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Prolongation of shelf-1ife of vegetables by

chitosan treatment
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Ael oy M2F R 313 (Capsicum annuum L. ), 7R (Perilla frutescens
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1. 313(Capsicum annuum L. )

Chitosan X 2|7} FA ZtA WA &7t o] Yo, Jx zbd W4
2= @Fsigvt. Fuf UAGME 18U o|F2E RAeTRT
40~50%3 = AP o 1 ol 12¢ #A= BA e pRr} o uo] wu
Astglcth,

2. QY (Perilla frutescens L. )

FA ZadolE d¥o] oot Azt AES A UAALS
chitosan-32] 7 ol &zt Ao ANF o2 AHelays E98tA 9ok
C}.

3. & (Lactuca sativa L.)

TH317] 14 Fol chitosang A X¥ ALyt FA 7R} gz 4l
MEZL "3 Fotow, chitosan ¥ 271 £S48 s Focl. =3
MBI RAME Azl HEIL el goja HA veixton AEHol o

F-5=stalrt.

4, 7v ol (Allium sativum L, )

Chitosan A & FolA 30U 28 20~40%8 5 7rAzko] 7aste] Tz}
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5. W (Daucus carrota L.)
Chitsan A g]47} A% 2~4d Atojo]l MAte] wsrt 713 FHol &3}7L
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SUMMARY

This study is aimed to prolongate the shelf-life of vegetables by
treating it with chitosan solution, To achieve this goal, we developed
the process of chitosan production identifying the physico-chemical
properties of the chitosan under several experimental conditions. On the
basis of the results, we formulated chitosan solution for treating pepper
(Capsicum annuum L,), perilla leaf (Perilla frutescens L.), lettuce
(Lactuca sativa L.), garlic (Allium sativum L.) and carrot (Daucus carota
L.). The effects of chitosan treatment upon these samples can be

summarized as follows,

1. Pepper (Capsicum annuum L, )

The chitosan teatment had an excellent effect on the inhibition of
fresh weight loss, The incidence of decay in chitosan-treated samples
was 40-50% less than the control when the storage was prolonged by more

than 18 days.

2. Perilla leaf {Perilla frutescens L.)

There was no difference in weight loss between the control and the
treated group. The wilting was slightly lower in treated samples.
However the overall effect of treatment upon the physico-chemical

properties of perilla leaves did not improve upon chitosan treatment.



3. Lettuce. (Lactuca sativa L. )
Direct chitosan spraying before harvesting leaves had an excellent
effect on the brightness and freshness, The beneficial effect of

chitosan treatment was also observed during the storage.

4. Garlic (4/1ium sativum L.)
Fresh weight loss was 40-60% less in chitosan-treated samples than in
non-treated one, Upon chitosan treatment, the incidence of rooting and

sprouting was reduced significantly.

5. Carrot (Daucus carrota L. )
Between 2-4 days of storage, the samples treated with chitosan

conserved the color better than the non-treated samples.
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M2 & MZ2

g
0%
IE

A1d A7

71’1 (0.5cmX0.5cm, WXL)Z 4G AFES AHE83tga ole& 2 NaOH

AESU LS AH8stglon Bul2 ARgsh= Al Shinyo Ei= Fluka®] GR

fr

F& AHEstolel. JIEAY &3E FFE ¥ {714 - formic acid(Cl),
acetic acid(C2), lactic acid, propionic acid(C3), butyric acid(C4),
valeric acid(C5) - & A} &-& AM&3Igic),

Aol AMgRY AAF - 2F (Capsicum annuum L.), AY (Perilla
frutescens L.), &% (Lactuca sativa L,), 7t wl& (Allium sativum L.) %
FAELl 4 sEA A A 25}
of Ahgstalnt. Ay 2ol nAe GG FH5I] A8 A5 MEUEa
APt fel 24 volM fevtamiAe] migste) 3047 SR

& o}t

i

wh (Daucus carota L, )& )%

A2l Awry

1. 71EAL A=
71%1 80g& 100°C, 140°CE o d3t 50%(w/v) NaOHE 240 7lgt ¥
100C 30+, 140°C 1A]3h, 140°C 5X| 2k Ft aykstwiA Azsigich. v

ol bt F NaOHE & AASIL 82 F3HE wizka] AHE F 40Tl
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A BN B¢ dF A2} JEAHS Azsiglch

