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Preservation of EGCG antioxidant properties
by loading CS—-PAA nanoparticles
HOU Shao—yun, HONG Zhi-yong, YING Hao,HOU Shan—xin, HUANG Mei-rong,DU Qi—zhen"

(Institute of Food and Biological Engineering, Zhejiang Gongshang University, Hangzhou 310000, China)

Abstract. (- )—-Epigallocatechin-3-gallate (EGCG) was loaded in chitosan nanoparticles for the preservation of
antioxidant activity. The effects of the weight ratio of CS to PAA,pH,the reaction time and the concentration of
NaCl on the properties of EGCG-CS-PAA complexes were studied. All four factors significantly influenced the
particle size,the Zeta potential,and the entrapment efficiency of EGCG. A stable and clear solution system
could be obtained at pH3.5. The best EGCG-CS-PAA nanoparticles was obtained with the reaction time at 1
hour and the weight ratio of 1:1(CS:PAA).Sustained free radical (ABTS*-) scavenging assays showed that
the antioxidant activity of EGCG was retained by the nanoparticles. Meanwhile, EGCG nanoparticles were
found to be a better protection of EGCG at high temperature and alkaline.
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1.1 MREEE

EGCG (98%)>  Jo# NPH 4k = R A R A Al s
PAA Gy T-E30~50 kuw)  sKMEE FRHEAA R A & ;
CS Uy T H3~10 kw) WL AR A LA 7
HoAh A 2455 W T al, e R R A
H] s S K B aliuK .

S810RM .00 Ml 32 [ Eppendorf A\ ] ; Zetasizer
Nano—ZSIOGRIEAY  JEE Malvern; UV3600%5 4]
TP YEHEE T LC—20A S 2B AH i A H A i3t
AHE JEM-1230iE 90 e HARJEOL; IB-33EiR 1%
g R WEHT A A A B A ] s DK—S26 28 Hi HAUH i 7K
Wi MRS SIS e A B A F] s Millipore Amicon
Ultra— 153808 BB RAEWERIHEGRA A .
1.2 KBHIE
1.2.1  CS-PAAYIK I HUAA RFIEGCG-CS-PAAZIK
WA ZR A% S Deh—Wei Tangf5U51h] 4% 78 58
B LN AL 7905 o FAREN 52 TR 5 11 CSIE A AE 1 % LT
W, 10 mL CSE W 123 N2 10 mLIK A
2 mg/mL PAA/KE W, I i B+, AR il
PRI, PR EER00 v/min, i N 58 B4k 245 460 min,
15 2]CS—PAAYIK I AR R

AW 58 R IR 4 55 B 32 % CS—PAA Gl K it
FRI 52 . (D 45 £ I 1A (5.10.20.30.40.60.90 min) ,
FLA 2% 24 24 CS/PAA Gw/w) 2h1.05 (2D W 1 pH (pH=
2.0.2.5.3.5.4.5.5.0.6.0.7.0) , HoAth 41} 4 CS/PAA
(wiw) 1.0, i F1 I )60 min; (3) CS5PAAKFi & L
(0.75.1.0.1.5.2.0.2.5) , HAth &A1 A 43 FE TR]60 min,
pH}3.5; (4 NaCIffJik & (0.10.20.30.40.50 mg/mL) ,
FLAZ&AF 24 CS/PAA (wiw) 2 1.0, i FE B 1] 60 min, pH
3.5,

% FH CS—PAA YK RLAAL 1P i) 26 2 300, BRI — 72
JRELFICSTIEGCG GRE N 1.2.3.4.5 mg/ml) # i AE
1% RS MR Y, B2 HU10 mL & T EGCG I CSIH R 2218
W10 mLKEE A2 mg/ml PAAZKIE WD, 3213034
Wik, CAAEERD —— g T B8 7 0, 456 3 5 800 1/min,
nse Ee 4k 2245 $160 min, £ F|EGCG-CS-PAAZIK 5y
[FEENE
1.2.2  KifR M Zeta A M 52 CS—PAA 44 K i A
EGCG-CS—PAAG KL [1] -3 4045 (DR R AR 1] 53
T O (PDD % FH 22 [ Malvern 23 7] # Nano—ZS 754 1%
ST EEA, WO £ S 90°, MR B (25+0. 1) °C, 13
W K633 nm.

