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Physicochemical Characterization and Changes in Nutritional Composition
of Onions Depending on Type of Freezing Process

Min-Young Jangl, Yeon-]Ji Jol, In-Guk Hwangz, Seon-Mi Y002, Mi-Jung Choig, and Sang-Gi Min'

]Dept. of Bioindustrial Technologies and "fDept. of Bioresources and Food Science, Konkuk University
“National Academy of Agricultural Science, Rural Development Administration

ABSTRACT Innovative freezing technology is currently applied to preserve foodstuffs for long-term storage.
Generally, the quality of frozen food is closely related to the types of freezing and thawing processes. In this study,
we characterized the physicochemical properties of onions depending on freezing rate. When onions were frozen at
-40°C, freezing rates were 0.1, 0.5, and 0.7°C/min depending on air-blast quick freezer mode. Onions were thawed
by microwave irradiation at 400 W. Hardness of onion dramatically decreased after freezing and thawing compared
with blanched onion. However, the fastest freezing rate did not affect hardness. Thawing loss of onion decreased
with a faster freezing rate. For morphological observation, onion frozen at a faster rate showed a smaller ice-crystal
size. Vitamin C content decreased upon blanching or freezing, but there was no significant difference according to
freezing rate. Although free sugar content also decreased upon blanching and freezing, its highest content was at
0.7°C/min freezing. Among organic acids, malic acid content was highest at 0.7°C/min freezing. Based on this study,
it could be suggested that a faster freezing rate is effective to improve frozen food quality in accordance with preventing

tissue damage or minimizing destruction of nutrients.

Key words: onion, individual quick freezing, microwave thawing, freezing rate
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Ao A AEgE b= g1E FERFEA T8k
AH-8-8F91 ). Ascorbic acid, fructose, glucose, sucrose,
citric acid, malic acid, succinic acid, fumaric acid X3
2 Sigma-Aldrich Co.(St. Louis, MO, USA)ol A F+43}]
a1, 2 §Fe] A2k analytical 2 HPLC 55 < AHESISITH

Al2e| Mxz|

TYE S ES AAS L s25 Eo AFHst &
715 9 o, 7 0.5 mmz A Ao Zustach. A
H gve B2 B 19 HEE HUkste] 183 oaj—’FZ‘X]
W2 o2 6% 7](blanching) & AAIsH o™, 18 F 4°C
FHEo A W7 B gdte] YEAE s AlEE ARl
FIAE A4S AT ANEe s40x T F4ste] -18°C
oA HEEHA YR BAE AER AL
4= A SiS

Ws7lee ZASETEs7IHE ol &sidlen, 574
A%F2 W5 (Air-blast Quick Freezer, Seojin,

Gyeonggi, Korea)x A Z | Ao| A FFitol $3E 244
A& B4 Fslo] Agsiort e 9 YeEEs

ARAT, A% % nho ol ddsigion, A5

AAE HEAA $F AVE ok} 7
QESAE ol ool WELE
78w 29 gadE LECC/mnD EAs
52 AR AA(KR-S340TC, Daewoo, Seoul, Korea)
£ ARgetsl o, dapEIA e &8 Al7I= 400 WE AR
ATt s Al AlF29] FAIH-o FAlXA (fiber optic tem—
perature sensor, FISO Technologies Inc., Quebec, QC,
Canada)E &2rsle] ¢Fule] FAIH 271 4°C7F 4 w7}
A dfEskdth Wed Alse 250 g 4 &)l Eulgh

< sllEo] A=A, o]s}sty EAdo vl Al gE2TFE
18 g3 Al5olH, gdggsd £42 A A8E Y272

EEET S

pH &3
W-dlsd dae ST 192 E3e & S HUA
(handy-blender, CNHR26, BSH Hisini aparati d.o.o.,
Nazarje, Slovenia)g ©]-§3}o 2&3F &g skt 743
3td 8HE pH meter(S220 SevenCompact™ pH/lon,
Mettler Toledo, Greifensee, Switzerland)2 33| W& =
Eya=g
ME =H
A=+ Chroma meter(CR-400, Konica Minolta, Inc.,
Tokyo, Japan)E A}-&3te] W E(lightness)E e =
CIE L', A% (redness)& YetHE= CIE a” 3 4=
(vellowness)E YEFNE CIE b'E 33 WHE A 319t
olu] ®FA2 CIE L'°] 94.49, CIE a"7} -0.66, CIE b'7}
3.329 calibration plate® T+ 0 2 A3l M W
st oz SIhet W-dlls & ke Ax=XK(total color
52
ks