2. J1EBA BN &%
1) 1 EALe] YHole3te &4 (Degree of deacetylation determination)
Toei 2} Kohara®] ERol= A& A&3le] HolHH=E H43}
ek AxbPEE o3t gt

# Degree of deacetylation = [(x/161)/(x/161+y/203)]1x100

it

17400 X1/1000 Xf X161 XV

X

0.5 X1/100 - x

Yy
V : milliters of N/400 PVSK used in titration

f : factor of N/400 PVSK solution

2) Molecular weight determination

FEXRE acetic acid &0 o] RAHE A X AQ Ubbelohde
viscometer& AMESl] WFo] Faste ATE FH3] EAFE AX
stsict.

F1EAE 0.4g& 0.2M acetic acid - 0.IM NaCl - 4M Urea =& of &
3l5fe] 100meE FIc}(0, 4% chitosan solution, w/v), e 2mg A}
&3te] 0.4% 7| B4 B 2u) HMErh I EA FEIF #Hxo 1/64
7t E uiztA] RHESle] 7EFo] &g whEo] Yol 74T YRSt
Byt Tz LEE 265CTE A3l & &9 H=E 5

g gict,
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AEAE o8 Mark-Houwink A1-& 712 0% 3t}

% [ /] ]:K *Ma
[7] : intrinsic viscosity,
K : 8.93x10™,

M ' Molecular weight,

a: YA FF, Sule] FFHo] o8] FAY=E B4 0.7

3. JIEAT &Y Az
AEE 71E4be E5=9 pHE 27 2& 2 guloll 0.5%(w/v) 7t HE

& :xojr Rotational Rheometer(Paar-physica UM)E ©]|&3}o] 25T ojlA]

>

ZAstdrt, HA AZ Az 0.242] 20 100meo] pHE 2.60.8 2
R 0.5g8] 7| EARE 500rpuol A 24 HEQ makslo] Az ¥ @ =
2 I EALI olBAE AASL] ¢85l 17G32] sintered glass funnelo]

2 gof A Zict

1) §uje} Yigof wpd 71 EALY] AE &4
Formic acid, acetic acid, propionic acid, butyric acid, valeric
acid, hexanoic acid®] B5& 0.2MF k30| 5N NaOHE o]-&3}e] pHE
2.60% woli ZA WE F JEAY HEE 0.5%(w/v) 2 24| 7H5

500rpmofj A GRSt} A 2RE F 1A olufo ZA3tgct.

2) Azt uhE s|EAY] Zud A= &3
Zb Bullofl Ql F]EAY &0 100meE Ao UAIste 24212 747

_15_



o8 A= E FFsIAAc)

3) &3] F pH 23l wE Az W
0.2M acetic acid €¢J2] pH& 5N NaOH & ©]&3}] 2,608 Wi ¥
0.5%(w/v) 7)EAF &g A RF F 6N2] HCI2} NaOHE o]83te] pHE
2, 3, 4, 58 2T F pHe| W wE 7B &2 F=E FY}
et

4. F|EALY] E-83}
FIEAL B A AR Fol Bol g& A thi] R3EH7] wid
ol AL FE3t] gyt fdol ThA AstA] U JIEAF &Y pH
E Solate® st 1Y ¥ E83EE IFE Aot

1) 71BA % F pHzxF

FIEAL o) 5N NaOHE 7}38}o] pHE 5ojate 8 23

2) guie] pHzd Fol F1EA &3l

1% Bt el pHE 3,72 3to] F|EAE KU ¥ pHE 50|22 =

oX,

stodth, 5N NaOHE: o]-& pH 3.78 2A Fof 7|BAE =olA Ew pH
4 o]xo] Hrf.  oA7]of] 5N NaOH-§ & mIStAA 7}1381e] pH 5 o]
& 233



5. 71 EAF A g]e) formulation

1) 7124 G2l dAe|
FIEAE S-S 15~202 71 HoIA AR ¥ ARESlo ol 42

%52t wjastolct.

2) JEdE M7t

AdLdFE 10~60%7t=] Htsioict.

3) otMIES] ¥

Ol B 50% Hr}bstaict.

