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Effects of Heat Treatment on the Quality of the Onion Juices
Prepared with Sulfur-applied Onions

Bogyoung Choi and Jeonghee Surh*

Department of Food and Nutrition, Kangwon National University

Abstract Onion juices were prepared by various heat treatments (at 105-120°C for 4.5-5.5 h), from the onions cultivated
with increasing numbers of sulfur applications (once for Sulfur-1, four times for Sulfur-4). As heat treatment intensity
increased, the onion juices darkened (p<0.001), which adversely affected the sensory preference. In addition, increasing the
heating temperature significantly increased the organic acid content of onion juices (p<0.001), and therefore, decreased pH
(»<0.001). Heat intensity did not affect the thiosulfinate content of onion juices, suggesting that the rate of decomposition
of thiosulfinate into low-molecular weight sulfur derivatives is similar over the temperature range of 105-120°C. Total
flavonoids were higher in onion juices derived from Sulfur-4 than in Sulfur-1 onions, and increased with heat treatment
intensity (p<0.001). These results indicated that heat-facilitated conversion of bound forms of flavonoids to their free forms

increases the extractability of flavonoids from onions.
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3l, Y, g+ e T AHFAH e go
w2}, A5 (life-style-related disease) S8} & 3}
o] Z7HHAL e FEO|TH(14). S 71E A F2 ¥
01 thiosulfinate$} 71€ % (cooked flavor)E FA sk A&AF2] 3
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- waslsle] AR AR &8st
5511 91th(12-14).
, iAol A Ao L%Z—qu
o] gste] 7 E
Y A2E A E5H ‘3} 5]1_
A ¥4 F (i) Maillard RE
=¥ f—so]'ﬂ'ﬂ Edo] AAQEI15,16), (i) STE€F &40l
% (esterified, glycosylated)®] 32| SZEC] K23 (free
form)2.2 A3+E| o] bioavailability7} =olbd 024 (17-20) 41ksh
o 2 Aol FrtEARe] BAHATE B (i)
flavonoids, phenolic acids 55 AT + AT AE W 5247t
doll oJs) B3t o=y st BEFAES] 544 A
Axo] Aol 7k F AUsol

Aol ofsl] AdA 24 ==

fo = B
A%
919

g-o] AAEATHI8,21). (iv) &
Fol 23 9 Mxe FHrt &ol3A|
2E matrixZ25E A ELY FEA I HXE S U
(20). ©] AFEL, ABHERHEC] 7Mdo] Bl Y -
AaFoAMe X T4 FrkRthE AE(raw food)e] 417
7} 271 o vl E Flelgke QAo A 37g0] A
&S FIAE F Athe Q1] 3ol 715kt
wEA] B AP, AR F szl S G
A7t 7Fest AR R FEYT AFdS AxsIE 4
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AR sl S8l AR B
o] Juls JdEE Sl FE
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Gxjglet A e Yuge] F4d B4 dlsh] sl
() FFdY FAEAN XE2E F8, 784 IFE, 1=, 354
54 55 BRI (i) €Al o Suke] #A5E 549
71549 H3ls RUHHSIE AEE 27} thiosulfinate®} fla-
vonoidsE AE}slo] #243190 ).
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Z 8 A9 A4S gEist ALtE 239 {3t AMSE
Atk HAEoA Hirsh Rz Z2o](10) AAES] 349 252
AAE A fAg {715 diAClA 2011 9€-2012d 6

o] 717k AmEAeH, i) HE Al EGl 2o]l-f¥ methyl-
sulfonylmethane (MSM, Y&J Farm, Yeoju, Korea)s 1 3] Az
sk, 48 29 Aol AE-/5-3HS Bio Co, Incheon, Korea)g 1
3] Agg Z(Sulfur-)F, (i) = A ES 2H MSME 13
Asta, 8 38 AFH 78 19 A7 94 1402 A
E48S 3 43 A2 FSulfurd)oZ FHE, 1 9] =4
2 FYsHA A Al - AALE AT MSME Al S5R39 A
ZHFE AF 7Y Y G WA G AREFS T5Ek
ol 2|3k MSMS 3 kg/200-250%, FH| & AL-¥ A =53
S 1kg300F oA FuEL 2012 8Y ol 259 Yy}
Sulfur-13} Sulfur-45 B:=o] A2 glo] A2 A Fx2= 53] °]
A AAHE & < FS(bulb scales)? 2 F¢ 3 F AR
(tunic, onion skin)2 A3+ A E7](D&J Medical, Gwangmy-
eong, Korea)oll dol ZA &4ttt ol &3 A 2571
(D&J Medical, Gwangmyeong, Korea)oll 2] Table 13} o] 2t
F 259t AZHE geldte] AxEUTh A ARE JHF 2
Tk AR () AY AR HAF ZHF ARt S
AHEEE 248 XFetA, (i) dRIEdEE T8 HE A &
ZxAe] FHE Lola st AHTE

