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Application of cinnamon essential oil loaded chitosan nanoparticles
in chilled meat preservation

LIU Zhan-dong, LI Lu, QUAN Guo-fen,DING Wu

(College of Food Science and Engineering , Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective)] This study used cinnamon essential oil (CEO) loaded chitosan nanoparticles to
expand its application in preservation of chilled meat by overcoming its volatility. [Method] The CEO load-
ed chitosan nanoparticles were prepared using ionic gelation process. Then they were characterized by TEM
and SEM and encapsulation efficiency was measure. Preservatives of CEO loaded chitosan nanoparticles
with mass fractions of 3% and 6% (CEO mass fractions were 0. 2% and 1. 0%) were prepared. Chilled
pork was then processed with preservatives,and color (L value,a” value,b” value), TBARS value,pH and
total number of colonies were detected. [Result] CEO loaded chitosan nanoparticles had a spherical and
plump shape with uniform particle size after freeze-drying. The encapsulation efficiency (EE) was (37. 5%
2.1)%. Based on the analysis of color, TBARS,pH and total number of colonies of chilled meat, preserva-
tion of chilled meat by 1% CEO loaded chitosan nanoparticles reached 6 days at (4£0.5) ‘C. [Conclusion]
The CEO loaded chitosan nanoparticles had good characterization and can extend the preservation of chilled
meat.
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2 K i %7 (Nanoparticles, NPs) 52 iz F 40 K 35
AN Wy B AR BORE AR K/NE 1~100 nm kL,
BAT RSN /N RSF SO0 5 RO A5 8 e, 3R B
R 2 AN [R) T A% Ge 4Rk T B 4 B AL 2 R A )
LR R S = U B S S AN /D VR TNl N S
J5T 5 I REAH LE  FT AR £ i 0 22 00 R A 1 o A 4
JRR RV T R DA R B R Y R AR
BLAK AT B2 T B R R T % B
KR

72 F A (Chitosan, CS) RFH (1, 4)-2- 2 i & -
2-JIid 43D M L 2 I HT 7 3 J50RE 4 IBCH R 1Y
— b2 A 0 RE I K ARG 220 L AR B T A R A
RIRE)ME— R EAFENE FREY, B EA
B3 1) A 0 R 255 P B e AT A R R B L
Pz R T B AR T SR —
D iV 1| IO P e = W s e N R o i
Y 5. 4 o £

P94 ¥ W (Cinnamon essential oil, CEO) i #
P A5 S BT A HAT WY 8 A 40 A A0 R T T 1 TR
P R R £l 977 65 O 68 550 F £ T . HiR
K 0 2 #8  PE  AE N ] B vh 25 5 2 BB R o,
FOR A RS o PRI A 3 %) 2 T RO il
PR 500 % B DR B SO OR, HETEERE S B
TR TR BB 11 22 B L B 7 SR MHRL 1 B8 7 SR AN K ORL 1 45
R IR AR R D TR I R AT AR
B DL 7 SROME 0 KORE Sy A 60 3 PR R RS il L LA
ESSSEENR I e 8 R ok Bk e R b
KRB R IR ST T e L 20T i & 00 RS
FE M K AL (CEO-CS-NPs) ) £ 1 | 2% B 1 i
XiF Ve A IR R DR AR T DU S v 100 PR 8 0T 5% 25 5
Hefilt

L #E5IrE

.1 & #

L1l MAS5RA RER 0 (L 90%0) , KR
EEEMERARA AL w B RS ST
LA =902, LB R TR A R A B A
PR R BN W A BEVE R R A X T, N A A
VKBS R (HAC. 20 Mrat) . = BB R4 (TPP. 4 #rat) |
- IR-80 (AR, 43 #r4l) (G /K L BE 95 % 2B . A
Bt ZE TR K AR 4K

