric mucosal epithelial cell ( GES) and gastric cancer cell (SGC).As a biological reducing agent, quinoa saponins
enhanced the solubility and dispersion of silver nanoparticles, retained the broad - spectrum antibacterial properties of silver
nanoparticles,and cooperated with each other to enhance their antibacterial properties.
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LA 7 T A e YN L B 0 L DX, SR B o 2
R EZEMLGEEY, G EMRAKHALG AN EEL R —
Fh BAAAAE 42 BN AT BE A I AR BEACE FR R SR I &
W), EHERE R Z S maE AR E . M
KWFFEFRB, AL v B 2 2 IO X B A3 FE D 1] [G
[ SN R =S INN 1778 o B S N o SR R N e R R
HELEFOAT B A I S B ASOR T B R Ak
W P I R, SR R O R e e R T
HABUF P EATE PE U DTSR NG 5 e % N
FE

A [ 22 U N T o T v, 245 49 107 e J A ) AH 25
P SARTETE , ZEE B R JE AR AAIR R , HAB Y $2 3
YH KBS S B A B0 1Y A ORI e 0y AE
FA AR G AT . AR SRR R
H S5 YURERARNC S, I X HE G W 3 T RAL , i 2 HoAR
M B IE ST T HE A o A YRR A A g e
HIVE F R B ROR , IS SR AT ST R 24l
1 #MelFEE
11 BRI

FEESO THAL) DRSS PUEZ RO AR
ANwl kNG HLZ Wi 100 mg/ iy, K EEAR R 24
AR A A P v B IR R BRI B g B 3R
F R O RV A R SR FD 5 4
A0, 45 25 BR B ( Staphylococcus aureus , ATCC —6538)
% J 45 % BR B ( Staphylococcus  epidermidis , BNCC —
102555) VPR R FF 1 ( Salmonella enteritidis , BNCC
—103134 ) | WK 28 9 #TF B ( Bacillus cereus , ATCC —
14579) 2 Hi 4% 4 ( Listeria, ATCC—19119) " 7544
TR Wy v A AR 0 s N TEH BB 4H il (GES) | H
FRAH ML (SGC)  EBIgERRMIAEY R A R A
B AL ROLHE R A BR 2 W] 5 J0 T 2T 4E 45 2
i RSN I A W il A TR W] AR AR El 2y
AW AL 2 3 50 A BR 2 W B R I A ( dimethyl
sulfoxide DMSO) | B2 $h 2% vh & PBS  Sigma 2\ 7 5
WEMEE MTT g 250

YXQ-LS-70A BIS7sUR 78R K # LI
RS A BRZS 7 ;s BPMI - 150F HUE5 B 35 9240 W
—ERp AR AT B F) 5 SW— CI—2F 7Y XA LT 4
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BiffAR1%  Thermo Fisher Scientific Oy ; H, # % X+ J¢
M R IOL A RA R BRI R A 3R R
B HL Sigma; Thermo & 20 .OHL £ Thermo
Forma 20 W] ; UV=-5100B 0] BLAFJGOGRETE R ICHT
AR A R ] HT7700 i@ ST B HAH
37 ; Zetasizer Nano ZS90 ZHKMAL NP AT DEIE
L IRSALAR AT RN w5 CO, fH il 4n e 55 3740 G
Thermo Forma 2\ ] .,
1.2 SREGHE
1.2.1 B2 RO M BT AR il LARREZ BRR
SR JEUR B S A R R AT AR S A
il . BL DB RR Y E, 8l =62% .
ZE R AT B AR Q3 (3 - 0 - 8- D - glucopyranosyl —
(1—3) —a—L—arabi nopyranosyl — phytolaccagenic acid
28— 0 - B — D — glucopyranosyl ) Q4 (3 -0 —-a—- L -
arabinopyr—anosyl phytolaccagenic acid-28-0-8-D-
glucopyranosyl ester) 22 4 % e ¥ (NMR ) % &, 4l &
=98% ,
1.22 ZEBHFSYKERSY R4 ZREBE
5 mg, A ZRM /K 5 mL FE 531 % )5, N A 100 mL
2 mmol/ LI AH FRARVE W , BESCHE 1, 5 W h o (78 Sy
AR O, S B P RS 2 h B BT MR 1 mL,
AT B AT WOCTE A4, AE T ) B AR il R MR
AR IF A TS A 5 S B - 1 e e T 4 A
50 mLE.LE H, L 13000 v/min &0 20 min, 3 |-
W, T AR ERTE 3 2 BIF IRt , IR IS8
UUGE o WURT R, PRI 10 mg 5 10 mL ZRIR/K FE53R
0, S P E VAR IR 20 min, FCHI AL 1 mg/mL )&
PR e A — T UL ST A S e T i
(TEM) 53 H7 , 8 % DTTE N R L BAT S PRI G .
1.2.3 ZEBHF SYRMAESHRAE S -TF] I
G 54— 1] W43 560G RE T, 7E 200~800 nm
S E TR ZEZE BT ORISR AR (2
5 AR C A W, A5 BRGS0

