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Quality Characteristics of Onions Applied with
Methylsulfonylmethane (MSM) during Cultivation

Eunjin Kwon, Dayeon Ryu, and Jeonghee Surh*

Department of Food and Nutrition, Kangwon National University

Abstract Two types of onions cultivated with different methods of sulfur application (designated as S-1 and S-2) were
examined for their physicochemical and sensory properties, and then compared with onions without sulfur application as
a control. During cultivation, dietary sulfur methylsulfonylmethane (MSM) was sprayed on the leaves twice starting at 2
months before harvest, with one month intervals for S-1. For S-2, the MSM was applied once onto surface soils before
sowing, and then once again on the leaves at 2 months before harvest. Thiosulfinate, a major sulfur-containing compound
in onions, increased in the order of control, S-1, and S-2, without noticeable differences in the strength of spicy hot taste
and flavor. The S-2 onions demonstrated a total reducing capacity three times higher than control and S-1 did. It indicates
that the application of sulfur would positively affect the quality of onions under the condition where sufficient time is

given for soil mineralization.
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A EEe Ad Z1eg B =3 itk B AT it 2
B9 FHAllium cepa L=, ZEHE. 0] = (quercetin, kaempferel,
ruting 2 2 wGA EEEF 771 3 3}5HE(thiosulfinates, allyl
disulfide, diallyl sulfide) & &2 & BAE2] o] =ol,
aitsl, st gemAgs), g 5o AYEHEC] A
Aoz HIET SlTh6-10). ol2e el
TS G 9T Hlole AF AAEE
Ao}, ghH, Yul= E5g
SE= A AR AAH glown,
83 F2om 4H|Eo| gith ¢l
(1-propenyl)-L-cystein sulfoxide®] &A% H3|=Z
5] FE oFa AUti(1). ol9k o], ¥ 7
A9 e o] FulfuneE FH FHES

e, dA v B 66.5%7F EGS &
T(100 ppm) ©JSHZ ZAFELEH, A& 9] 7]
AV ASshe EYTY 771d 24 9 2 Sk
Aol APATE T3l AFHATH(12,13). WA, 2 Al Al
Egol &8 AT A5 4ol 7 9 @5l MdE vt
A0l AAEATE AAE, Kim 51402 Bl 2olf3e A
gate] Auig GFolxM F3seHEQ] isothiocyanate FAFEZ ]
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=lo] e A olrh69).
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Fig. 1. Onions growing condition depending on the different timing of MSM sulfur application.

mEpA, 2 AFollXe Fe Al HE F EG 52
2]o] 43} methylsulfonylmethane (MSM)S *]2|gto 24, 3 AH]
(sulfur application)’t %ot W7-o] /7] 3 slgtE 2 o= g
Il Fa 7IeAE B IS X TS HEkeAt &
Ack. & AFelx gt Ay Al A" §82, MSM ((CH,),S0,)
o2 Y, of, FAH S5 F hFS AF EFEY Sle
71 3] AAPeolH(15), A& FE3W F54 Jd
EZolth. MSM 2o|-f32 525 A, HA] - 28] § 75
ARR FE AREL Jlom, HIZde kAl 3 55 AR &

£ B3 AT AEe 95EE AR ARSEHI QUth(16-18).

rr

ol :(o

¢

= 2 g

X oHd
NgijE % Alet
B 290 AHgE Pk AN A8 FuABgsage

o 2HE FFHTE o] Y= 2009-201040] AX ALE A
HAl m=H 25,000 m*e] FA]0l AolF- MSM A 2A71E Fig.
13} o] Welstel AT Fotel BES FUAE, 9F A
715 20099 99 5¢€-104, A4 2171 20109 10€ 25%-11€
204, 2 20109 69 F<=oll AAsHATE Fuk A 717k
Ax F 28] MSMe] MelElon, £ 2¢ H 19 7R
23] MSME AE e Z(S-D3, 35 Al Bl A3 MSME |
3] Agsla, o] T 48 22 Mol 13] F7t A F(S-2)e=
AgA71E sk & 28]9] MSM A2 ¥, S-1 ke
23] B5 glofl AEgh GHA] FEE MSMES Faatilor,
S22 e 13]9] EqFAEIeL 13]9] GHAHIE MSM A W
e g PAsle] FEeith g, MSMS A EskR] 43 A
HiE guE B A3 t)R2F(contro) 2 ARSI TE MSM
(Y&J Farm, Yeoju, Korea)?] X272 slld A&l 7|A=of 2
= w9 WE F ARFHED AHEsks 71819 7= 3kg200-
250 3, AHAIH] 3kg/400-500 ByS FsAAL, 29 AEl7IZE
Z Fapol| Al¥|(fertilizer application)dl ZUES Al & EF &Y
sttt F3to] ARH 20109 6¥ skeol] duE FFWol #
Aol ARE-3HiTt.

