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Study on Pretreatment Methods to Prevent
Tissue Softening of Heated Onion

Jun-Bong Choi and Won-Il Cho'*

Graduate School of Hotel & Tourism, Suwon University
'CJ Foods R&D, CJ Cheiljedang Corporation

Abstract Various pretreatment methods were evaluated to prevent tissue softening of heated onion. Changes in onion
tissue firmness during heating were explained by 3-mechanism model consisting of texture hardening at low temperature
(60-80°C) and substrate softening at high temperature. Preheating of onion in a Ca*'-containing solution significantly
improved its texture after high-temperature heating. The improvement of firmness by preheating at low temperature was
related to the formation of strong cross-linking between carboxyl groups and Ca** by the action of pectin methylesterase
in onion. The highest firmness was obtained by pre-heating at 70°C for 120 min in 0.5% calcium solution. This result was
supported by chemical analysis showing that the amount of bound calcium was the highest at 70°C. Further investigation
should be carried out to establish the optimal conditions to prevent the softening of various vegetables.

Keywards: heated onion, preheating, 3-mechanism, pectin methylesterase, calcium adsorption

M B

2] ak= 7HEAFOlME ARl Algte] B2 Holth ¢ulE
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topectin®] 741 <] colloid pectin® 2 713l =o] ME 7+ A
o] ofstE 29| ofsl7b ot 7)o I3 FE T
o ojgh Alxet w3 B AX o] HaA 2F &4 dAol
A RITH1,2).

ofxf xZe] 7Hd dAstE WAsh] fg FHH
FEAM A& A (blanching)S Tl HAeld Alzee 7z
£ 7438l Al7]= PE (pectinesterase) systems ©|-8-3F LTLT £-3
% (Low Temperature Long Time)°] thiEZolt}. 7] W2 50-
80°CollAl 30-180% A FAIZF 7FE * 2= pectinesterase (PE)
7F &2de] =o] thEke] {2 carboxyl groupse] AAE L 7]
Ca”, Mg™ 59 27} o]250] ZAgtste 27e] HsE 7 ee
A3 cross-linkageE FAs= 718HOE o] FojA UTH(1-3).
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e AdA A 202 1211°C, 23kJem’e] 3L, 315t 5ol
A ot 220 7Y AsE His £ JE oH] I %
A B9 ZRZ G99 PE 84 24 4%4 s g &%
223} A A7E 9% B ZEel] A 248 vl
LTS
8 M=
B A3 AR A Udub= A AR TAske] 5-

10°Ce] W¥adared] Raste] Ao AF dido] gle M A
E FAEN ARSI ke Y FEYAEE F9E =
7ol zpol7t wjg- & Ao=E veht 7P vuEEI EHS A9
st Uz i F A 7ol Al Yeliue #4915 AR
firmness 42 S B T3 RISt AlER *}%O]"Zi‘:‘r.
ZZo] vHwZF Y3y A7t 4T FAES 1.5 emx3.5 cmx
05cm 7|2 dAetele] A §E o] &3t

JE&

rulo

714 2|

U= 1.5ecmx3.5 cmx0.5cm% st Hst 7|8 w5
o} Zt2} 50, 60, 70, 80, 90, 100°Ce] =2 FAAIZ] vk LA
G4 Z(VS-1991W  PID controller, Vision Science, Seoul,
Korea)oll A 5-60%7F 7183 % firmnessS =73}t oju) <
5 groze) ne gaigel dold & YRS o) Hse]
H71E8 o]&dte] 2 9 AlRE Wy, &8 AIFTh o] &
W} G2 F2 W] BAslEg, gHe LEE oXE L%
AR EAst Zgst 2xA7E 2  U=SE STt

A gute] g EZE 719 Al firmness W3 A|EE salt,
sucrose, MSG (mono-sodium glutamate, Sigma-Aldrich Inc., Saint
Louis, USA)2] &7} 3:3:0.391 o]t S dEZE I9-
Al 20708] 22HE B F EWEAIA 121.1°Ce] AL2olA Fogk
HE 7tdete] Ay Bt Adedxe] 7HE At ARl Fodt
I A7hE 2= WH3lE & 4 U= Fo calculator®} recorder”b 1
Axlo] e sAEA 757, 27 EFY BEZEE(Stock pilot-
ROTOR® 900, Stock, Neumnster, Germany)S A-&-3}31 T}