fr

;94 &
AL, Azl 7HE R wsrt dAsA] ko,
st B3 FHE sk Bv W ol AAH
th gz e2E Y A7l SlA dutE Az dus
(Muan, Korea) 155 At Fop5e olshshd - #53 F4
S/l ek Bl AEZ AP ARSI
A3 AH8-H sodium hydroxide> Showa Chemical Industry
Co. (Tokyo, Japan)®] EFA|%F& AME-31.9™, quercetin, N-(2-

32 g 4y &

Table 1. Preparation condition of the onion juices used in this study”

hydoxyethyl)peperazine-N-2-ethane  sulfonic acid (HEPES), 5,5-
dithiobis (2-nitrobenzoic acid) (DTNB), aluminum chloride hexahy-
drate (AICI,), potassium acetate (CH,COOK), cysteine<> Sigma-
Aldrich (St. Louis, MO, USA)ZFE] 7i3ted A3t A<k
zAlle g - "ol AR-E U

dupFe| =&, =34 ITHHE(Soluble Solid), pH, &7[&t

FualEe] e HM $ES797]1(MB45 Moisture Ana-
lyzer, OHAUS, Nanikon, Switzerland)Z =73It}t. 84 18
& 3&(soluble solid contenty Y5 & YAEN 9 ZHE
(refractometer, PR201, Atago, Tokyo, Japan)S =43l o] &
% (Degrees Brix, °Bx)= WERHIT. $T5<] pHe F7He] 314
4 §lo] pH meter (725P, Istek, Seoul, Korea)Z BFZ =43}
o} 714t SHekdtitratable acidity)S SuEe] FRFE Hrlsle]
208 343k & 0.01N (F=0.99) NaOHZ Z=3}8A sl Ard
NaOH F3|2HE S5 & T4 &3S 49 & i3 &
714k FA K (citric acid, 64.04 g/molar equivalent)®] $Fgo 2 Ak
=313 th22).

2IHERO| thiosulfinate?t flavonoid &

A7 Slret GAE] 240] thE 105 FoEolA Gk
¥4 318} ShRAlH (sulfur-containing organic compounds)?! thio-
sulfinateE 47 413100}, Thiosulfinate 13419} cysteine 242}
7} W83l S-alkenyl £-2 S-alkylmercaptocysteineS F43h= ¢
25 E83Ih A5 FES FYcysteineS H7I8ld AR &
thiosulfinate®} WH3-A171 & & cysteinee DTNBS} BHAIA &
AWES PPN OEHA AT cysteine] THS B3l HTHL
2 A 79| thiosulfinate T#HS I FEATH23). =, SHF 0.1
mLol 2mM cysteine (in 50mM HEPES, pH 7.5) €9 0.5mL
7F8la 50 mM HEPES §90 2 & whg-gole] RuE smLE
ZAJ 3t & shaking water bath (BS21, Jeio Tech, Daejeon, Korea)
2 27°ColA] 10min 5t WHEAIF T o] I oA Aol vk
49 = 1mL 3t 04mM DTNB (in 50 mM HEPES) 1mL
2 713k & E3e & 27°CelA 10 min WS A7) BRS- spec-
trophotometer (UV-1650, Shimadzu, Kyoto, Japan)Z 412 nmol|A]
FEEE S8 Cysteines FEHE 2ASt] A& 57
FEHOZHE AlE FE59 F thiosulfinate TS AH=E3)
Gt g, S92 flavonoidEE-S flavonoid7} €] el
2] aluminum3} #Z-49] complex (flavonoid-aluminum complex)
£ FAsle Y& vEeE § Zhuang HOE(24) YT59] 3
A I glo]l EAEIATE FIRE 200 pLell 10% (w/v) NaNO,
60 uL, 20% AICL 120 uLE &3t & 1N NaOHE 400 puLe}
STHT 800 uLE TAUHE H71SFAL S5min F spectrophotometer