Ao A1E-H diethyl ether, sulfuric acid, sodium hydroxide,
boric acid, nitric acid, potassium carbonate< Showa Chemical
Industry Co (Tokyo, Japan)e] EFA]¢FS ARE-3I ). Folin-Cio-
calteu’s phenol reagent, quercetin, N-(2-hydoxyethyl)peperazine-N-

2-ethane sulfonic acid (HEPES), 5,5-dithiobis (2-nitrobenzoic acid)
(DTNB)= Sigma-Aldrich (St. Louis, MO, USA)ZFE Y35
om, 7714 7S A% FFAI%R2 AccuStandard (New Haven,
CT, USA)EFH F{is8te] ARSIt AloF ZAlole B9 - &
o] 27t AHE-E ATt

UM

ARk BAo AQAC Wl Fale] FE LS 105°C A=)
(OF-12, Jeio Tech, Daejeon, Korea)s ©]-8-3F U7t AzHO
Z3E-e WAl o] Ao w7lx] 550°C BFZMF31G
Jeio Tech)ollXl A5 F 22417+ 59 &4 3]3Azl 2 H 38t
Moz FASIHTH19). 2w d-e A 23l 7| (Digestion unit
K-424, Buchi, Flawil, Switzerland), &% X (Kjelflex K-360,
Buchi), 87 Z|(702 SMTitrino Metrohm, Buchi)& 14222
AFEEF micro-Kjeldahlf o2 H-413F 3 AAAS 6255 3}
o ANge oA g 2SN A S diethyl
etherS 7= 3}o] Soxhlet 4| (E-816, Buchi)E ARE-3lo] &
ST BSES 100G +23 BT d 2 A e 2
2 ALt 2 gE EAEAT

p

o
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AHTH02 )2l ANEE FH3N] H,0, 7mL, HNO, 2mLE 7}8
T wlolaz g} A 583X (Microwave Digestion System, Ethos
Touch Control, Milestone Inc., Shelton, CT, USA)YE AME-3le] Al
BE U9 2% X7oE {3 FESIHTh WA A5 2E
i B 85°CTHA] AL, o F 97 E%F 145°C7HA] A
AlZL &, TA] 43 5 180°C7HA &8 1597 FrAIAF T
olgA HajEl NEZS FFHFE 208 843 F ICP-AES (Induc-
tively Coupled Plasma-Atomic Emission Spectrometer, Vista-Pro,

o

Varian, Australia)ol] T3l refected power= 1.2kW, flow gas
£ argon, plasma flow= 15L/min, auxiliary gas flow rate>
1.5 L/min, nebulizer gas flow rate 0.7 L/min®] Z71S 2 multi-
channel detector (Simultaneous polychromators, Echelle polychro-
maton® 714 3% T $7103) 35 v ¥/108 Bl
Ak z+ 94 8 =4 92L, Ca (396.847 nm, 393.366 nm), P
(213.618 nm, 177.434nm), Mg (279.553 nm, 280.270 nm), Fe
(238204 nm, 259.940 nm), Zn (213.857nm, 202.548 nm), Cu

(327395 nm, 324.754 nm°|Ath. 49 FEE, FFEH F=
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HAE 0-10ppmeZ 7 Y4 W standard 3 S o|83le] BF
HAE A T FAZM S olgste ALt

Mg GIAF 5 ¢S SFHF 15 mLol]l EAHAIZ]13L homogenizer
(Wise Mix HG-15, Daihan Sci., Seoul, Korea)Z °F 30s F%=
w443t AA o] & AR 7](5810R, Eppendorf, Hamburg,
Germany)Z 3900 rpmolA] 15 minsSt YA RT3t FEHAS
5| =4 E (refractometer, PR201, Atago, Tokyo, Japan)y& <743}
ok FRrel Qg sl SHE 3ol HER wdekR] R

32 A

.fl

& &lEF (Total reducing capacity)

Ok-ﬂr«] 5 ﬂﬂa—k, AE WH-2] #=7d (phenol) B HI==4
(non-phenolic) ¥ &3 (reducing substances)®] 713 ZAlA
Folin-Ciocalteu’s reagent (phosphomolybdic phosphotungstic acid
complexs)ell MRS AE3te] 52 (chromogen)ye FA3d= 9
& BECZ 3= Folin-Ciocalteu’s reagent HO2 E2311TH?20).