I

dlfference AE)E 21(1)9] 2ol tYste] @S AHE5A
th L', ar’, bi'e 4% A gufe] AxE YeEl= Flold,
Ly", a2’ bz*h EHE S Gute] AEE el

AE= \/L1 — L) +(a; —ay)* + (b —b,)? )]

ZE &4

W-dls Ag 3 Udute] = W3lE Texture analyzer
(CT3-1000, Brookfield Engineering Laboratories, Inc.,
Middleboro, MA, USA)E o] &3] =A%t} Com-
pression type©l A target valuex 5.0 mmeo]H, trigger
loadE 50 g, test speed® 2.50 mm/secZ 3353t}
2017k 70 mm, %o] 0.3 mm¢l Z'd FElel plain vee
Inc.)<}
TA-SBA fixture(Brookfield Engineering Laboratories,
Inc)E AREsSATh 2t 24d ME Alg+& 33] W 543t

e,

probe(Brookfield Engineering Laboratories,
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FXI2i0| A(scanning electron microscope, SEM) £H&t

WAy 5] S 2AWEE BEar] 9t o
g WEs& oA Med ¢oe s4dx78 B3k dx
%t % scanning electron microscope(SEM, S-3000N,
Hitachi, Tokyo, Japan)& °|&3lo 7]F<] 2715 #&s)
At B A= 509 giste] 8.00 kel A gtell A
skt

H|Ef2I! C &

HIEFT Co] $2 Hwang 5(17)9] W& o] &3l =
gtk 21 x @ A5 0.50£0.05 g& F&3] A=S
¢ 5% metaphosphoric acid €< 50 mLE 7}8}aL ho-
mogenizer(Polytron RT 2500 E, Kinematica AG, Luzern,
Switzerland) %2 237 A 3HA1X1 - Whatman No. 2 o3}
A (Whatman International Ltd., Maidstone, UK)Z 7+t
o 7ste] 50 mL2 F-&3Frh FEE2 0.20 um mem-
brane filter(Millipore Corporation, Billerica, MA, USA)
2 o3}3}o] Agilent Technologies 1200 series HPLC
system(Palo Alto, CA, USA)2. 2 EA13}% ). HPLC +4
Z7AL column® & Mightysil RP-18 GP column(4.6x
250 mm, 5 pm, Kanto Chemical, Tokyo, Japan)< AH&-3}
Fal, 52 0.6 mL/minelR o™ o542 0.1% tri-
fluoroacetic acidE AH&-3IAT A5 FYFS 20 plol
o UV detectorg& ARE3Fo] 254 nmeoll A HERR CE
A8k T

aT o oo
g §F2 s2410% " AR 1.00+0.05 goll TFF

50 mLZ 7}8ke] 200 rpm, 3AIZF 18 53 & Whatman
No. 2 932 (Whatman International Ltd.) = 7+¢te] s}
o] 50 mLZ #8383 t}h 552 0.20 ym membrane fil-
ter(Millipore Corporation)® ¢33} Agilent Technol-
ogies 1200 series HPLC system&. & 233} t}. HPLC
A 274 columnl® Shodex Asahipak NH2P-5-
4E(5 um, 4.6X250 mm, Tokyo, Japan)E& AF&3l9 1 A&
71 ELSDE AH&-3F9loH, o] 532 70% acetonitriles
1.2 mL/min £522 8593 10 uL.g FY3te] £43}

A(18). EFEHZE fructose, glucose ® sucroses

oS A0x %
7}&te] 200 rpm, 34
o] ¥} %] (Whatman International Ltd.) & o] ¥}&}o] 50 mL&
ALt FEES 0.20 um membrane filter(Millipore
Corporation)® o] #}3}] Agilent Technologies 1200
series HPLC system®2 #2413}t Z5 L aminex
HPX-87H ion exclusion column(7.8x<300 mm, Bio—-Rad,
Hercules, CA, USA)S AH&-319 1 A& 7]+= UV detector
2 215 nmolA AEsE o™ o] 54 0.008 N sulphuric
acid €94 0.6 mL/min 592 THFYI 20 uLE F
Asle] Bt BFEZE citric acid, malic acid,

succinic acid @ fumaric acidZ AF&3l3tt.

