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Abstract

Purpose: This study was conducted to find the optimal freezing method and storage conditions for welsh onion. Methods: Cut welsh
onions (0.3 cm) were packed in nylon/linear low density polyethylene (LLDPE) film bags, and frozen utilizing still-air freezing at -20°C
(SAF20) and -40°C (SAF40), and immersed-liquid freezing at -40°C (ILF40); they were then stored at -20°C for 7 months. During
storage, quality characteristics were measured monthly. Results: Drip loss was the lowest in the ILF40 packaging. Color difference in
the stem (white part) did not differ significantly according to freezing conditions and storage time. Color difference in the leaf (green
part) and stem was the lowest in SAF20. pH remained unchanged, while total aerobic bacterial count, pyruvic acid and moisture content
decreased during storage. Pyruvic acid content of ILF40 was the highest among the freezing treatments. Fructose and glucose contents
increased gradually during storage. Citric acid, malic acid, succinic acid and fumaric acid contents were unaffected, regardless of the
freezing conditions. Conclusion: The optimal freezing method for welsh onions with the least quality changes was determined to be
immersed liquid freezing, following by preservation up to 7 months by freeze-storing.
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3K Allium fistulosum L.)= 15, eI TE0] ZW)| $aEH g5 2]
Mg A Wge] Sah= thdA ZEAEO|H U, lE 3 Qth AL o)Al 7] Lo] Yol o= gt

Aol Falal AE2E L 15-25°CE &3 7] 5ollA o] zpgto] Folx Hao|A FFEE tupigo] An|RFR
Zk zet SRR AuiEa ok 53 S, 8y t} ZUlEo] £F B o=w Q&) tim rlzo] g
Shatoll A 7hd wo] AAE T AMEE Asolw JubE = gt} WA 714 oL ) bt 712 Zg A
02 0|58 =Y Welshcheol Al &3+ welsh oniono M2 es Rl JFEAZS el BobxE
2 &3l ITHCha HS -5 2008). FEA717] s thake] o8 318 A% A4

k= Aoz e glom 20151 AuiH 2] AT7F 2o dAHoln iute] Fgxde 2t AR
2 9,655 haoll Z3lal 711d(11,286 ha)th®] 14% 743515 <9] A7} B asliLee BY 5 2003, Lee HO 5 2011).
om, YAFE 200697 2FH ot FAolth WES AFe] Aa A7 g 9 JdkE AR B
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A AAWHoEA Tk T/
AthLee HO & 2013). 2]&F2] Wd5%

< AR F HAISABBEANE TSk AkE
of W} FE5EEH dvhlFsow UE 5 ded 23
Qe Ao A3 A= dvhdEel vis] &
ST d5Ao] ZAYFAA wEA FHHOEH
22 & WA a7 FEASE AAaAIvE
o] tHChun HH % 2016). §595S 5242 )
wel IA $3 AL, HF2 A4, IAA] 42, o
3} 7pEAA o R FEE e I F AR A
< Yol WZAAZ 2k el Foll 95 2ES HAsH
SAAZIE WHoltk BTl SEAIZ 4 QAL B
AAsHA] B2 AEE WA F Ae & 2
2 2504 ZAIRE JAA A A7 A5 FH Fo] A7)
AU BEAz)= ©go] 9thBan C & Choi YJ 2012).

WEAF2 AZx 7 B 23 AFY Fujof |
4, MAE W 9 84285 AAATY] Qg FH O
2 FE5YT Agste] A7z HEo] 71Es o= &
71y IR Yo 2FE D3tilang MY 5 2014).
H AGrE P, AFAR H1stE Qs AvAEo]
2F9 AT FFrleE ZARA HYHE oA
st T A3 AE e glo] viE HE F e W
FARE] T3k AH|AEL] AH7F F7HE A s FA 0
o W@soige] S Avrbde sl Alddiake)
60-90% TFoE FAHIL Yo dEsute FUFS
2003-2015'3 Ako] AFHF 1% Z7F8EH AL, HZE A
&£xo=z FUlslal Q= FAo|tHLlee S 5 2015, Song
SH % 2016).

izte] Aol tigk AF=+ Hong SI 5(1993)<]
Ao tiute] 7Fg = AH g A 8o mE A24
A Z ZHEAQ] W3} Cha HS 5(2008)2] thule] <&
71ZPE AR50 mE FEEA, Lee HO 5(2013)9
FAANLFUE, TUE, d2ollF, odjau 9t
TAAR T FAWs) Folth. 1y ¥ Wi mE
A Z Uk digle] FAsk njx= Gk A
ATE AT AAoth mex] B dFe dexddd
e kel A% T FAEA W A5 E doliy, A
A3 W% zdd el AEstY % Ao AHE ds
thate] F571% A4 2 Bl U E o8 F e
Z|ZzARE F83kE v 53S FUk
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1. ASKE
B Q7o) ALE e A7)E AN 20159 6

Yol 3 Aoz WA FYsG o, AL A

o] alEmA ghe AL A¥ste] AnE AgT
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2. M=ol M2| & MF gy

= B E AAS & 52+ £ 33] Aldste] &
o] BFYE EHES WUx% thy tivte] 3 7| 7E A
el FE Q) il IFE o]Fiste] oo w
0.3 cm® Hestqdeh. Ao AR} QRS 1112 £F
sted F 100 g¥ 75 F A EF TS (nylontinear low
density polyethylene(LLDPE)) 887 Layer Co-extrusion
film, Seven L Pack Co. Ltd., Gwangju, Korea)ol 231, 3l
XA7|(HFV 600 L, Hankookfuji Inc., Hwaseong, Korea)
o] g3t Wagk ¥ WsstAath W wE Watist
o FE& A3 #1822 -20°C A AE7]4(Digital
ez GC-124HGFP, LG electronics Co. Ltd., Changwon,
Korea)3} -40°C A X]F7]2)(DSS-650TD080, Daesan ENG
Co. Ltd., Hanam, Korea)®] ¢vhd53} X4 @yF57] A
£ propylene glycol Jull(Top Greentech, Seoul, Korea)S
o] 83k A4 FE5YE57I(F-500, Top Greentech, Seoul,
Korea)E AH&3t -40°C 559¥5 $ -20°CollA Hst
HA 210970, 15, 30, 60, 90, 120, 150, 180, 210¥) A
ettt