Gt FEA FHE 8, Pak 5(6)d MAATE Frxsto
phenol, thiosulfinate 5 ] 7154E FFol 7H =4d F
Z2x7S B Add Heaar). =, AAE G 5 Helw
60% ol ¥F2-2 3 7}3ke] shaking water bath (BS21, Jeio Tech,
Daejeon, Korea)ollA] 25°C, 100 rpme] 52 12A17F &< F5E3)
Atk o] & B84 EdS A 8 AT 71(5810R,
EppendorDE 3900 rpmol| A 1058 59t AR ST FS5HS
ety A3EE7](R215, Buch)Z 60°C, 50 rpme] 4% W
2ml7HA] FFAIATE o] 29 1 mLol| Folin-Ciocalteu’s reagent
o} 10% Na,CO,Z 27} I mL¥ 99 vortexingdlal 22014 1
AlZE &< HAIAIZ] ¥ spectrophotometer (UV-1650, Shimadzu,
Kyoto, Japan)Z 700 nmoA SEE=E =74 ]-03 ST & B
54 TH2 EFEER sty

LR SAE

4 3AEZQ quercetine
A 3EAO ti

Thiosulfinate 42

MSM 2lo|-58 X7t &t & 3 3 F71EE mXe 9
S #AstA Fuhe] A & FF RS thiosulfinates
A= A3 Thiosulfinate 13412} cysteine 2547} WS35}
o] S-alkenyl S Salkylmercaptocystemeo— Fsk= Qg &
G351, ARl FESE O cysteineS 715l AR & thiosul-
finate®} HHE-AIZ1 &, T2 cysteines DTNB} WHSA|A &
_-} "?.‘ﬂ/ﬂ/\]?l _E}yq 7‘31—}\6]_ cysteineﬁ] @—El;o_ E:H q}_xq oz }\]
F9] thiosulfinate TS AT Q2I). = 34 =4 Al &
Hgd Fds FEA 01mLel 2mM cysteine (in 50 mM
HEPES) €9 0.5mLE 7Fs}al, 50 mM HEPES§o 2 F whg-
Lo BulE smLE FA3 F shaking water bathZ 27°Col|A]
1027F HEAIFITE, o] HAelA] dojzl vhe-8-dS ImL 33t
0.4mM DTNB (in 50 mM HEPES)E 7}3}aL vortexingdled 27°C
oAl 10827+ HHSAIHTE ©] & spectrophotometer (UV-1650, Shi-
madzu)E 412 nmol|X| EFEE Z43A Y CysteineS FE=EHE
ZA5} Oéfi BTN RRE A8 FEE2] F thiosulfinate
e JAESHATh

fo|ME ==2md(Flavor Profile)
a5 sIdE QAL AR AR 871 Pel 7h
2XPAAZ FAY RS EFe F, DB-5 column (1 mx250
umx0.25 um, Agilent Technologies, Santa Clara, CA, USA)°] %

(]olI

2lE A AZ(GC/SAW  Electronic Nose System, Fast GC Ana-
lyzer Model 7100, Electronic Sensor Technology, CA, USA)°l

A3}A ). Inlet temperature= 100°C, FZ7]+= surface acoustic
wave (SAW) quartz microbalance®]™, column Z7]2%=%5 40°CZ
3kl 70°C7HA] =& S7HA7]1E temperature gradient 270 F

BECES

e L
%U} EAE AR 4E ARE g8 AlRE FHe &,
el (L, lightness), A% (a, redness), U= (b, yellow-

>

ness) A ZFAI(CR400, Konica Minolta Sensing, Osaka, Japan)S
ARE-te] A SHt. EFE WS ]85t calibration ¥ F,
L 2 0¢AA-A)NA 100(&A)7HA], agh(FH A=) -804l
A 100A YA, bEEA =) —70C8 )l 70(3)2] ¢
oA AEe] MrE 2431

