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Chitosan and CaCl, Coated Mushroom (Agaricus bisporus)
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Abstract

The effects of modified atmosphere(MA) packaging and coating on the quality of mushroom (Agaricus
bisporus) were investigated. Whole mushrooms(100 g) were packed with polyvinyl chloride(PVC) film wrap,
PD9%41 and PD961 film bags and were stored in a chamber at 12°C and 80% RH for 6 days. Gas compo-
sition of packages, respiration rate, weight loss, color and maturity index of MA packaged mushrooms were
examined. The wrap packaged mushrooms showed different level of internal CO, concentrations among water
washed, chitosan coated and CaCl, coated subgroups significantly at 5% level. The maximum CO, concen-
tration of PD941 and PD961 packages for all coated showed 4.1~4.7% and 10.4~11.7%, respectively, for the
first day. PD961 package showed the lowest O, concentration compared to other groups. There were no sig-
nificant respiration rate differences between wrap packed and PD941 packaged. Respiration rate of water
washed, chitosan coated and CaCl, coated in PD961 packaged was 192 mg, 226 mg and 245 mg, respectively.
Maturity index of PD961 packaged were not significantly different among the water washed, chitosan and
CaCl, coated packages. Chitosan coating showed a negative effect on color change of mushrooms. The

weight loss of 961 packaged was lower (7.0~8.0%) that those of wrap packaged and PD941 packaged.

Key words : mushroom, quality, MA, coating, CaCl,

M =

WAL ofofar) TR st} ko] Feol EFI
71ZAFY ¥ opdet 1 Qe Haot gelut 7]
4 AE2EZAME 71X adh 1990dHE 199640
Ate] $-8] gt MAle] 4w)gF FolE Almind oid
8.6% A Z713le 1996 kolE= 19 120 5988
AR 7oz ByHy glew AgYe) g3} A
7ol Higt WS FotE O £8% A4 SviET g
oHh ] ko] A9, gl HAS FrlellM 3
A Folutrz TAEe] - AAI| BasiHc)
7} el g WA mefAAgeld FYH o 231E A
7171 WEell WAle] FEHe AnAloA FFo| =
7172 AHolx 24417 AX A aFw Z3ld WA

Corresponding author: Dept. of Food and Nutrition, Dongduk
Women's University, Seoul 136-714, Korea

1308

2 polyvinyl chioride(PVC) ¥-E2%. XA s} &
= A ZAe] HA g ™2 g8 ok a8
v A #alyt kst b FAF 2o s EEE
o] wj-$ &) CO/F 5°CollA 60 mg/kg-hr ©]4F, 20
“Coll A 200~500 merkg - hro| v} A Ee] g} 3
FEE 8 F2o] AeHAAAL ol upe} WA, F
ol Zha o vl el 23t WSyt gA doldele,
metr] FEo]l WAL Agolle 344, JAEE 29
ool AMEC 20} 7127} WA F] Holx)= Zo] W
A FBe 2ol Al & FAlFolziar & 4 gl oF
Fo] MAle] FAL wAlEHe] A, zbo] Azte A
=, o] a8 e, vy He], 239 HAuE,
el 7] 9 wAEA o g & 4 glew
ol F wiAl ®we) WA e} zko] Alel= 4A W
Aol FAE Hrlsle | vig- $88 HTob "oes,

FEol WA AA7E EEl7] $8 WhgoRe

modified atmosphere packaging (MAP)®, controlled



ofgol MiAle) A7kl XA} 1309

atmosphere (CA)”, A A0, & A" w4
el AA, CaCLE o] &3 AHw]™  calcium,
hypochlorite 7}, £u]E19S o] 83 wby Fol 3l
o} o]& FolA 7 xa}e] WAL HAIH | H}
7} F& 7S MAPE ]88k Wiolth. MAP: X
AR 7l FREE Tl Fo2H wHAY A
23, )&t WiE Al 4 gl CA AA
W RS U8 EdHes 2L ¥ v 4
o} o] whE FE717el E2 HAY At v
AA et MAP o444 713 Fadt AR £ A
ol AL A& 511 ok WAlel| ¥l polyvinyl
chioride (PVC) BH2o2 § 2% & 4% A7
S 5% 4 9 e ARol wAle] MAP o 71
ol el WEL opdelx WA EAE 8 AME
53l ol AA el

