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Abstract

Food freezing preservation is an important process due to its high quality and long shelf-life. In order to improve
the quality of frozen sweet potato stem, the freezing rate, thawing, and packaging method was optimized by the
determination of physical properties. There was no significant difference among the treatment of freezing rate. Fur-
ther, the drip loss of sweet potato stem was higher at a relatively fast freezing rate (immersion freezing) than at
slow freezing rate (natural convection freezing at -20 or -40°C). For the comparison of packaging methods, the air-
containing packaged sweet potato stem had the lowest significant differences from the result of color, pH, and hard-
ness. From the result of the drip loss, the high frequency and microwave using thawing samples were more effective
than room temperature and water thawing. Therefore, fast freezing and thawing rate with air-containing package
were recommended to obtain the better quality of sweet potato stem.
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(Ipomoeabatatas L. Lam stem; Hwang & Rhim, 1994)=
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1989; Jeong, 2009; Kwak et al, 2013). v} &7|=
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A oz AAkE 7 ok (Kwak et al, 2013; Yang,
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oF A bl AbgSle] ;i el ool
H 2 %] 32 A7 o]tH(Rhim & Hwang, 1995; Yang,
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© Mol Fuwistel 71AH AEHAE WS &t
2 Z 9] £4& A3} A7|EZ(Fennema, 1973; Lee et al.,
2007; Jo et al., 2014; Kobayashi et al., 2015), *77]7F]
e de dAke] AR s AdE Ao @] 18
3 dtkBevilacqua & Zaritzky, 1980; Ngapo et al,
1999; Chevalier et al., 2000; Kobayashi et al., 2015). 4]
F9 o232 duF o 5°C--1°C AbeldllA vEh=
g o] #+7+S HWZAA A dl(zone of maximum ice
crystal formation)2} 3}, 2% Fio] 80% o=
Fo] B Ftoltt WE HA oA AW AR AN E
FHete A7ke] 30 AT F5 WsolEtaL &b, 30
ol AL vk WEo|gta dth(Desrosier & Desrosier,
1977; Koh et al., 2011; Ban & Choi, 2012; Kim et al.,
2013). SHAITF, A&l et FA 9 o= % Y7t AH
o] th27] Wi olelgt o|EE EE AFe HE&AT=
AL Fos A ARgalof itk w4 WEe vt WEe
Hlal] Al ool 27171 2H2, 3 YA A3
o] 2F A9 7IAH 2EHAE HAaglels How &
# 4 THKoh et al., 2011; Ban & Choi, 2012).
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of et Al B4 S0 EAMSE AO7) B2 (Kim et al.
1990; Kim & Rhim, 1997; Lee & Park, 1999) Z} 2]3&<]
S0 gte Ao sl WS gdaloF Sth(Tong et
al,, 1993). 3 L9 dA=EE 77} 0569 W/m'K,
0.0242 WmKe 2 3lF34 A, €52 S8 dxdo]
et s Al AF FHAA A SRS AFe] T4
71219l d S AASTHKum et al, 1998; Pyun et
al,, 2014). ol we} s FA|7ke] WEAZkET ZojA] &)
T Al EHEAZE AX F83 sl wAurE 23,
B Sol "HolAAY A FS Tl AaHE ot
(Persson & Londahl, 1993). 4¥t4<] 3]s WHOZE= 4
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ol deon, e dE B fF e ssAte] 4

R ol
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ZHZ 271 At (Tong et al, 1993; Park et al., 2015;
Shim et al., 2015).
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Fig. 1. Temperature profile of blanched sweet potato stems during freezing process by different freezing methods. A: conventional
freezing at -20°C, B: conventional freezing at -40°C, C: immersion freezing at -40°C.
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Fig. 2. Temperature profile of conventional frozen sweet potato stems at -20°C during thawing process by different thawing methods.
A: sample was thawed by room temperature at 25°C, B: sample was thawed by running water at 20°C, C: sample was thawed by high
frequency.
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Table 1. Effect of freezing, thawing methods on total color difference value (4E) in blanched sweet potato stems with air containing
packaging