B Ads B AW FFE FAS] £Hd e AEUHT F
Aggteyste] fel & vela #3HEct,  AFe fEw 28R
zhEstol 30U SR AL ot AFE AF g AL
B, 1982)& o] &% wo4F WAoo ujsiylet], 60X18X18cm (Zo]
XUHI X Zo]) FA2] ZetaE &0 1609 FUg A, 30m F7
o] styroform HA]ghg& oFojo] =& F 20X15em ZHHSE &7 @ 654
ztzh ZAjstol 30 b AMIE F £7/eiginh AlESE @A) A
W otEoR slglon, ool Lxi Ade] wtet 16~24T HE FA

Al Zhct,
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7. J1EAL A Wy
1) 31.3(Capsicum annuum L. )

ST EFAEA YUY 1FE FFH4, chitosan-1 (100ToA
1A A Z), chitosan-2 (140TColA 1A1Zk#Z), chitosan-3 (140°ColA]
SA|ZA =)ol 2zt 2527 HAIY F ALo)A 1412 08 MEVE A
ZAlZjch, o] A Uske uf, 247} 10744 polystylene trayof
e F AYE wrapE AMEE] ARE EAG L, polystylene
trays AFol FEEHILE tray(T-18)F FUste] AME3tct

Wrap .2 At X3 A e|3+9} polystylene trayol] ©-& FXA A
gl BE5E 8TCol 437 AAsigcet. 7 AHle UES £Ysde
o 6dtHdor EHUPIE FsAT

A FEY ZHa FYo] walol nx]& chitosan (50% aceton)e]

& 2527 Aslgct. A2 ¥ 43

_l_'ﬂ__
8To] AL F, dFd HH22 vla AP,

2) 78l (Perilla frutescens L.)

T4 BEIAHME A U} ALYE ZHS,  chitosan-1,
chitosan-2, chitosan-3of Z}2} 1562 7F HR|§ F Ab&ollA] 1A]7 AE
71% AzAIZeh  #Eyo] $hHs] UilE uwf, RUYL A7 oF 13g4 20
X25cm®] PE film(0.03mm)& A}g3dle] XAt 8ColA 1007 33}
gtk 7 AHele 3ES susiden 2d 1HoR EARNE Y

st

.-18-



) Ar(Lactuca sativa L. )

7} &% chitosanZ $¥3}7] 315 A oFo] & EF7E
/3le] At en ¥ F 0,025m polyethylene (PE)EESZ X%
3 F 7TColM 17U ARt

2% o ddd ZhHol nlA= chitosan®] EE EBJ] g8 £
gAY AdejolA YUY Ag FAuP AFE 100% pethanol 2
AESE 7192 BHREL lom AE ATt ThE chitosan(50% acetone)o]
1022 FARE Az ARt o2 R ZHAEE 2d TFes £4

B 7kstlch,

4) zvuls(Alljum sativum L.)

4 P AN A U AF A PuteE S/, 0.5%
chitosan, 1% chitosan, 2% chitosanof z}z} 25%7F =] Aejgt & A
ZoflA 2A1ZF S A Het Mol 3] Wil uwi, polystylene
tray(T-18)oll  Z}2} 200g%] ot FREF Helste] 5Col AHsigict.

2t Aels HEE ssglen 109 Aoz FARIE systAT

5) ©Z(Daucus carrota L. )

T4 sHYANAEAM 2T FTE FAV QL FLT 21
A& Agslel L2 1.5mx1.5md A7NE AE g, ZFF4,
shellac, 0.5% chitosan, 1% chitosan, 2% chitosanol zZhZ} 153X 7 .2 %]
b F 1T, 85% AUigEolM 4xXHEt AzA|ZCL JdckE

polystylene tray(T-18)ol Z}z} 200g%] w2 F AN ] §lo] Ao

_19_



Fork. 7 Azle HEE syYslden 39 BHe2 FHAYIE

B3taict.

8. ¥4 B gl 24
1) 315 (Capsicum annuum L, )
(1) A ZA4
A FA 1FY FA e 6d HHLR FAE FFs A%
& Fero] ot AR Fo ALES WELE Urhiolcl

2) |

Minolta Chromameter CR200 colorimeterE o|-&38lo] T F2] Tx|HR
3} pREg 22 H3sdc

e Hunter L(lightness), a(greenness-redness) 1 e A

b(blueness-yel lowness) & XA 3}eict.

