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The Effect of Packaging, Freezing Method, and Thawing Method on
the Quality Properties of Blanched Colocasia esculenta (L.) Schott Stem
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Abstract

In the food industry, freezing storage has been an important process for maintaining the properties of food materials.
In order to maintain the quality of blanched Colocasia esculenta (L.), Schott stem, packaging, freezing, and thawing
methods were optimized by determinations of the physicochemical properties. For the comparison of packaging
method, Colocasia esculenta (L.) Schott stem packed by air containment had the lowest significant differences of
properties such as hardness and drip loss compared to the control samples. Overall, the drip loss of Colocasia esculenta
(L.) Schott stem had lower value at fast freezing rate (immersion freezing). Considering the result of the drip loss,
high frequency thawing was more effective than other thawing methods. Therefore, it was supposed that samples
treated by air-containing packaging, immersion freezing, and high frequency thawing used the optimal method to
maintain the original quality of Colocasia esculenta (L.) Schott stem.
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A7t thFsAl 1= ATH(Shin et al., 2000; Lee et
al,, 2013). AX g7t AAE FahEe dAE A7 x4
AIZFE =9 F Atk ARl AdaL(Kwak et al, 2012),
wH o = 712, A 7](blanching), citric acid,
ascorbic acid, o}3AF gl RAXFE= WY = 3 I
M So] 9thHwang & Rhim, 1994). 3IX| Wt HA35HA] ¥
St A2 E AAeHH HYAd v Ee] oo I &
Aot By vk JrHKu et al, 2006). A, Y=
Alell= ] T2 93 g EHEA § dEA o] HolAA
S AYL Joj(Jeong et al., 1996), Y& A
}_x—] 0}74‘/} SHLAAE Arlete] sl

eF

35 Hgh ‘@Eﬁr 7L°] EAWH3KKim et al., 1990; Kim
& Rhim, 1997; Lee & Park, 1999), 28 3H(Holzwarth et
2012) 5 21&e F4 Wsle] 93¢ Fof 2Fel B
H Aol 7o) AAHojof gt AF L 2ol Fof
sl= 1}04 e s FH7] st BF, 25
AHE-E 2 A THKIm et al., 2015).
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7Fssht, EHe] 2 2
A - 7) ﬁlﬂ—(Kum et al. 1998). whebA] 2 A3t 94 z
AstE 98 AAg dAzet 2 st W sl 21
< Agst= Zlo] Fasit

E 2t (Colocasia esculenta (L.) Schott stem)= Eg
(Colocasia esculenta (L.) Schott)ollA] A&l= &7124, F
7183 Aol df7F FR-etthal 4 A e, vt
Me FE 99l 108 T Atelddl F3ith. wheba
o] FEA7IE AYH Ax EFUE AFeHA e ol
EdE 7 7t ok AER e Syt 22
=230] oA AFH s Aol 7z e droba] Al A oF
Skoh(Kumoro et al., 2014). 28y Etol] djsgt A3+
F2 AEIHFEY (Park & Kim, 1991), AZHHol| ul2
ZAWsk(Hwang & Rhim, 1994)F Z4(Jo et al., 2012)5

of A3 A ol F2 o] Hof 3lg ¥, W - W
ol mhE FARst] A9 A= v F3 el

upebs o] ArelMe Edde] vl 7] 24, thdd ¥
s 28 W, 2 SRl wet Eétﬁﬂ—é— =78k
Edde] W A de] HH AAy 21& st
T A

HE o

el M=

H Ao AlgH Eds A& RotoA 35 A

2 A
()3l=%7(Namyangju, Korea)ZFE A|go}l A1-&3

°F 10cm @92 A3t
‘JB]——P: AlZEE dry ovens 0]
z3tRoH, 93 A=

FEF ARG %}’“712 37 g2 ST R
Az A= "3 AFE dry ovens ©]-83] 90°Cell
A 3AIZE 7 zste] FH) skt Wk AlE = E, )
A, v F dx YR 37 AA-Y AEE FH 8
ATt
ol