kel W-alEs A8 AIFE 93] Yal A4 1.7
em®] €%7(DS1922, Maxim Integrated ™, San Jose, CA,
USA)E tat £ A 4 F-9ol A3 & diget &
7l BEstdch Walls HES A F Aol 14 A=A
(DS1402D-DR8, Maxim Integrated ™)S o] &3l W% =
Ae At B WEUdsEE7MA A8 AREe
dudE-S T3l -20°C FAF7] 2 (still-air  freezing at
-20°C, SAF20) 9,000+, -40°C A 37| 2|(still-air freezing
at -40°C, SAF40) 2,500% 2 -40°C %) %] 2)(immersed-liquid
freezing at -40°C, ILF40) 200%°] £QF U3 Y5&Ee
+ Ban C 5(2016)°] WHioll wet Algkete] A3kt

Wastiate] 8E-2 20°C 3=27](B.0.D. Incubator VS-
1203P1, Vision Scientific, Bucheon, Korea)ollA *|2]3}
Rom Alge FAR 257} 1°Col| =23 WE s
5 AHCE STk AR FAF 2571 dRdES
Sl SHERRLETA 488 AIRES SAF202 120+,
SAF402 1004, ILF40-> 140%°.2 JeRgTh

i of

5ol 9=d sl HELLL 5 F ojne
#%8 EYF 79 0L, % A s A2 ge) oe
L B-8(%, wiw)Z YER AT

4, M

M= tigte] AuRel QRS AMXA L petri disholl
ol AXFA|(Color 17, X-rite Inc., Grand Rapids, MI,
USA)Z 151 o) WHE3te] SA3ste] HAFe=E UE}
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Uittt oju] EFA I (white standard plate)S 1=94.54,
a=-0.15, b=2.71°]31t}.

5. YHiM|T

ko] AwRe} QJRE Z}7F 5 o Wit stomacher bag
(3MT sample bag 1930, 3M Co., St. Paul, MN, USA)el
3 H Hed AYAET 90 mLE ¥l stomacher
(Bagmixer400, Interscience, St. Nom, France)Z 90%3F ¢
AsA T #dstE AsdS EdE AEErE o
A 315t YutMlH-8§ AZZE9X] 3M petrifilm aerobic
count plate(PetriﬁlmTM AC plate, 3M Co., St. Paul, MN,
USA)ell AE3led 37°C  incubator(Vision Scientific) ol 4]
24-48 A7t HjFsle] A E= colony 5 Al & UREA]
e AF=EshAath

6. pH, TREA U L2512
& 9% Ui F2de 35 vokg Ay

Rop AR 247t 5 o¥ AHTC] ZFF 40 mLE 7}3 o
A1 7](Philips HR2860, Ya Horng Ele. Co. Ltd., Tainan,
China)= 1&3F #2343 F 307F sonicator(UC-20,
Jeiotech, Seoul, Korea)Z FZ3}% T}

pH+ pH meter(Orion 4 Star, Thermo Scientific, Beverbe,
MA, USA)E °]&3te] 33 W& SAH3a, oFHA
FeFo Schwimmer S & Weston WJ(1961)2] H'HS &
ste] Zgstqich. SRFE oMl 4% gk FEH 2 ¢
o 10% trichloroacetic acid-&(Sigma-Aldrich Co., St.
Louis, MO, USA) 2 mLE 7}l vortexing 3 1417t &
QF A2ofA WAsATE 1 * Y4 EE]17](Himac CR21G
II, Hitachi, Tokyo, Japan)&Z 15,696 xgol| A 587+ Y42
g3 & 45 1 mLE Fs £48& AEE ARESIA
3L o37]e) 0.0125% 2,4-dinitrophenyl-hydrazine-&<(Sigma-
Aldrich Co.) 1 mL¢} 75 1 mLE 718t & 412 &
37°CollA 1023t ¥H-&A1Z] T3 0.6 N NaOH-&-<(Dagjung
Chemicals & Materials Co. Ltd., Siheung, Korea) 5 mLE&
7Fsted 420 nmollA B EE Z%(UV-2500, Shimadzu,
Kyoto, Japan)3tith. sY3s WO E FFEZQ sodium
pyruvate(Sigma-Aldrich Co.)& ARg3dle] FEHZ ZFF
FHAE A9 T A9 pyruvic acidE A FHATH
SRS AOACH(AOAC 1990)° &J&l 105°C A7t
dHxH oz ZAsAT

& T2 on)

sMste] AR F 4SS FHs) 02 um mem-
brane filter(Millipore Corp., Billerica, MA, USA)Z <3}
gk ¥ Agilent Technologies 1260 infinity HPLC system
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(Palo Alto, CA, USA)S.& EA3}¢ch HPLC ¥4%74
2 column® 2 Asahipak NH2P-50-4E column(5 pm 4.6x
250 mm, Shodex, Tokyo, Japan)E AF&3}93, HE7|=
evaporative light scattering detector(ELSD, Palo Alto, CA,
USA)E AHE3I o, o]572 acetonitrile:water(70:30,
%(v/v), J.T. BakerO, Center Valley, PA, USA)E 1.2 mL/min
o $ER FRFUL S WLE FYse] EASHTHHwang
IG & 2012b). 3EF=4-2 fructose, glucose, sucrose(Sigma-
Aldrich Co.)E AHg3dle] e & dAe A
g = AR FEY FEFS AT