1.1.2 MB5%& 781 BB i dEes, ik
AR WAL 2# XA ) s HC-3018R 15 3 ¥ VR B3 0o AL
LROD B R AU A R A R LGI-10D 1A%

T B I s PO IR R 22 AR A BR A W] s UV-1700
248 0] L 43 % % B . SHIMAPZU CORPORA-
TION; pHS-3C #5% pH it. g H 8 Bl AU A
FR 2 7l s HANGPINGJA2003 K 3 (J& & 100 ~
0.000 1 @), il KFAXER T s HT7700 3 4 L 7
T s H S B R 24 W) 5 S4800 H i HL B, H A H
SEANE s WSC-S 6 €8 24 31, 1 I A 2 B # AR A
FRAF B TAER . & A d Al 3 e e R
TEVRRG IR A6 T % I W FEAR I AR ) KA By,
TS A PR S # ; WG-43 85 KT 4, K4
R AR A FR 2 A
L1.3 BAE RHERWEHAE. 1L AR
R ZE AT M AR E R 5 g BERHRE 2.5
g A ME 1.0 g Bl 15 g, pH W E 7. 0, /il NaCl
8.5 g,121 CHEAEKH 15 min,
1.2 HHEFHTEEN KA (CEO-CSNPs) K i
58N
1.2.1 4% % =8 Calvo ZPHI Hosseini 20
75 3 9 m A, R B B 4 A O/ W FLIl
B9 753 i 2% TR ARG e SR BE AN oK kL. BRI CS By
HK,20 CTFEFTHRBSE 1% HAc WP .1 pm
L uE L 3E . FH 5 mol/L NaOH ¥4 pH & 4. /A
I JEL-80 (G 7K 32 i 98 5 (HLB) 15. 9) 8 H 4 L4 %t
J1%,60 Chndk 2 h, #l#% 5. 0 mg/mL [ CS i#
W . K SCHEF] TPP ¥ T2tk A 0. 45 pm GLALIE
AT 38 FE A 1. 5 mg/mL /) TPP W, B HL A A
KTV T o ) G B e AR A L AR S 2R 18
TR A B K AR CS %5 W o o PR R A i o o vk
FER 0.5 mg/mL(LL CS EWARFITHED , 20 C kAl
$iE$ (300 r/min) 30 min, 4 O/W FL. RJ5&H
A TPP W %2 CS 5 TPP Kty 2 ¢ 1,
TN EE A 2 0 /F R AR R L 30 min, JiT
3L 1 W RIS YRR RS il e 3R B 9 K R (CEO-
CS-NPs) ,B.0>(12 000 r/min)15 min, BT 2, 7518
Kk, —40 CEZSBER T HIAH R 6 6l &
Jrid s m CS B W % im TPP ¥ . (BRI A R R
K 175 CS/TPP ki (CS-NPs) 4E K25 [ %
1.2.2 @ 3 % (Encapsulation effeciency, EE) #: ]
Wil % 1) CEO-CS-NPs & ¥ #8125 G 8 I
Mr # BB~ 10 000) £ 12 000 r/min 454 F & .0
30 min, LK B i) CEO-CS-NPs 50k, A SE AR R )
2 mol/ L 5 R 7 W R 40 K kL AR A> 5 95 %6 &
FEAERZE 10 mL 8. HEIN e
THAE 275 nm 00 2 W B2 AR 48 s o it 2 o o TR A
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£ BB CS-NPs %t .
EE(Y%) = (m,/m,) X100%,
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1.2.3 #HesEnsg BERG % CEO-CS

NPs ¥ W R 2350 1 %0 1 B R 75 WOR B 10 %)

BUL . B8 2% B IR (PTA) & L 5 &

THT b B SR B e OB S AR LSRR T 1 B

EON S &1 N

1.2.4 fA#HwENLE ¥ CEO-CS-NPs fil CS-

NPs K- 3B 58 T otk B e Fmi e,
e (R 5 KV MEHIE SRR/,

1.3 CEO-CS-NPs 342 AR R EET R

13,1 AAE B SL AR iR T 4 Cok
FEH A 24 h DLSE o HERR I b IR EERE R 4 °C
S 3 RN N B B IR RE Ry By 100 g,
g3z A 100 mL LR 655 b B2y 30 s, B I 1
FHER &6 R B JE AL 08 T RARFC R T (4 £0. 5)
CUKFE g R . KSR LR 1. R A5
gh L AR BIF 5T e A 4 81 0. 2% 0 1. 0% ) CEO
o AT I

x1 AEFHETREENRNASESRALIRT

Table 1 Experimental design on preservation effects of CEO-CS-NPs

Rk CEO-CSNPs i it 43 8/ 7 CEO Rtk -8/ %4 CSNPs it 550/ %
Test Content of CEO-CS-NPs Content of CEO Content of CS-NPs

XF B (CKO 0 0 0

1 0 0.2 0

Il 0 1.0 0

I 3(0.2) 0 0

I\ 6(1.0) 0 0

\ 0 0 3

Vi 0 0 6

S EE A CEO By i & 43 5.