e AEZ e} HAe 7} ghud Bl Az JE
£ vldtr] 98] cCD 7HH 2H3.0, Olympus, Shinjuku,
Japan)Z 243193t}
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X748 (7 Layer Co-extrusion film, Rollpack Co. Ltd.,
Gwangju, Korea)?ll 500g @912 F33E7](HFV 600L,
Hankookfuji Inc., Hwaseong, Korea) ¥ 7] Z%7](FM-
600, Zeropack Co. Ltd, Ansan, Korea)S ©]-83}e] 73}
Rom, gyt WEIE o] &3 AAFA WEsIIHoer
Z}z}  -20°C (GC-124HGFP, LG Electronics Co. Ltd.,
Seoul, Korea), -40°C (DSS-650TD, Daesan-eng Co. Ltd.,
Hanam, Korea)Z A" dul 724 WA W53}
A, 2AL F5 HAA YF7I(F500, Topgreen tech.,
Seoul, Korea)oll A -40°CZ A4 & dgtol A 55 HA s}
o Y& At B AlEE ¥E F 20°C Ly 782
WHIE A F 797 Atk 797 AE AlEe
747t e, 7, AFIE ARS-eke] s E ettt dedlE
2 AEE YFE 7o A2 st 24 llE
SHRAL, e TREY %o 52 st st
Hom FFv slE T 27.12MHz 2 400 Wl 253}
35| (FRT-5, Yamamoto Vinita Co. Ltd., Seoul, Korea)
£ AH&-ste] el s skttt

vz A&} A ‘?—g%o}%ﬁt}. 48 &
vl 1Euich A oH, dlEs ek vl
£ 1&vith S48 slse] 2
914 7] (DS1402D-DRS,
Maxim Intergrated™, CA, USA)E o|&3&le] W -alls =4

= I3l %EQPEAV“ FAR ex7t 20008 W7t
£ A7 ST, SEE Ae FALES el =
dat= ;(477]_2*' sttt
pH

pHE ETT A8 2¢7 S/HS 18mLE £33 5 7}

A8 A 7](CNHR 26 Bosch, Ljubljana, Slovenia)E ©|-&

3tod A2 E #33t & pH meter (Orion 3-STAR, Thermo
scientific, MA, USA)E ©]-&3}o] =435

AHCZ

~—

AeE FE WATHL=97.79, a'=-0.38, b'=2.05)0% X
AE A A (Color i7, X-rite Inc., MI, USA)E A}-&3}
L’ (lightness, =), a" (redness, A4 ), b" (yellowness,
Ao = e ST, 103] WHEste] S48
A Z}(total color difference, AE)= o}alle] 2]z} o] Ak

3o} LR ik,
AE = JL-L) s @i—a) s bi-b)’ (1)

Ly a, b =274 E 3 Baje] Bx, A%, $AE 7
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L, a, b= AETHS] W=, AN, A gh

E! 2t

-3l AE & ESUE =] 20mm, & 30 mmE A
T T Texture analyzer (CT3 Texture analyzer, Brookfield,
Middlebrow, MA, USA)E ©|&3}>] 7%= (hardness) 2 A
4 (chewinessy& 103] WHEslo] SA4sllom 54 =4
[e]

2 test speed= 120 mm/min, load cell> 10 kg, probe=
blade typeS AFE-3191 3L, deformation time> 5% T}

Drip loss
W-al5o] &858 EFHY drip lossE dF5 T &4
TE FAE 78 v, ok el A3t 2ol slE A B
AF FAC gt BEE (%)= FERHAT
. W, -W,
Drip loss (%) = x 100 2
2
Fig. 1. The effect of pretreatment on appearance of Colocasia
W, : 3l A B3] FA () esculenta (L.) Schott stem; (A) raw sample, (B) drying treat-
L= 5 o ment, (C) blanching treatment, and (D) drying after blanching
W, :&lE § Edd] A (g) treatment.
Sl

A% Ax= SPSS 5A ZZ1Y(SPSS Inc., Chicago, IL, A wEA °co] =2y JYWAZABANE wEA T
USAYS A48t i ZFEAAE 73195, Duncan's  Z3ATh
multiple range testE ©]-&std o] HZF(p>0.05y A