Color
Freezing method Thawing method - - -
L a b AE
Control 40.63x1.77" -3.62+1.53% 9.94:43.34" -

Room temperature 41.15%1.79" 3411274 10.10+£2.14°5x 2.77£1.31°

Conventional freezing Running water 41.42+1.670 -3.200.92°4 10.08+2.505 2.92+1.33¢
-20°C HF" 40.99+2.75°% -4.05+1.38° 12.1243.19" 4.22+2.49®

Mw? 40.71£2.18%4 -3.93+1.05" 11.28+2.13%AB 3.17£1.35°

Room temperature 40.7941.420B~ -3.52+0.88" 10.26:2.0075 2.21£1.33°

Conventional freezing Running water 42.38+2.06™ -4.03+1.30°% 12.25+3.02* 431£2.11°
-40°C HF 39.6441.95%% -3.47+1.20° 9.5242.36™% 3.14£1.29°
MW 40.1442.69"4B -3.88+0.91°* 12.2842.58%ABx 3.87+2.13™

Room temperature 40.40+£1.37044% -3.58+1.29"™ 9.6942.62% 2.79+1.52°

Immersion freezing Running water 40.88+1.84% -3.39+1.26"4Y 9.38+2.32°% 2.96£1.27°
-40°C HF 39.34+1.28% 2323111 9.30:2.02¢% 2.69+1.32°

MW 39.18+1.11% -3.75+1.16" 10.35+2.31%4% 2.91£1.19°

*dMeans with different superscripts within the whole column are significantly different (p<0.05).
ACMeans with different superscripts within the same freezing method are significantly different (p<0.05).
“Means with different superscripts within the same thawing method are significantly different (p<0.05).
YHigh frequency thawing.

IMicrowave thawing.
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Table 2. Effect of freezing, thawing methods on total color difference value (AE) in blanched sweet potato stems with vacuum
packaging

Color
Freezing method Thawing method - - "
L a b AE
Control 40.63+1.77%* -3.62+1.53% 9.94+3.34 -

Room temperature 41.72+1.83%cAx -3.63+1.11bedAx 10.26+2.92°5 3.35£1.63%
Conventional freezing ~ Running water 42.39+1.90* -4.1041.27%4A 12.1942.56° 3.85+2.23%
-20°C HFY 40.42+1.78%By -3.72+1.0004A 11.1643.00°A 3.31£1.80™
MW? 41.74£1.7120cAx -3.57+1.38%dA 11.1342.30AB 3.28+1.26™
Room temperature 41.82+2. 117 -4.61+1.28°4 12.56+2.51%" 4.02+2.26™

Conventional freezing ~ Running water 41.77£1.77%0A% -4.61£1.24°% 13.73+1.80* 4.49+2.03°
-40°C HF 41.75+1.90%A% -4.33+£1.25%% 12.9842.20* 3.97+£2.24%

MW 42.07+£1.67 -4.31+£1.34%~ 12.76+3.30% 4.43+£2.42°

Room temperature 40.25+1.60%APY -3.35+0.90B~ 9.09+1.70% 2.28+1.33°¢
Immersion freezing Running water 41.18+1.60%4 -2.26+0.82%A% 6.79+1.79° 3.92+1.74%
-40°C HF 40.96+1.220Aw -3.27+1.23%8 8.60:+2,2294 2.86%1.21™
MW 39.78+1.75 -2.88+0.91%B~ 8.54+2.04% 2.98+1.46™

*“*Means with different superscripts within the whole column are significantly different (»<0.05).
ABMeans with different superscripts within the same freezing method are significantly different (»<0.05).
**Means with different superscripts within the same thawing method are significantly different (»<0.05).
YHigh frequency thawing.

