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Abstract We examined the physicochemical properties and microbial safety of Enoki mushrooms
during storage at 5°C for 9 weeks, with different packaging containers that are corrugated,
Al-coated, and without packaging (control). The weight change of Enoki mushrooms in the different
containers due to moisture loss was 1.9%, 0.9%, 0.6% for control, corrugated, and Al-coated
packaging, respectively. The degree of browning rapidly increased as the storage period increased
in the control sample. However, corrugated and Al-coated packaging suppressed the browning
degree. The changes of color L-, a-, and b-vlaues were minimal changes in Al-coated packaging.
There was no significant difference in the total amino acids, polyphenol oxidase, and peroxidase
in corrugated packaging and Al-coated packaging, regardless of the storage period. The microbial
growth such as total aerobic bacteria, yeast, and mold of Enoki mushroom during the storage period,
were significantly suppressed in Al-coated packaging samples as compared to the control and
corrugated packaging. In conclusion, Al-coated packaging has beneficial effects such as preventing
moisture loss, maintaining browning degree, inhibiting oxidative enzyme reaction, and ensuring
microbial safety of Enoki mushrooms during the storage period. Al-coated packaging is considered
effective for extending the shelf-life and improving the storage and distribution of mushrooms.

Keywords Flammulina velutipes, Enoki mushroom, Al-coated packaging, physicochemical property,
storage

1. M2

[ —

o WAl (Flammulina velutipes)2 5814 0 & HAE-FBasidiomycetes) TS (Agaricales)
Z0|1l Tricholomataceae)dl] &ok= HACZE EAE 47| o= uiAl Hufj50] o]t Diaz-Goldinez
1} Téllez-Téllez, 2021). AHAA|7} 4-12°C] A2, 11-4¥7 A0 YAYSIEE “winter mushroom”
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E= “golden mushroom”0|2t1 % EHTH(Jhune 5, 2012a).
Fol ALY Tl thgRel flammutoxind BU7Fot 28 4
=2 24 {ole o Qs FHAES} oY 2 @4 IS W
Aot ehe-d ko] thE wAlo] Hlsh skl dEA 9l
TH(Cai 5, 2013; Chen 5, 2019; Muszynska &, 2022). T3},
=2 A asd A SR o & 4 2AHC =R Qs
FEuEtel Y-S HIETE ofAlol A oflA] Q177 w2 A&
g HAleltJo 5, 2010).

itz o g WAl Re 2EET Eet o8 & FEASHT
55 A== A7 AEEA(Guo 5, 2023) £3], Ho|
HAZ & o] w11 25Tl Bon, 49 9 Fujj7} wf
2| 27 =lo] §-5717k0] Fol g A% oA, AL Ee=
AL 9 ALfs 59 o R AT I T 2 #EY
AEgAE F57] A% 71A18 24 7le0] IR 8
TFHT (Kim -5, 2006; Lee 5, 2004). o H Ao Argg
weshs QRloE FE ZW, o9 41, ol ¥ oiE
= 7 Aed(Lim 5, 2014), ©EES 2E5H HH A+
o] Aol 7FsE = Ao, WolHAY AS a2 & T 5F
o] Fgsto] Wd £rt Wt TFF oS0l ojgh &
Yo A Y] M=fAI} AR7I17E A= Sl 714 &4 =4
270 digt A77F g APE T Qlotk(Donglu 5, 2016;
Guo 5, 2023; Lim 5, 2014), Fo|HA 9] F-5 & AY & F
HAASHE £0)7] 913t 28710 W3t A= vlmlsih A4,
ol Ao T2 PPHo R FPE Y Q= AFEFE T
3% 10°CoNA 99 A7 = &8 FA7F 7hett Aoz B
1150} Qlth(Kang &, 2001).