A= s 2 AlZt
20°CollA ¥5E Edfo] sjEiydE 28 A7HS Fig
23 g 39 JERAATE L F=TalEo] Ad wE 1582 71533,
I Oel2eE fileloR oF 1588 ARt s
Qo mkEt B2 9F 180%0] &8 FHo /M A sl5o] gEEAh

Of

A 240 e B 9L Fig. 13+ 2tk A Cho (1997)7F L®3H W&o m=w, vFvld] 93 aF

Edds vy & Ak 224 Jepiith dix BEdY o] F2 olfr= AFURE B4 IR s B o

A A JebAT 247008 & SEAE 15 ShaL o2 Qg whankgo] dojubr] o

213 AE gRld 4 UL, Aole 95emE AE-]  Fol2pal Bargh v itk o] & <l 2 Fo] thE s
=
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Hlsl Zol7p otk ol etk A% % HX F AxT B ol vlg| mEra slet & AdE 2 AFE B
e 2ol 93cem, 92cmzE AETH ] o9} o] th. Lee et al. (2007)2 ZF3pol| 23 )5S W= &
A= HISHARE £ 7F st dar 2472 Wsd A Ho] Ao Zer Bisiylon, ol & A A aFvt
= A 5 Ay o &3t FlEo] F& AFHOEA o] 8E F AT FAF

LHE A A|ZF
gz EFUE WYEsto Az FALEsl 200074 pH

wasked dele Al 343 234E Fig. 200 YER AAE 27 2 Edtie] pHE Table 13 72th A
Atk XA WE, dudF 40°C, 20°CE A FES] 0°C  EFHY pHE 6402 S EJom, Ax AdE 6232
T AR Zh2E 65, 853, 1650l Ut olol] whal X 2 ZHAslnh A7) g AETe 6542 AR F
WY ARG YN (-1°C ~-5°C)ell A 72 Ak A ¥ 7hstklod, Hil & Az A3 49 63328 74sk3l
T2 1038, 110+, 3954 oAt Ivhds 20°ColA] W& Th Kim et al. 2004y S5243)40] {7]4ke] EA) A F7}
S AE7E 7HE 0°ce]l =A R A AR ALY pHOl G T, AF Al Eoll frlate] 814 & 5 9l
Me Qs e v JAHor WEdt AlEE 7 thal BAL SkGAh ol & s &l Hla vA7] & B
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Fig. 2. The effect of freezing methods on freezing curve of blanched Colocasia esculenta (L.) Schott stem; (A) natural convection
freezing at -20°C, (B) natural convection freezing at -40°C and (C) immersion freezing at -40°C.
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Fig. 3. The effect of thawing methods on thawing curve of blanched Colocasia esculenta (L.) Schott stem treated by conventional
freezing at -20°C; (A) thawed at room temperature thawing at 25°C, (B) thawed by running water thawing at 20°C, and (C) thawed

by high frequency thawing at 27.12 MHz.

Table 1. The effect of pretreatment on pH of Colocasia esculenta
(L.) Schott stem

pH
Raw 6.40£0.02°
Drying 6.23+0.03¢
Blanching 6.54+0.10"
Drying after blanching 6.33+0.02°

**Means with different superscripts in a column are significantly different.

thel pH7F oF7F %ﬂ g Ao g Aztdr. HFl ofF-of
FAIgle] Az AL we] BT pHE 0.17-0.192] H ¢l

N Zadgion, ole $R gaR A% §49 FE
Z712 918 Ao g2 FAGETHp>0.05).

g3 A3 ESE 7] 2 AX A T Y 5s
Z79| w2 pH H3}= Table 29 L}E}lﬁoir/]' AAH o=
7] 23 X2l4+e] pHE 6.0391A4] 633, *g Z33H
2] e] pHE 6.049014 6319] e LPE‘rlH"iE} 7] =
gs} pHE ®X]719 3 Egdtio} v wd S A -20°C Y5