Sample Onions Onion juice ingredients  Temperature (°C) Time Yield (L)
105°C5h 105 5h 8.5
110°C 5 h10 min —— TS 110 5h 10 min 9.0
0 : ulfur- nion g ater .
115C5h20m%n or Sulfur-4 500 mL 115 ShZOm%n 11.1
120°C 4 h 30 min 120 4 h 30 min 11.9
120°C 5 h 30 min 120 5h 30 min 11.9
Control

YOnion juices were prepared using Sulfur-1 or Sulfur-4 onions at each temperature and time, with other processing conditions being equal. The
onion juices were packaged in 100 mL polyethylene pouch bags. The Control-M sample was the commercial onion juice used as a control.



(UV-1650, Shimadzu, Kyoto, Japan)Z 510 nmo|4 S3E=E =74
I Querceting FERHE ZAISl] & FFAPFaHogy
B 4u59] & flavonoid S quercetin®] =% YERNSITEH

YIES| Mt SESY

5ol /RIS H7BI 108 814A1Z1 F spectrophotometer
(UV-1650, Shimadzu, Kyoto, Japan)Z 420nm (A420)2} 520 nm
(AS200914 SFE=E AU YaEe ¥ 54 color
intensity (A420+A520)5 AlAFete] wlwatdct. gk, Al &
35S Folfel st & yxE FHE(VLUU PLY0, Samsung,
Suwon, Korea)® &3] 4 E4E v|wsigict. do5e 35
S (flow behaviory> &7 20 mm«] parallel plate”} “g-2H¥ rhe-
ometer (AR 2000, TA instruments, New Castle, DE, USA)=
25°Coll 4] shear rate (1/s)2 0914 3007FA] 57}A17]™  shear
stress®] H3SlE BUEE sl dutEe] 55 B4 AxE ¥
7Fakdet.

mlEo| HsH EM
Rt %%Zj/‘P; Agl=icinn] *ﬂ‘%%'%i}r)r sty F &
=AA Ado] Y= 30dE gd=
o] FHEA ﬂlok@l A} 5 /é}‘]
scaling) 22 B 7}stoieh AR wSol
HA5A B4 dlgehe 8ofe] Ao Y xSt dAE
Z27E 2] AxE Sulfurl$yE 553 2 95 |1
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/1A 73w Yo Fidte] WA Hs ArRPL &
ol B7d F JE AR FE LEise] Sufud Fokre] @
AXNE Sulur-l FoEE B2 AR 2EEien S of
T FHEF 1T st AAEIAT AFHAR A OkJ]r*Eo
Aok A AAEHAT FEH7ME A% BsE SHES
S FRL A%E S FRIES] AW 3’50}
ARstR e, i Asd EA E & 2]
ArFFNARD el ZASATHRS). H7HE WsE SR,
A (color; W4~ E& ZAothmlg- e Zholt}, FulFe] F
& A (degree of suspended onion pulp; ¥} 25F Al A F
Z5o] U2 Fute] JodEg Wk, AL u FEel ==
&3t FHE9 AE), AF2 FHonion savory aroma; Fo] LA
ot Fapdlat fA A7 e AR), olF (off-flavor; 715
Zro] =& EI 3 °k-ﬂr«] dAD, S5l A = (viscosity/flow
behavior; Fo5S ANE wl AATE Fol & Aojx= A, 2
Zste] A& w 3ol 7}°H7<]“ L), Tk(sweetness), 1 Bt
(concentrated taste of the onion juice; L2 € FFH FOo=
Gl glo] 712 A ulbitter aftertaste), ©]U](off-taste; &3}
ah), FaEol ‘0}01] F2tE)= XJE(mouthcoating/degree of coat-
ing in the mouth; YIEFS v w Feo} <, FF Foll Yu5
o] 5o ¢tel| HolRle HEHROE, ¢ote] IHEHE A=
VE Ao, <z} BEAlo] kgt A5 150R shal <2 5Ao]
7Aet A5 SHoR sl Hrielnh 7t B4 Wi 7s=
9} F34 7] E % (overall acceptabilityy= ‘vf¢- UM E 1Ho
2 3 vl FTPE SHoF to] Hrisidith