255 HL T LB (TEM) 3 < 85 7 il 28 B9 T s
R (2 BT 59 KRR B & PR B 6 B 2103 2 ik
B, JH 36 5 P A 5 T I IR A BN, I S 55 IR
U, AR _F R E R WG o S5 B, 60 °C
FORERE o R 5 R LA B2 3 37 K A i B L B R, AR
300 kV JE R XA SEA TSR

GKLAR HL A 43 AT B /D i 45 45 3 1 B 5 )
“F 1 mL K, & F @I A, f#i F Zetasizer Nano
7390 GN KA WAL A2 S5 AT AN B T AS T & W R AR, 15
W =)™,
1.2.4 00 R {5 P
1.2.4.1  BARITE RIS g 08 Az 5 37 2k A
1.5 g BUIEHM , PGS T 100 mL Z818 7K h I AN {5458
LB T =AM 121 CE KT 15 min, A JCTE
PRI, ¥ 1S ) s IR L . BRI 3.8 g Il B R 1 5
e AR T 100 mL ZR AR K TR IR A PERERE, 2 4D
T 50~55 C A, Jomw #AE A B % 36 CHY 5%
(V/V) TCEE LT 4EER 36 1, TR AT, A SF- L] g ¢ 21
o B F2 4k
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IR T QR IR ZE FAT B | 2R TR A BR
RN P 0 ] 2 R T 5% IR MR Ze U AT T R B R
e B R ERAZ A M A A 2 B R S SR M R A T
MG FRAE b, 55T 24 h, ELE40,
1.2.4.2 W T & I IRIE 00 S Pl w5
FRERRY B HSF 58 T8 1 mL A BRI K 09 25,048
L A HOR S, WA T IR, VR AN B R B
2 x10° CFU/mL,
1.2.43 ZUHEEEMEMREEY: SEKXHEEE
B S mm 4G50 5 (S R/48) , 53 3 AR B s
e 1.2.3.4.5, B 1 mg/mL (45 8 &K % KM
1 mg/mLiYSLfAFENT M4 10 L S35l X 4540 1 =
2 ST AT TS /), BT mg/mL K ER
W1 mg/mL ZEE B 1 mg/mlL B B
QKRS 45 10 wL X 4520 3~5 540 #F
AT TS W) o K AP YH B -4 T3 e ik,
FERE SRR R AN TR B R R AR R W — )2, 2 AR
AR T o K T 2H AR 3407 5 U A HE 9 7 1 73 ik
b BB IR R 37 CCREFE 6 h SRS,
1.2.5  f/MIEEHEE (MIC) Flf /AR B EZ (MBC)
MM AR R ORI B R A B 2.1.,0.5
0.25 .0.125 mg/mL [ER . B 100 wL AS[E]He B &
TERWINA 96 FLAR , J5 BUAS [R] e B 19 Sk #9515 %
W ARER W B BT IR MR B BT KR
A5 & w45 100 wL 4350 A 96 fLAk (3 fL/
ZH) B 100 pL 4HPMIE I AT 85 3 A, B X e
A 100 wL ZHEVE WL . B 100 WL JCTE 19 A4 B 77
FIA 96 FLARAE R 25 FAXT IR Bl VE 47 18 96 FLAR
B THEBEEFFFAT 37 CHFE,12 h J5 LI R WA K E
& A IR ALK 245 ) e 3 A A U0 8 YRR 32 1 Bl i ) e AR A
B ¢ E ( minimum inhibitory concentration, MIC) , it 5%
Bdno FHRUOREE 12 h J5gg, LUK W AR 5 ¥ 1l B
VK 245 4 3 SR A ) 9 VR Xk 52 K TR e 140 o PR S TR Ak B
( minimum bactericidal concentration, MBC ) , i 5%
B o
1.2.6  ZHMEEEPERYINE  BOTEAE R IEE NS
KA IE ( GES) F1HE 56 4 i (SGC) |, 5 I 2= 40 ) %5
BE R 90 % Ja AR B I AL , 55 A2 40 ML f5 AE 55 R s R
B0 RL 1000 r/min 2500 5 min J5 3% LIS, DA
B RE IR EAR S )5 T Al B+ oM AT A K AR
B A5 I IS, R R T 96 FLAR (AU JE 1 x 10°/
L), HeRP & 200 Wi/ L. FRAHMOGEE S | K5 40 i 55
SR AS X BRZH FNAE 5 20, 4 O 2B I ACAS ) e e 22 52
A Q3 B Q4 MELZ B SRR S
(0.25.50.100 150 wg/ml) , 25495 A4 200 wL/fL,
AU BEETT 3 N E L. 4kSLEFR 24 h J5, i A
MTT %W (5 mg/mL)20 pL, 5538 4 h J5in A DMSO
(150 nL/FL) , BFEIR FAREIRYS 15 min, HEGFER{L
M5E 570 nm Zb Y S'GBEAR , BRAVE TR R EEG . AR
HEIAG G EEE (OD {H) |, e A Wi s 4 i ¥ &= , OD
(ER S WNIEZTE 7/ By E 5