27|l B2

- OO

F714t e ol B A% v 2L dAEE ¥
F5ATE 3 0.2 um membrane filter(Millipore Corp.)
2 o3} 3 Agilent Technologies 1200 series HPLC
system .2 EA3FAT B 2L column®E Aminex
HPX-87H Ion Exclusion(7.8x300 mm, Bio-Rad, Hercules,
CA, USA)S AM83tal, A=7]& UV detector(Agilent
1200 series HPLC system, Agilent Technologies Inc., Palo
Alto, CA, USA)Z 215 nmollA] ZHEsH o, o]54Le
0.008 N sulfuric acid 8-<H(Sigma-Aldrich Co.)< 0.6 mL/min
FEo 2 EHFAA 10 pLE FYsAtHwang CR 5
2013). EFEZAZ = citric acid, malic acid, succinic acid,
fumaric acid(Sigma-Aldrich Co.)E& AF&3dle] TZH=Z
FEAFTAAE AP F AR AU FEES A

ahgiet.

r

9. SAHEAM

BAIEA-S SPSS Statistics(ver. 12.0, SPSS Inc., Chicago,
IL, USA)S A28t ANOVA©] o8] EAHEAS A A5}
Fom p<0.05 F<olA Duncan’s multiple range test=
Hrlstdoh SAH#L 7IETARNCE Py 159
Mg AFESEAT

5 Fo] F4& AAs= T83% 9
olm, dntx oz HIdSAFWAU(0~-5°0)F WEA
£ Ha3E F vt RSt

(Hwang 1G 5 2012a). W5 ¥Hol ©& tigte] Wyas=34d
< Fig. 13 2o HAWLSAZINNE SHsk= A
He 220°C AAIE72(SAF20, 360%), -40°C A&7
(SAF40, 220%), -40°C YuilE ©o]-&3F FX|2|(ILF40, 10
1) o2 eyt Wsiied mE WsEEs ALt
3 A3} SAF20L -0.030°C/min, SAF40-& -0.062°C/min,
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Fig. 1. Freezing curve of welsh onion with different freezing conditions, " SAF20: still-air freezing at -20°C; SAF40: still-air freezing

at -40°C; ILF40: immersed liquid freezing at -40°C.

ILF40-& -0.524°C/min & & EFSETh

Jang MY 5(2014)2 43t WsEHEE A%
A 721(0.1°C/min), A4%53(0.5°C/min) ¥ 1%
(0.7°C/min) 859 75 @A 22+ °F 10042,
g 10702 AP Bo] Eeo® Wk A
TZro] AAWFA, ALEE D AEEFF 227
A4S HudHth Kim JH 520158 99 Bd%
g 4% 23, FAYSOLNF), 7 2
(ABF) ¥ AAYE-S(NF) 22 ¥5A )
2 900l o] AlTE> oF 0.1%, 30 H 20
AeS sttt YRkdo g WeAFe] 93244 =
71¢} F, BE T2 WESEe wel AR E, Adwo
Azto]l FHeTE A2 do5dAo] Bol A3 FY5HA
B EZITHKim CJ 5 1998, Jeong JW 5 1999).
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AEL WES Aol 4R deade Axel B,
Jopre] £ 52 oplgo e 5 Aol 5ol
WS Bk ABUFE HES BHE, IYuH 2

— =
st A U JFe 7] wwel FHol T2
WA EAze 2ok AEE o]82 T UThLee HO
S 2013, Jung YK 5 2015).

W & Wetise dsA% 5 sisitds
4% A= Table 139 Zom WsA% 7|7t W&
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SAF20, SAF40 % ILF40 ¥-5tiate] a5 11.57-
22.43%, 1.35-9.85% 2 0.35-3.43% HYE VEbTh A
Z717ko] gt wet Wl mE Watiae] =
< AT FolA ILF409] 7% 724 02 (p<0.05) 717
o g 57ES Btk Kim BY & Lee KH(2009)= HF
Ax TIFE 121€ B3 -10°C9} 20°ColA W¥&s
Zg-ol vlsl -40°ColA W& A7 A F sllE Al
cg&ao]l A Yehdo] B Aol dX|EH e o=
TEEIT WEFE v AU sl AlE
Fol A Yeht dlsidEo] Fojies AoE &
(Yang CY 1997, Holzwarth M & 2012). X3+ At3}
7], & 9 9k 5 5% FAFol g dsE=el
AAF71A, 54 2 JAAAY A o3t
28-S AT A, 370l g3 FAYAEG =
5 o] WEEErt m2ug FiF 7HAago)
A dojdtial st TthJeong JW 5 2003).
Wsthate] A7k 159 9] SAF20, SAF40 2 ILF409] 3f
SRS 2243%, 2.28% 2 043%= UERton A%
210¥ 9] SAF20, SAF40 @ ILF409] 57 3S 13.64%,
9.85% H 1.03%=E YERTh 21097 Ws A7k
w2 SAF20, SAF40 2 ILF40 WYstigle] sl5d3de 9
A% 7|3ke] AoHATFE Frleske A EYon A
A7 H F2A 0 2] (p<0.05)F Rt} Shin DB 5
(2000)°l] ME=AH YFAL2Ee} 7|7l TE WA
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Table 1, Changes in thawing loss of welsh onion with different freezing conditions during storage for 7 months at -20°C

(Unit: %)
Freezing Storage period (day)
condition" 15 30 60 90 120 150 180 210
SAF20 22.43+3.44"  11.5740.39°C 17.46+3.00° 14.46+0.44"C  16.32+2.05 16.26+2.71° 18.10£3.49" 13.64+0.45"¢
SAF40 228+022%  1.35£0.28"  2.67£020°°F 5.40+125°C  3.98+0.34°° 7.31£0.95™  8.51+1.49"% 9.85+0.70"
ILF40 0.43+0.07"  0.35£0.10°%  0.51+0.20"®  1.03+0.38"  3.43+0.95"  0.56x0.23%®  1.03+0.07"  1.03+0.71°"

All values are mean+SD of three replicates.