YMicrowave thawing.

o2 L a, b wel Heatd AE 32 Table 1, 29} 2t W% -20°C, -40°CollA] Wssh aynp £7]9] AddEs
I5RA AF A7 L a, b w4 BakS 406, -3.6,  6,881.2-7,655.5 g/em’o 2 2Tt} FoF Zolrt ZAAI R

9902 ZAF AL Ayrl 7= 223 S HIL Yo (p<0.05), FA W5 aet 2719 A== 7,830.0-8,166.7
2 a9 o] Fosty & ¢ qlom, 3] A AR gem’SE FoF Zpo|7t I THp>0.05). o= AW A
o] 2" @2 AWA o2 YalE Wyl WE §o4 Aolg A HFE Ak e Aetal AZE, Fig. 19
Holx] ko (p>0.05), M3 A3 A7 o A B AR Yt WE -20°C, -40°C, HA WES Al
o]& zo]E YERNATHp<0.05). Chang et al. (2012)& 2"  §9] WP AP NN HEEZE A7 242} 4755
el Wste A2 A Ay 2SS W 7PE A 3858, 5580k A WEd v 7= dlE W
O™, PE (polyethylene)=7g3st3l-& f 7P Atk Bislk o] W& {Fol2 xpo]E HolA] L UAIRK(p>0.05
Rom, o= B A Ao} wihET) olejgh dwke 2 AR v WS o AR slE B 59 e
= AR A= 9% AR Y7, IFu Z7] ANE7F 7P AR o= AR slE 2 251} §)
o] A% ANFE7} okl AFg £ o] B Chang  F9 % A7te] e Ao 713tk A zbE th(Meisel,
et al. (2012)2] Ao} tt=A a" 3ol 7P W3 & A 1973; Tong et al., 1993; Park et al, 2015). 3}*] %} Park
o2 AZFETHKim et al, 2011). §7] £33 270 = et al. (20152 -80°C o &F2S o] &3] A2 WYE3h
71E 4ut WE -20°C, -40°C, AA WEstiS Wl 4E # vHES A2(4°C), 75(20°C), “&=(20°C) HA}212](2.45
& 7}7} 2.8-4.2, 2.2-4.3, 2.7-3.05 YERN AT GHz), 225-93127.12 MHz) 3l &3t5S o HA}21A] 8lso]
7V A% "MsF A FA AL st oeH, o= mlo]A

i)
BN
U 1:1

Rzt &Y 2ol o3 Bad 7kl B R i Sl e Aol
vruk &7 N8 3 F @elE 21 % FIel  Bkm B3 b ok 3 g el A, dndem
£ 7S Table 37 o} WEAES WE Aol @) 2AF vyl 20 AF ¥4 v 2706

NAH 2EY2E ol 24o] ssle] EYRA Y B AR go] Btk ol AT @ 24 s o

A W37t op7lE| B g WEAE FAYF 2 AgEY 3 Ro g AZETHKim et al, 2011).

(Olivera et al., 2008; Lee et al., 2013; Park et al., 2015).

Weelle 27 % 2 el me avk 2719 A= pH

Table 337} 2t} A A5, A5 AEe 84375 g/ FTFul =719 A v

=i
= =
e’z SAHEAY. £ 2 oslE el ddEfle] It 32 Table 49} 2o, x| pH %
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Table 3. Effect of freezing, thawing methods on texture properties of blanched sweet potato stems with air containing and vacuum

packaging

oVdE

SOl - AR - AAE) - o)

E LR ERESY

CRRERERE

Freezing method

Thawing method

Package

Air containing package

Vacuum package

(g/en?’) (g/em’)
Control 8,437.50+867.28° 8,437.50+867.28"
Room temperature 7,418.75+£539.805A 7,345.00:£574.67°4ABx
Conventional freezing Running water 7,092.86+879.12¢4% 6,986.36+831.5994BY
-20°C HF" 7,650.00£790.57%0¢A 7,646.43+832,16A
MW? 7,438.89+654.21%A% 6,881.25+440.73%

Conventional freezing
-40°C

Room temperature
Running water
HF

MW

7,655.56£865.467A*
7,085.00+£567.18
7,336.36+733.86"
7,438.89+710.54A%

7,525.004752.86%A
7,230.004574.02¢4A%
7,135.714695.05¢44
7,080.004495.73¢4A

Immersion freezing
-40°C

Room temperature
Running water
HF

MW

7,987.50+£737.64"
7,830.00£929.78%A
8,135.71+362.53
8,166.67+752.77%4%

7,962.50:899.50%A
7,875.00£743.06%4
8,070.00:880.40™*
7,977.78+526.26%A

*dMeans with different superscripts within the whole column are significantly different (p<0.05).
ABMeans with different superscripts within the same freezing method are significantly different (p<0.05).
*YMeans with different superscripts within the same thawing method are significantly different (»<0.05).

