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Abstract

The L-cys modified CTS (CTS-cys) with the content of thiol up to 333 pmol/g was prepared by
chemical modification, which made use of good film formation, bacteriostasis of chitosan (CTS)
and good antibacterial, antioxidant of L-cysteine (L-cys). The inhibitory effects of CTS, L-cys and
CTS-cys on Escherichia coli, Bacillus cereus and Staphylococcus aureus were studied by the method
of inhibition zone. The experimental results as follows: L-cys had good antibacterial activity to the
three strains in the tested range; CTS-cys had good antibacterial effect on Escherichia coli and Sta-
phylococcus aureus and the maximum inhibition rate was 89%, 92.9%, while the maximum inhibi-
tion rate of CTS-cys against Bacillus cereus was only 60.5%. The maximum inhibition rate of CTS to
three strains was lower than 50%, and the inhibitory effect was poor. Chitosan cysteine deriva-
tives have largely coordinated the bacteriostasis of cysteine and greatly enhanced the bacterios-
tatic ability of chitosan.
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HE

TR TR BE(CTS) RIFRI R, MMEERIL- LB EIR (L-cys) RIFRIINE, Pisibik, Bt bk thike &
THESBEE333 pmol/gIL-cysiECTS (CTS-cys). EAMEBVET T CTS. L-cysFICTS-cyshi K
it EREFRTENESROREEREARNMENR. LRERRH: EHNRGEEN, L-cysi=HHE
PRISE RIFHEYE; CTS-cysi KIGHTH - &R A ERE I EBRIFERER, HAMEEHN89%, 92.9%,
SR AT E KR A E R RH60.5%; CTSH =FMERKIRAMERIFES0%KFEAT, MERE
. RREERERTEMRAEE L E T EERNMEYE, KXRE T RS .

XK ia
TR, FBRR, REST, HUIKR, MEtkee
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1. 518

Fe R ME (chitosan, CTS) & LW It hME— K EAFTEM KR BPEZ B, JEF Ok, v AEVIBEAR . AEIAHES
PELF . AR, BAMR RIS ENE. RSB SO, PRS2, ERY. Zi8Mea M55
WAE ZHINH . R TIREOREE[1] [2], HIRERAEIEME FAKME, 7T & Fh S Ak 573
B ), TER T — MRS, R EEA SN0 A S BN, A SRR, T R
IRFIRAR AR 3 Bk, I RS M3, WA S K R SR G . B— X K IRAH
—ERIOREEE, (HAR R B — sl i R IR, MU 2R SR RE 2, MEEEIESE, 8
I — 2 TR R 71, Refs oot ek 4, ST R AT & FHAREE (3] [4] [5] [6]. Ban: ZEEAK[7]RH—
Bt S AR IR N R A TR, WA A — i AT EE, EAR T R SRR, M A
Ay N, RIEGERBES) A RIUF IR 2 KA, (H5E RER b S B FE A7 AR T R bE P4
files BURIEF R . PR IR RS

L->F Bt 2 B8 (L-cystine) /& — M B A A B D ae BL7E H AR Y 2 AFAE M B R . TESEP IR N RE g L 2]
W7 A A S 0 R RS i 70 A Y 2 2H R T 1 20 2 P g I p M — HLA TR PR SRR (-SH) I &L BE 1
JZ N T 29 A i 9] L2 RUR L 3 SR P -SH A HL B W 30861 7K SR Bl R 4 AR 0 5 [10]
[11], dk4h, EEA—ERMEER, 2 SOD it s, X R B &3 (8 & Bk 8 # A 1R 50
WAEH . HHT L-cys AZIEBRE/N > T, HoKIS IR KRR A GER AR I, Tovk B e i R
MR Bt L-cys X488 (0 A EK B AR AT B3 A JsIE 9], B, AScsid b EimE, &
AT FH T 7K B AR08 1R e 1k 75 SR B (CTS-cys), 52 HokH ek BE[12] [13] [14].