1.2.3 AR E 2 mL EGCCYKPLE I T
R PEIRAN 90, 4 CEAT T 4000xg 252030 min, Y2
AL B0 o PRVRAA , 38 T HPLC ) 8 i B 0 8 v i B 11
EGCGHH T I « HPLC IR 444 - i sh AH AAH
0.2%111 218 s TSI AHBAR A 100% 1 #5654
1::0~16 min, 6.5%~25%; 16~30 min, 25%~6.5%; 30~
35 min, 6.5%; (4% 1 Symmetry® C5(5 pm, 4.6 mmx
250 mm) , A1V 40 °C, Kl 4280 nm, JEFEH 10 L.
FCH10.5~2.5 mg/mLIL54N IR A BE EGCG AR EH
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15 hRAE 28 Y=8x107X-0.0024 (R?=0.9999) , H.h X
WAL, Y A EGCGHE (mg/ml) .

AL E (%) = (EGCG 5 B — 8 8 5 0 8 WAk b
EGCGE ) /EGCG M Hx100
1.2.4 EGCG-CS—-PAAZIKRLIM 451 K%
I L B% (transmission electron microscopy, TEMD M %<
EGCG—CS—-PAAYKHE (1 mg/mL) (KA A KN,
FEEGCG—-CS—PAAGIAES AT ity 0 L0 4 o 2 10, 1 2
PR A0 )5, FH DB ARV 22 A ARE s, 7025 = ]
TR AT B LS o RN H A 80 kV .
1.2.5 FRAPIIEEGCG-CS—PAAZN KL () 1240 1
PE SR FRAPYEI & PUAUAL TS P9, BLO. 1 mIL AR5
WA £]2.9 mL TPTZ T AE# (25 mL pH=3.6[1
300 mmol/LES TR £ 2% vk 2.5 m 10 mmol/L. TPTZ %
W <2.5 mL 20 mmol/L FeCLYA# , Bl H LD A 5
F37 C/KAIEF 30 min, T-593 nmAbil & HE 61,
DL PBS 2% i ¥ 5 TPTZ 1 AE W18 A A o 25 1 6 i .
EGCG H i 5 EGCCU: KM AE =it TAFHL, HEEE24
hEAE I 52
1.2.6 &k FEGCG—CS—PAAYK KL AT EGCG 14453
fER HX50 mL EGCGAKME (1 mg/mLD) ¥ T-80 °CI¥)
TEdR A R WE R, TEAS [F] B ] B R (2.4.6.8.10+
12.14.20.44.68.92 h) , K HPLC/r #T4aliKiA R b
EGCGCIIE &, I B EGCGIIRE %o LLAHRIIRE M
EGCGH R R 4 .
1.2.7  #EMESEAE R (pH7.2) EGCG-CS-PAAGK A
AEGCGHIREA  H—E M EGCG-CS-PAA4N
KR, I E15 mLAIpH 7209522 vh i v, 137 °C
MR AT RWE T, 75122234 hisf ) 55, FHHPLCAM#T
EGCCAKI T EGCGI T &, T EGCG LR Y % . FH
i 19 2% 1 R C S AH [FD IR P IH EG CG I MRAE Sl o R
1.2.8 Seitaht RS RASAS V8EEAT G4
BT o PR LELAE il TR 1) 22 e S 35 PR 20 B SR T Student” s 046
8, 20 10 22 F LB SR JH LSDRE 56, p <0.05 K 78 25 = i
EE. AT EE3N.
2 HEREHH
2.1 CS/PAARE L 3T CS-PAAL K I 1 M

K1 A[FECS/PAA T LU 26 F CS-PA A QKR -4 RiA%
SR ZetaiAT (mean=SD, n=3)
Table 1  The diameter, polydispersity index and Zeta potential
of the nanoparticles (CS-PAA NP) prepared with various ratio of

chitosan/polyaspartic acid (mean+SD, n=3)

s q4

- Fi4%Dh I HLFR AL ZetaH1 i1
csean KOS v

0.75 84.7+3.28 0.206+0.004¢ 22.3+0.2"%

1 93.3+2.1° 0.205+0.006“ 31.8+0.2°

1.5 110.4+2.5¢ 0.242+0.009" 40.5+0.4¢

2 126.3+1.9" 0.307+0.015* 44.2+0.1°

2.5 136.4+3.8* 0.318+0.017* 45.5+0.3*

T FA A A AR E TR A B TR (0<0.05) s 2.4,
250 .
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CS/PAAJFUE: LE X CS—PAA Gl K k7 ki 42 Dh, PDI AL
Zeta AT [R5 W R 1T 78 o Zeta AV, A2 2 N 40 2K 44
FEEMR A E IR, Zeta A 8 X5 5y, /N
FURE R) J 78RO, AN 2 R4, T B8 A A A& e .
5 I N, FRE A R AN Zera FELA 1 86BN KT
30 mV!"7, B35 CS/PAA T LU I3 0, g K kr k42
Zeta A UL K 3 TR BB W S K . Zetalifi g 5 S8 % H
RIS I, 9 SEAE LN KR 2 T H CSE Ak =2, gl Kk
T AT 22, Zeta FEANL BT 0, AT TR s K 1
LRI . 7ECS/PAA T L N 1.OB, Zeta HEAY. D48 T oK
H R E (31.8 mV) o JIT LAAHIFTIL H CS/PAA T Lk
SR N G ST .
2.2 pHXTCS-PAA4Y K HI i &l