DHigh frequency thawing.
IMicrowave thawing.

Table 4. Effect of freezing, thawing methods on pH of blanched sweet potato stems with air containing and vacuum packaging

Freezing method

Thawing method

Package

Air containing package

Vacuum package

Control

7.30+£0.03%

7.300.03*

Conventional freezing
-20°C

Room temperature
Running water
HFY

MW?

7.1240.00%8*
7.1620.10°48
7.3040.08
7.2840.02%

7.01£0.04°
7.1340.01%8*
7.3340.03%¢4%
7.1040.01%8Y

Conventional freezing

Room temperature
Running water

7.130.13%B~
7.140.03%B~

7.18+0.01°94
7.3240.12%¢A%

-40°C HF 7.170.09°45 7.20£0.09"4

MW 7.3740.04° 7.200. 11504

Room temperature 7.10£0.01°% 7.2 1£0,04bedAx

Immersion freezing Running water 7.2540.1858* 7.3340.040¢4%
~40°C HF 7.38+0.04* 7.38+0,12%
MW 7.22+0.02°4B¢2 7.35+0.082A%

“*Means with different superscripts within the whole column are significantly different (p<0.05).
ACMeans with different superscripts within the same freezing method are significantly different (p<0.05).
**Means with different superscripts within the same thawing method are significantly different (»<0.05).

YHigh frequency thawing.
IMicrowave thawing.

w3 8 A ¥3F 27ek 2719 pH e At 71
74,7074 oItk WE Wy % SE el ME §o4

. Jo et al. (2012)2 ©

AT
X FHvE, aAb, Ev, Al Y= Hld 27, 971
23, A £ S W 2ol wE pH 32 delst

gout, 72k £ o

ERA AT
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Table 5. Effect of freezing, thawing methods on drip loss (%) of blanched sweet potato stems with air containing and vacuum

packaging
Package
Freezing method Thawing method Air containing package Vacuum package
(Wt%) (W)
Room temperature 41,64 44 567/
Conventional freezing Running water 49,74 53.91%x
-20°C HFV 37.82%A 37.43c4Aw
MW? 40.36™ 51.21%n
Room temperature 37.60°B 38.63Px
Conventional freezing Running water 49,974 43,18
-40°C HF 44,634 47.40°%
MW 44,4074 53.16*
Room temperature 17.89¢4ABY 22.32°N
Immersion freezing Running water 24.30"A 26.18%~
-40°C HF 6.45° 19.27%%
MW 13,7148 17.75%%
**Means with different superscripts within the whole column are significantly different (»<0.05).
APMeans with different superscripts within the same freezing method are significantly different (p<0.05).
*Means with different superscripts within the same thawing method are significantly different (p<0.05).
YHigh frequency thawing.
Microwave thawing.
e SHEAE Table 59 2tk 4 ol W =9 Tuk 2719 27 Wy 2 Welw 20E g4gstaat &
225 VNSRS W, IF T EHEEE 17.7- Ak R et 2718 4 7] 2 3y 2RSS
54.0%, &7] ZFS EHEAE 64-50.0%082 Ay 2 ©, Ak ¥ 20°C 2 -40°C, IA Wssiler s
o] gH7] xAgol Hlal =y EAe] o] o Btk wEbA WO 2E AF2(25°0), F(20°0), AAH=IA](2.45 GHz),
Ak E719 A, A 24 3] 2RRT F4W AF927.12 MHy) dES QST
3% o doxtn BEsglon, olgh 2ol Kim etal. W] AR ARE AT AW AT AR, Auk,
Q1) FARY HFE AF TFAAL W AF Fo SR S G5 T 3P0 715 7917
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