MMM A (%) = (1 -5 2H OD {H/ %5 1120
OD {fi) x 100
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SR AL 3 YR, T S 5 R SR T R
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Prism 7 A4 FEIIE 53 BT B 45
2 HBRE5SMH
21 ZEH-FIRRIEFPRER

E A~ TT WG AT B E BT 59K
ARBCA 00 625 R 5 A5 PR BT, T A5 2 (4 IR TG O'G g 4N
B 1R, BT R0, 225 BT 5 90K
RELG W B A IR AR L MR RON , E RS- TT I
(UV=Vis) St 43 il vb 22 B0 Sy 32 T 45 55 7 (4 RRAE 1
AT | AR e WA W 1) 5 S ' RN O B 1 5 2R 2 iy
LR AR LA W 0 RF OB SR E Bl AL 2= MR A
K —JBEAE 410 nm BT £ H B AR W i
T AS SE 36 v ifi] 28 19 22 52 2 -5 9 K R TS 5 4 R AE T
W IEETE 420 nm B 3T, 7E 500~700 nm P <5 H N,
TERFENA 4 (1 B, SR I Ty kil s BB R B S
YN KA TG o ABURE 240 A L B A SR AR, JT o) 45 44 K 4R
SIEER I o T RS A SR - AT L (UV = Vis)
SEIEFAAEAE— 1 B 5 19 04t , (H e 0GR X 4 i, U,
G 2R 22 5B 5 AU KRR TG A i 19 2 — A
Rt , T 28 st A il T 28 LUFR R ok AR 1 3 —
P, DT E— 25 P v 22 32 W8 1 5 KA I & ) 19 A
BERE SRR
22 EHEFRHE(TEM)

PERFFT R W], 1~100 nm G KA BFEAG FH XS HE K
B He TR AR L AN 45 A R 1Y o MR RIE 2 AT,
A& B B A 5 9 KR B & 9 R BROE L7, A %8
/SRR RTR = e SRS I o Tl A B K= I S T A AR RE - 3
L HE 3 WA, 2 B SRR EC S W kLT B
AREPAE 10 nm BT, BT HARRN, (152855 B
SYCKRERTS S WA TN LR A, g b 3R T AL
KNS N K TE G 9 A= )i Pk, X AT g R B A7
E Y0 KR AL & )5 o v e 7 B R 09 5 A, X A
Singh 2 Y HFGEAH TALUE,, Ravichandran 267 (1 iF
FERWI R Z B DK B BHE -G B S BRIE JWURL, iz
ARVEBEIFE 6~57 nm [ X [E]YE N, 2P AE 35 nm 4b;
Singh %51 [RIREEIH , 44 KAW0RE 4 5 s IR R BRI
K RAETE 10~30 nm (¥ DX [E] 0 Bl N o ASBFSE A5
MEC S IAE R F oA A Rl TREEZE BT A S A
B RAFPIENE, B G P i 15 o, BRnT BE 5 0 11
YU BT 2B
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T8 3o PR TR Pl B /s (AN 4 i), B
G N AER TG ) X 2= AR T R 2 A L 4
€078 2 R TR | 2% T R 4 R B 10 4000 1 BB /N B R T
AL g oK AR 5 2 S RS X DO e 2 TR A 9 1 R R
/N BESE AR AR WIE TER, R T AN oK AR kL
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Fig.1 UV-visible spectrum
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Fig2 Transmission electron microscope of
quinoa saponins and silver nanoparticles(70 k x )
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FEAEE A R 5 AN KB E 5 B 0 BRSSO B e, X
AT G A 2 T DR L < B (0 A BRI 2
FRAFT PR 2 B2 7 28 BR B A0 29 A7 J00 BRI , X 3 1 i 4
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Fig.3 Particle diameter of quinoa
saponins and silver nanoparticles
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TR BRI BBl 43~ 531 A (8.67 £ 0.58) F11(8.33 £1.53 mm) ;
XU T QR A B ROCR -