Note:Data in parentheses are the mass fractions of CEO.
1.3.2 MEHWmEFE BT 2.4.6,8,10
AT 12 d BOREI 22 PR B 8% L TBARS {5, fE6f K 1,
3,5,7,9 d BUREM pH , fE %K 1,3,5,7,9 F1 11 d B
FEI TR 7% S

(O F., FH WSC-S Il o £2 22 1 I 22 A Ff o
B R B BEA TR e 8 hR A LAl e
Mo {H., LEFRHEMNZE . o HERRFERLL
RO HR RN EE ., AN 2 1
S AR R 3 UK A5 R BCE A .

(2) TBARS {8, TBARS {& L)% T 52 AR i o
WO Z TR, B0 ¢ B0 A RERF A, & T
AL IMA 50 mL (KRB E 7. 50 = LR
W R B 80 0. 1% ) EDTAD , 8 3% #8530
min, FIBUZ IE 40 98 . B 5 mL EW . im A 5 mL
0.02 mol/L 1 2-Fi A% I tb 2 1R i Wi . Wk 7K I 40
min,ZA# 1 hJ§,1 600 r/min . 5 min, B I 5
W MERRINA 5 mL & 45, $85) H 4y 2 R B
W43 BIAE 532 F1 600 nm 202 S {E OD;,, \ODyg,
i+ TBARS(#4{v :mg/kg) .

(ODs;3, —ODyy, )

TBARS=""=--75

X72.6X1 000,

(3)pH. H PHS-3C #U¥5 % pH iU A # pH

B . WCRF I PIRE 10 g, B9 8 J5 I A 200k JF 8 21 A XL
727K 90 mL,¥&¥% 20 min, W22 i uE ., A pH it
Wk g pH L FHEZ W 3 45 R E.

(4) B SR HVE BB GB4789. 2 — 2010
CHr i 22 4 [ bR e 1 il B 2 A o A )
SE D IR B P AR B AT E
L4 it

B85 F Excel 2007 #1 Minitab 16. 0 4t i1 & A
BEAT 34T R AT ANOVA 43 A1 & b 3 8] 1) 25 5 1 %
k.

2 AR5

2.1 HERBHTEENKRANRE

2.1.1 @3 & R EEE 5.0 mg/mL,
TPP fim ik 1.5 mg/mL  AEAE M 0. 5 mg/mL .,
pH 4. 0 (&M T . HIMMEREALA 6. iR
F(37.5+2. 1%,

2.1.2 #4aB(TEM)ILE il i 5 5 i 5 XF 4h
KL HEAT RAFE 5> Br, 45 R B R, CEO-CS-NPs & 2k
o AR R 5] B S . KN R 180 nm ([&]
1-a) .25 [194 K Bi CS-NPs [6] £ 5 5k B . T8 25 #0 0)
(F 1-b),
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—
100 nm

B 1 CEO-CS-NPs(a)Fl CS-NPs(b) 13 5 H 455 &
Fig. 1 TEM micrograph of CEO-CS-NPs (a) and CS-NPs(h)

2.1.3 Hafd 4 (SEM) ML E K/ 2 453 5%, BN R I 5
CEO-CS-NPs il CS-NPs % T )5 . 45 & BRI 0k: , i

S-48005.0kv 8.4mmX20.0k 200 um

El 2 CEO-CS-NPs(a)#l CS-NPs(b)#y SEM [
Fig. 2 SEM micrograph of CEO-CS-NPs(a) and CS-NPs(b)

2.2 CEO-CS-NPs 3474 H F 2 3% B 8 1 ARERIV LR 3 R T H A AR A (P<20. 05) , B H

OB — B TR bR B YR e B R e b PRAEDOESE 45 505 6 KL AR F IV L (R AR T Ak 2
ROL IS H WL E IR A T, mik 2 I E S T HAL H (P<<0.05), B HIN,
T LA H B i 00T A S L A A B L RN, B I IVARER R L RE S T L b B (P <
Vo HI R 5L BE T W s AE A B0 0 6 B L (N RS 0.05) o A3 HT S5 PR DAy PR A il 60 2L S R 00 R Tk 1
KBEEGER B Z 8. IR 4.8,10 112 K, BBV HAR BRI LUE K