0

F

Xze| SHE|

#949 95 % BAY 210 mE P BY 54
FSAAE ZZ2# SAS (version 9.1 for windows, Cary, NC,
USAYS ol&ste] Haatat FFUAE RS2, ANOVA,

oFnlo] ZTAEA 191
Duncan’s multiple range test= Z}7+e] Ao tisl] §<&Q0

o7} YR 2 AZsAch ¥re WS A &I (i)
FEAE 37t FYe FHE AloloA GAE] 27 wE o
gt (i) FHHE 347 g2 dulol FU IXE 2H0E )
P& wo] FFog HA dolEE mdd & FAXE HA
sto] AxE AAIEAT

2o g g

gmiEe| &, =8N IHE, pH, 7714

Sulfur-12} Sulfur-4= A|2E 4ot 2Fq o] F7 e A
g 24 F 7P mildd 105°C 5h A4 FoFoz E3ko
H, 235 257t 23 AlZke] ZojAFE aishe AEE U
WATH Table 2). 3, GAT] 2710] ZAadsE F84 1T

< F7kstd (p<0.001), Dol o Fut =Ho] 37t &olsiA

°Ur el EA)8= %L*W-Er o] E3) & 8&°] T/HISS
AR T AARE g FAEd a2 dAfE] Al v
sl Z=r1ee Ax= iﬂE}(Table D). 3, FU3 A 3}
dre % AE a7t AEoR B Sulfur-dg T

v
Sulfur-1 FzHEe] Hsl 84 PR FFol FoJHo=z =k
(<0.01). 53], 120°CIIA ZFH Sulfir4 FIFES 5Y =
olSulfur-1 Y53t v E o] FE-S U (p<0.05) 84 313
2 =ohp<0.001), FTF A F FFAH] el wt TohE
HE Uit o, & A7 ZEolX A2FH(yield of dry
matter)°] F7HIE AHEZ dF ME  AUTH26-28). AR
AR AAE Sulfur-4¥IE Sulfur-1 B} RS YWy, oh
A, o1, 23L& Aoz FAFATHIO).
sulfur-lrJr Sulfur-4 Fo5e] F4F S 105°C 5 hxAddA
T-A2K(citric acid) 7122 0.18%9} 0.14%C130t} ©] = &
A7 274L 120°C 5h 30mine® =98 w22 022%2
0.20%2 Z7Fstd (p<0.001) pH7F Fold o= #ase A4E 7}
ZTHp<0.001) (Table 2). °l&= 71 &9} A7to] ZF7k=wA
(i) A& AlXE QF A (vacuole)dll T2 HXsh= F714te] AlxH
g2 AE W &7FEe] Bt A &&0] FUIEINALQ9), (i)
AZE Aol F7HoE AYE A= AT 4 At Clydesdale
5360 QAT 1E F glutamme—% dEsZ AAHEE pyr-
rolidone carboxylic acid7} @A2] & AAFoA AFE= A=
Z718} pH 749 8 Yloz WiE vt gty Y3 I
2] StollA Sulfur-12 Sulfur-49] $4F 2 2 Afol7) ddd
AFE JEA BUSA= Sulfur4 G5 Sulfur-1 G35l
Hlg] e pHE YERNAtHp<0.001). F714H FFol wel A
Z U8 pKagts 7KB=Z o] A3 Sulfur-13} Sulfur-d Y35
& Asks VI 240 tE & U2 AAIS

mﬁoﬁtr_\‘iﬂi

LIEF9| thiosulfinate®} flavonoids

Thiosulfinate=, MZZd] &5tz AT <A S-(1-propenyl)-L-
cysteine sulfoxide®} o) EAs= allinase”} 3} 220] T}
2w YA FAEE kel e vt 3 FAEReR 7K
o 9J3] disulfides, trisulfides, thiols, thiophenes <] T}U3t 3
T REAIERE 2 F JTHe). Yok Z5A 9 thiosulfinate
e EAETF AEFE, F9AM] S BETs =2 AT
Ye o 794 & ol Atk(Table 3). FoE A=
e gk PAlM 24 wkgo 2 FAE thiosulfinate
o]F 105-120°C 3L29] GAeolA A&Ate] & i shghE