2. SLHERSy
2.1. #H

2.1.1. FENESAF
{8 B A5 H 21 A1 5618 4% (Perkin-Elmer240Q, £[E PE A ). 4T WL/ 66 B (U-3900, HAH 37
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A %

AF]) WIRTERHL(LCT-10C, ALt PUMEAXER) A RAR]). @ TIES(SW-CI-2F, 75id4E BT3¢
RES[HEARGR A HER TR (SPX250B-2, RIS B & HIRAR). FHAE IR KE %%
(XFS-280B, #VLHT =BT s tiA R A A]).

CTS, L-cys, 1-Z.K:-(3- S ANk — WX Sh IR £(EDAC), & Abeh, A s, L, ks,
TRARBRER S : 35 M T 4iikFI(AR), W E T LR b T AR A R A F o TR HESER, &7 Ek:
Y&, R TG .

2.1.2. MREHK
2 RPIERIAT B, 422 KPR s (R G BRI, WA 2P AT I el R AR 22 i 22 e ik
AW SR F

2.2. CTS-cys B R

¥ CTS T 0.1%HCI ¥R A% 1.0% (WIV)5E KBV, EDAC & =0T )5, #%EE/RH 1:1.2 (CTS:
EDAC)E R AR, ZiR FiE1k 45 73 81[15]; FF LR E LA 2:1 (CTS:L-cys) 4R ELF I L-cys K542
BN, ottt =R TR 3 /MG, [FERY, B MBAKRE CRET, whiE, [RUE
PPN IR ENTAS . Bl 1 mM HCI (pH = 4)%7GENT 11X, JG H4 1% NaCl f1 1 mM HCI %k
FEHT LK, B 0.5% NaCl f 1 mM HCLERGENT 11k, BATIRIRG 24 h, BT RS H I A RIR HLgbs.
FENTIFIRE il o S IR TV R T8, 13 2378 CTS-cys T 4 CIRAF%H

2.3. MK 5RAE

2.3.1. MEMTRAIMERFETIR)SH

G5 BTG5 &2y B4 A 1.000%01 L-cys. CTS Fl CTS-cys KB, #HUE BRI T IS F, Rk
DA JE AEBRE B RE, BT/ NG R B MIROERR, DL O S RHET I SA4, H FTIR SRR
Al HEAT LA EE I E -

2.3.2. EIN-AT MIEAIE S
7y BVEGE § L-cys. CTS Fl CTS-cys il & 5 570 30 0.001%[0) /KB, LARBAE /K NS b ar L4k,
£ 200~800 nm K R HEAT I, WEATA WA S KIS 7 B, SR BAE F A O 3k [T 45 R

2.33. HBEFEBHNE
K B EE[16], FIH-SH A 1, IR 5 R B, af T IE ik & & . FREUE & CTS-cys, LA
3:1000 FI LB R T #BAEK . F AM HCL I pH = 2~3 YR, JEIMA 2~5 % 1%3ER . FH 1 mM it
VU T BRI N6 H 30 s WAKRE. X AN (L-1)ITESTES E.
2xC(1,)xV (1,)x107
m(CTS—cys)

n(-SH) = x10° (1-)

A n(-SHY MR A Y53 5 12 = (umol/g) ;s C(1o) ATILA A B (mol/L) s V(1) L Y 74 FH (mL) s m(CTS-cys)
N TE SR D = BR AT A B R () -
2.4, CTS-cys HIB5#82E 5018

TiC 1] Jot 5 43 H0A 1.000%11) CTS-cys. CTS 7K« MASKAE R 23 R RV, 43 ) Ak B 6 ) 7 3 SR B G
77), € SAMLEE 0T T )3 R B AR R
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2.5. CTS-cys BYHNESELE

K FH 0 BELEAN CTS-cys BB R - B CTS-cys ¥ T 70 B /K e il B 4 0.2%, 0.5%, 1%, 1.5%
WA, BRI SR OB EIRE . FRT 5 R AR LR 2R, 37 CIHEIERETE 24 he KEFEH
AN E A 55 352 B E TR RO, FIRPR AT B IR AT R, T L LRE IS, TERRAE & R E R
RIIERE R, BT S, BRI 2 2A R MR R b, BANRE— WA, I E—4
2 ASNEAMEOS IR, HE T 37 CIHIRA TR 7% 24 h J5 0 RIME L%, L-cys A1 CTS FE 5K ik 7k
[ B AT S MR Fe 4z A (1-2) tH B

D-d

RI = ——x100% (1-2)
D

A RIDHINEZE: D AXIBEE ER; d NEHEEENER.
2.6. CTS-cys XNk Reh Ve S EBHEIT

FHAN R0 2 1 5t 7 SROMH DR 66 77 (C T S-cys) e & 48, SESRMEAT REESLI0 . SR A ARV [17T00 8 JL R I
#EEER C HRIENL.