) TEEE

Chitosan coating?] H & ololR 7] 3] 2zt At TESKE
Co, HAHMAME o]-&3te] FHdtoct FFYYLS f-elPol 7 Ael7el
AFE oF 120g8] Y Wol¥ ThE 24 Foll &7 5" C0.%E

m{m

217 5um probed AMESt] EZHAHA TA-XT2(SMS, England)® 215

..20_



o] EARE, FUFE, BYEY 38 Z=(Fracturability)§ 533}

£ %2 Vehfgch

ik
o
o
2
m
st A
jau
3
e
lo
=
+

LR zhH A v FE HU)slgdrt. 02 no browning, 12 slight
and light browning, 2+ 1/4 browning, 32 1/4~1/2 browning, 4=
1/20] 4} browning, 5+= entire browning and decay® Z}7Z} index& o

H5B7HE AT

2) #ZQ)(Perilla frutescens L.)
TR AlES F4 WS
AZtA o R Hotg w grio] ZHT 21 AA Y Ao it %

Z vepigict

) Ztats(Allium sativum L, )

A A¥E 108 o2 FHste] A 2 Fol i

& WMEER Uehiglch

N
=
i
o
~{d

2
o
ofN
lo
oy
ol
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HAEE 2 Zuksd JAeE %2 Uehdlen, F31&2 F%o

of ZHH 2npee AFE %2 Vet

(3) W& d Yol
W& W zukgl] A 42 Urhin Yol motyt A

A e Mg »2 Ve s

5) W (Daucus carrota L, )
Whiteness Index(WI)
zh AHel W 10788 AlEE 3]%) Minolta Chromameter CR200
colorimeter& o]-83}o] A3}t AT = Hunter L(lightness),

a(greenness-redness) L@ 3 b(blueness-yellowness)® R A}stgct
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FI8l& 100C 304, 140C 60% @ 140°C 5A]7F 50% NaOHE A 2|3}
olMYsls, HAx W Exlrg &FAstoch  Fig 1014 B& uiel 2
o] intrinsic viscosityE o|R&3}o] tl&e] AxAloy EBxjerg Zdiedct
* [ 7]=K+Ma

[7] : intrinsic viscosity,

K : 8.93%x107
M Molecular weight,

a: A FF, Bl FRel 3] AAYEHE= F4 0.7

Table 1.0flA Ri= ulg} o] 140C 60FolA = A2l &A3] "otAesr}
olFojglom 1 ool AHelo EAYY ATt ALGHOE dojdE R
Fa gtk Ay SREE 2Edlel B w] FUT He] ZE VERIEA £
ool goltt AEaY} 7|RBAte] Re¥ ZeR L £ olg A M

AeE AP Azste YEHHA ZAHE 2T

- 23 ~
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Chitosan conc. (%, w/v)

Fig. 1. Determination of intrinsic viscosity by serial dilution
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Table 1. Physico-chemical properties of different chitosans

Degree of . .
Viscosity Molecular
Treatment deacetylation )
(cps) Weight(kDa)
(%)
Chitosan-1
. . 77 450 380
(100°C 30min)
Chitosan-2
. . 99 68 250
(140C 60min)
Chitosan-3
. 100 30 53
(140°C 5h)

Q

b 2ot wotdstxo] Uste] My olw] WEF uiel Po] i

T

19

2} ol fofd 47} 9irh
1) gEE7t AsUrs YotddseEs F7sht "ot szs F7t

St g7 Aokl ¢ 4 gth  WLLEI 0T o4l AP A

o "oldEstes g2 xo] FAGCl AL AT o= dshix

...25_.



2. J1EAF §o2] HEo tj3t guje] %
1) uiEFol wE 4

Formic acid, acetic acid, propionic acid, butyric acid, valeric
acid, W hexanoic acid& Alg3}lo] 7| A £42] A& 24354},

Fig, 204 X ule} o] formic acidd A&t shadrl 27}
ol el A=7t viglf oz FUlslgom valeric acido]A2E E3}
H& Bola Qlrh.  Hexanoic acid?] Z$ol& 7|EALY L= T3
3] Aasle] HAxE &A3lr7t 2eksteict IEZY propionic acidgb
lactic acid= hyroxyl group?] jojo|x B8l FUZF HAAE LS B
1=

FIEAL AE] Fof Az, EEANE 23y woj 7184 £99
E7F UErE feltte] 2AHgdo] g HA ooy, 24He 4}