R2 REFLENCIAEMRBPANEFNETN
Table 2 Effect of CEO,CEO-CS-NPs and CS-NPs on color of chilled pork during storage

b3 L 2t b 4k 7 L 0" b
Treatment Treatment

CK2 51.03+1.13 ¢ 12.4540.53 ¢ 5.91+0.11 b s 49.4940.71 b 12.8140.54 a 7.86=0. 38 be
CK4 49.78£0.99 e 11.4140.34 f 6.414+0.42 ¢ 1o 48.31+0.19d 11.2540.25 a 8.5740.49 ¢
CK6 48.69£1.07 e 10.96+0.5 8.3240.37 a miz 47.78+0.51 b 10.31£0.29d  10.41+£0.51 e
CK8 46.26+0.51 f 10.07£0.35 e 8.9140.36 a N2 52.5941.41 b 13.21£0.51 ab  5.91£0.32 b
CK10 45.77+0.53 g 9.96+0.31f 10.24+0.42 a V4 52.07+1.09 a 12.814+0.28d  6.37£0.29b
CK12 43.41+0.34 g 8.0740.24 g 12.07£0.42 a V6 51.214+1.41 b 13.044+0.76 b 6.91£0.35 ¢
12 51.094+1.05 e 13.0940.43 be  5.89%£0.23 be Vs 50.774+0.53 a 11.984+0.79 b 7.84%£0.51 be
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4% 2 Continued table 2
Qb3 . . Ak B . .
Treatment L ¢ b Treatment L “ b
14 50.79+1.41d 12.86+0.29 b 6.31+0.39 ¢ V10 49.4240.61 a 11.21+0.31 b 8.51+0.57 ¢
16 49.29+1.21d  12.09+0.56 ¢ 7.67+£0.26 b V12 48.0940.35a 11.07+0.22 a 9.87+0.29 f
18 47.8040.31 e 11.874+0.78 ¢ 7.54+0.49 ¢ V2 52.4940.98 b 12.92+0.47 d 6.21+0.36 a
T 10 46.8740.42 9.54+0.51 g 8.99+0.51b V4 51.87+1.02 b 12.31+0.37 e 6.494+0.17 be
112 45.0140.27 9.91+0.33 ¢ 11.30£0.54 b V6 50.0540.98 ¢ 12.01+£0.43d 7.27+0.30 ¢
12 51.2941.02 d 13.24+0.29 a 5.87+0. 21 be V38 49.0740.29 ¢ 11.03+0.36 d 8.09+£0.42 b
4 50.73+1.21d 12.974+0. 26 ¢ 6.32+0.33 b V1o 46.88+0.54 e 10.95+0.39d 8.36+0.61d
e 49.3340.97 d 13.074+0.54 a 7.01%+0.51 de Vi2 45.6740.46 e 9.88+0.53 f 10.72+0.29d
s 48.2440.78 d 11.994+0.63 b 7.93+0. 39 be Vi2 53.2441.07 a 12.97+0.31 cd 5.84+0.19 ¢
II 10 48.0940.29 ¢ 11.0940.34 ¢ 8.547+0.36 ¢ V4 51.90+1.13 b 12.79+0.56 d 6.40+0.39 b
nmiz 46.2340.41 d 10.774+0.36 b 10.2140.39 e V6 51.15+1.71 b 11.95+0.63 e 7.07+0.45d
2z 52.27+1.48 ¢ 13.26+0.28 a 5.90£0.19 b VI8 49.434+0.56 b 11.86+0.59 ¢ 7.984+0.53 be
I 4 51.54=£1.21 ¢ 13.01£0.51 a 6.71+0.45 a V10 48.2140.42 b 10.91+0.51 e 8.0140.59 e
16 51.444+0.79 a 12.114+0.39 ¢ 6.99+0.49 de V12 47.3340.29 ¢ 10.54+0.30 ¢ 11.06+0.37 ¢

T CK2 AU BRI 2 d Kb 21 HC At Ak QS AR M 2K 3 5 ) — i 3 T 15 ) 57 590 I AN ) /N 2 R0 22 57 i 3% (P<C0..05)