AEAR19) Wt ] 48] S50 AH oz 2}
Holl w2t 83 5 sAREY AMEE Ak, $50f o}
£ SAEo HEY 542 gslst] flste] @A sAkee] 2

| A A F2 ARSE I QU A ARk 28 1
A4 = QF FHCRRE YEES BT, Fuo HY
, 2 A49] Ahs3t A A E Aolg 7 T
7HA AL JtH(Kim G, 2017). ¥ho]| o] gt FWA] A=
Y 5 A o, SA 2 o8 A EE o]
SR YAl F5E o] A A7t AstE o] 2¥4 54
O 2RO} Ho o] Hojx|= FAFe] WAL glom, x4
AR AME B AR Ask: 7RSIt (Kim 5, 2022).

oje} 72 ZWA| YA FAHE Bty s AAF U
ELof| polyamide(PA)(Cha 5, 2013), low density polyethylene
(LDPE)(Park¥} Kim, 2000)2 Z-2 &49] 7|54 @52 &
Qo TuA AL Aol SR MEE fAsE
Q77 APE et A2 A BAE AL $F 7Y
oMel BAHE B SAF gt 120 BRI B B
A Relo] RTET Q= Aol ol A% T B &

=
FUEe ARAE, BT, YEAE 5 B4 7%, 2

L2 L

oX,

o mi
o o
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o], 85, 454, W4, W7 59 48 AHE 7
9lo] &-8&7} W O1k(Escher, 2007; Lamberti®} Kim, 2017;
Tyagi 5, 2021), AA7HA] SARE] 24 o= HE5A] il
= AAolrt.

wEhA] & A4 s ZHALR YRl gFulES ZYot
o] 71540l $7He TS THRAAE Jdsto] Po A9
A4 & olstetd EAWSIE Z4ote] dFu|E-FH F
TGRS HAME 2RO gt 284S AESAL St

2. Mg % diH

2.1. &des

2 AYo]| ARESE WolW M (Flammulina velutipesyS A'd
uol A At AS AFA sitE ZfAIgellA Fuistod
ARESHGITE. oA 150 g¥ A2 9 vHF (oAl
EZAY: 0.03 mm, polypropylene bag)® Z-& FulistHTt Al
Fe ool lal mMo] AR S Addsto] Aol AR
Tk Ao ARR=E AJ9F trichloroacetic acid, sodium citrate,
polyvinylpolypyrrolidone, Triton X-100, sodium phosphate,
p-phenylenediamin, hydrogen peroxide2 Sigma-Aldrich(St.
Louis, MO, USAWAIA 7-elatol AR&-stsich

22 HE 27/

EAL7) = A5 YA A AZet A Algitol AL
SHolch. FEAAAE AZE ARSI oy QlFFo]
SC220, ZAIA] K, TAA Ck, FAIA K, oy QlajEo] =
gholy o= Aol qlom, Q&3 Wil A7) 47t
270%202x150 mm, 265x204x145 mmo]™, 5 mmo] FHAZ
AZEGT RS WSl gFvE SHEES JAT
o 5 gopdlold A AL dRFUEAD-TY FHAA
AL, AT A7t gle SHASAE 98 FHARR S
ot

23 B Y NEEH
§RE EAE WolHAe vt TWAAR U ALTE T
WA A0 717t s Ao, o) 5+0.5°C] He]
oA 95 £t AN EAWSE 24siet ol Tw
Aol G e ol Ae hETE shof ulLSATt

24. 5 Hizfz 55

EPYS ged ol AP F% uslee
§ W ZNFHWE 71202 HY F FFW)S 54

tof @2 $F &40 tigt HESH(AW)Z HEHAH.

L
filo

[¢]

AW(%) = W, / W, x 100
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25 pH 5

ﬁgoltﬂﬁlg pH—‘E tﬂé‘l %% THH] SO%Q %%_4"\_% 5(6]7]__8}01
3027 vh & o] oj3gt o{H-Z pH meter(735P, Isteck,
Seoul, Korea)Z =73}t

26 3 =%

oAl HrEEAL Lim 5(2014)2 WS Fi1ste]
ZAolott. WolAle] A7 RES 2 cm 7|2 Ao}
texture analyzer(TA-XT Express, Micro Stable System,
Surrey, UK)Z SMS-P/S probeZ F2tslo] 24319t &4
Z7OF trigger forcex= 5.0 g0} O M, pre-test, test, post test
speed =% 1.0 mm/s2 A5G T, AT 303 HHE =45t

S Wstel Leri st

2.7 ZHE FF

BolHAe] A MA S tiv] 28] S % 2uh9
10% trichloroacetic acid® &8st 30x7F ulajstsich. o|&
o] 7ot} E3S3 = A|(UV-1800, Shimadzu Corporation, Kyoto,
Japan)2 420 nmo A FFEE SH5FAHRoig 5, 1999).