Firmness 83} a4

oku} zZe] 7khol] 93t firmness W3h= ¥ 90 E(FUDHO
Rheo Meter NRM-3005D, Fudoukougyou, Tokyo, Japan)= Zd
< o] &3t Aot §8 AAE AAste] dolrdtt 7} P =
203] o] WHE Z7g% Zlol FIYE 7]'5‘}7] $13ll Chauvent
O] WMol 23l oA ALet HHAkS SHACE ST

st

2o 7HE A sk Fuke] 22 Azt WIRAE S A A
AIZE o] EXEE A AFTel FAE 2T d5H 5
A4S stk AF Al @ 9FE sk HE Hd 7H
S Ao R AAste] AR AAE A4 AR & ARk, £
¥ 247 o1 A=Re® 33 gk Jrlsisith. Fa% A%
B0l 2ZA7HE 7% (hardness), 14 (chewiness), 234 (cohe-
siveness) &2 TEsl] HrRElon, ATl B
7} 7t 7)\:% UeRdTh 2k AlRe] Wbt U EE USHE
ATA st 2% F oy WIS ste] Al ik e E A
EH hud I‘L}\)\q—-

W] A 2] W 57

1.5 cmx3.5 cmx0.5cme] 27|12 Fs FIE 0.1-3.0% (wiw)
CaCl, (Sigma-Aldrich Inc., Saint Louis, USA) & oA A7k
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g2 FxAA 3 HEE ol&sle] AEHR 70171] - RAIA
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Foe WA ulE HoR FHe] E7]E &) AAR F Als
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3] = AIZI Fh] A2 o ZX](Whatman filter paper 5C,
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=4 A REZE o] &3t} o] Fx9 7MY Alololl= HlFH Al
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BE AFL2 33 vHES ilon, AF ol tEitE 5
Al 71 4] SAS (Statistical Analysis System Ver. 9.0, SAS Insti-
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multiple range tests AAI3FHATHp<0.05).

Diffusion Hl=2| Altt

1.5 ecmx3.5 cmx0.5 cm®] =712 Adsk 4= 20°C9] 0.1, 0.3,
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C=0 at =0 and —L/2<X<L/2,
C=C, at >0 and X=-L/2, L2 @)

4714

C=average calcium concentration in the onion moisture
(g CaCl,/100 g H,0)

C=equilibrium calcium concentration in the onion moisture
(g CaCly/100 g H,0)

D,=apparent calcium diffusivity (m?s)

L=thickness of the onion (m)

t=time ()

Fule] Zhg o] 29 it FEE E 100g W AEHS ¢
2 Uehd ke ol &) —LR<X<LRolA e 27 & B
= 2@ o] oo, flote BFAMY] 7] T A
Aol Fxe} Aok A thifel o8l Efte] dEe Gt AxH
M= HAA GAolA 9 oF A3 g FHA 9] A o}F
AAY A glerg FAISII mass transfer= W59 diffusion
o oaAet o]FjZItial 7Y gitt. wEbA 2(1) infinite series
ol A analytical 3HAl EW thx 21(3)2F ZTH9,10).

T oo [ Jo

1\1\/;[((;)) Z 5+ exp[-D,2n+1yn’ ¥4L7] 3)

M(t) = total uptake of calcium at time t (g)
M(x) = total uptake of calcium after infinite time (g)

(2n+1)

52 (3)| 4] apparent diffusivity (D)= non-linear least square
methodE ©]-&3le] o =3 HE 237} absorption kinetic data
9}o] o]zt 21(4)2] golden section methodoll X 7Hd Z-& w2
s FaAh

S= z (Cexp_ccal) ? (4)