Note:CK2 represents control group stored for 2 days,other treatments are similar. Different lowercase letters indicate significant difference

(P<C0.05) between storage times.

e 2 AL IR ES 2.4.6,8 Al 12 K, 4% 4k B
Ha HEBFERTIEHAP<0.05 .5 10 RET
AhPE T A0 A b 3 ¥ B T IR AL I S
6~12 K. & 1.0%CEO M ALFE [T A1V /Y o {5 B 3%
TR SRS A AL F VOV (P<C0. 05) . 3% AT fE &
ZRERBASEGAHEN, 12 X, & 1.0%
CEO AL BRIV o fHH 11. 07, & 2 &5 F H i kb 3
(P<C0.05) , it BH 76 fiff 768 J5 1 3% 4b B 0T DL R 4 i £
FER LR .

22 AR BoR BEA R R T, A AR 07
s R 6~12 d, % RAH o B EFm TH
b FE(P<<0. 05) ;45 12 R, BN o° {5 K 9. 87,
AR T HA 2 FE (P<<0. 05) , AR fe 4T
2.3 CEO-CS-NPs x4 #1 TBARS ERI %M

TBARS {8 & ¥F 4 if B2 % b 2 B /9 — 1 48
FRU L — % A A B TBARS {5 K F 0.5
mg/ kgl . 23 A A AL TR A H R 3 AT DA g
(55 6 KRIF IR . 4 43 TBARS {4 1 3K T %5 B4
(P<C0.05) , i B 45 {4 £ 57 4b 3 35 ] 75 — & F2 )8 -
R Wi AL s I LIV AR B A TBARS {8 43 51 & 25 1%
TAREE T LI ud WY R ARG Tl Bl e SR S bt
SEARAE R U0 B ARG i 1% 45 SR 5 6 1 2R )
Tk L B AL B AR 98 85 1 B — St b
CEO & BB hn, TBARS & 34 08 3 /) o B b 15138 56
A0 T S Ak 22 38 ok il L S5 W 0 RS Tl ek
i, R CEO X PR IERCE i BT A9 52 ) 4 IR 38 A 1 3 —
ARG S BT LAAS EE I Ak 2 386 K PR R RS i 1 B 5 b B
IV TBARS B #% 8 A% F HoAth 45 4b B (P<<0. 01)

VA 7E AR B 2 1F R A0 IV $5 561 8 7 4201k 1) 2k 2R
efE. ARV AEHIAT 6 KW TBARS {H 7 2R 8 1t
0.5 mg/kg, i XF FOAL 7 fifi &k 3 d J5 BD#E 3 0. 5
mg/kg,

2.0r ——ck;

L —0-1(0.2% CEO);

| 6k =2—11(1.0% CEO);
—%—1I[(3% CEO-CS-NPs);

[ —k—IV(6% CEO-CS-NPs);

1.2} —0—V (3% CS-NPs);

| ——VI(6% CS-NPs)

TBARS/(mg * kg ")

T 38R I [R]/d

Storage time
[l 3 CEO-CS-NPs X} ¥ %1 A TBARS Y521
Fig. 3 Effect of CEO-CS-NPs on TBARS

value of chilled meat

2.4 CEO-CS-NPs 34 & @A pH B8

B R S pH AWM X R E 2% . pH HAE—
JEFREE L RE R IR B R RS L 38 R OB fiE ) pH Oy
5.8~6.2, K EEN pH Ky 6. 3~6. 6,748 N pH 1
6. 7Vh b H L4 W] R0 FEAE R AR 7 d 40 BRIV
1) pH AHXTRR A2 AR AR BE /N A5 5 8T R pH AR
Y A 20 pH S fh i BE# K s NS 7 KIF iR Ak
FIV pH {H I E MK TALBEI (P<<0. 05) , F I HAE L 1
Wik E CEO & 5 W3 , G R 0 O S S50 R 0
2.5 CEO-CS-NPs A EHAEZ LB

K5 om0 7R AT 3 d AY B TR BB



198 P A e MR K 0 AR

1%

NS N B A S A A PR A 2 ) 22 S OR W
(P=0.05)33 d Ji7 » B V& S 500G < ok B b e, O
AT R 2 B K B, (H AR BE T S5 40 B IV B9 B 9% B %K
HRAR X B2, B F KT8 CEO my b8V A Vi
(P<C0.05) ;% 9 d J . b3 1T A IV 1 78 75 5 8K
SRR E M T AR T AT (P <C0. 05), Ui WA i %5