DKAR B AT B B AR B S X
RPN TR 4 7 22 53 AT 45 R 1 .7 P > 0.05, % A 4n
BN E RO TCGe T2 28 5, YW IE & ) 7E 4R 1
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K4 ZEmE SR g R
Fig4 Results of bacteriostatic test
T ra~d MUK Sep, Sau, Bac, Lis , Se 53 i1 ARERF T # 45 BR 1A |
G OMEBRE PR TR DT TR

HoAobARw "
24 HB/MIERE (MIC) Ff/NRERE (MBC)
HIMTE 45 3R

rR 2 ml g, B 52 AT 5 9K AR L & W XU 1]
BT P P ) 4 FH A B 0 5 %) 8 € 7] 2 2K R 1 00
SR L T 75 B 38 Ak T T, F5e /I 400 11 ok 32 R o
INARTHBE S D 1 mg/mbLs X 25 Hr i TR 1 410 7R 9 R

WR SRt

SRS H LSk AR T BT B0 TR ROR 22, fe /N
PR /N AR B EE 7391 09 0.5 FT 1 mg/mL; o) i
PREF AT B 0T MR 25 AT B B0 100 ) 4 &8s, A
SA v 15 T 2 2R, die /N 00 TR R L N /N S TR R R
o0 1 mg/mlL s X 2 1T 4 25 3R TR A 00 A S B AR T
AEAS N 75 85 28 0 Sk A0 5 5, dic /)N 3000 TR o B R e /N A%
HHEE 4354 0.25 F1 0.5 mg/mL,
25 HHEHFUHNESER

FHIEL S AT, Q3. Q4 FIZE AL AT KI5 4
X IEH B R R A0 ( GES) F1H 88 41 i (SGC) 41
T 58 B e B g 18 hn A n, AH XN T 50% B AE
KA BC A X GES F1 SGC BRI,
3 Wit54it

AL W S AR ERTE 5 0 B ) A5 2 ) AR 4 42
WP (B2 RARTT ) BRI MR TH B Ag ™ 3B JFU Ag
P AN KRR T I 5 MG S e B
B SRR TG W), AH LA 2208 s v i AR 2 IE
JEGRVFNESSE R, Al 28 07 Wk IR (B2 A AR SLER
il # HOEE A 1 GRS W e 52 b = DTl
A TE SRR IR0 IE B T S-S W 0 AR il RLAR
ST RN PR AR Z L T 10 nm &b, BN
FRIARAIAFBC S e B Bl B BAA R 4514 3R 1A
PRSI L WA T X — i, BT R A
RWIEW B TR S MR, 2RSS
Triterpenes[m W SEAE AL UE , A T E2 PR o

SR T ) A A B A R S AR AR T 5 W)
AR T2 22 1 1 RN AN oK B 0k 5L A G B A TR
e, Ny ELAH M B PR . B 32 W A7 AR S 2R Wil s 7]
AUERC &P PR B T IR REAS B 0 1 i BT i R,
TN, 33X AdE 22 22 B 5 QORI G W I B
PEAS S T HE5R . 455 SCmk [38 ], #EII R Z Ay 59
KARBC S M A HLEL T e : — 2B &9 5 4
R A IR SR 435 5 52 i) JFC D1 B, DA T 5 i) 200 Y B AR S

1 TR BRI e g
Table 1 Results of diameter of bacteriostatic zone
R . P B L% (mm)
Se Lis Sau Bac Sep
| BHEHE 9.67 +3.06 8.33 +0.58 12.67 +0.58 9.67 +0.58 12 £2.65
2 BTG 12+£1.73 11 +3.46 10 £1.73 11 +2.65 1433 £4.16
3 YR - 8.67 +0.58 9.67 £0.58 933 £1.15 11.33 £0.58
4 SR BT - - 9.67 +2.08 8 +0.00 9.33 £3.21
5 SRFERHE SMAEREY - 833 £1.53 10.67 +1.15 8.67 +0.58 11.33 0.58
- R TIEROR
2 EEZYE) MIC MBC )il 5E 455 (mg/mL)

Table 2 Results of MIC and MBC test( mg/mlL.)

. Sau Sep Se Bac Lis
Pt MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
HEE 0.0625 0.125 0.0625 0.125 - - 0.5 1 1 1

A6 v Ji5 0.5 0.25 0.0625 0.125 1 1 0.0625 0.25 0.125 0.25
YRR 1 - 0.5 1 - - 1 - 1 -

R BAT 1 1 1 - - - 0.5 - - -
(e 1 1 0.25 0.5 - - 1 1 0.5 1

I -G A AL KA
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Fig.5 Results of cytostatic rate test
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