8 A7 HAS tfst AR MAPE
slod T o 7iA 2T WA FA AHEQ WA
WA Ae, Sx 2A Ay vAEY T 24}
sttt Sveine F092 EA Ul COE 5%, O
0.1%Y o WAl A&7} 7P F3hoar Hars
2w Lopez-Briones 9 X% W CO, &4 o]
2.5%0 A wale] ZA s}t whge] 7Pt HA dejwte
o 5% oAt M WA o] EalE Ak TAIIY
o} B skgdct. Nicholas 9 Hammond'= vheFsh
PEo2 offo] WAL g EAR FH 18ClM CO,
E 10~12%, 0= 1-2%Y o 7o) Nd=t WA 7}
2 2 vepdeln Basigld o]9} el MAPE ¥
& IR 0, i WAl 2EFES AsAA %
Mdg AdAlz B ol tyrosinase?] BAE A3
AA w9 e AQA7lE B3 Q7T HEd]
Aoz BuEgny. w5t A W 0,2 i 37
A v g Aol AsEe] Foirt AdEE B
T olgy d& F Y= HuE e

HA e AA7IE E87] A WHeEs MAP
Slel 7|BAMY 2 THRAE o] 43 dTx
APE 3 et 71 BARE SaEsel A YT Fol
gl bell pepper'”, EUFE®, @r|¢he] FBjoR &%
ZA7 B2 Q3 FAE AT AR B
a2 oup gl zed MAle] AATIHE BB 9
8] calcium-alginate, alginate, alginate-ergosterols} -2
FEAE Aol Hou F1BAN] A3 A= A
=52 ket

B A7E AREI e ZAAE oS Wil
MAP E7& 7383 Aol 71EAM} CaCl, 2R A
2] A3E olstaa Al=H g

Ma % 4y

M=z

ofto] WAl (Agaricus bisporousy e 199941 3¥ 737]
T B AT A A Bl 28 AF T
datdch FHE BAS AL 002 2RkEA
3 YATe]] Batsldel HAle- x| Ee] 30+5mm, &
X Table 1o JJePH Guthrie®™2] %% A& 1 o
E=Ee Ak AEsigct MAP EAAE Al 7}
A4 PVCH, PD941, PD961 (Cryovac Inc., Duncan,
SC, US.AYE AMslgeh Add WAL AF 1.5em
A2 ol = FolWR|ol| HAWE AUAIA 12
X17x5cm o] 3ol Fekad Atz §7]¢ 100g
A Eleieln R 9 d 5% 2L sy
12°C, AHEE 80%E =AY & 57| =3
&), A&l 6d ot AAsbaA EAsleH. 7+
Alg & Y Fajsigon] 33 ubE AAEH

TEIX2|

AME WAEL Az olE o &3ld FHT,
0.3%(wiw) 71EA (Biotech. EX)3} 2%(w/w) CaClLE
FEE AR F A2eM HxEe

SEE % IVIxy Hat

ol=zE 7R &4, 1.2 litero] WA 50g& &
F12°Cel A 12417 ol ¥ £7) Wil 2AHAA st
2~E& Gas Chromatograpy (GC, Hitachi, Model 163

Table 1. Classification of stages in sporophore develop-
ment”

Stage Description

Veil intact (tight)

Veil intact (stretched)

Veil partially broken ( <half)
Veil partially broken ( > half)
Veil completely broken

Cap open, gills well exposed

Cap open, gill surface flat

NN B R —

"Source : Guthrie®

Table 2. Conditions of gas chromatography

Instrument Hitach, Model 163

Detector TCD (Thermal Conductive Detector)
Column CTR 1

Column Temp. 50°C

Injection Temp. 50°C

Detector Temp. 150°C

Carrier gas He (20 ml/min)

Injection volume 0.5 mi
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Fig. 1. CO, concentration of Chitosan and CaCl, coated
MAP mushrooms during storage.
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Fig. 2. O, concentration of Chitosan and CaCl, coated
MAP mushrooms during storage.



oFgo] MAlS) vzl 3 1311

galeinh. o) Ade 10°C ARToAM 24A]7 A
4874170 "Ee] Fapee] wet 5~15%71A] #He o
Argtebde] xr7 WiolM A= Lopez-
Briones 529 Azps} g3t e} F-¢ CO,
FErl Folal Fale BE HHLE Fovht 374
Ae X <A 7S el @714 v Ee} og W
9} ololl w2 AJ2]x W3} = phytotoxinol] 2|3t SA
o] £AY 4 qlohE ¥} gl