EAEALS SPSS EA X213 (Statistical Package
for the Social Science, Ver. 12.0, SPSS Inc., Chicago,
IL, USA)E o] &3lo] 2t S4+e Hd3 THAE =
3lal 7 7re] Ao] HFE one-way ANOVA(analysis
of variation)® #2413} % Duncan's multiple range test%
o]-8-3lo] X0.05 oA FaldS AAsEth
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Fig. 1. Freezing curve according to freezing rates. Freezing was
done to -12°C for all freezing condition.
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Table 1. Effect of air blast speed on hardness, thawing loss, and pH of onion

Freezingl) rate (°C/min) Hardness (g) Thawing loss (%) pH
Blanching 3,074+65.836"" - 5.95+0.006"
0.1 1,360+£50.023° 13.41+1.974* 6.28+0.006°
0.5 1,808i35.119BB 8.99i1.447§ 6.26i0.006i
0.7 1,9504205.319 7.542.705 6.3240.006

VAl samples were frozen until -12°C and thawed until 4°C.

“Each data was expressed as the meantSD of three independent experiments.
Malues with different superscripts in the same column are significant difference (P<0.05) by Duncan's multiple range test.

(0.1°C/min) Y52 Eo] 45

AJZE 40% o1 28 E Ao AL EE
5(0.7°C/min) 0. & 445 Aol

3] X ZA A3 (Table 1), dl&2F(HA]7] A
e 3,074 golH, -3l § BE AT 4
= ozl Hls) 1,100 g o]/ 3HAst 3 &
7t WESEE RV FH 0 FolX= TS HYlo
(/X0.05) 1 A3+ SEM #2 At} fAsHA YERSTH
(Fig. 2). SEM #& Al 5271x @ g3 718 7]+ 0.1
°C/min, 0.5°C/min, 0.7°C/min A% Y557t WES
= Z7 #EEen, 0.1°C/mine.2 Y53 4vo] 7)F
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471 °%F 0.6 mmoE ST AZ e YEErd
n2 7|3 A7) wste dead sk 34" 4544

S
B O Hu
of X

H
-
B o2

ul

7108 Ao ARHM, B AT fAS AT AL WE
S22k whgel ueh 4o AgAgol 4713 ARl A
A Ae ADAT AL BeozA Y A AF 249

977} A8 AHolgt Kastgith20).

Mo g}

A M Mk AnRpe Al Lol vl o] A FEA
sostH, dz Alge W-dlls = ARG MeEs
lightness, redness, yellowness, total color difference(A
B¢ A gz el on Wedie s 2dsto] Table 290
et Lee 52D dAFolXE s X35 AAH
Q1A]of| 353} lightness, yellowness+ &7}3}al red-
nesst #AgthE AE BoFRTh 28y E Ao A

gz el W-als o 9Fule] lightness, redness, yel-
lowness™ WE&kel W JFS GeEpbA] ekok=], 3@
4527t 5718kl wEt total color difference™ 9% S
2 AEHE AES e o H(X0.05) A 5 s
AL wdle] Zexn TR FHAsITh ke
total color difference® FAZ YERYH AAd) 74
(0.1°C/min) 2.2 Y% Ao+ 11, 12%(0.7°C/min) ¥l
Al 29 & YER A THIX0.05).

o
o
oX,
)
ok
i
ol
flo
)
bl

ol o
o
i)
o2
o

*x
:Oé
i
>,
S
ol
=
off
oft
2
T <
=
0
ol
25

o
o
il

o oX ©
HE
=)
o
o
i
)
o2
o2
ok
a2

O, WL

3
o s gFe YEEET 2245 s
o] S7kek= 4FE YEhlIth(Table 1)(7X0.05). i

(0.7°C/min) .2 Y& 3-ol= o 18%9] s 7%
HPom A&(0.5C/mnoz WF Al & 15%, A<
21(0.1°C/min) 2.2 W% Aol oF 14% H =9 3