Texture

ile]l E4 texture analyzer (Instron 5542, Instron, USA)S
ARg-ste] 23] HhE QFEMA ¥ (two-bite compression test) 2 Z7
sttt 7 S AlEE 4u EXE Y2 el GuE wix| g
T AR S Aol FEEAE #5028 Fs SuE
Hol Wi 3 ke YL AR TRl A7k wE
el HWals AFAEEh A7 11 mme] 9F probeE Al
431 test speed 3.3 mm/sZ 1 cycle’} 2 cycle 2514 50 mm
Ao NEE et 202 43I0t 54 5 dojx
force-time curveZFE A|59] 7% (hardness), BH4J (sprimginess),
1213 (cohesion force resilience), -7 4 (cohesiveness), &4
(gumminess), #2H (chewiness)®] &5 Tt

ito| HsH S 2XM
Fe] dsHAe AU AFIFSH A 5 ds
At 73@0] U 26085 MEE st AASHH} Foe] F
AEA diste] AP &S AAg T 53 %5 H(5-point
scallng)__i Bkt AR wSole ‘7&*‘5‘713/\]'1]0" 71:| 2t
2 B4 sigele &o19 de d9
%i Y FHE 45Tk At T
FEo ofmlo] Bz Wrlgelst 7 =4
T dYer Fidte] FAsIIT FE4%7
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=0l °J 3 %HEHAW ol Jﬂo} 1:}(22) ﬁ7m A=z
—‘E, *—‘;‘(color ¢ gth-5Aolt}), wl$ &(hot flavor: 3]

]' ] )9~ 733, ©l(sweetness: A3 ©A] gkrhul$-
$1k(spicy hot taste: A3 WA Grhm)$- Woh), opakst
(hardness. th'ﬂ olalalx] eithmjo- olabsit)) o|gow zt E
o] okt A= 1HoR a1 EAo] o A0S sHo
2 sto] Hrislith. 72 B4 oI 7swer 9 Vse
(overall acceptability)= ‘- UYMTPE 1Ho2 3 wf$ =

thE 5807 sl HrlET

4
hint)

i o oX
ol O

%

XtEe| SHXME

APl e S F4 542 FAAE Z=233 SAS
(ver. 9.1 for windows, Cary, NC, USA)S o]&35}o] Hazta £
FHAZ JE 2™, ANOVA, Duncan’s multiple range testZ
Z}zke]l Aol thsll frol ARl Afolrt AEAE HAFHAT



216 =2 F38k8] %] A| 45 WA 2 & (2013)

un ol g
HtYE H 1 =

MSM 2]o]-#-332] ﬂﬂ 7 3 e gejste] AuiE gt
o] set] 24<, & iZHiHQJ BWHEES 7EoR 3]
Bl 3FRAT. 25,000 m2 A UFE Al o st A
H Guks friel A Rl w}a} FEHF] frolHew =

7HFRAIL(p<0.001), ©]o] 453t oz vpalEe] o4 7
27F 2 A THp<0.001) (Table 1). AEAEFo] wh=m, A3t
= FE090.1%)3 BskE8.4%)0] 74 AR o

sla 9 dwAdRel whlE ke A Egket
Aste Aoz d#A g
71998 & e BF 58 T 784 TP E(soluble solid)S]
FFE 1.76-1.86%2] M= MBI FAZ Aol7h AFHAL
L, AFHoRZ Foulg zole ofd Ao R UriHTh 3% 4
vke] 238 FFS 020-032%2] FFEOF, F71E FFo| HA
TARE T PEe 28 AT oldl weEt 65(Ca, Mg,
P, Fe, Zn, Cu)2] F71" 24l M= 5 <l WollA #
27t AA HEAEJ K Table 2). 53] F3A2] &7} S-29] A4,
Het Cadldol 5134 pg/gl 2 A EFAARE do] sl 160 pg/g
2o} 328] 7HEF =3O relative standard deviation (RSD=
average/standard deviationx100)°] 50%=% H7} 22 AT 4

o
ju}

1r
N
[

I, Wstel A 54 3, vl

1_,

AR pAeA obe Zlo® melnh Ao 2
CaP9] A7 Hl&o] L2 ?_X*El; el &
GHFRE, F=le CaP AFHAF HIZe] 05107k s v
SR, Ze Tl vﬂ_ AERAN ] ke FENet
53] o As kel 71 20 /3] dAA A F
HUks Ao B A9 54¢] o A A8AEE AL