28 ME FH

AR7I70E oAl AJLLE 7iste] 5EAET &
2N Q2 BTG M 240 ABIHAT, BRANTO
2 HAE MZA (Minolta CT-310, Minolta Co., Ltd., Osaka,
Japan)E 0]-&5}9] L(lightness), a(redness) @ b(yellowness)gt
2 53] W SO, ol BEMAW] LGS 946, aghS
0.29, b3 0.300]3itt.

2.9. 70l 24

oAl 10 g vhfet £ 0.5 g2 FI5to] B8 S
o] Y1 6 N HCI 3 mLE 7folo] & St & 787 darts
£ 3HAA WB3 thS 110°C heating blocko Al 24417 &
SjAIFlE o] A0 & YZtste] ofd} - 555k pH 229
sodium citrate ¥ZFHOZ 10 mLE AHLSH & 02 um
membrane filter, sep-pak Cig cartridgeo] X2 BHAZ] &
ofu] At AEEA7](Amino acid analyzer 835, Hitachi,
Tokyo, Japan)Z 241519t}

=

2.10. Al BN =X

BoHsle] Alshad @S dohiy] fistel, #AFe] F
9 Asla 49l polyphenol oxidase(PPO)2} peroxidase(POD)
8/3& 2745t B49] F3& Eshghi 5(2014)9 P&
2835190, G4 AL Terefe 5(2009)2] WHS 215}
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o AUt ZF A7 oA Alme HAEAAE o
&3t sAHLst] BEesto] ARGkl PPOSE PODY]
FE2 4% polyvinylpolypyrrolidone, 1% Triton X-100, 1 M
NaClo] €3]% 0.2 M sodium phosphate 2% (pH 6.5) 10
mLo| FAZAZ A& 02 g& E35t9] 10,000 xgof| A4 3027t
w235ttt 0] % shakerE ©]-8-5t0] 200 xg= 4°COJlA] 24|
7k &9t wHtStAA 53t F o] & ojHsle] RAEH0 R A
2519t PPO &4 4L 95t 7|2 8HL 0.05 M sodium
phosphate +5%(pH 6.5)°f 0.07 M catechol2 -&-3f5lo] A=
Sgich. 5489 75 uLo] 714989 3 mLg A F 2
T A9 kinetic modeS ©]-&5}0] 420 nmoj|A] 10& =<t T4
©9 Wal2 243kt POD BH Z4L o /AgAe
200 pLe] &A-EH] 1.5 mLY 0.05 M sodium phosphate £+
Z9Y(PH 6.5), 200 puLe 1% p-phenylenediamin®] -&3f|%
0.05 M sodium phosphate €54, 200 uL2] 1.5% hydrogen
peroxide”} £31%¥ 0.05 M sodium phosphate gEM-E 2315}
o] B31BTA 9] kinetic modeS ©]-83}0] 482 nmojA] 108
B9 SUEY WAE ZYAT. HE 22897} 71989
& 24 o] AxFAOH, ATEL T | unit® B