3. BRE R
3.1. CTS-cys BuZk#y

3.1.1. LIS KiE S

P 1 B, 55 R E I BB 3680~2950 ecm U FR L 4 A U, [ S5 AL AR R BhIE RS
KRR T TR R U KR S TR M AR A TS R G, XA ma&
B AR A . 7E 1024 om P AHIEEREE C-O M4RIREN ISR AR5, WII-OH ERA T /B, HEEs
1726 cm ™ Ab UL T C = O HEAE MR UG, L3R EE BH SR 30 A, T BB S SRR AR R T s RS L7 1631 em
b i TR | WA , 7 1517 om ™ A IR 1 W O AT , R BHAT A b mT BT AR T BRI (-NHCO-)
M7E 2490 e Ab A — /N, JE-SH RIRFAEMRISCIE, 25 BHENN, SE5RAE EREIER LR ErRIE R
AN, I AR R R RS A, [FIREHE L-cys BROSRIEES] CTS L.

3.1.2. EIpKIE SR

M 2 ATRLE e Fe R, LR r RSO GG AHALL, 76 200~400 nm 345 BBl N A B 2 I i o
ULHAFERPE S LR R IR A R R G . 72 RBEAE 210 nm A S RIS, 2 58 SR e K ie it
£ 309 nm A — ARSI . L2 Bt 2 R I 7E 210 nm 45 -COOH & [ 1) e K MR U U, 7] B 38 45 Bl €6 [ -NH,
CTS-cys A /MU, TirH AN R AL BE S0 BRI K OB A 210 nm, i CTS-cys
(1 Bt KRS K AE 209 nm, 240 PT RE IRl R 1 B KR . R IAFRIRNE S LI IR 2 MR AR TR
L, FERTDAHENE e R F RS LR R IR T A T Bk, 5 R I p 45 A — 2

3.2.CTS-cys WG ESE

TESNA S RSIINFIR] S S S S A A S AR BRAH [F] RT3 N, BARR € J e 52 2 0.001 mol/L A i 5E
PR o B (1 5 ZHFE Fh(a~e) o &5 R BRI 3), 4L 4 FAT, $i%E & RAE 325 umol/g 7K
FTFES . SEUEN 316.27 £6.70 £ 332.10 + 3.06 umol/g (X+5, n = 3).

3.3. CTS-cys M) RRH B8 L
AN TR )3 R R 1 B MR R ] 4, Y CTS-cys AL BRI EE D) SRR, 4~5 RINFA HE I B
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Figure 1. IR spectra of CTS and CTS-cys
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Figure 2. UV spectra of CTS, L-cys and CTS-cys
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Figure 3. The thiol content of lyophilized samples of chitosan

cysteine derivatives
3. ERMEEMEMITENFEFTHRNRESE



FAE 5

MR, T CTS ¥R B ZE /K AR 1) S S B AR B i
3.4. CTS-cys, L-cys, CTS HOHIEHR

3.4.1. M REBITFEHINELR

B 5 FTLAEH, L-cys Al CTS-cys S KA B S A 1R IF I AR, AEMN IR BEVE LA, S5 REIA 3
IR TR RR s CTS W KA B I B RE /0 59 FRAM I 2R <] 4 AT 0, L-cys 1 CTS-cys f911 B 5
LR FEBBAR E], HOBEIR FERE KM BT, S 0B R T IA 3] 100%F1 89%. L-cys X Kz FF B F #0080 R A e
w(L-cys)A 0.5% Al ik e FE N AR, BAEIREE A 0.2 B R 4K . CTS-cys £ W(CTS-cys)A 1.5%F Al
IEEAEM SR, 7E 0.2% IR R, FME R E L-cys F1 CTS B, 1 CTS s =i % 1A 49.36%,
AT L-cys F CTS-cys, g 2R Bl ok 55 3G R 386 K, AHSE Mg FE A/ o AR TR AR) TAEH, d@id b