pHXF CS—PAAZN K7 K7 4% Dh, PDI K Zeta HE AV 1)
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Ji » AN KR A I IR 2 78 0 T T, 4k 52 I N 4 K ok 22
[F) 25 2y SR AR, P RRLAR G O, )5 SEHIT sk FH 5t B i)
[7] 460 min.
2.4 NaClgyik B3t CS-PAAL K i1 i 52 Ml
NaCIfFJIR BEXTCS—PAA Y KRR 4£Dh, PDI M Zeta
O PR S 1) L1 2 4 P 7S 5 B A A4 2R NaCLAR S5 ) 39 0
EP N AR RS TP VA b e %7 by N S I < & = N T
K BT 123 B AN SPIRAS , WL T~ 2R 1 F Ayt 328 38
PN o P NaClAR BE K 50 mg/mLI, 44 2 H 3B 5 19
VIUE o Ja S5k - NaCIFH B4 0,

KA NaClRBEXT G ARLIRIRIAZ, 20 BUHR 20 K zeta FEL IR 520
Table 4 Influence of NaCl concentration on the mean size,

PI and Zeta—potential

S U2 2 07 715, 40 KL RL A% B 25 pHLIK) A W 489 K, NaCl (mg/mL)  Fif2Dh(m)  ZFHEEHPI  ZetaHIAZL (mV)
P25k N 5 1K, 7E pH>S R HE BVl . /EpH=3.5 0 101.4+1.8"  0.209£0.005"  34.3+0.3*
B, BEAE B /)N » Zeta FEANE R 40 O dpe K, 9K A4 7R ER A 10 257.3+4.6"  0.448+0.017° 12,6204
Fasg . 20 507.5£5.5¢  0.357+0.006° 12.5+0.6"
30 530.6+4.3"  0.436x0.009°  9.87+0.8°
22 AFEpHFT 4 ICS-PAAZ KKK A% , PDIK Zeta FE AT 40 1357+4.5  0.488+0.015* 5.3+0.5"
Table 2 Effect of solution pH values on mean particle size and 50 ULTE — —

zeta—potential of CS—-PAA nanoparticles

2.5 EGCG-CS-PAAZIREZRHIRIE

k45 Dh I EdRE ZetaHiAT.
pH (hm) PDI (mV) 6 F_E R 5 CS—PA AZH K K1 85 £ 46 £F (CS/PAA
2.0 191.1+3.2F 0.401+0.015¢ 9.63+0.3" JiiE k1.0, pH43.5, NaCIIFR B 80, FiEdEI (360 min)
2.5 182.3+2.5" 0.424+0.012¢ 16.8+0.2° Hl#ZEGCG-CS-PAAG KA. EGCG-CS—-PAAZKN]
35 94.6+1.5° 0.28+0.005" 33+0.6" FISF 3R 42 Dh  PDI Zeta FAA. B B R EE UR SR,
4.5 204.2£10.2" 0.288+0.004" —7.29+0.3" B 3H EGCGH S 38 i, Rif=AT Brag n, vy R EE, &
5.0 400.4+9.5¢ 0.563+0.016" -20.2+0.1¢ FHE T AHLE T CS-PCGA CEB R 41, CS.PAA
6.0 443.116.5" 0.403+0.013¢  -30.1x0.4" JIT ) 26 PR 200 KA H A B g ) Al s,
7.0 1456.624.6" 0.6510.017" -19.220.5¢ 2.6 EGCG-CS-PAAZN KRB M AL S W 2R
8 3oL 37 S e AR BT (TEMD W % 409 KR A3oM,
2.3 #EHEAEXF CS-PAAL K i # 8 Mi ZER TN 1T 7, B 1 —A S o 4 KR 2005 I P B A

Fi £F 1 T8 X CS—PAA 94 2K KL R 4% Dh, PDI K Zeta 0.2 wmWELTE B P, Kb 1 S5 I ERE , 4y Ay
FELAYE RS20 U R 3 T 735 AN [R] 1R 38 £ i) 18], 1349 %7 4% A), TGH SRR . B -B o, T B gl Kok 4 e

HARFVEZ], 60 minZUR e fE. 45 W60 min 90 nm /e A7, T TEM P &I 4 o 75 2214, I3
K3 ANFIBEREIN TR 26 A KORDRLAR , PDIA Zeta FLAL