L 170 e Aeek Ao WEsa 42 o
FoE S5 A TE ALt FolHl 2olE B
A & THp>0.05). W3 EFT pH E7F -20°C Y&

AHN'“



Table 2. The effect of packaging, freezing and thawing methods o, B ApME Az Xt ®@ ETr) 2o exo]
H of blanched Colocasi lenta (L.) Schott st ) B
on pH of blanched Colocasia esculenta (L.) Sc o' stem 00°Col A Az} §917] wjEo] M EAH Zo] ooyt
Freezing  Thaving Packaging 2 A8 A7t A el s A zhE .

method  mehod  Aircontaining _ Vacuum EehlE @] % 1% 249 F 96E 26 g
: : 6.12+0.06 248 ArE Table 49} 2ok B3 A2l 7ok YRS

RT" 6.15+0.05% 6.11£0.11" SN 1l B7Re 71 A = 7lz}
Convection freeZing RWZ) 6.03+0 OSby 6.31+0.03% leﬂ—g% = EH L 7)%31]- b 7‘5/\ = Zj J_Q_l— 4262’ 8592 2_12_‘ L]-
(-20°C) HE® 330,13 6 200,07 EPA L, a7k 718 -3.57S YeERIY L'gke §7] &

k) ax i abx

o 3, A% 29 2F YEARY gol s dAHoz o

RT 6.01+0.07> 6.30+0.16™ [ _ - R
Convection freezing 7k F7VskR AL, WslE AMEel e FoF ]l Aol

RW 6.22+0.10%  6.14+£0.12* ° * | A
HF 5.99:0.11"  6.11£0.06™ ERA] Q2ATHp>0.05). a'%ke Hukdog w3 AR

o} zro] wol HA 37| AT A B AR R

(-40°C)

, , RT 6.33£0.07%  6.04+0.07 el : -
Immerson fecing gy guuooon  gaoconr  F ERE Amel Haf 3 Edkhokel 59171 ol
HF 6.31£0.19%  6.12+0.08™ tH(p>0.05). Chang et al. (2012)°] &3t 3t vlof] wp=H

*®Means with different superscripts within the same freezing method 3 A28 AFE A AL wf 'Y WHIbt

Horr 3 O 39
o
i
2
Y
©

X_Zcolumn are mg_mhcantly dlfferept. . ' v s 432 JeEo) o)A Ak
Means with different superscripts within the same thawing method o v _
column are significantly different. Ao o)f= EdTe] Ao 7IQls Aom A
l;RT : Room temperature thawing. T ESS A T 22 o] EelA 2o 97
“RW : Running water thawing. B = . _
YHF : High frequency thawing, 2ol 7t e AR AZETHp<0.05). b'gk Egh At

-+ fo
Lo ju
N
2

o =
& AnkE o2 F7lslgl o), 2 A<l 2ol

£ fo 2 orfr o o N opf 0 of

F4 3lES Aok 40°C WEEa A 2 2F9 3§ YRR 9 th(p>0.05). A=} ZHAE)2] 73-%-, -20°Cel]
3 AYTE AQstal & Aol itk ol AHE WEslal 5 dlse AT At A7
HX= 45 pH7F WstelA| v o] & 27 W) o & Al Aols YERNA] EAUTHp>0.05). A TF HH 9]
o] A2l zpolE YERNA] UTH= Jo et al. (2012)9] KL 7] £ A& ALt &) 2745 22 o] Map
o} frAke A3 VeI RAT o] MF A AT A groh 22 7S e
At
AR
Edie dAE 2710 wE A% g M= Table 337 A
7ok AEJH A L, o), b3S 247 5333, -13.76, dutg oz AAF AL v/, ¥s 5ol 9F
33.94%2 Yehgtth Ax 2 g3 Al LY a'zkol #olF S W= thE A2l R EoltKOlivera et al., 2008). E&] o]
o7 HaE o, bk Tk 4SRRI RE fo] A 2fo) Axg 249 A=, J3I4dL Table 59 o) AAg =
= e 4 thp>0.05). H1X & Axd Edge] A e w sh=, AEFHE 6.85 kg/em’E LFEF