PDY612 WHe] CO, $EE ¥ 358 FA5H]
Bl} by o2 Beelman %] FA8R= 6% CO, 3}
A Bele= w2 7og Alase ¢ 2472 COo,
FES AFEE gy E A AT 5.6%, T
EA 28 Ag T 39%, CaCl, X8 T 27%2
A olg} ZHe £=ME WAl MElH AEHAE F A
o2 AzEc Pe A3 F A A5 "Eel
AR EA 44 Yol B8 4 e 34 Co2 ¥
717 oju} 24417} glell =g o2 Ho|w o F
CO2 H57} ZaHE of= WAl Aeixl w3t
of 23 Ho|rjHie HE xA2] OTR (oxygen
transmission rate), CTR (carbon dioxide transmission
rate)s]] 2]8F W), 952 Fx Xlof o7t Flol 2|t
Aztg Y7ol pDo61E PDY412] OTRES 47 6.0~
8.0 cc/m2/24hr, 16.5 cc/m2/24hro] v}, Roy%—“"gl 20°Co}
A 9ed MA Agelx 6Y o] FHE] Atie] TRV A
A Zrksh= #Ate] vepytom ofo sl oA ¥
2 29 Faxe iy Eusisdch Alde] F
= PD9419) %, 3-4US 7IHeR IR AT
9%, A3 Me|Fe 11.7%2 HAFERE Boltr} o}
Al FrEiom of HA] AbA Faimel] ofgt ool
Al REe ARSI delwtr] dFeR Hgloh
PDY6] EATE 2447t ol F AbAe] Fxrt @A 7
Ak Hol e HER T3] Adile] EAjsglen ol
Folx Z W3h= Holx| ¢l

SEE st

NAetr] Ao F AMelre dEHE AHT) ¥
28 AT 155~175 mgCOkghrZ 214l z}el
7} gledeh. 64 AAFl= J EAT(143~181 mgCO/
kg/r)¢} PD941(142~169 mgCO,/ kg/hr) EAT A|&F
Zhe] folAE WAE e LElv Ao
W FATE 2Tt ] gad W 39 A
27 24 Wk g Zo® Hol IH A &
A7 g Ao F3Em PD4IS] AS ART
7ol ZFFo| By AR Hol 27|19 Ay =
Zell gt A ot Ao A&l dAbe]

00T
| Water EZZ Chitosan a
S5 CaCl, BER not treated |
250 | N
L 200 0 s
£ 7 3 AT
3 150 A N
E N A
o N P
: .
100 A AN
A N
- : ; 2 i
0 day wrap PD941 P61

Fig. 3. Respiration rate of Chitosan and CaCl, coated
MAP mushrooms for 6 days of storage.
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Fig. 4. Appearance of Chitosan and CaCl, coated MAP
mushrooms for 6 days of storage,
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Fig. 5. Maturity indexes of Chitosan and CaCl, coated
MAP mushrooms for 6 days of storage.

Column followed by different letters are significantly
different at P =0.05.
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Fig. 6. L-values of Chitosan and CaCl, coated MAP
mushrooms for 6 days of sterage.

Column followed by different letters are significantly
different at P =0.05.
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Fig. 8. Weight loss of Chitosan and CaCl, coated MAP
mushrooms for 6 days of storage.

AFH el v & Adhe Holx| gghon}
AEol = e g T 2o ¥t ey
Lopez-Briones 50| A4 7IX 2 A== L 32
80 olideli 700)8t2 M= FEA 7IX7} Yok B
T8 vlell w2 6UZIe] AMAog B A} A8F
5 BT AEAE 7B & FoE sledl Res g
SE e el £xo Ay HYEE PDYI E
AANE F3td A& 4 et i ® BAle] o) W
e AAATE de 958Fogdd Aeg wdd
oh 2 I el o AR 3d ZRE A
= FHoM AR ZR7E Exllshe HeR Byl
A} HBe Fig. 400 AA=.