itk b =S dlell A5 F AHE gl & A o
b} Uiz el 7sds FE

-
P

e Ay

Thiosulfinate2t & EHEE

MSM 2lo]f-8e] X7 7 3 #go] gate] 9 7|54E
of dFS = F il—‘EX]E 457}0}4—@ 3% YHERE & &
JE<1 thiosulfinate®}, & FHFEZ (reducing substancesyS % -
H] w8} TH(Table 3). "%g":‘?'*"ﬂ w2, Fuke] ksl
ZHE, ¥, Y 59 52 ¢ Ul 518z EX)
she 3 AR ¢ e dAIE EAT|o]E(S-alkyl &
£ S-alkenyl thiosulfinate)2} quercetin® *¥3}3t flavonoidsZH-E 7]
Qe Aoz HIFEI JrH6,8,9). Yt AE T T allicin T
Fo 2 A=H thiosulfinated #H2 S-2>S-1>control =22 #-3F
7F FIEE(1.24-1.38 pmol/gy> 37 FkE(1.16 umol/g)k.
o AW 20% ZE= =719 thiosulfinates $HFslx UATH

Atk T = Bpsly, A xo] oul= AT o] AR (p<0.05). °] A=, & AFolx] AP {F7 AM] 2L S

£ e R 3 AEAHER Jo tolEe vnd u, f3ke] A W 345 53 w3t M E 2 5 gldley, E
g 55 2 Al7IeE BAIgle]l A (Cad AFe) T =2 A & 2 FuAEFE F Yol FIE AFshe vEe FEHE
< I £ St ol AEAY IR FaHEe] ¥ 24 SFE dolfgte] ARt AEA WE FHe] du ) iR
< s AdA Aol X5 (12), o= A& 7 Z f7] 8 AR thiosulfinated] ol IS = 5 USS
718 e 28] AiEe BN & FUIE A 2 Rkl 9 HoFa ot AA=, 2EAe Frd s 9 242 AR
3 FFe we AS AHY o, A Ho] M54 AR Jo] EY 249 os) el 4 e I dEA de AR

Table 1. Chemical compositions of the onions depending on the different timing of sulfur application”

Samples Moisture Ash Crude Fat Crude Protein Carbohydrate Soluble Solid®
(%) (%) (%0) (%) (%) (7o)
Control 90.16+1.11° 0.32+0.10° -0.15+0.28° 0.93+0.14* 9.71+1.18° 1.79+0.06°
S-1 93.34+1.03* 0.26+0.04° -0.21£0.09° 0.89+0.27° 6.55+1.14° 1.86£0.07*
S-2 92.34+0.35° 0.20+0.05% -0.74+0.05% 0.17+0.01° 7.53+0.45° 1.76+0.02°
p value <0.001 NS NS <0.01 <0.001 <0.05
Onion, raw® 90.1 04 0.1 1.0 8.4

YMore than 10 onions per each group were pooled together and then chopped. The value was expressed as the averagetstandard deviation of
triplicates analysis. *®: Values with different superscripts in the same column are significantly different. NS means not significant.

YValues were not reflected by the dilution with distilled water.

»Values were those provided by ‘Food Composition Table’, National Rural Resources Development Institute (23).

Table 2. Mineral compositions of the onions depending on the different timing of sulfur application”

Quantity Elements (ug/g) Minor Elements (pg/g)
Samples

Ca Mg P Ca:P Fe Zn Cu
Control 185.4+28.8° 87.8+7.4° 322.3+13.5° 1:1.8 10.4+6.5° 2.9+0.4° 0.6+0.1°
S-1 242 .4+46.6 84.3£9.4° 267.5+45.2° 1:1.1 7.7+1.6° 1.8+0.4° 0.6+0.2°
S-2 513.44£254.4° 64.7+6.8" 389.4+£24 4 1:08 60.9+3.0° 3.0£0.4° 1.9+1.6°

p value NS <0.05 <0.001 <0.05 <0.01 NS

Onion, raw” 160 100 300 1:1.9 4 4 0.4

YMore than 10 onions per each group were pooled together and then chopped. The value was expressed as the averagetstandard deviation of 6
times analysis. *°: Values with different superscripts in the same column are significantly different. NS means not significant.
DValues were those provided by ‘Food Composition Table’, National Rural Resources Development Institute (23).
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Table 3. Organic sulfur content and total reducing capacity of Az A7 M 5= Ju) AARE, 3 2AF 5L Iurgo
the onions depending on the different timing of sulfur application ” 2 A% OEOI 7ra5he olw g ETJJ; 79] Aol ] = A
Samples Thiogu'lﬁnate. Total reducipg cape'tcity S w= Aoz AEA AUrh4). WEA, E714E9 01}34_9]
(umol allicin/g onion) (ug quercetin/g onion) A% Bk A" 3] AE) 7|7 Tt gt A ZZo|