Table 3 Effect of reaction time on the mean size, PDI and Zeta—potential of nanoparticles

P H: N E] (min) 5 10 20 30 60 90
$74%Dh (nm) 121.60.14¢ 134.4+1.48 135.35+1.8% 122.9£0.8" 102.8+2.6" 149.5+3.5%
Sy EEREHPDI 0.282+0.015" 0.289+0.015" 0.209+0.015" 0.228+0.015¢ 0.207+0.015" 0.327+0.015*

HLAZL (mV) 35.70.5* 35.320.4* 30.2+0.3¢ 34.320.2° 34.220.3" 22.420.8"

VE: AT o HA AR P RHE A B TS (p<0.05) .

#5  EGCG-CS-PAAGIKKIIFRIAEDhPDI. Zeta HIA7 . (L £ EE
Table 5 The average diameter, polydispersity index and Zeta potential of the EGCG loaded nanoparticles (EGCG-CS-PAA NP)

prepared with chitosanand polyaspartic acid

EGCG (mg/mL) $74%Dh (nm) Sy R HPDI ZetaHL A7 (mV) 1 EE (%)
1.0 95.3+1.8¢ 0.1960.010¢ 33.7+0.8 27.20+1.8"
2.0 102.4+3.6° 0.22420.008" 33.3x0.2" 25.0£2.14
3.0 104.5+2.5" 0.1860.012¢ 31.6+0.6" 19.0+1.8"
4.0 107.6+3.17 0.218+0.009" 29.3+0.5¢ 14.58+1.6¢
5.0 112.44+2.8* 0.232+0.013* 27.3+0.7" 10.65+1.5"
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Fig.1 TEM micrographs of EGCG-CS-PAA nanoparticles:
Ax50K, Bx150K

2.7 FRAPEIEGCG-CS-PAAZN KM I &L iEE
Vil

I FRARIEXTEGCG-CS-PAA G KR Prée fb s
PE BT an B2 TR, B I TR (F 4E 4, EGCG-CS—PAA
9 K BLPT AT YK T A HHEGCG, B HH g4 K %)
EGCCHARBIFHARY 1EH -

4.07 B EGCG-CS-PAAGSKHL
3.5 ®EGCG
3.0
254
g 2.0
-
1.5
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0.5
0 o
0 24 48 72
i) Ch)

B2 FRAPURMEGCGATKML I HL AL 1
Fig.2  Antioxidant activities of EGCG nanoparticles by FRAP

2.8 EGCG-CS-PAAKNITE S REHEFXIEGCGH
RIFIER
EGCG-CS-PAAGKRIALE il 554 R X ECGGH)
PR VE W B3 o, KB W EGCG 7 53 K B )
FaFAH B 22 T H HEGCG, 7E 1792 hid )5, EGCGYY
KRR ECCCIRH HAKIRA5.7%, 128 51 FEGCG H th
W&o IX R A T 2 I EGCG-CS—PAA K AA R
BEAE VR A1 R AT EGCG I B8 M BT B U i A 3
YEH -
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90 "EGCG
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Fig.3 The EGCG remaining in EGCG nanoparticles at
high temperature
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2.9 EGCG-CS-PAAZ KL TR 4 &4 (pH7.2) XF
EGCGREMNRIPIER

EGCG-CS-PAAZKHRLALE iy ik 2 1~ XTECGG I
FRGAE i B 4T 7, EGCGTE Bsi P A 8% 38 )i,
Z32 h EGCGAR B R RN 11.6%, TR&d2 h
EGCG LT3 it 58 4%« EGCG—-CS—PAA 44K ki A8 Jiy
1 h EGCGLRHE & F IR PL56%, n GER A EGCCGHK
7 2 T W2 B 10 9 B EG C GV gl 23 i, Bt )i 1 Akt 34
V2E, &4 h)G HEGCGIR B R 33.1% . Ui
EGCG-CS-PAAZKRIXT EGCCAENRME AT (F& e
PR B RS E T .

120

100 ——EGCG
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80
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40t

EGCGH & (%)
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Fig.4 The EGCG remaining of EGCG nanoparticles at

alcaline environment, pH7.2
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PE I 1) B 25 1 R JEE 6 A KR (K RLAE  Zeta A < 28024
HREA B KRR . ECS/PAA L EE 4 1.0 pH K
3.5 NI [E] 2 60 min B, il £ H I EGCG—-CS-PAA
N AR AR A RN 2R 11 HE Ay S5 BRARF AR e A - FRAP
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AR A EE ST 1) S o Y A H A TR
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