§ Aol A2 Folx ate] W7t AGH 22 dol glojy %

ot}

rf
4

o} gta7t 17) o W& lactic acidE A -grjg Aeysiact

ol o] guje] gyl FUbYel whel HEI} Frlele AL 7
EL E2hiel Ayt g 5402 4Ey 471 gl
gule] gt Fobgel wlel £do] FU1sta ojsigto] Al
77t J1EAY EA41Y ciEE FANBEA AR HEIt Fuhe)

= #alolr).
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600

500
@
S, 400
=]
=
=300
<
S
o
= 200

100

0 1 1 - ]
1 2 3 4 S 6
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Fig. 2. Effects of carbon number in the organic acids on the viscosity of
chitosan solution, The concentration of the diluted acid solution

was 0.2 M and the pH was adjusted to 2.60.
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Fig. 3. Effects of shear rates on the viscosity of chitosan solution in
different solvents, The concentration of the diluted acid solution
was 0.2M and pH was adjusted to 2.60.
-@-. formic acid, -(Q-: acetic acid, -W¥-: propionic aicd,.' -v-:

butyric acid, -B-: valeric acid
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Fig. 4. Effects of concentration of formic acid and acetic acid on the
viscosity of chitosan solution, The viscosity of chitosan dissolved
in 0.20M acetic acid and formic acid was taken as 100%,

-@-: formic acid, -(O-: acetic acid
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5. Effects of solvents on the viscosity of different chitosan
solutions during storage, The 0.5% solutions of chitosan in 1.0%
aqueous solution of different solvents were kept at room temperature,
-@-: formic acid, -(O-: acetic acid, -W¥-: propionic aicd, -V-:

butyric acid, -J-: valeric acid
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Fig. 6. Effects of pH on the viscosity of 0.5% chitosan solution in 0.2M
acetic acid, The pH of 0,2M acetic acid was adjusted to 2.60, After
complete dissolution of chitosan, the pH was adjusted with 5N HCl or

ON NaOH.
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31F(Capsicum annuum L, )
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Fig. 9. Changes in Hunter 'a’ value of pepper during storage at 8C
A: Wrapping after chitosan treatment

B: No wrapping after chitosan treatment
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Fig. 10. Changes in Hunter ‘b’ value of pepper during storage at 8C
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B: No wrapping after chitosan treatment
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At Vrapping after chitosan treatment

B: No wrapping after chitosan treatment

_45_



70

N After 12 days
After 18 days
@ After 24 days

Decay (%)

con water chit chi2 chi3

Treatment

Fig. 13. Incidence of decay in pepper during storage at 8C.
The samples were wrapped with PE film after treatment of various

coating materials
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Fig. 14. The browning index in pepper during storage at 8T,
The samples were wrapped with PE film after treatment of various

coating materials. Values are means of 3 replications *+ S E.
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Fig. 15, Changes in weight loss of perilla leaf during storage at 8T
Values are means of 3 replications * S.E,
A: Wrapping after chitosan treatment

B: No wrapping after chitosan treatment
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Fig. 16. Incidence of wilting in perilla leaf during storage at 8C
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Fig. 17, Incidence of wilting in perilla leaf during storage at 8C. The

samples were wrapped with 0,03mm PE film after chitosan treatment
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»y&(Lactuca sativa L.)
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Fig. 19. Lettuce after treatment of chitosan(2%). Spray of chitosan was

carried out 1 day before harvest.
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Fig. 20. Changes in Hunter 'L’ value of lettuce during storage at 7C

Values are means of 3 replications = S E.
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Fig. 21. Changes in Hunter ‘b’ value of lettuce during storage at 7T

Values are means of 3 replications = S.E.
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Fig. 22. The browning index of lettuce during storage at 7 TC. The

samples were wrapped with PE film after chitosan treatment,

Values are means of 3 replications * S.E,
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4, 7t uls(Allium sativum L, )
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Fig. 23. Changes in weight loss of garlic during storage at 5C. Values

are means of 3 replications £ S.E.
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Fig. 24. Changes in color of garlic during storage at 5C. Values are

means of 3 replications = S.E.
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Fig. 25. Incidence of decay of garlic during storage at 5C. Values are

means of 3 replications & S.E,
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Fig. 26. Incidence of rooting of garlic during storage at 5TC. Values

are means of 3 replications & S.E.
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Fig. 28. Changes in Hunter 'L’ value of carrot during storage at 7T

Values are means of 3 replications * S E.
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Fig. 29. Changes in Hunter ‘b’ value of carrot during storage at 7T

Values are means of 3 replications = S.E.
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