7.0r ——CK;

| ——1(0.2% CEO);
——1[(1.0% CEO);

6.6 —¢—TT(3% CEO-CS-NPs);

L —k—1IV(6% CEO-CS-NPs);

6.2

pH

T 5% I [8)/d

Storage time
Kl 4 CEO-CS-NPs %4 #H P pH {8 #5 1
Fig. 4 Effect of CEO-CS-NPs on pH

value of chilled meat

3 bhiE e

AR, EERT I 20t 72 RS L A AU
v R T H S 45 K 0 s TR O ELR B RRE
A SE A TR AR R T OR AR A ] 55
I ALER T 7 M 1 e 0 &5 S0 BoA — Bk, A RE
G 1 7 3 G0 KR X v H) IR Y O AL A - 40 KR
5 THT 52 B 1 PR AR ol 1 JEC AT AP s DA A 3R e A AT
KM 56 e HEAE T 5 T 499 KR A 38 1) PR R R i DL 48 oK
WL W RK TS A A RS PRRE RS T A BB R BT
A P A S A A% B ) i) DAAS B0 SO K . AR
R ) i 4 B 9 KR A7 A — 58 22 5, ] L& 1
P 42 T A AN % 5 3 5 BB L B S BR AR 7R L 38
T L — LIS . ARG 5T RN AR A S —
Tl 87 28 0 410 BT IR 2R L AT fE — 25 A 5 L g O Al R e Ak
B CUn A8 A5 A S5 A 6 S B RO DL G
FLOREEAEF

AR i £ T PR R Il 52 BOBE 40 K kL (CEO-
CS-NPs) . Jf R 5% 1 Hoxt ¥ 208 DA 6 6 109 [ 24 Ak 45
T RN B ) 6 A 4 52 . ik G 5 SR T A 1
YRR ITOREL AR o /NI — R 5 TR /MR Ry
PIo) AL B (37,542, 1) %, 431 PR EE A Y
CEO-CS-NPs g4 RO 3 A 5 (58, v 20 R 3R
T 20 A A 186 4, o DA 3 R 4 4 1. 0% CEO 1Y)
CEO-CS-NPs &8 5 #f - A W03 I &b BT 09 1

CEO 5 & 5934 i FC A 7 2R 16 i 5 £ 7 d Jiw s A
HRIV B TR 7 sl G A T B IO F I TR BOR B
25 AR AR BV DV 9 B RO e e iy T A
T RE R » 25 9N ARORL VA WAL BRAT 7K 73 (R o 3R T
IR AR T R A A A T A R AR

(=)

r —<—CK;
——1(0.2% CEO);
- —A—T1I(1.0% CEO);
—¢II(3% CEO-CS-NPs);
8 ——V(6% CEO-CS-NPs);
—0—V (3% CS-NPs);

O

B % S 8U/(CFU « g7')yH Bl Bl

Logarithm of total number of colonies

71 ——VI(6% CS-NPs)

4+

3 1 1 1 1 1 1
0 1 3 s 7 9 11

JE 58 I [A]/d
Storage time

& 5 CEO-CS-NPs X ¥ I A 1 7 6 500 52

Fig. 5 Effect of CEO-CS-NPs on total
bacterial count of chilled meat
Mo AR L fH o {6 TBARS.pH K
7 B AR R FR R . CEO-CS-NPs X ¥ %) A 4 58 (19
AR AW CEO & 43 800 n 2]
1.0 Y0 , HoAE (0 5 M 75 S B A B R B A T HoAth
I, R4 % 0. 2% CEO 1) CEO-CS-NPs
A 2 SR s 55 F 4 2B & 43 4 1. 020 CEO 9 CEO-
CS-NPs, Zif H AL T8 45 F1 330 A= 0 46 b R 310 2
TBARS {H) 8 . 2 H F &4 50 1. 0% CEO 1y
CEO-CS-NPs 4b PG EE A AE (420, 5) °C &
T B R AR T ATk E] 6 dL BT A T X HE 4 3 d
4 A 401

[ 5% k]
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