Y SAF20: still-air freezing at -20°C; SAF40: still-air freezing at -40°C; ILF40: immersed liquid freezing at -40°C.
*® Means with different superscripts in the same column (according to different freezing conditions) are significantly different at

p<0.05.
AE Means with different

Z ks dleaFe AT A, -18°C AT A
A% 67ME3 o7ld 9] S FE 0.2%2} 0.7%=E A7)
Zto] dojALE e dd=E S718ITE wdHol -40°C
AT A9 A% 167149 alsFL 0.4% =33}
Atk W AdEet 95449 7= AX= v &
529 = SAEY AV WA Al dZ2H 9
A7P7F S7FeEA EYE ST Bk v Q)

(Kidmose U & Martens HJ 1999).

o 2

(<]

3. A

Wasiel e Wetiuke] WA 5 SRSk Fig
20 YeERASITE 1o tiZ=+ L(Lightness)dt, a(redness)
2t 2 b(yellowness)dk2 242} 24.60, -5.63 2 8.422 UE}
Yrh oheket WEHHoE XEld SAF20, SAF40 2
ILF40-2 W5A7% 7|3kl we} L3 bk Trashe 33
S YeEIAY. =3 WEAA 30, 60, 90, 18043 s
i} Qo] L, a, bdko] SAF20, SAF40 2 ILF402] *]&]
T ol foH 0 2o (p<0.05)S YERASITH

AMBO] 2T L, a, bEFS B5F 61.54, -5.68 L 18.14
2 byt WEAA 717ke] ZdojHol uletA SAF20,
SAF40 ¥ ILF40 A E]ollA 25 Lk, aghk2 244s vt
Hol| bt 7kt AEe Uit AR7It <
Wathat AuiRol L, a, bgko] 1209 A azke AlQlsta
SAF20, SAF40  ILF409] X&) ztell §2o]&Ql o]
(p<0.05)F YERHA AUt

AAAR] RS AEG A E YERA Watia) o7
o] 74 WEAA 15-210¢ 59 SAF20, SAF40 2 ILF40
o] APte ZHzt 13.82-16.78, 15.10-17.21 L 13.87-16.53
o HME YUEHen, A7zt wel SAF209] AE#
o] 7b 2ttt WEAA 30, 60, 90, 180Y3ZF SAF20,
SAF40 % ILF409] A2l kel 23?1 Ao](p<0.05)&
Uep itk Wsoist dAmEe] 739 WesA 152109
59k SAF20, SAF40 % ILF409] Ag+e zZHz; 8.56-
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superscripts in the same row (according to different storage period) are significantly different at p<0.05.

12.66, 6.47-12.64 2 4.55-13.572] MY =S Yepdon, A
717 < AT 2ol FY AR &po](p<0.05)F HEF
WA stth ole AduiFdE, AAETEE 2 A
250l wWE Fuke] AEFEY] WskE vlws A ook
gt WEihHe) mE Ao Wyl Ao itk Bals}
(Jung YK & 2015) $3FE -10°C, -20°C % -40°Coll A
WE ARe $ AEFS] WsloA WEETt & FFS
FA AUt Kim BY & Lee KH(2009)2] Ao} AL
Stk E=gh AR AR ILF40914 7H8 w2 A
o2 Yehgal o) nls] AEZLe] ol A% sy} 3
=< ERIEATH

UM
Wil mE Wetate] WEAd 5 kAl ¥
3lo] that AFAFE Table 29 2ok AEFFH A 71
AFshe de2E Ads 9 dZddTe
Z}z} ¢ @ 100,000 2 10 CFU ©]&kedoF &}a(Ministry of
Food and Drug Safety 2016), Pirovani ME 5(1997)2] X
o ofshd Aoz M AaF HoEe H¢-
HZT LugANA T2 37148 H8EST 7.7 log CFU/g
NHAE H AR AFsta k. B APANA AL
H AEE ol 71EE WSSk FAolda AR ¢
ZIHA mAE bl AIE S 1T o Ak W
Soue] A 2] IREAIHES 422 log CFU/glE U}
Elgtom WsuhHol uhE SAF20, SAF40 2 ILF40 5
k= A 1598 AYstas dsxig P g
A 2o)(p<0.05)S YERNA 2T,
WEsAZ 7130 w2 QEs take] A
2109744 AAZ O E 34 log CFU/gREoIomH
210¥9] SAF203} ILF40 Jatiute] ity 7
3.5637} 3.89 log CFU/go 2 7+A3l9al 473t 59t
whAle] WskE §oFQ0 Ae](p<0.05)E Eith ¥E
Aol ogt mAESHH sl g thekst AEo|

=1
=

\

A
A

o o

a3

w©e N
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Fig. 2, Changes in Hunter's color value and delta E value of welsh onion (A-leaf part, B-white part) with different freezing conditions

during storage for 7 months at -20°C.

"V SAF20: still-air freezing at -20°C; SAF40: still-air freezing at -40°C; ILF40: immersed liquid freezing at -40°C,
A0 Means different capital letters within different storage period are significantly different at duncan's multiple range test (0¢0.05).
#° Means different small letters within different freezing conditions are significantly different at duncan's multiple range test (0¢0.05),

B3E3 =), Lee HO 5(2011)2 blanching *]2] gk
oS -20°Cell A BaAget Ad Fdaee Azl
A 12701€2704 102 CFU/g <5 FA1819.9H, Ha JH
5(2007) -20°Cell Al 48F &<+ AT WA T4t
= A 27] 9F 2 log CFU/g =30l 4851271

2016; 32(6):665-676

FASAA 2 88

fr o 2 H
oo
G2 n
2 go o
offt :
i) ﬁ
2 H R

=
M
e
ol
N
ftlo

oft it
2
S ot
=
S
e

¥
o
El
p'ﬂ
2
o
i
o
g
s
3
of
P
T
f

st = dled Ut FARFY FAT
738-e YERI 3, blanching *] €]
St AE Yeidler ol

e R gl

http://www.ekfcs.org



Korean ] Food Cook Sci

2 N 45274

L=y
o7 AzH £ o) mAEe] 2

AT FAT &

Atk Parkk YH 5(2012)2 thlvls

= A" %7] 6.3 log CFU/goI o WsA4 20
log CFU/go. 2 #2713t 7 3ol me} 7hasted
o] MAES] FA&