FEAE

|, PDY61, PD941 EAFS] Fef 7h4ng-o 7zt 9~
14%. 10~11%%} 7-8%2. PD961 AT Fek 7+4
&o] 7H A JebdchFig. 8). olelgt dak= 9o
7F 3~45%%] FF FAES B Roy $7 59
Z¥ 5~7%2] Z}A&S ¥l Nichols$} Hammond'"2]
A7 A Bl 2ok 9 24T A 4 A
77t FEkAage]l U AolE Hylo o= 3 I
He 37 FEo] o2 F A Bla)] Ev] 4
ol 71EA ZRoZ B o] AR HYW Ao
£ Holn CaCl, He]¥7} S ztigo] A e}
W AL CaCl, HElE &2 d4do] dejytr] dFe
2 &gt vE pp96l, PDY41S R EAF F 2] Tol
v)sled YR 8-S Hol7) slglon) ETA e
S5 W3t FAE gozw sl@sor 3 Aol

2 ¢

HAle] MAP 32 CaCl, ¥ chitosan ZH3} o
o} #Pale olFo] A nix= 2 W Flo) o
dtod Al A gE2 24 PD941, PDY6I
H 71&e] Y& AMEgen gzt B oAy 7
F ARG 24 R o)RAE ASE As
E5 1-3Y Aele] #i19] CO, HEo Egslgow
o] FHER= W Fape] me} ghasglon ¥
ATE AleEtar TERIAI] FFol Aakelel dAs 7
& Bo 0, v= A FAs #isglen OTR
off 2Jgled 9FolM WHZ FlFo] o] Frise
s Hgom ZA ZEAl] o}E ajel: Moz
Aot BEFEN oM AR Mo T At
HEFE AR 2R X Fi= 155~175 meCOy/
kghr2 M3l zpe]7h gislom] & ¥AHT-(143~181
mgCO/kg/r)2t PD941(142~169 mgCO/kg/hr) AT
Al 6% AHA Felx ABTF 1) FolAS A%
7 o PD96! EATFO 3FFL CaCl(245
mgCO/kg/hr). 71EAH226 mgCO kghr), B A& (192
mgCO/kghn2 E7 viepdon, oj: PDY6l EA-&
el e Al FER 6 AFFol® AMES} F
Ao BFe] SAsP] WFo2 ABEHL) HEE 3
B3 TALES rtafH e osle #HeHE Ao
2 AtadEd. 22 xR Ae AT e Bvng
S | W, PDYIS E AMHTE= BF 39, CaCl,
He e 27k 36, 445 5 S57) AgEe]lA ut
w FIBAF X273 29, 258 ojERu e ke &
ABRL A=t PD961 EA M e HE %7} 125
& 278t & zpolz} A eskel whebr wAle) 9}
ojX 2¥e] REFIE= FHENE 7Fesht AR
o] Ao o] Fo3lvle AE & & s F1EA
FHA = 4 AR dxTu CaClLAE
Al g7l wgled G2 L & By} olel nparlx)
2 4E &= 9& A& T vlsle 52 ke ¥y
71EAL 28 Aee WAl Ao FA oS oJire
nAE AoR Hold Y gta ¢ £ATOA @
o] dojytow PDY6I-S 10% ©|8}e] FH4714ARS B
Aot 2 AY AR Hol WA MA e 71 Fe3l
FEE vlAE 8<le A A agAe] Ad=ol
gkl ApEgc)

Al &

TEAE AFH T4 Biotecho] 244 AP
A=Y,



1314

10.

—_
—

2 ¥

.Kim, K.P. Kinds of cultivated mushrooms and pros-

pect. Mushroom Science 2: 4-11 (1998)

. Kader, A.A. Postharvest biology and technology An

overview, pp3-8. In: Postharvest Ttechnology of Horti-
cultural Crops. The Regents of the University of Cali-
fornia, Division of Agriculture and Natural Resource,
CA, USA (1985)

. Warwick, M.G. and Tsureda, A. The interaction of the

soft rot bacterium Pseudomonas gladroli pv. agaricicoa
with Japanese cultivated mushrooms. Can. J. Micro-
biol. 43: 639-648 (1997)

,Juan, C.E., Jolivet, S. and Wichers, H.]. Inhibition of

mushroom polyphenol oxidase by agaritine. J. Agric.
Food Chem. 46: 2976-2980 (1988)