S49] 129 0.0019] FF& H3RI U/g/minQ = eIt

e

2.11. Oj4F + &

o Ao o] wE A7 e &
2 gotis] Fsto] YelZ, AER LR 2 B 58
S48t HolwAl 5 g& BatH stomacher bago] ¥ &
0.85% BT AI-E 108] 5]43}0] stomacherZ 257+
LAY olF 10914 BAE HAehol AZE 2o
o A5 AFE 1 mLE YutA|F Petrifilm™ aerobic count
plate(3M Company, St. paul, MN, USA)o| FZs}3tt. viA|
£ 35°Co| A 48AI7F BliFsto] 30-3007] ARe]9] colony 45
2Aeloic), oRES 4719 wla SUoi e shalsh
o] Petrifilm™ coliform count plate(3M Company)°] &Z3}
RUIL 35°COflA] 2447t B & 7|2 E 714 red colonyRhE St
Astict. B 2 Boke A10] was EUshA T 34
5}a] Petrifilm™ yeast & mold count plate(3M Company)©]|
AZ519 a1 25°Co| A 5Y7t HioF & green, yellow, pink 59
HE colonyE SASHTE. v, YA, 85 2 350]
= S8 I BT A= 1 g dw(dry weight)3d colony-
forming units(CFU)& log @92 &Alsto] YeRf et

>,
2,
H

~

2.12. 84 24
A3 ¥t HHE Addsto] ol P+HEEHAE YERY
3, BAAEE Window& SAS 9.4 version(SAS Institute

Inc., Cary, NC, USA)Z °]-8319 p<0.05 EA ZAREA

d
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(analysis of variance)2 A A5} 2™, Duncan®] T5HY 4
Z*H(Duncan’s multiple range test)O. 2 -3-9JA41S &5t

3. Zit A JIH

3.1. F& Hsf=
I F 9 A7

sue zAuy 2 2

SR W5 90 Qg Yol
% 2ABGE 2stol JBH A5
o7l +8 248 4YA UtHKim 5, 2009). 279}
N BRANA B ALTY ZRAGA] Pol AL A%
o] =
Al

—‘?E 1o me O{N

AA7\7hE FHASRE SHT At Fig 19} 2t A
0% 2 oluiil AIRE B 100%2 i3S o, #4717
734%1 o W} BE ABFN FPUSRE LATiA
Aol A qu%oﬂ A 98.17%= AA7I7E B2 1.83%
o SUAAR 9 ALTY TR
+ 99.08%, 99.39%%] $+F90 2 1%
g4 FUAVIAS] 2 7ol e
oA ST 5&116}‘22 u, ZEASA] Bt Al-
of uhE Aol= Ulﬂlﬂ‘%‘lﬂ} 53] 4% 5 % A
o] oJ&Z o]y, o] X& o

94‘53 tﬁ‘ g dor|H AE7IA9 A
o Ao

o

512 zdoks 29 Q9108 @E}(Klmﬂr Kim, 2009).
2hA] det FUAGA = AT H A E AR A

A% 2 Yol Hﬂolﬂwq 3

e Fue At 3
% 4 oAlo] =go] @ Ao=

webEnh

99.5

99.0

—&— Control
—O— Corrugated packaging
—w— Al-coated corrugated packaging

985

Weight change rate (%)

98.0

Storage period (week)

Fig. 1. Change in weight loss of F. velutipes during storage at
5°C, without packaging (control), packed corrugated packaging
or Al-coated corrugated packaging. Different letters (**, for the
samples at different packaging containers, and *F, for the same
samples at different storage periods) indicate significant differences
(p<0.05) by Duncan’s multiple range test.
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3.2. pH

A 2 dE7eh It AR | AlLEY S
AV gArel Zhzh mrgsto] Azgst ol A XVWVP‘% pH H
Sk Fig. 20 Yepiolet. A% 0 Aol WolHAe] pHe
645500, %37170] Zojol wet tfzTe] pHi= A
o7 ZHAEE Agkolglon, A& 73 A} To= pH 6 udt
9] Zre Hth ZuR|ARAlo] TAE Wo WAL Al-FElojE
ol #AYlol A s57MA= vt ’“ZOlO*E} S ks XW
75 Folls ANt SRRl 2AE ol AoA Al
TUAIA O 2 A HT foH o2 U2 pHE EM_E% ;
Al-3Y ZEAGA] 24E oAM= A% A 7k
9k pHO| W7} 6.41-6.499] W92 A Wk} Qioick. 4%
o] APl A pH WSk B9 U AEAT QHT Beo|
SUTHL LA QtHWang, 1983). 53 ZgH A& 52
2AAAe §7) T3y Folof olgf ol B7)240] Tk
Ao} of= TR o] 4E] s pH, 47 L 227 5o
40| YL F= A0E B1Eo] rkKim 5. 2009)
wetd BRI AT 24 f - 9% 3]
=312 Aeheho 24 4717k % WolulAo] pH Heks Ao
N7 A= g0 Tl Zos gz,