5. pH, DFEL

YEYe) g

o A% 27 pHt

SAF20, SAF40 %

oJAIske el )

o 5.7
FAste] WsA %
=R Ee A =

Wsdiate] WsAY F pH, FJFH
b 9 S=RSkEE Wals Table 20] UYERNITH Wsdivl

ILF40 Jdstiste] 74

5322 Yehgon Weue wmE
35 AA 15, 60,

150€ 5 Al9jstae W HHEE o4l Zo)(p<0.05)
5 YEASE ¥E5A% 713t mE SAF20, SAF40 %
ILF40 ¥5thale] pHZES 4.83-4.68, 4.86-4.70 B 4.90-
4.62 H9E Y5257t ESTE pH M} 2 AS

g21e 4= 9t ILF40 Ws oyt A4 1803 210¥2

A Lstae AR7gke] dojgol| M2 pHel WSk fre
2Rl Ao)(p<0.05) YEFHATE WB5AA 0-6097FA] =

EE A=Y pHE

F23tR T, 90U ol =
ot 12089 A

oAl 71
Z+a5kAtk )= Seo JH E(2015)

-/] R 10 -/]0]' FIE G z]x]g]. _,,].Oﬂ &7] X‘]E] =
WEAGLE(C12C, -18°C B -24°C)0) A 2453t pHE

ZA43A =8 0-12F7HA] pHE 4S9, 12-24F &

ks

off
N
2
§=)
it
=
=)
10
Y
o
ol
s
)
e
o
o~
~N
—

Qb= oA S7teke S Hold B AT} FARRH
A3E YepHIT

g ofnl 9 wls 5 Alliumss 2 T
2 g FelgEol 7Idske 2o g, ol 1 ATE
A9l alliin®] EajaAoA FAH Aoz LA Yo

, TA FH Q1 alliine cysteine-sulfoxide lyase(alliinase,

EC. 44.1.4)°] Zgo2 AAPH allicind 2719 A<
pyruvate ¥ ammonia® w3l =HE AHANA YHHET S
diallyl thiosulfinate= w9~ EFAS}7] wfj&el & H|EA
2 HH-3-© 2 thiosulfonate} diallyl disulfide’s o2 E3l 5
WA s 579 flavorg AA3HA Ethlee HY &
2008). Allicine H53 &v] JRo2A 3}, 4y & v}
s Y ARG 7tE T T8 FHAARE AHEHA
T EQHY%E HElE EAst Ao ofHr] wiZol
allicin®] 727 A¢E4HA AZAPE S HTEAMN=Z
o] oLuqo]. :¢:_0_ J_L]E}:]/\]- Laoki %Xgé‘i 9»1“4(011
g ks 2 Y
év‘i‘—ljr =2 *Pﬂrﬂrﬂlﬂ 0‘01 Allium<s 2 =2] 3
o%}% Sk AR AE2A ol o] &Fa Utk
(Kim JH 5 2002).
A% 27] Wasdate] 3284 352 9.21 umole/gell
A WA 1599 W5 SAF20, SAF40 2 ILF40
Wasdvte] 49 1.36, 1.35 2 1.86 umole/go.Z FZ4 3
Zasdg. BEAH 15, 60, 900 2 15022 W
of W& AHETe s dPHERE FoHel Aol

d

Table 2, Changes in total aerobic bacterial counts, pH, pyruvic acid and moisture content of welsh onion with different freezing
conditions during storage for 7 months at -20°C

Freezing Storage period (day)
condition” 0 15 30 60 90 120 150 180 210
Total acrobic SAF20 4.22£023"% 4.18:029°"% 448:021"  3.62:042°C 328+0.09°  3.98+0.46"°C 4.12£0.17"" 353044 3.56+0.16™
bacteria count SAF40 4224023  4.03£0.17°  4.46:+0.64 4414081  3.43£020  3.70£0.14  3.9840.05  3.93+030  4.26+0.27
(log CFUI2)  1p40 4204023 471020 3.87+0.13°  3.824001°  4012032° 3894039  3.66:032° 3.92:002°  3.89+0.53%
SAF20 5.32+0.09" 4.83+0.05°  4.80+0.05"C 4.7120.06° 4.81+0.06®®  4.7120.03"® 4.71+0.08°  4.68+0.04™  4.71+0.03"P
pH SAF40 532+0.09" 4.86+0.07° 4.86+0.04"  474+0.04° 484002 473001 4.70+0.03°  4.71£0.02°  4.71£0.03
ILF40 5.32+0.09" 4.84+0.06° 4.73+0.04°  4.65+0.03° 4.7120.02°° 4.62+0.03°  4.69£0.07° 4.90+0.06™  4.87+0.04™
© SAF20 9212051"  1.36£0.06™ 1.59£0.35"  132£0.03" 13120.12"  120£0.02° 139009  1.18£0.06"  135:0.13"
Pyruvie acid = o\ iy 9910051 1354022 126£0.10°  108:0.09%  1.02:0.09°  1.1120.13°  1.18£009®  1.01£007°  1330.18°
(Mmole/g)
ILF40 921+0.51% 1.86£021" 1.93+025°  1.8020.17° 1.8120.12"  1.3240.05°  1.1240.12"  1.11£0.08°  1.37+0.03°
SAF20 91.56£0.46" 91.35+0.14"% 91.6240.23**  90.95+0.30° 91.19+0.22"5¢ 91.06+0.27"%¢ 90.68+0.15° 90.80:0.39° 90.470.39°
M(Ef;t)“re SAF40 91.56+0.46™ 91.83:030" 90.56:031™  91.35£0.25"® 91.14+021% 91.39+0.04"® 90.60+031° 90.33+025°  90.56+0.49°
0
ILF40 91.56+0.46"% 91.66+0.43" 91.47+0.48**%C 91.38+0.12"% 91.13£0.11*% 90.93+0.34%° 91.03+0.27*% 91.06+:0.38*% 90.87+0.12°

All values are meantSD of three replicates.
Y SAF20: still-air freezing at -20°C; SAF40: still-air freezing at -40°C; ILF40: immersed liquid freezing at -40°C.
*® Means with different superscripts in the same column (according to different freezing conditions) are significantly different at duncan’s multiple

range test (p<0.05).

