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Influence of the Number of Sulfur Applications on the Improvement of the
Chemical Composition and Quality of Onions

Bogyoung Choi and Jeonghee Surh*
Department of Food and Nutrition, Kangwon National University

Abstract Onions were treated with different amounts of sulfur (S) during cultivation and examined for their physicochemical
properties and flavor. Onions cultivated without S application were the control group; the treatment groups were grown in
soil that had been pretreated with S and received additional S applications or four times before harvest. As the number
of S applications increased, the levels of crude protein, quantified with total nitrogen; ash, approximating total amounts of
minerals; and dietary fiber of the onions tended to increase. The mineral compositions also improved, with noticeable
increases in the levels of Mg, K, Fe, and Zn. In particular, the reducing capacity of the onions increased appreciably
(»<0.05), without increases in the levels of S-containing compounds such as thiosulfinate or S-containing amino acids.
Nevertheless, the spicy hot taste and flavor, which is generated mainly from S-containing compounds, were perceived more
strongly in the onions that had received more S applications.
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M), AP), ZEK) thel 447 o Sa2E, BE Ao}
AlZA dofufs B2 ASE whgo Fojsirz
FES 98 2TEIt =2 dYholtkd). 2 2
EY 715 28 A HEEE %@r 71258 3
Fasht, o] Y2 AE 23 SESE o] 2
7lole =k Ales By A 91@(9) ool we} dvp=
T 4 2% Yt ZAENAE 3 AH(S-deficiency)o] ¥
A0 (10), Bt A 2o 66.5%SF =9 379%}
3} &go] AR Az(lOOppm) o]tz ZALE H} Q)
BE A2 89 AFHE ol oAt 24 ‘33
AA7F AstEE Ao BHAEI glo|(11,12), 754 &
o] ol 7IQlske ko] ASolle el 7t "’_Lol Al
g o)t} olo] wet, MEAXE &I AN Al S A
A7y F vls) gate] 7154 9 A ’“01 7H’\4%l
AESIATH13). 2 A3 F37k vwgds o,
GHEAR (Aol AehRt 23] o] FFH %k—ﬂri‘:]-—g i
Edd A4 & 13 At YA 138 gErME 3
| Algd St & ,_‘_—.(total reducing capacity), W
(proximate composition), 5442 /M HAEr ¥ =& HAo=w
HAEJATH13). o|2H], Tt Au) Al B 32 HHE A
&te] 7154 % HA5/dol MAE TEsA el AARE AT
2009-20101°] AA A f5F Fue] FH SHE A7
9] AYATe] AFE ¥HIst(13), 20112012 A7ldll= T
A Bl 2]o]%3 methylsulfonylmethane (MSM)S 13] *]2]&}
o] T HHAMIR B8 AFstE, & M e 2ty
s Al - AASIATE B ApdxE, S7HE & A7 35

Mo & rir

=
EO

o |
i) okt i p
o}l
ok dol o oX 3O
o

ol
-

ojf

X

L

b
i

[e]

(¢

O_\_u

o
E%@m
X off

olr
>

1

PN
T

ol EL‘

P

i
FE R
g 7

d

r_}i RIS
OfN ot

[*]



AN L FE B 479

2011.09 10 11

2 3 4 5 6 7

Control-S + : |I :
v

Sulfur-1 ¢—— II l
v

Sulfur-4 §——j || 4

3
———4——
3

Control-M * } |I }

. Sown Transplanted
(Sep.1) (Nov.1~Nov. 3)

1 1 1 1 1
1 1 1 1 1
X Harvested

\L Sulfur Applied

Fig. 1. Onions growing condition depending on the number of sulfur application during cultivation.