33 &t
RASA] ke YxTe} Yut WA 9 AlLFE Zu
zAote] ARt oAl AR7IE 4
2%

Al 2 221

aAB aC

55 —&— Control
—O— Corrugated packaging

—w— Al-coated corrugated packaging =
c

5.0 : : ' '
0 2 4 6 8

Storage period (week)

Fig. 2. Change in pH of F. velutipes during storage at 5°C, without
packaging (control), packed corrugated packaging or Al-coated
corrugated packaging. Different letters (*°, for the samples at
different packaging containers, and “F, for the same samples at
different storage periods) indicate that means in the same storage
period are significantly different (p<0.05) by Duncan’s multiple
range test.
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Table 1. Changes in hardness of F. velutipes during storage at 5°C, without packaging, packed corrugated packaging or Al-coated

corrugated packaging

Packaging container Storage period (week)

0 1 2 3 5 7 9
Control 68.27+18.00"™  65.62+18.86™  64.30+17.17™  63.24+19.18™  57.99+16.61™  55.59+13.32™  48.91+14.10™
Corrugated packaging 68.31+17.94%  66.59+20.41™  67.80+19.18™  66.95£16.57™  64.89+18.00™°  59.10£17.99™  54.95+16.69™
Al coated-corrugated ~ 68.47£16.55™  66.20£13.78"°  68.52£19.51™  68.04£18.01™  68.38+17.90"  68.47£16.52™  68.30+16.70™°
packaging
DAIl values are mean+SD (n=5). NS, not significant.
ol HA9] AEE 68.27 go] 4oL}, X%7|7k0] Aol ut e
2 27 % vt BaAARo] 24 Woluale] Ak —e- conto

—C— Corrugated packaging

2 A AFolgont, AT FRAYR] 25E Bol
WA S 66206852 g9 MIIZ A A 1UEL SAH
2GR Qi A 5% o|F, B2 T A2 TAY
A g Bol|Alo] Hlal chazh wetort, BAHS fo

o 1o

Zge
5 2Este] AazAst] 10°Co] Aot o 252 &
Foll wet 5= siA] H=rt AdolstRr o, s JEH7
g A&EE 2EoR 24 o AoA 4 Gt Wk
il HAsiint. Bolile FEY Be dAEXPoR 77
Sto] 10°ColA ARt doA, sAl= ZAE oA X
AEA ok Aol Hls) sk ol Aglen, 2ol gt
I A4S FAIH A THLee 5, 2004b). HAAF= A H &
W Foll AdEe TF28 g5f A= Az 4Rl
HolElo] 7t WolAle 29 Zetth(Hobson, 1981). Al-
IARFAE ZRAIA 2AE mELE]Ths 25°CoA 2047E
AT S dRt FEA/IA] 24E AEY 52 FES
A= Bivt 9leH(Kim 5, 2017), & AeoA=
Al-ZRE AT E TR AGAIA o Ao A=t & FAH
ALk ALZRAE = ZHAY 7|4 FHEE Ao
ol Agd AeAe] 8485 AQAA A= A2
H3s5kes a9E 7He Aoz wddn.

o

34 ZHE T ME

EAFA e hr7e Qo TRAYA 9 ALTY 2%
AR 22k EAstel A Boluisiel 44 7k 2
£ 9 A% WskE 245 A Fig 33} Fig. 40 e
o}, WoluAe] ZHE(Fig 3= A% 02U A4 0.080]%
W, 37 el BAglel A47Ite] Loldo] ek FHrao
2 371 Ao tehdth. 53] ZAAR] 94 g o
2L BE AW/ B GAHOR O BHES
R G0R, 47 0% At Fof HETolA BAEE 0.14,