Control 1.16+0.07° 658.1+£56.1° AH 7]k Ao 1011’/} wh, g 578 d GUHAPE 23]
S-1 1.24+0.03® 652.1£128.8" 3 S-1 <Fulo nla)] I ARE B IS A3 -2 4y}
S-2 1.38+0.10° 1901.1+76.5° A Z= FYEA 11--47‘40 Z71e A, 3 gio] A&

p value <0.05 <0.05 AR wtgEo] 754de B9sh] flelde B e S8

- ‘_ = 0 Fro o]
YMore than 10 onions per each group were pooled together, chopped, 3] mineralization¥= o] 8¢ AR vk

and then extracted with 60% ethanol. The value was expressed as the
averagetstandard deviation of triplicates. *°: Values with different 80| ==mp

superscripts in the same column are significantly ditferent. - o] A Ba)
SF S dllium sp)ell Fa3te vis, S, 7 59 Aies T

513} W = it
Table 4. Color characteristics of the onions depending on the shateel olsll Soldh WAl Aws WSk sleR dEA gl

different timing of sulfur application " o} 53], &3t WAle] #2191 S-propenyl-L-cystein sulfoxide, %
hyiXe) 3L ik 2] A = . .

Samples L (lightness) a (redness) b (yellowness) el At JJMEM 47851 1-propenesulfenic acid®} hydrogen

. " . sulfide (HzS)b TR W) 2 PRk eu®, &

Control 81.69 £ 0.99 -5.72+0.09 10.41 +0.60 8 27 Sro} Hl-moﬂ o)l oFute] apu] mElo] W 2= 9=
S-1 76.67+£2.14°>  -6.06+0.46 11.32+£1.43° = W H0x Eolo N -

) 75.55£3.08°  -587+032°  10.78+0.98 A& AEadn AR 8 205 F4e] soreening 3F, 462

: - : ' ' : Z¥ellA 3% okl ) Zmalde AolE YERHATHFig. 2).

p value <0.001 NS NS Ao o3 Polpse 54 Pulgre By Agucks g

"The value was expressed as the averagetstandard deviation of 6 RS tekdo)] st ARE F3 dn|gEle] TU3HA|9)

. M ; . N
times analysis. **: Values with different superscripts in the same B AR AT HEe, 43 Ao dulrSe BEE

column are significantly different. NS means not significant. i g
463 FRINA 0] e peak BEE Gl {ES FIro=H
Folgitol veslReS At

MuE =
oJth(13). gk, tiEA o F71EQ )Y Af, 71 F2
AF Al Al FFEIA &AL, AR A B SEe & Mz
= ZV—J.OE F71E FHE F5E A olgHe AL 2 2F] ML AFe] FHWN oflg 73S A=
HE o, 3 ARE 1S I W 77 & S¢S S T 8RlelBE, X FF 2 WS e 3% kel A 5
Z-3haksl %7301‘:}. s Tl Al Bl &2 XEs S22 Yt e SASIATH(Table 4). Z A3}, ZM%(a, redness)2} A=
B 5 #dEde] & TAH Kcontrol) F 2 S-1 el W] (b, yellowness)= 3% Gt 214 ok figlont, WE(L,
2080714 718 Zlo® B JTHTable 3). Yt & tHEZ 3 lightness)= 3+ ¥-x]8] Yte 81.69= wi$- dgrom, &3 X
YEAZE quercetin, kaempferols 88t flavonoids’} & ©| g Y= 75.55-76.67= AF R d Y2 Ao AFFAULE
FH o]Eo] gute] sl 7|5 FE J|oske AR & olggl Aole #GTHLE A 7Feg Aol orH, AAR S
HA Avk6,8,9). 28U, querceting} kaempferol©] =L -2 U+ SoE gFS F Aoz o)F FelFUrt
of &g A FUer R, Ed] F3E Xzlst Auigt
Ob]r:r""ﬂ"i stedgol dx3] Frtet AL, /& AMIYE ;H Bl A X (Texture)
quercetin, kaempferol ©|2]ll, &2 -3+ t}E ksl AJEo] < 3% Suke] 39 B2 A AF=(Table 3), ¥ 35 A &
I Y itel HFAoR FIHEAAY, ot AHAe o] X g5 EY AH AgFgeEA 8 A7 S AIkE F