il
T, L, a), b3t BF S7ketsloy A Edtele] {94 wom, v AT e 6.83 kgem’E HE7F as)
9l Zpel= YEPIA] ZUTHp>0.05). WA= ANk oz R, Ax 9o Az ATl 8.22, 8.10 kg/
492914 8.324F019] & 7 =Hl, 53] HIXZIT Mg em’e® FUFs o, o)A 2ol YERA] ekt
Eddiel Hla) dx HE g B A 2 3E (p20.05). UR A2 F A=Tt Aaske olfre HA7 ¢
YERHSITH Hwang & Rhim (1994)S %2 2%oA A% 258 A7k me} Al xde] AL Al 7% 93
A Ml &4 Aol dojdtiy By g Aoz mE B oF Qsle] A7) Wt doju At fadhes

o rz
o

ol

Table 3. The effect of pretreatment on color and color difference (AE) of Colocasia esculenta (L.) Schott stem

Color
L’ a' b AE
Raw 53.33+0.80® -13.76+0.68® 33.94+1.69* -
Drying 46.87+4.50° -17.13£0.67° 30.93+1.84% 8.32+3.67
Blanching 49.26+3.09° -14.96+1.50¢ 33.86+1.08" 4.92+1.92
Drying after blanching 58.2943.66° -12.43+£1.47% 34.00+4.39° 6.49+3.32

*“*Means with different superscripts in a column are significantly different.
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Table 4. The effect of packaging, freezing and thawing methods on L” value, a* value, b* value and total color difference values (AE)
of blanched Colocasia esculenta (L.) Schott stem

Color
Packaging Freezing method Thawing method . . -
L a b AE
- - - 42.62+6.36" -3.57£1.03 8.591.60 -

Comvection frecai RT" 43185645 -336£0.97" 9.38+2.31" 6.46+2.25"
e e RW? 44.99+7 82> -4.08+1.43> 9.56+2.54% 8.19+2.50"
HFY 44T4ET.03"  4.00+1.43% 9.36+2.47" 7.3942.36"
Comvection frecai RT 44335823%  445£120" 9.92+3.07™ 8.4143.14"
Air-containing "7 AN RW 3.14£6.97 3734096 8.69+:1.98" 6.84+2.12"
HF 4461£7.12%  3.61x1.64" 9.87+3.05™ 7.4743.13"
I RT 43.65:6.56%  -433+0.82" 8.46+1.76" 6.611.62"
mmer(ff(;l,cr)eez‘“g RW 44.75+7.19% -4.48+1.06™ 9.64:2.19™ 7.3742.69™
HF 4425£645"  -437x0.87* 9.82+1.75" 6.66+1.97"
Comection frecal RT 44145718% 384100 9.53:2.80™ 7.2742.88"
e Rw 45634870 4395100 10.26+2.00™ 8.7843.55"
HF 453557.72%  -440£1.05" 9.69+2.61™ 7.9443 31"
Comvection frecai RT 4543761 3.64£125%  10.49£2.26" 8.10+2.79™
Vacuum e e RW 43.55+7.72% -3.54£137% 8.95+2.26" 7.66+2.42%
HF 43.68£7.94  3.56£1.20% 9.12£2.11™  7.9741.92%
mersion freeai RT 4386£6.69" 464133 1021£2.68" 7.2142.15"
ey e RW 442557.52%  -434£139%  10.2442.81% 7.80:42.94"
HF 4297£6.56%  -429+1.11% 9.20+2.15™ 6.61:£1.99"

**Means with different superscripts within the same freezing method column are significantly different.
**Means with different superscripts within the same thawing method column are significantly different.
YRT : Room temperature.

JRW : Running water thawing.

YHF : High frequency thawing.