7} thiosulfinate, 3 $Hf ©}7]=2¥(S-containing amino acidsyS 3%
et Fmte] sehA 24¥ 294 - B FE B4S 7oA
o= NANE F U=

o
NEME W Al
B 4o

AREE Fuke 20129 78 AEE A s
SEYHURJNCZRE It A FHEGEITHR
2009 99FE] A= A mERA ZEE ddié] F 25,000
m’?] §71% A 32 At s ApE L om,
2009 9920104 6¥ A 1xPA%E fEekal 201000 99-
2011d 69 WA 2xPde 8ds), 20119 9920123 69 T
7HA AR EGUE, 89 S5, HEdy 9 SeE o
gate] A - AAFsIGAT) o] F, &AM AME FUhe 3
AT FESTE, ot F5E FE, 3% AlVl= 2011
9 o1, A2 A7lE 20119 119 19-11€ 39, 573k 2012
A 62 "ol AABIFEE UAE e TPz TR, St
Al 717 E3F Ssulfur) A Fgol wEt () 3 Al Bl
A3 Aol MSMS- 13] Aejsta, & 2d Aol AlS5713-S
13] Xg)&k <H(Sulfur-1), (i) o Al EGl AH MSME 13] A
g3, 3 39 AR 8 129 A 7R 9F oz As
FE F 438 23 Z(Sulfur-4), (i) MSMo|U ASH3-S A
& Xz2|8lA] & F(Control-S)o.2 3l A3 th(Fig. 1).
S, gute] Aol AR 2 AR Esle] Al SEE
Z 201299l AaHE AP G (Control-M)E 7 &Ale] &
AHAZHE 20129 69 21490 743t Control-S9F &7 &
AR g2Fo 2 X839 H. MSM (Y& Farm, Yeoju, Korea)
3} AJ=-H3HHS Bio Co, Incheon, Korea)?] *|z]@ A& 7]
Hol de e WA & AR Erdte], EY Mg
MSM< 3kg/200-250%, FH|E AL-E A =53 1 kg/300% o]
ATk 2 9 Aui7IZr F kel Al¥)(fertilizer application)® %
AELS Al & BEF T3 o] gsd T, 20129 7¢
Zof| s FFdol FAo AT
Aol A8

N
)

7l diethyl ether, sulfuric acid, sodium hydroxide,
boric acid, nitric acid, potassium carbonate< Showa Chemical
Industry Co. (Tokyo, Japan)?] SFA1<FS ARE-3FSI T} 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)Z5-E 433
om, 7712 7S sk EFAI92 AccuStandard (New Haven,
CT, USA)ZHFE Fdste] ARGt obrliest B4 919k 3%
ZE29 amino acid mixture standard solutions(-2] o} 7] =4k
Type AN-2 & Type B, FAotv] =4k Type H)S Wako Pure
Chemical Industries (Osaka, Japan)Z FE Y3l A&-31HT
AloF Aol B9 - Dol25 7t AR E T

oimte| SiEtM XA B4

URMYE 42 AOAC Wl Fato] FE2 105°C %71
(OF-12, Jeio Tech, Gimpo, Korea)S ©]-8-3F A7 AZXHOZ,
Z3 e Ao 3ol dojd wi7kA] 550°C BS=(MF31G
Jeio Tech)oll Al AIES F 22A17F &< &4 F3rzl A3 33}
Hoz BEM3IGTh(14). 2bde Ad 23 A (Digestion unit
K-424, Biichi, Flawil, Switzerland), &% X (Kjelflex K-360,
Biichi), 214 #=](702 SMTitrino Metrohm, Biichi)S #&2 o=
AHE-3t] micro-KjeldahH 02 48t § ALAT 6258 3}
o Age] Zuhid g stk =AW 2 diethyl
ethers &7 = 3lo] Soxhlet F=|(E-816, Biichi)g& AM&-3t F&
sHTt ] A, AAZRe] Ax=E e AR AUl g3}
9 Abste] THeAS st FUHHoR AYM FESAVI
(MB45 Moisture Analyzer, OHAUS, Nanikon, Switzerland)E ©]
&3te] We) St grslES 100-(F 32w d
+2A )] Ao ALkete] 1 ke BEAISHAT

2lo] A #2498 AOAC " (Enzymatic method 985.29)°] w}
2}, gof oPd 3k aA-E(amylase, protease, amyloglucosidase)2 Al
Boll Agst #all(digestion) @A, ethanolS 7Fsle] 2ol /&
HAAZ @A, oI (filtration) T (Fibertec System E 1023 Fil-
tration Module, Foss, Hillerod, Denmark)E <2182 AXt}. o]
T fojR wEES 105°C ez e s ol 2 Wt
A AZAAG. olFA AxE WSES AR, 33}t At
SE &9 3 TS A=A, B4, G40l ofs Esw
oAl Eal=A] @i Holde AR & wulde] IRRS AbES)
7] 913, AxE wgEe] Tl RS micro-KieldahlHO 2 &
ABtAnt WHEEL] AxF Yol SE dide] s At