2=

o x@ ¢
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0.14 | —¥— Al-coated corrugated packaging aA
0.12
0.10

0.08

0.06 | cC

Browning degree (OD at 420 nm)

Storage period (week)

Fig. 3. Change in browning degree of F. velutipes during storage
at 5°C, without packaging, packed corrugated packaging or
Al-coated corrugated packaging. Different letters (*, for the
samples at different packaging containers, and *, for the same
samples at different storage periods) indicate that means in the
same storage period are significantly different (p<0.05) by Duncan’s
multiple range test.

v Zox| ARl 24E AL 0.10, Al-ZE ZTAARA

" AL 0.099] #2 B} 9] Al-T® ZHAGAR
e BolHA2 A% 04 & € 95 ZpoflA ZHzo] W3t
7F olm|gk Ao2 yEpyith

oA Y] Mg ZA3F AIKFig. 4), A% 0 2to] o]
HAQ] LEk2 87.160]1% 21 A%7]7to] ZAojof whet Hat
o= Ao|nt. Uit TR A o H A oA
= AR 337 d2et o401 AfolE HolA] ggtou,
A% 55 oo g2 Hlg] foHoR 2 S B
o}, BHH AT Y ZHAVgA] 2AE HolH A Lt of
23 D At ZEAAA]| T AR GolH o7 &9ko
o, o] A& 9% 59T 86.60-88.939] W= AA7|7He] A}
of W2 Wl uln|atY ). aghe BE AYTA (-)9] Fo]
Aom, A% 0 2ol -6.2101 21, AA7|Zo] dojof ut

=
s

Mo e
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A
]
=
©
>
*
-
75T _e— Control
—(_— Corrugated packaging
—w— Al-coated corrugated packaging cF
70 1 L | |
0 2 4 5 8
Storage period (week)
©
23
—&— Control
—— Corrugated packaging aA
22 - —w— Al-coated corrugated packaging
bA
aD aC
o 21
=
©
>
®
© 20
cA
19
18 1 1 1 1

0 2 4 6 8

Storage period (week)

B)

2
—&— Control aA
—C— Corrugated packaging
al —w%— Al-coated corrugated packaging
o -4
=
©
> bA
*
© 5}
6 I cA
9
bB
7 L L L L

Storage period (week)

Fig. 4. Changes in color values of F. velutipes during storage at 5°C, without packaging, packed corrugated packaging or Al-coated
corrugated packaging. Different letters (*°, for the samples at different packaging containers, and *F, for the same samples at different
storage periods) indicate that means in the same storage period are significantly different (p<0.05) by Duncan’s multiple range test.

2t Azt S7tElE Adelqlrh. dvt 2 AT Y ZWA YA
A WolHA 9 agh2 tixo] vl foFoz dgrom,
Al-T ¥ AR 24 o A A= A A 7I3Hs
Qb -5.76—6.369] HRIZ agh] ®Bsl/} wu|gt AoR Vet
o} bgk2 A% 0Y &l 18.79%.21, AA7]7to] ZAojHlof u}
2t 7k Aol o, Al-TE SR YA 2AE o]
HAOA & 18.41-19.069] HE A% A 7|73t Zpol7} &
et TS 2 E Guk ZEA Aol AAE A Bl &
oo o hghd Hoj FAE o] WMol: ujn|gt Aoz 1}
EPgTh HAFS 22 WA AEA oA AAE HrRt AR
/3 Zol& H|woh= AXEHN AW E M H|w7t F2 o]
L5 Qth. AL SFE0| A5 HH €719 4%, A
A QYR AR 2 AAo] =] AME, AR,

https://www.ekosfop.or.kr

227 9 AEAHo] Rkl 202 2o YrkAustin 5,
1992). ol 3l WEO| F5E Desto] ALl 44

FEY BIPL AAd 2ol A9 M7 BistE Htt
o] SIthLim 5, 2014). W49 & & A7|7+5
SEEY 2L Sk ZHANS AAAZ 4 9o, of
o2 A AFEIE AE 5 Qe Wo Al B¢
F2 UE BP0 JtA RS XA T 4 9loH, o] B
e A 4 Ath(Wang 5, 2011). wEhA BF
A} AT ZEAGR 2] B2 A F YR
9] 7|AEHE 2Eo] 2 2t Ao Tgo] E Ao=
AtgETh E3E FEol WAL AR SHAREA Lgko] 69
olslEt= H I (Jolivet 5, 1998)2 & ] dut TWAAIR}t U
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ALTE SRAGAE 2L A Fe M AE49 &
Ao vt Aoz AZEct