Table 5. Textural characteristics of the onions depending on the different timing of sulfur application”

Cohesion Force

Samples Hardness (N) Springiness (mm) Resilience Cohesiveness Gumminess (N)  Chewiness (N-mm)
Top-to-bottom direction

Control 259.11429.98° 56.97+3.81° 0.30+0.06° 0.76+0.24¢ 193.88+53.63°  11448.87+3254.84
S-1 139.27+18.61° 46.55+1.38° 0.47+0.01* 3.15+0.31* 441.16+£92.00°  21782.54+4627.30*
S-2 224.53+39.92° 52.08+1.78 0.38+0.07® 1.35£0.21° 297.91£12.26°  15913.72+1485.46™

p value <0.01 <0.01 <0.05 <0.001 <0.01 <0.05

Lefi-to-right direction

Control 68.05+8.85° 57.26+0.17 0.79+0.12° 1.13+£0.75* 76.83 +54.97 4608.68+3298.38"
S-1 91.27+6.98" 41.03+1.12° 0.75+0.19* 1.32+0.57* 122.60+59.85° 5517.83+£2693.51*
S-2 83.01+2.20° 47.86+1.97° 0.75+0.10° 0.51+0.34° 41.99+27.23% 2100.00+1361.67

p value <0.05 <0.001 NS NS NS NS

DTexture profile of the onions were analyzed in two ways, i.e, onion sample was placed top-to-bottom direction (top) or left-to-right direction
(bottom) on a specimen plate, then was compressed. The value was expressed as the averagetstandard deviation of 6 times analysis. **: Values
with different superscripts in the same column are significantly different. NS means not significant.
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Fig. 2. Flavor profile of the onions measured by electronic nose.
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Fig. 3. Texture profile analysis (TPA) of the onions using two bite compression test. Onion sample was placed top-to-bottom direction
(A) or left-to-right direction (B) on a specimen plate, then was compressed.
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= Az #AT F S FHEA, 78 HE 5 2 2 A
2] Al7lo] W& <ste] 7 E(hardness) ¥ A A (chewiness=

hardness x cohesiveness xspringinessyS 33 7} th(Table 5, Fig. 3).
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(compression) W&ol wel ko] Xpol7k A vER} dFE
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Table 6. Sensory characteristics of the of the onions depending on the different timing of sulfur application”

Samples Color Hot flavor Spicy hot taste Sweetness Hardness Overall acceptability
Sensory characteristics
Control 2.840.9* 3.2+1.17 3.6+£1.3* 3.1£1.1° 3.9+0.8*
S-1 3.440.8° 3.0+0.9* 3.1+1.1° 3.4+0.9* 3.8+0.8*
S-2 3.4+1.0° 3.1£1.0° 3.4+1.17 3.4+1.2° 4.0£0.5°
p value NS NS NS NS NS
Preferences to sensory characteristics
Control 2.9+1.0° 3.1+£0.9* 2.9+1.0°* 3.0£1.0° 3.8+1.0° 3.1£0.9*
S-1 3.6+0.9* 3.2+1.0° 3.1£1.0° 3.5+1.0° 3.8+0.8* 3.2+1.0°
S-2 3.5+0.7° 3.4+1.0° 3.2+1.17 3.6+1.1° 3.7+0.8* 3.5+1.17
p value <0.01 NS NS <0.05 NS NS

YThe value was expressed as the averagetstandard deviation.

**Means with different superscripts in the same column are significantly different. NS means not significant. Sensory characteristics of the onions

and preferences to them were assessed using the scoring difference test of 5-point numerical scale, i.e.,

ranging from 1 (when the characteristic

was weak) to 5 (when it was strong), and 1 (dislike extremely) to 5 (like extremely). The definitions for the sensory characteristics were referred
to 'Standard Korean Language Dictionary' published by ‘The National Institute of the Korean Language’ (22).
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