(Q) XU IK VB (b) 1%CTS K¥EH () 1%CTS-cys K

Figure 4. Effects of different solution on anti-browning of fresh-cut
apple pieces
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Figure 5. The inhibition rate curve of CTS, L-cys and CTS-cys against
Escherichia coli
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DSV 45 00 T £ SRR IR R SA-cys [18], K KT 1R (141 B AR 22 55 4

3.4.2. MNEEBEABREAOHMEBR

& 6, L-cys S 4 # 6 A1 47 2R B8 (K040 B RCRARSF , 72 J3 30 R A 24 56 440, wi(L-cys) > 0.2%
BT ik f A B RO s T CTS-cys X 4 (1071 27 BR B 1 401 1 AR AR GHER 55, S v A BT 38 4E wi(C T S-cys)
1.5%i% 92.86, 7E W(CTS-cys)y 1.0% A TE S = AN R, 5 SA-cys AHEL, CTS-cys X 43 5 €4 & 3R 14
AN BE BOREAF LS, CTS MME R R818 LIS, (HEmilm % 1 ik 51.23%, U L-cys 1B BER 1
—2e
3.4.3. FHEFEFRATEKNIEYR

B 7 ATLAE H: L-cys, CTS-cys, CTS XHiiff 2 AT B 3545 — & AOPIBIROR , oA 2 bl 5 1 K
Tk, AR, HSCR 2 KM R B R0 3 €003 57 BR 68 (bl O S8 BRI, AT Lecys

100 °
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Figure 6. The inhibition rate curve of CTS, L-cys and CTS-cys against
Staphylococcus aureus
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Figure 7. The inhibition rate curve of CTS, L-cys and CTS-cys against
Bacillus cereus
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B B R 0, e v W 98 81.22%; CTS-cys 5 L-cys B 5544, fi = 1] 14 60.50%, 11 CTS K1 15 %l 44.05%,
1N L-cys [)—2F. H. CTS-cys HIFNEE & Rz A an SA-cys fIE .

3.5. CTS-cys XNk Reh Ve S EBHEIT

FHHFE 9 1.0~1.5%wt CTS-cys PREE TN A AHEAT iR I OR A0 2, T8 DY K J5 15 Ve & & 324.51
mg/100g, Vc & N T 13.89%, Z5HA4 Ve &8 T % 34.77%.

M5 FIRFEVRFER CTS-cys OREEFIN SR FAT IR BEOREEAL IR, 50 R EMAH Ve &N 2.25
mg/100g, Vc &8 NI T 43.75%, A4 Ve &8 N % 53.75%.

4, 4Eig

1) @I B £ (1) CTS-cys 4 P45 & CTS F L-cys MIARFIESEH], SIAT-SH, HEH
It Al ik 335.16 pmol/g.

2) CTS-cys HA RAFHIIETE, X 3 FEAR I B RUER MK BN AL B A R, KA,
T ZFFOAT B o R 4 B0 €00 %07 5 o A1 AT DR M A 7 1) g v A1V 18 32 23331 92.86% 711 89.00%: 11 Xof s A: 2 A+ 14 1)
RN 60.50%. LG /AT SARPE B ROR, 2808 1.0%~1.5%01) CTS-cys /KR EcIE HAE A
) SRR LR 7)o

3) AT EIE I NS EEA-SH 5, TE U IR AU, 35 SR8 T FAIK, (R ERAL T W A s
U5 TH-SH BATEJEIE, DTS S B b (R S AL BRI PR . AETRIE 261 N, -SH e v] 1
SRSCIRME IR AR T, AT SRBR IR JE 12 AR TR A

4) KRB EERIgEER C, A —EMEEME, S ma A, 7K R R kA (R
A, TE RS ORI, A T TR BRI R, RS AR EE &, KR TRECIRES, Vel
ZHIMARE TR, Ve SEMBUDE TR 1A, HEAEMIARR KX Ve 2R A —E M
M) o

ZE&UWH
FE KPR EARF NGt H (5 4558 : SRR BB REEFI T I0H 5 201610573008).
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