P Means with different superscripts in the same row (according to different storage periods) are significantly different at duncan’s multiple range

test (p<0.05).

http://www.ekfcs.org

2016; 32(6):665-676



672 449 el RA -

rok

74

(p<0.05)F UEFAAARE W54 30, 120, 180 H 210
o YsHe WE AYTE FYHJA Aol (p<0.05)E
YERA] gttt WEAA 7|7kl mE SAF20, SAF40
2 ILF40 W¥stiute] 9FBAF e AR 2109714
HAAAHOZ 1.59-1.18, 1.35-1.01, 1.93-1.11 pmole/g F=
2 AR7IZe] ojAeE st S UERL
A A717ko] Aojol wEl SAF209F SAF40 Y5t} v
FHAF SFe] Wsle ARE7E AT AR 210 F
b FoHQd Aol (p<0.05)E YERNA] 2o, ILF40
st 952 o] ¥skeE 15-9097 120-210¢
Zholl frelAel 7‘<P°1(p<0 05)% YERA. Shin DB 5
(20002 ¥H3k mlES -18°C & -40°CollA A7 A HE
HA 9 FHL SRS —Z—Xéf& A, Adz27] 1927 mg%
o A -18°CellA 6743t #1743 vh=0] 189.2 mg%, -40°C
oA 87/M¥zt AAAS vhEo] 190.4 mg%etal ¥, W
A7 B At AT GRlskTh =S F)8E
=4 Ay, WAt AR el AT
T EEE o] SHAGE -40°ColA AAT AlSRTE
-18°Col|A] AAg AlsolA BS A Uepgtia Bi
st
A% 7] Jetate] FETEFS 91.56%= YERS:

H W5 ol & SAF20, SAF40 ‘;—l ILF40 %%HM
o A9 AR 30¥S AYstaes e WesiHEE
o] Al Zo](p<0.05)5 UERNA] 3kth o= AAT)
FUE, AAETHAYT 2 SAYTOE A St
o FEFFAAN BATTAYTH FALY S AT
ZHll fro)&l zfol7b YEpA] 34t Jung YK &
(2015)°] Aol WE wr] 23279 A5 dessol o
2 FEIF F9HA Aol7t §IthE Rodezno LAE
5(2013)%] Aol IX|EkTE 4, Kidmose U &
Martens HI(1999)= B 33 2 dsAe & Fz
2 A FEE BT 7&4 39T 2 -30°C FAL> Y
T2 -50°C9} -70°C S WEHED d440 9
3 AlZY e} il A SA4L Waiol W
T AAEAS FATIE W ER¥olgtal B
—5—].93\1:} EE ;‘(H/\Q,]_ 7EL3 Ex«l AIJO E‘jx«l Alunoﬂ
Hlal] 2#o] Regy fAdo]l do ¥y d A%
ZF 7IAA 2E# 2o AlxZEo] A wAEHI dE A
z2o] Wste} thEFe] Eji(drip)ol B A TAyEHA |
THKidmose U & Martens HJ 1999). ¥ A-FAz}o| A=
Wz we sletiute] FEgFAlE 1T F

[esKos By %%7__;‘!_)(46:]%4 .{,‘_H/‘/g ol 1:?—5! HL/%]O J,]/\gl_

S Y PERAL ) AshH Wz n
g tiste] vlATxe) X E FFE Uolus F
CR
2

om:‘

¢

© 3

o] FrtHoRr Bed Zlog AdHth YF
712k wE SAF20, SAF40 % ILF40 35 t)ulo]
FRITFS AR 210974 HAAHCE 91.62-90.47%,
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91.83-90.33%, 91.66-90.93%<] WIS Yetdy, A
7I1Zbo] AojAEE 22 e YEhdon fo1#Ql 2jo)
(p<0.05)2 YEMJTE Ha JH 5(2007)S 42, B4, 3
A AAE 6L AR =E 2Lt SRS
S T Zashes A4S Boy SAFCRZ foak=
Alom, WA AAE i A 72HAH80% A
el vls EgTFo] thi Fa60% dF) A A H
sz Holx] tia Rusied], # ATl AR
713bel| & Westiae] FEFES At

6. OE.I':I'

W g W] WsAd & s
(fructose, glucose 3 sucrose)S 493+ ZI+= Table 33}
Z A EHJ}/] fructose, glucose & sucrose T2 Z2Hz}
1.20%, 1.31% 2 0.48%% Uetstow, W-sfF 28 $9
sucrose FE AEEA Fohrh WsiEol ©WE SAF20,
SAF40 2! ILF40 %%ﬂ%ﬁﬁl 785 A% 30¥9] glucoseE
Astas thaket WEHHEE fructose2} glucose $HF
L {972l Ao](p<0.05)F UERA] 3hTh

Kidmose U & Martens HJ(1999)2] Aol A+= -30°C,
150°C B -70°C SALWET 24°C $FWE] WE =7
< 2Elst] BAAT Setolx B fEd S 2
Ak Ady, SA295Y 25209 Wi o0&
23] F Wsk= fFodoE YEh A FUTHp<0.05)
3 SR wHEC] Jung YK 5(2015)2 tiefst W35
W] e Sk fEe e ST A9, WE Al
Fio] st fElde] w57 ST AL skt
WA 713 M2 B5s th9ke] fructose$} glucose
g A7I1b0] Aojdars FoRog Frlehe A
< HYTHp<0.05). HFH sucrose FF> A A=
0.48%AAIRE W-3]l5 A Folle HEEHA o} A4V
Ztol ZA#gtel wet Adhs 74 UEIY ol&
WsAad = Az g3 @ a42280F sucrose’} #
E o] Zrastda FLIQ fructose?} glucosee] S7H=
sucrose?] E3fof olsle] FU1ek Ao g FTIFHTHCano
MP 5 1993).