3.5, PO A

gaTeh A PR U ALTY TRAYH] 2zt
EAJsol SCoA A B9 25 A 9 0% A} AL
< o FotrieAt B 3 Ak Table 207 HERAG
o}, opu| At B Ay} Wiopu| At 958 X3 F 1759
otu|i-Ato] AZE|QIch T4obu]|Al = valine, isoleucine &
lysine®] gtefo] A UeRtth. A 0% Aol oluiate] of
At STL 15,14 ¢/100 g dwo] .0, A4 230 H]a] A
A 9% A3} % ofulwAle] e tha 27k Aol

2ol A= A% 2500 11.49 g/100 g dwol ot A1 95
3 23.99 /100 g dwE Z71Z0] Zou, ZWAAIA| THEH
oA A= A7 2-95= Bt ofn| ke Ate] Ffo] He}lo]
FAEE ZAo& Hith Bo|HAloA ofw| Ak glutamic
acid®] stgFo] 7 Wotth= HI(Kim 5, 2014), cystein,
lysine®] gteko] Woltl= H (Nho 5, 2008) 51} Zo] 04—?
AE7te] Agolgt ARE HA=T, HAY FFolu Az
A% 2 9 A7) g2 zpo|Ql ACE FEA %’lE}
(Jhune 5, 2012b). A¥F ZWAYR D ALZH ZTAGAL
BAE WolH AL ARTA 2 J2Bo] &4o] o] A& 9=
o} oAl Slekol WElr}t Hod Ao AlaHc) Eal
Qx4 AT 5 $E £40] gol dides O}U]l:

Table 2. Amino acid contents of F. velutipes during storage at 5°C, without packaging, packed cormrugated packaging or Al-coated

corrugated packaging (g/100 g, dw)

Storage period (week) 0 2 9
Packaging container Before Control Corrugated Al coated- Control Corrugated Al coated-
packaging packaging corrugated packaging corrugated
packaging packaging
Total essential 10.41£1.014" 7.38+0.72° 12.8242.25*  11.73+0.63" 15.60+0.63° 13.24+0.90° 13.37+0.08°
amino acids
Threonine 0.64+0.02° 0.42+0.00° 0.6420.07° 0.73+0.09° 0.55+0.04¢ 0.66+0.02° 0.83+0.01°
Valine 1.87£0.16° 1.55+0.08" 2.2340.19% 2.15+0.06° 2.96+0.08° 2.58+0.18° 2.31+0.08°
Methionine 0.10+0.04° 0.2120.05° 0.12+0.04° 0.12+0.01° 0.13+0.05° 0.12+0.03° 0.13+0.01°
Isoleucine 1.58+0.12° 1.34+0.08" 1.89+0.13° 1.76+0.04° 2.39+0.04" 2.14+0.12° 1.90+0.07°
Leucine 1.03£0.14° 0.77+0.02" 1.3340.24% 1.21£0.11¢ 2.2240.11° 1.60£0.19° 1.43£0.01°
Phenylalanine 1.40+0.15° 1.06+0.08" 1.44+0.45° 1.55+0.09" 2.09+0.11° 1.63+0.01% 1.76+0.00°
Histidine 0.84+0.10% 0.61:0.05¢ 0.96+0.36™ 0.84+0.14% 1.2240.32° 1.09+0.26™ 1.10+0.06™
Lysine 1.38+0.28° 0.77+0.03° 1.74+0.93* 1.54+0.15° 1.75+0.06" 1.32+0.03% 1.900.23"
Arginine 0.73+0.11¢ 0.69+0.05¢ 1.3340.12° 0.88+0.02° 1.09+0.21° 0.95+0.02° 0.96+0.05°
Total nonessential 5.58+0.48" 4.77+0.20° 6.35+0.50° 8.45+0.18° 9.51+0.13° 7.70+0.76° 9.98+0.18"
amino acids
Aspartic acid 0.34+0.06° 0.22+0.01¢ 0.21£0.07¢ 0.43+0.08° 0.54+0.01° 0.45+0.09° 0.51+0.04°
Serine 0.18+0.04° 0.18+0.11° 0.17+0.12° 0.200.10° 0.06+0.01° 0.16+0.04° 0.29+0.04°
Glutamic acid 0.08+0.03° 0.05+0.02° 0.07+0.00° 0.08+0.00° 0.22+0.02* 0.17+0.09° 0.23+0.02*
Proline 0.42+0.06° 0.34+0.03° 0.3120.06° 0.50+0.01° 0.92+0.06" 0.68+0.02° 0.96+0.01°
Glycine 0.200.04° 0.10£0.00° 0.14+0.00° 0.25+0.04% 0.47+0.08" 0.28+0.08" 0.330.04°
Alanine 1.2140.15° 0.95+0.06 1.654+0.19° 1.41+0.05¢ 2.57+0.08" 1.95+0.19" 1.70+0.02°
Cysteine 0.32+0.04° 0.29+0.00° 0.41+0.01° 2.67+0.11° 1.29+0.18° 0.60+0.08° 2.9140.24°
Tyrosine 0.85+0.09¢ 0.66+0.02° 1.15+0.14° 0.96+0.05° 1.1240.04® 1.1440.11° 1.04+0.03%
Total amino acids 15.14+1.39° 11.49+0.75° 18.03+2.63¢ 19.22+0.76% 23.99+0.54° 19.79+1.54° 22.31£0.07°