. Stefan, TM. and Beelman, R,B. Growth and entero-

toxin poduction of Staphylococcus aureus in fresh
packaged mushrooms (Agaricus bisphorus). J. Food
Protec. 59: 819-826 (1996)

. Bartley, C.E., Beelman, R.B. and Winnett, J.R. Factors

affect colour of cultivated mushrooms (Agaricus
bisporus) prior to harvest and during postharvest stor-
age. Mushroom Science 13: 689-694 (1991)

. McGary, A. and Burton, K.S. Mechanical properties of

the mushroom, Agaricus bisporus. Mycol. Res. 98:
241-245 (1994)

. Anantheswaran, R.C. and Beelman, R.B. Fresh mush-

room quality as affected by modified atmosphere pack-
aging. J. Food Sci. 60: 334-340(1995)

. Lopez-Briones, G., Varoguaux, P, Chambroy, Y., Bou-

quant, J., Bureau, G. and Pascat, B. Strorage of com-
mon mushroom under controlled atmospheres. Intl. J.
Food Sci. Technol. 27: 493-505 (1992)

Hershko, V. and Nussinovitch, A. Relationships
between hydrocolloid coating and mushroom Structure.
J. Agric. Food Chem. 46: 2988-2997 (1998)

. Gormley, T.R. Chill storage of mushroom. J. Sci. Food

Agric. 26: 401-411 (1995)

. Said, O.A. Stipe trimming at harvest increase shelf life

of fresh mushrooms. J. Food Sci. 57: 1361-1374

(1992)

. Miklus, M.B. and Beelman, R.B. CaCl2 Treated irriga-

tion water applied to mushroom crops (Agaricus
bisporus) increases Ca concentration and improves

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

Al )R] Al 31 A Al 5 B (1999)

postharvest quality and shelf life. Mycologia. 88: 403-
409 (1996)

.Kuyer, L., Weinert, LA.G. and MxGill, AEJ. The

effect of modified atmposphere packaging and addition
of calcium hypochlorite on atmosphere composition,
color, and microbiol quality of mushrooms. Lebens-
Wiss. U. Technol. 26: 14-20 (1993)

Roy, S., Anantheswaran, R.C. and Beelman, R.B. Sor-
bitol increases shelf life fresh mushrooms stored in
conventional packages. J. Food Sci 60: 1254-1259
(1995)

Sveine, E., Klougart, A. and Rasmussen, C.R. Ways of
prolonging the shelf-life of fresh mushrooms. Mush-
room Sci. 6: 463-474 (1967)

Nicholas, R. and Hammend, J.B.W. Storage of mush-
rooms tn pre-packs the effect of changes in carbon
dioxide and oxyen on quality. J. Sci. Food Agric. 24:
1371-1381 (1973)

Murt, D.P. and Morris, L.L. Influence of O, and CO,
on polyphenol oxidase activity mushrooms. J. Amer.
Soc. Hort. Sci. 99: 155-158 (1974)

El Ghaouth, A., Arul, A., Ponnampalam, J. and
Bowlet. R. Use of chitosan coating to reduce water
loss and maintain quality of cucumber and bell pepper
fruits. J. Food Proc. Preser. 15: 359-368 (1991)

EI Ghaouth, A.. Arul, A., Ponnampalam, J. and
Bowlet, R. Chitosan coating effect on storability and
quality of fresh strawberries. J. Food Sci. 56: 1618-
1620 (1991)

. El Ghaouth, A., Ponnampalm, R., Castaigne, F. and

Arul, J. Chitosan coating to extend the storage life of
tomatoes. HortScience 27: 1016-1018 (1992)

Guthrie, B.D. Studies on the control of bacterial deteri-
oration of fresh, washed mushrooms (Agaricus
bisporus/brunescens). M.S. thesis, The Pennsylvania
State Univ., University Park, PA, USA (1983)

Braaksma, A., van Doomn, A.A.. Keift, H. and van
Aelst, A.C. Morphometric analysis of aging mush-
rooms(Agaricus bisporus) during postharvest develop-
ment, Posthar. Bio. Technol. 13: 71-79 (1998)
Ben-Yehoshua, S. Gas exchange, transpiration and the
commercial deterioration in storage of orange fruit. J.
Amer. Soc. Hort. Sci. 94: 524-528 (1969)

(19993 99 8 A4



	DS: 