Aed o] A dntE 42_% 50-60°Ce] 2% Welelxle] &
50-55°CellA pectin®] methoxyl
ZHE Aoz Id#HA AUt
20-30°Ce] F2elxe] g ©]F< driving forces F& Aol w}
£ AESRIE sl 50°C o dollA= ZFol-S adsorption 3f
= 1511-_9_0] TH]'E]__E x}oﬂ §]— )\O_Et EH/HE]— 2= 311;]_(345)
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vﬂ carboxyl”] AEI7} Eo] Ca*9] Aol x&H oz Yo}

olo wal AHFES At AlE FAE driving forceZ 2H8-3H=
7)4\0]‘:}. goll 2|3t interlamella 3 <402 op|EE LE ol
o o] AT A B & Aol WE ol ¥F Y T
T 2 SN0l 9L XA 7P factors 8] carboxyl
71614 9] §Z(adsorption) Edolgr & = ATt
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Fig. 1. The changes of texture firmness with heating time in

heated onion at various temperature. A: 50°C, O: 60°C, [
70°C, A: 80°C, @:90°C, l: 100°C

ka,, - C,

Y, aPP
w +(K,,, +Cp)

app

®)

Yapp—adsorption rate (mg/g * min)

kadpp—apparent adsorption rate constant (1/g * min)
p—apparent adsorption constant (1/mg)

C0=initial calcium concentration (mg/L)
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o] 71Q18k= firmness 749}t o] & A &g A2H AR
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o] Zkgof 93k Ao T oJAXITE 60-70°C] 2% MWLM = 10-
208 71E ol FAAHLO R firmness’t F715Rs H]S52dE A
Bl 3} PE systeme] 43} 2% W= 60-80°CHl U
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TFEAIZ mE 227 WsE Ae R A} 387k #e 71E
M= AlzH dEZo]l Al o] firmness7l 46 g 2
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2], siet wshr} 7ol o3t 24 dAste] Fglow Uy
A ATH6-8). olEF WFA WskE FHEE Aol TA 5]
fate] AskEes ekl v AnFe} vla, sl 548
vjetstel Hpeh.

B B AL Adtske ot F A9 firmness W3h=
7haAZ el mEh Aokt o2 ghaste] vhdel o3 Ak
FEe 17 FEAo® AT F UTh6S).

K

dH/dt=-K,, - H, In H=In H, - K, - t ™)

(H,: =0°1A19] firmness, H: i <] firmness)

A A 59

AnkHo® A& xZ o] 100°C olde] oA wE 7ide]
o3t Asl= pectin® W3ZF 71 He 13 S22 mE2s A
o2 dHA ot 2o viE) @AY Svb =Y FEE Aol
U AoA AT 71 Al gt F ol 13 £ 4
9 o7 FHIFY, 7FEZ7]E interlamella = 2] HEIZ Q]
H3lo]| 7]915)= mechanism 0] ¢]8te] BlwZ whg] AskE]y 7}
dA)7te] 4 wli= mechanism 119 2]sle] AA13] AstE TH6-8).

a8y zH"d faFolMe AL 7FE Al PE systeme] 2§
s7] el & o 5339 24 A3t @48 UehER P4
A3t A3} 7Ho] one BE two-substrate modelS H$+3F 3-mech-
anism model(6)°] ¥T FZ 9| Al YS AHsl=t o] A5
g = A74E By el SR 9] firmness M3HE pectin
Aol H, & 3}, cellulose Al54] H,, PE system ¥f & H,
Asle] FFo=, A 34 nd2 2] 897 R 4 AUt