Barhi dates& WEUHEZ(EAYE, NMEFTEYs
2 ohhdE) o/fE W¥E AAEAS Wl fructoseo}
glucose= A7 3/ML7MA = F718ch7E 1 ol o=
A% Wi FdLzol g4 Zgo] 93] sucrose= A 9
M ¢ FhFo|AY HAEHA FUthE Alhamdan A
5(2016)2] AZ7} Aok T3 -40°C W§53 datobs 12
MEE WEAAS & fructose®t glucose= A7717to]
gt wel 7K WEE sucrosew  HASATHE
Torija E 5(1998)2] ZAxe} £ A7+ FASIATE Shin
DB 5(2000)° w2 vhsS -18°ColA 157043 A%
gk A9 fructose?} glucose= A 371€Y O|FHE= F

o _l[}l

ol

oo o
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Table 3, Changes in free sugar contents of welsh onion with different freezing conditions during storage for 7 months at -20°C

Free sugar Freezing

Storage period (day)

(%)  condition” 0 15 30 60

90 120 150 180 210

SAF20
SAF40
ILF40

Fructose

1.20£0.07° 1.43+0.10°

1.20£0.07° 1.50+0.01%¢ 1.37+0.08° 1.42+0.02°
1.20£0.07° 1.37+0.10° 1.26£0.07°° 1.37+0.05° 1.39+0.01°
1.35+0.02%¢ 1.36+0.10%¢

A

1.83+0.06"
1.81+0.06"
1.67+0.12*

1.73+0.01*
1.71£0.15*®
1.72+0.04"

1.3440.05° 1.66+0.24*"
1.58+0.128
1.65+0.13"

1.72+0.06
1.79+0.10
1.71£0.10

A

A

1.39+0.09"

1.58+0.02¢
1.45+0.10°
1.5240.14%

1.310.05"
1.31£0.05¢
1.3120.05¢

SAF20
SAF40
ILF40

Glucose

1.4620.08°° 1.48+0.03° 1.39+£0.05°F 1.76+0.15*® 1.78+0.02*% 1.86+0.05"
1.32£0.05"¢ 1.4420.05°C
1.4740.05%%C 1.44+0.11%¢

1.7440.055
1.44£0.015%€ 1.74+0.03* 1.75£0.13" 1.87+0.06" 1.83+0.11%
1.49+0.11%  1.8320.08" 1.76£0.04" 1.73x0.13% 1.84+0.11%

SAF20
Sucrose ~ SAF40

ILF40

0.48+0.01 ND ND ND
0.48+0.01 ND ND ND

0.48+0.01 ND ND ND

ND ND ND ND ND
ND ND ND ND ND

ND ND ND ND ND

SAF20
SAF40
ILF40

Total free
sugars

3.16£0.20° 2.82+0.21° 2.58+0.12°

3.16+0.20%¢ 3.08+0.03° 2.83+0.16F 2.90+0.06"F 2.73+0.11%
2.81+0.10°
3.16+0.20%¢ 2.94+0.24P 2.83+0.06° 2.81+0.22°

3.41£0.39"% 3.50£0.03% 3.69+0.10" 3.46x0.11*"
2.84+0.01°  3.32+0.14% 3.46+0.29"%¢ 3.68£0.12" 3.62+0.21"®
2.88+0.19° 3.48+0.21*% 3.47+0.09"® 3.40+0.24*" 3.55+0.02"

All values are meantSD of three replicates.

Y SAF20: still-air freezing at -20°C; SAF40: still-air freezing at -40°C; ILF40: immersed liquid freezing at -40°C.
™ Means with different superscripts in the same column (according to different freezing conditions) are significantly different at p<0.05.
*E Means with different superscripts in the same row (according to different storage periods) are significantly different at p<0.05.

N> Means not detected.

7Vl 7de-S YERA ¥HH sucroses= AASHE UL Bl
St olxH B AFAxE x3ste] 7Y ¥EA
FF e FF Hile WesAH s Hd H A4
9] invertase EAZEO) 23k sucrose T4, HE - F
4 st g F o o] SO EA Yehd Aaelal
g Th ¥hE Kim BY & Lee KH(2009)= 159} A

g TS AR AHETFE -10°C, -20°C Z -40°CollA
2L WE3sE 749 fructose?} glucose= A7&7]7E]
ZAgle) wel 7rAstgtty BRaste] B el Ay
AAH o
7. 7|4t

N

A T 71k e e mE|skA g 229
AHgslel dutel] FaFs Fol HAdTAS} | FXIA)
249 Fa% 9&E AU AA A& & G T i
714k ] HlEe AAk 49 AFEZA olgHT
(Gonzalez-Castro MJ 5 1997). W&ol wE Wizt
o BEAE 5 A7 = Wsk= Table 40 HERARL
ok A dizte] f71abe S A citric acid, malic
acid, succinic acid, fumaric acid’} AZH AL 22+ 59.35,
239.04, 545.45, 3.45 mg%= succinic acid®} malic acid”}
FH {714 AR E VT

W5l wE SAF20, SAF40 2 ILF40 35 thv}e)

http://www.ekfcs.org

749~ citric acid, malic acid $H X‘] A 1595, fumaric
acid ¥F2 A4 304 o] 43| 7rAsFAAIN succinic
acid 2 A4 30Y71A] 2z 7:}4_0}13]-7]- 90Y o]F=
= F243] =7}8l¥tE Citric acid, malic acid, succinic
acid @ fumaric acid &FHS OHF-E AU 72}0](10<
0.05)5 UeERHA e%ke™, Lim JH 5(2008)°] W=
-70°C9} -10°CollA B5d & s v 59 F
714 S SAT AT, -70°C WE § dlEd A