DAIl values are mean=SD (n=5). Different superscript letters (“%) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range

test.
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Q%A
o o

Table 3. Changes in polyphenol oxidase and peroxidase activities of F. velutipes during storage at 5°C, without packaging, packed
corrugated packaging or Al-coated cormrugated packaging (w/g/min, dw)

Oxidative Packaging Storage period (week)
enzyme container
1 2 3 5 7 9
PPO activity ~Control 84.14 101.36 115.11 73.58 53.85 31.16 29.91
+14.16"* +36.51™4 +£36.39" +£31.15%4 +32.28% £12.46 £12.11€
Corrugated 84.28 83.36 94.95 95.13 99.72 99.82 108.13
packaging £14.024 £11.15% £22.145A +24.215A +20.44%7 +6.32%4 £21.30*
Al coated- 84.10 86.72 90.48 91.27 91.52 92.48 92.24
corrugated £14.20° £11.24%4 +4.65" +£12.34% +£16.98%* +£11.23*% +15.66™
packaging
POD activity Control 44338 536.89 552.93 498.74 457.54 309.45 147.67
£197.04°* £192.92%4 141,72 +£144.88"* +£201.85™ £101.83% +60.50%
Corrugated 432.14 459.87 500.03 534.59 538.75 545.22 550.20
packaging +208.28" +104.26™ +191.90™4 +123.86™ £112.19* £152.17* +145.16™
Al coated- 441.58 436.47 447.44 438.33 440.55 455.73 468.55
corrugated £198.84* £107.57*4 +08.69* +121.30 +75.86* +60.90** +175.76*
packaging

DAIl values are mean=SD (n=5). Different superscript letters (*°, for the same samples at different storage periods, and *, for the samples at different
packaging containers) indicate significant differences (p<0.05) by Duncan’s multiple range test.

PPO, polyphenol oxidase; POD, peroxidase.
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Fig. 5. Changes in the number of (A) aerobic bacteria, (B) yeast, and (C) mold of F. velutipes during storage at 5°C, without packaging,
packed corrugated packaging or Al-coated corrugated packaging. Different letters (*°, for the samples at different packaging containers,
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for the same samples at different storage periods) indicate that means are significantly different (p<0.05) by Duncan’s multiple
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