H=H, - expCk; - 1), H=H, - exp(Ks - 1), H=H~ (I-exp(k, 1) (8)
H=HH+H, ©

Fig. 18] 275 HH 90°C olde] &=ollxe= 71 AR 43
of we} F7t== firmness AdiEo] $1oH, okllF{Y PE= i
i 90°C oldelA B3 "rke ATEI(6-8)S FEE =
w 90°C ol dellxel 4] Azt Aofsh= AL =4l H, H,
£ Holgt & & vk wEbA o] WMo Y datas (8)
°] H, H, dsprol #gat] Ledses 7ok
H, 4w #dd sk S4ds 60-80°Ce] 7HEE&= w9
Al 10 718 FRE F7Fke fimnesse HaLA] W
ol Hg 8¢ dste mmjste] Ao H S7h
2 7182 AR 3t Fig 19] 60-70°C, 108 F4E
2l firmness Z7H1E 2|(8)°] A&AIA eIk A7
T H A3t S e 25 o] 4 3
2 A3} log kS 1T Atelell 2 #AIE Bl Arrhenius
n2e Aeg vehth Hel 2% oE4E 70°CelA H
I F 7le] Aoz #e=o] 70°C7} firmness 57t
= HW PE =YL & F AT

H, H, HE Arhenius 222 2% °|F4S vhephdl A3} of
A A (10-12)3F 2ol BT 5 AeH, o]HES o]t
firmness M35 &3t A HA AY datae} & X5l 7Y
AN 2ol a3 AT F AUAATh

H=H,, - (K, exp(-Ea/RT))=1261.4 - (6.75x10* - exp(~12.90/RT)) (10)

H=H_ - (K,, - exp(—Ea/RT))=845.6 - (4.80x10" - exp(~13.12/RT)) (11)
H=H,- (K,, - exp(-Ea/RT))=942.0- (1.25x10"- exp(~23.25/RT)) (12)
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o] T Bo] uiFet FARE 2o ® o AXITHe,7,8). T
80°C o) &=olxe] Hel K oF Eall 2 6.75x10°, 12.90
keal/mol - Ko]1™, He| K_, Ea £ Z}7F 4.80x10*, 13.12 keal/
mol + KAt} ko] A9 w7 A4e] Ea %t 19-23 keal/mol -
K (6)7 HlawsE o 22 gho] vhob Jub xFo] wjF KTt
2= Rt o 9zsAl vkgate] mheE Al W 27 o] o
ofgs & AU



6 AN EASEA A 47 AA 15 (015)

0.007

0.006

4
T

0.005

0.004

0.003

Calcium (g/100 g water)

0.002 r

0.001

0 10 20 30 40 50 60 70
Time (min)

Fig. 2. The diffusion profile of calcium in onion during soaking
with various calcium concentration at 20°C. Concentration of
CaCl, solution, A: 0.3%, 4: 0.5%, @: 0.7%, W: 1.0%, A:3.0%

PE systeme| =% A3} 51}

PE systemol &J§F 2% 743} &5 dotrr] 93] 70°CllA
A ERA g YTE 100°CollA TFEEte] FAE e Hla,
AT BRI A B ks 271 pectind AR
A A APt dojwout BAAS AX AlE= 108 7t
A7HA] Z7] firmnessS AW, 155 o|FZRE HH3]
AstEo] 308 7HE Fol= 1,096 gfEA 13%2] Zawks 7k4
oF safe] A7 A EHE BT A Y9te] PE system
o] st HelE 70°C ol dAdEThe AHE AEkIE
AoH, 5 el #S dAE AZHIATE g5t 24
Ao g AFEE o= AU

0

O o

H20Me Za St sy

ou] AR ute] 24 AskE 7 QA k= PEC HA
A8l 271 A7l slo] T2 8%l Rl Aol i, FF
71&el #g AFE APt A AW paaffine = Y
Bt 9, ol=EN £4 o]Fo] U EE g one-dimension
system2] F¥E 20°C9] 0.1-3.0% (w/w) CaCl, &do] A|7hE=
AR & AgES v, JFse] Fig 2¢F 22 434E o
Ack. 7HE Al A AFRelA FARE AR 739 03-1.0% (wiw)
CaCl, €A & 5-108 Woll F23 L i dodo] dojut
3L 3 o]§® 60w7HA HlaA ¢wts] Srbslsith ol 271 10
B ulefoll AR Aol oal] B gl A o]0l ZAYRRE
SrtEn, 2 ole2es ke Al sl Fx At HolA &
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Fig. 3. The adsorption profile of calcium in onion during heating

at different temperatures in 0.5 (w/w, %) CaCl, solution. A:
20°C, @: 50°C, l: 60°C
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