& WeERRITh Xia 5(22)9] A7 A3t o2l 29
& Fte] Bl QYR E] EARE oolA = som
Horn & AT GEEe] Wik A,
T&mel me Fuke] pH WEk= Table 16 AlAISHS
g3 Fuh(gl 29 pHi= 5.95019, W% 2 &l F 4}
] pHi= 6.26~6.32 W92 3t S7hehe 43S B3lvh
GFate] WEdel wE pH Wshe oAl sow vhebst

re

of

M orp i 2
oz o o Jb

MUY

o1} 1 gro] wulaitin AlraT.

Fig. 2. Effect of air blast speed on microstructure of frozen onion. 0.1°C/min (A), 0.5°C/min (B), and 0.7°C/min (C). Images were
magnified by a factor of 50. All samples were frozen until -12°C and thawed until 4°C.
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Table 2. L value (lightness), a value (redness), b value (yellowness), and total color difference of onion at before freezing and after

thawing stage

Freezingl) rate Hunter color value

Before freezing

After thawingz) Total color difference (AE)

CIE L’ 52.91+0.392* 47.70+0.221°

0.1°C/min CIE a' -1.35+0.015" -1.111.098" 11+0.683"
CIE b* 1.10£0.023" 0.51+1.242"
CIE L 55.56+0.214° 61.70£0.015*

0.5°C/min CIE a' -0.91%0.020" -0.93+0.040" 6+0.892"
CIE b’ 1.04+0.010" 1.46+0.046"
CIE L’ 64.41+0.234% 66.30+£0.035"

0.7°C/min CIE a' -0.75+0.010" -031x0.142" 2+0.901°
CIE b" 1.27+0.030° 1.97+0.108"

l)Freezlng was done to -12°C for all freezing condition.
Thawmg was to 4°C for all samples.

3)Values with different superscripts (A, B) in the same row are significant difference (P<0.05) by Duncan's multiple range test.
Values with different superscripts (a-c) in the same column are significant difference (P<0.05) by Duncan's multiple range test.

Table 3. Changes in the vitamin C contents according to freez-
ing rates

Freezingl) condition Vitamin C (mg%)
Raw 7.910.23"
Blanching 7.74+0.03
0.1°C/min 7.46+0.03
0.5°C/min 7.36+0.46
0.7°C/min 7.59+0.21

DAll samples were frozen until -12°C and thawed until 4°C.
INS: not significant.

H|E}DI C gt2t 5]
HIEF C
st o R AES
ol o8l GA R E o] FAE EHo AR R o]
S50 Jrh23). 3yt vlE C g2 £, AvA
ol wel #olE molxnk oF 2
weigh) H9 £ Ao 2 BiEo] Uvh24-26). ¥&5&
Lo mE F3to] HE C s #Ag
37 Aok A FoR ()] vlER] C 22 7.91 mg%o]
QA3 bH7] A T 7.74 mghE ashe Ao et
=, o= wx7] A Al 7Fhel| o) g of x4 e] s}
o e xysE &2 Q3% AuE Agdn. J-dE
g & &ule] nEld C 3 7.36~7.59 mg% HY=E
HasR o WEEEed mE fo]AQl Aol gl

Sahari (27)9] A7elA] G719 vE C §Fe Yss
ol whE Fo1 ]l Aol gl SR Hasiiv B
Hwang 5(28)¢] A7olA % vl 138 -20~-70°C
2 W A § e C §Fe Yesed net 2
Aol glis Ao walsle] B AT Ao} fARRE AL
LERH AT