YValues are mean+SD, n=3

Table S. The effect of pretreatment on hardness and chewiness
of Colocasia esculenta (L.) Schott stem

Hardness (kg/cm3) Chewiness ‘EEﬂ O]E‘ ?—_-j%éxé —33)\6] ‘Q‘EEH‘% HB]—E 7_" ;q L}7]— H] /l-]]
Raw 6.85+2.86° 78.75+19.86° 3 oA o] Aol B 7 2A &4} Wl
Dryin 8.2242.16* 170.64+26.91°
Bgncﬁing 6.83£2.72" 7.80+2.93¢ WEelEhal ARE A TH(Yang, 1997). Kim (2004)#F Lee et
Drying after blanching 8.10+1.93° 15.50+11.77° al. (2012)9] Aol M= dX719k ¥ -sls A2l g sk Al

— — — - Zyly ol3l SRy W A3lHo] 7HAR Yo Ax ol 7}
**Means with different superscripts in a column are significantly different. e A S AR AR v A

< 7Kt Ryskdnh AR 39 dls-S A2 sHA|

%2 A aske A IRIAN 239 dl5S 3 A
o2 B3I JYtH(Lee & Jung, 2012). K2l 74 A YTES 0358 Arrt TUhe FEE ol & Ada A
ETE 78752 YEoH, A% AolE 170.642 Z7} HhE = g B

Sont e A 78002 IS U F Az

S E 15.500.2 Z7Fstg ot B 7|9 & X7 et Drip loss

oA Q1 Zpol= VrERA] 223k TH(p>0.05). AES U5 A A7 WEES Alxa, Ax WE=
7] 2 AF 2 Galls 20 e Edie] 7 Tc’r% T2 oIl siE Al drlp loss7} H“g sl Eth(Jeong

T Table 63} Zth HF A2+ A== 11.0 kg/em’ . 2003). drip losse 21% B4, A5EA0 2437l
2 S b3l EEPTHE e 27 3 7] 24st %‘%—% 121 ok ofuet 848 FEEY] TS A
of Y& % el met AEE 58 ¢ A3 @7 2F A dEHFY FEES WUtske AR AR-EtHPark et
$ =@l 10.1-125 kg/cm3 A}OM we 7R, AE al, 2012; Xu et al, 2014). 37] @ AF £43 5 Y -3
Z4% E¥tl= 10.0-133 kglem® Ake]9] hs ZHATH Wl & o] WE ETUY drip losse Table 73 ZTh 3
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Table 6. The effcet of packaging, freezing, and thawing methods
on hardness of blanched Colocasia esculenta (L.) Schott Stems

(kg/em’)

Freezing Thawing Packaging
method method  Ajr-containing Vacuum

- - 11.0242.34
c ion freesi RTY 10.44+1.80%  10.15+2.69"
e TE L RWY 10664211 10.87£2.28”
HFY 12.16£2.85%  13.29+4.40™
Comvection frees RT 11.2243.14%  10.17£2.91
e e RwW 10.17£1.62%  10.67£2.25%
HF 12.1242.19%  10.04+1.54"
. o e RT 11.02£2.23*  10.87+2.82%
mmer(s_f(;lcr)eez‘“g RW 10.26£2.80™  10.44+2.40™
HF 11.66+2.23%  12.96+2.32%

*®Means with different superscripts within the same freezing method
column are not significantly different.

**Means with different superscripts within the same thawing method
column are not significantly different.

YRT : Room temperature thawing.

PRW : Running water thawing.

SHF : High frequency thawing.

Table 7. The effect of packaging, freezing and thawing methods
on drip loss of blanched Colocasia esculenta (L.) Schott stem

(%)

Freezing Thawing Packaging
method method  Ajr-containing Vacuum
Comvection fieeping KT 22308087 23806175
e e RWY 266342317 26014184
HFY 22.57+1.17™  19.02+0.98™
Comvection frecping KT 14.92+0.57%  16.400.83"
ey e RW 164451437 2476+132°
HF 14.85:0.74%  16.370.78"
tmersion freeging KT 19.71£1.25%  20.58+0.63%
mmer(fféicr)eezmg RW 16.03£0.97%  17.73+0.92"
HF 14.84+025%  18.69+0.65™

*®Means with different superscripts within the same freezing method
column are not significantly different.

*Means with different superscripts within the same thawing method
column are not significantly different.

YRT : Room temperature thawing.

YRW : Running water thawing.

SHF : High frequency thawing.
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