A
= WalE 5 98 veish, B Aol A Sush A7

> m{o
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Control Sulfur-4
(A)

1.5
= OSulfur-1 OSulfur-4
o~ Kk *kk
v A a ——
2 12 b b
= _ .
T —
- ekek c
(] — —
T 009 d
=
< c B
£ 05
£ D
S
=
': 0.3
2
=}
Q

0.0

Control  105°CSh 110°CSh 115°C5h 120°C4h 120°CSh
10 min 20 min 30 min 30 min
B)

Fig. 1. Color characteristics of the onion juices prepared by
various heat treatments to Sulfur-1 or Sulfur-4 onions.
Photograph (A), and color intensity (B). Different large or small
letters on the bars mean significant differences in the color intensity
of onion juices made from Sulfur-1 or Sulfur-4 onions, respectively.
* %% and *** represent significant differences at a=0.05, 0.01, and
0.001, respectively.
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as
=

Z7l M= thiosulfinate®] w38 S22 F915 o]z I
=< AAREL A

Sulfur-1, Sulfur-4 OUI——-J flavonoids ¥+ quercetin 71
©F 105°C 5h Z7IA 373.0 pg/mLet 491.0 pg/mLol e, &
Ag 2705 120°C 5h 30min®=E =XS o ZF2F 1028.7 pg/mL
9} 1463.3 pgmlLE S7FFATHp<0.001, Table 3). ©]=, wl=(16),
EE=H20), MA(17), ERIE1S) 5 A, ATl Fxzlel
93] flavonoids 7} S7He A= AR|std. dxi7] 34l 9
3 () A= &3 B AE 2FY BT golshAl Yolvt matrix
oA E-8(insoluble) FENZ EA)3IA flavonoids7} 831143
(soluble) flavonoids FE|Z v}Ho] 30| 718491 3(17,18,20),
(i) WA (glycosylated, bound) BFENZ EA3l= flavonoids”} &
&l Fo] fel(free) FENS] flavonoidsZ F3ko] dojytr] wjit
o2 FAET YTk17). ARE Choi 5171 DA E7H
Aol 7Hde=e) Al7te] F7istel Wt A3 (bound) polyphenol
3} flavonoidse #4312, 5213 polyphenol?} flavonoidse 57}
ATt B st} 3 (i) flavonoids & FAFSF AES U
Hshk= 4ksla A (oxidative enzyme)9}l 5| &4 (hydrolytic enzyme)
Sol Exgel s BgAdstEe] s} e a4d 4isl
o3t £48 AT AFE iy E L Auk18). 3, Sulfur-4
&S Sulfur-1 S5l Ha] F flavonoidsdHaFe] =& A3

=

193

S YERATK(Table 3). o], XA YAEA Sulfur-1 I}
Bt} Sulur-4%37F = phenold#(1,186 vs. 1,312 ug quercetin/
gol =4 At IA8HATH10).

AIHES| MEeot HMT
Axg] zdo] AAFE Sotow A oot»}
2 o F YA = AEFS YRR O H(Fig. 1A), 7
5] A A (color intensity) Al F2 Z*Qi =
(p<0.001, Fig. 1B). °]& (i) FF2=7t =2 A
T3} ol 31gHE ARo]e] Maillard 2
(i) I (melting point 110°C) 5 LF &
caramelization®] 571t A3x=Z 5|4
£ 110-150°C £x04 71 ] 7-S
T9} AlZte] F7HEFE #gol 7V\Q QdE
o2 st 3, Sulfurd FUES Sulfur-l FupFETH
A FETE FH0RE E9THp<0.05). ol Y¥HHoR ZE]
AZZ o] oﬁ'ﬂﬂ Al S7V8FaL(26-28), Sulfur4 ¥3}7} Sulfur-
1 &zlol] H| H IR0 o] =Y ARE e
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Fig. 2. Rheological properties of the onion juices prepared by different heat treatments. Flow curves with increasing shear rate (1-300 s™)
were obtained at 25°C. Shear rate vs. shear stress (A), and shear rate vs. viscosity (B)
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