£ 112.66-122.49 mg/100 g 5=, -10°C ¥& F 353t
A FE 111.11-127.75 mg/100 g £F& YEdo] 542
250 mE FoAQ Ao|7t fiAThE Baek ARt
ATt

A st & 7S 871.05 mg%el L, %5
HWiHol whE SAF20, SAF40 & ILF40 W5diste] & f7]
AL 717t 677.1-891.91 mg%, 714.28-903.95 me%,
667.06-933.35 mg%= ILF40 d%5°| =4 Yelth Jang
MY 5(2014)2] Xatol ofaha AAF4)(0.1°C/min), A<
£3(0.5°C/min) & 171£43(0.7°C/min) 0.2 WE4 50| u}h
oF5}9] citric acid, succinic acid 2 fumaric acid %
4% A7, YeEEe mE zole fla(p<0.05),
malic acid FHFL I&EEF A FFOZ F& 7S B
Actste] B AFAye} v AdFs BT WesA%
717k w2 WE39F th99] citric acid, malic acid 2

tlo ri
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Table 4, Changes in organic acid contents of welsh onion with different freezing conditions during storage for 7 months at -20°C

Org?}(rilic Freezing Storage period (day)

(;:%) condition” 0 15 30 60 90 120 150 180 210

N SAF20  59.35:2.77%  12.54+6.94°C  6.81+1.19° 15.93+5.92° 1834+1.40%  17.2243.19° 17324098  18.8843.13°  14.50+2.03"

C;lréc SAF40  59.35:2.77%  17.57+736°  12.03£7.02°  10.07+0.87° 15.0741.38" 19.13£1.03%  18.0041.71%  14.84+0.80°  20.80+1.32°
ILF40  59.35:2.77%  13.83+835°  11.68+4.05°  21.3746.59°C  19.14+1.44™C  1930+4.04°C  18.00+1.85°  17.40£2.26"  27.74+10.48"

. SAF20  239.04£0.32%  160.19£348" 15426439 196.888.05  198.41+11.85° 218.900.14®  207.57+5.46™C 207.99£12.29° 190.1927.50"
1\:::: SAF40  239.04£032% 15979348 153224457 196.23x7.79°C  206.30+12.15° 192.41£3.25%  207.65:630"  208.09£10.66" 205.16+1.74°
ILF40  239.04£032%  159.63£10.11° 164.58+1.87" 197.06£330  212.55+5.61°  204.22+11.72"% 193.42+4.14°° 184.89+11.53°  201.139.54°C
 SAF20 545.45:10.50° 519.47+9.007 525.83+8.28"" 648.37+13.03"C 681.33429.23" 640.42£12.62° 633.012.52  670.74+9.22"" 67337:0.54"
Su:;zm SAF40  54545£10.507 540.93£2.62" 561754729  626.98:8.18"  675.50£10.01" 609.99£6.45°  660.74+3.64°  630.68+7.07C  626.91411.60°
ILF40  545.45£10.50° 554.17+7.92°° 48820+9.80 623.26+531™  653.05:3.65"  649.81423.93" 648.35:4.52 621.1745.94™  636.78+14.38"*"

© SAF20 345:052%  4.14:092%  1.94£0.24 221£032° 30240735 2.424046°  1.85:020"  1.62+0.01°  1.85+031°

F‘;’;Zm SAFA0  345:0.52°  426+121%  2424027%C  2.87:044% 3945025 343:070" 208008  1.91:0.07C  2.18+0.50°
ILF40  3.45:0.52°  4.8240.62%  2.61+0.48°  2.73x0.04°°  333:0.13°¢  2.92+045°°  3.0240.15"P  233x0.11"  2.96+0.54°P

Total ~ SAF20  871.05:4553" 706.91:2596" 677.1:2483"  891.91:59.72"  867.27+77.53" 883.53+54.19" 87427+27.69" 881.86:46.80" 873.17+15.28"

organic  SAF40  871.05+45.53"F 714.28+22.87° 729.42+11.02°  847.00+20.07*® 880.78+40.00*® 824.96+5.98"  903.95+34.76" 863.91+27.58"" 883.53+52.44"°
acids 1L R0 871.0545.53" 724133149 667.06£15.68° 828.16:25.58"  898.18+22.10™ 933.35:89.60" 855.99+1343*® 868.33£74.57*® 891.93+37.40"°

All values are meantSD of three replicates.

Y SAF20: still-air freezing at -20°C; SAF40: still-air freezing at -40°C; ILF40: immersed liquid freezing at -40°C.

*¢ Means with different superscripts in the same column (according to different freezing conditions) are significantly different at p<0.05.
AT Means with different superscripts in the same row (according to different storage periods) are significantly different at p<0.05.

fumaric acid &2 A7&7|7te] ZojRd we} fojH o FAEFS BTk AFER7] Wesda FEe} i
2 ZasheE 43S RYATE succinic acid S -2 AEZFE ZHZF SAF203) ILF40¥ 7% 713 e 7ro

Hog FUksle ATFS BRATHp<0.05). T3 F 7714t e T dibAeS W] mE Hile 193¢
St Al WEAA 7|3kl wet oo w FUbsiE ztol & HolA| kgtom xA7|Tto] Z gl wel 7ha
H(p<0.05) ol= EA48] WHS el FuHAY W ste S UehdSh Wstiae pHe o Ws

A B BAS T FOI TR SIATE 2 RER G Aelp009E HeiiRien Sae
(Seo JH 5 2015)% QASIATE o] Table 1914 & 5 =7b Bh2SE pH el He A2 HAT & Uk
5 tistel WEAE F alE AHolH = £4o) Sl W AT 44 &MH] A4 159 of

7V =N TRV B witol dHiFoR
714 o] STk A0 2 "37"514(860 JH 5 2015). ]% ‘/]'EMV] RUAT A7z AARgrE A2
3 WS d5F9 139 9 malic, oxallc citric acid < YeRith sy o2 Yok fructose2t
dFS AR Z7A AR UNE7AIE HASERA N glucose FFE FYZQ1 ZpolE UeEpA F*aL A47]
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