Table 49} Zo] 8 F8]9 2 F fructose, glucose E su-
Y Fuk (1) fructose, glucose
2 sucrose S 72 2.10, 2.31 2 1.00%°]R 3L H#]7]
Ag F 247 1.59, 1.85 2 0.65%= FolHoz 7H4sd
=, dix7] A Al 84 B2 fEde] ZEFR U
F &E5o Yeid A2 AZETH29). W¥-3lE A
%1}9] fructose, glucose ¥ sucrose &% 27 1.63~
1.80, 1.84~2.06 % 0.69~0.75% ¥ L, 0.7°C/min2]
208 WE 2y Al FoF o7 (X0.05) & TS 1Y
o} o] 1£(0.7°C/min)Z YsqE A AEH= WA
A A717} ZolFig. 2) AEL] £24o] FaL o] 7 2le) &%
7rako] 73l (Table 1) LeRt ﬁﬁ}i Fpan- R

w74 o Het
Yesd mE gyt f714 dFE B4 dde

Table 4. Changes in the free sugar contents according to freezing rates

Freezing]) condition Fructose (%)

Glucose (%) Sucrose (%)

Raw 2.10+0.05*?
Blanching 1.59+0.19¢
0.1°C/min 1.67+0.01%¢
0.5°C/min 1.63+0.06"¢
0.7°C/min 1.80+0.09"

2.3140.06* 1.00+0.05*
1.85+0.19¢ 0.65+0.03°
BC BC
1.92+0.08 0.72+0.01°
1.84+0.07¢ 0.69+0.05"
2.06+0.05" 0.75+0.01®

1)All samples were frozen until -12°C and thawed until 4°C.

?Values with different superscripts in the same column are significant differences (P<0.05) by Duncan's multiple range test.
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Table 5. Changes in the organic acid contents according to freezing rates

Freezingl) condition Citric acid (mg%) Malic acid (mg%) Succinic acid (mg%) Fumaric acid (mg%)
Raw 46.90+0.61"” 161.79+4.42" 117.10+5.70* 1.64+0.12"
Blanching 33.14+0.50" 137.4146.77° 86.675.70° 0.66+0.02"
0.1°C/min 36.32+1.76" 148.79+1.75" 102.52+1.43" 0.66+0.00"
0.5°C/min 34.48+3.108 141.14+4.81° 102.03+4.16% 0.69+0.01°
0.7°C/min 36.20+4.01% 152.87+0.98" 104.65+2.428 0.67+0.02°

VAl samples were frozen until -12°C and thawed until 4°C.

?Values with different superscripts in the same column are significant differences (P<0.05) by Duncan's multiple range test.

Table 59} o] % {7]4k2 citric acid, malic acid %
succinic acid L, fumaric acid’} &% HAEFH Ak A &
S Z) Y citric acid, malic acid, succinic acid % fu-
maric acid &% Z+7} 46.90, 161.79, 117.10 2 1.64
mg%e)aL, dA7] e ¥ Z+7F 33.14, 137.41, 86.67
2 0.66 mghE 24 02 (/X0.05) Fasdt 2L A
TollA HX7] HE $ F7)A S dx]7] A A F
ol ojal] ALY EFRe] §EE Q3] HAse A
o2 Baskt(19). ¥-3ls A7 5 citric acid, malic
acid, succinic acid ¥ fumaric acid %2 27} 34.48~
36.32, 141.14~152.87, 102.03~104.65 % 0.66~0.69
Wl oW, citric acid, succinic acid ¥ fumaric
acid &2 Y& mE 2ol fI3L(7X0.05) malic
2 0.7°C/ming] £=2 J% X%F/] Al FrolFog
= EFs otk W-dls AY F
BEs Biled ol s Al HAS

= A7k,

(0.5°C/min) % 1#(0.7°C/mm)2§ ‘@ 5
-12°C7HA Wseith Wsduke de2 AAEbIAE
ol-gsto] TAHF-o] =&=7F 4°C7F 2 wj7hA] 400 Wl A7
R A e < S okﬂ'iﬂ A= wAT] AgE &4
Szl vl -els § dA8] sk dEFe B3l
WeSErt wEss 279 fFASHA Yebstt) &
9] s AEFe Yt mEFs Srkelth St
s YeHert SHFS d79 AT Aol B3
|2 e x%x]-?ﬁ V74 (SEM) ¥# A3 YE&Hert wass
7] Zpgrom, o= whE ‘@Eé?
5 H(}x]s}% Aoz At o
HIEF Co] 75 A A= (el H]ﬁ‘ﬁ tj#]7]
2]

F e FAISAT PGS W 2 Ao

3
o
43

0
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fumaric acid s
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¢xt}. Citric acid, succinic acid %
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