¢
olo
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gozn, ARel Bol gl Aolifel B VEHdc
P84 TP A ALY PN 5g2 SRS 15mLo

EAHAI 71321 homogenizer (Wise Mix HG-15, Daihan Scientific,
Seoul, Korea)Z ¢F 30s Hx= @23} AFTh o] & LAEE]7]
(5810R, Eppendorf, Hamburg, Germany)Z 3,061xgollA 15%-%5<t
AAEF S FENS 3| 22 E(refractometer, PR201, Atago,
Tokyo, Japanys SA3IATh 784 1P FF T v=
(Degrees Brix, °Bx)& YWER oW ZF4o 93k Nu+E
S E ol ¥R gkdskR] ¥ttt
714 42 48730299 ANEE Fst H0, 7mL,
HNO, 2mLE 7I8t ¥ wlo|a20} A|8-83)17%%] (Microwave Diges-
tion System, Ethos Touch Control, Milestone Inc, Sorisole, Italy)
& AREl] AIRE T 2% 7R B FEINTh |
] AJe] 2EE 3% Fot 85°C7HA] AA5AlTA, o]F 97 T
b 145°C7HA] g AR F, B 42 EQE 180°CTHA &7 15
E7F FAAAT o|F2A Bl AEE SHTE 208 sAg &
ICP-AES (inductively coupled plasma-atomic emission spectrome-
ter, Vista-Pro, Varian, Belrose, Australia)°ll 3} reflected
power= 12kW, flow gas= argon, plasma flows 15 L/min,
auxiliary gas flow rate< 1.5 L/min, nebulizer gas flow rate->
0.7 L/min®] Z7 S 2 multi-channel detector (simultaneous poly-
chromators, echelle polychromator)S 7% 5%5¢] T}k F7]134(Ca,
P, Mg, Na, K)& 3%9] vz F7|&(Fe, Zn, Cuy2 2383t
7zt Q942 ¥ =23 93 Ca (396.847nm, 393.366nm), P
(213.618 nm, 177.434nm), Mg (279.553 nm, 280.270 nm), Na
(589.592 nm, 588.995nm), K (766.491 nm, 769.897 nm), Fe
(238.204 nm, 259.940nm), Zn (213.857nm, 202.548 nm), Cu
(327395 nm, 324.754 nm)°|Ah. 7+ Y4 T, BFERY]
T MYE 0-10ppme = 3le, 7k 94 ¥ standard 38 ©]&
slod FFHAE 2 5 A WHAE olgsle] At
ofuiAt A BAE g3t A 71T F /3 Mg &
=2H(cysteine, cystine, methionine)S 23l ofuAiHE2]
st 9 O 24 4 = & IdeAE sk, 45 F
ve] otk frejoln|ats EAEIIT A2l Hitachi
AH(Tokyo, Japan)ollAl 353t viwdel| 58 WHS 47 Hy
3o 430 3}93 Ch(Instruction manual, Hitachi, 2001). |4, Ao}
oAb A48 9%k AA = AlFE F 400-500 mgoll 6N HCIE
°F 10mL H7kst 5 110°CelM 22h F<F 7HRES] solth. o]
< 2F =53 Ax3E S F8 HCE AASIAL, /55 &
7kt 100 mLE 7383k & 0.45 um syringe filter2 &J3JA|A o}
Btk #4710 FASAT. felolvliedt #AS AR,
S0mL Y4l AIE °F 5g7 70% ethanol 30 mLE W 1
A7 SQF wHHSE § 10min 59t WA AlATE o] FEES
15,000 pmel A 15859t A4lwe] g & A S 5=
2 &3, Fe FAENE 70% ethanol 25 mLE o] wrkz}
AR S 28] F7} whEste] Aol S B ghst
Att. F=Z gz e =59
syringe filter2 <=} 3l
T A E4&
e A% o F
ok = 7zt AlEE o]2w3<=A] A (ion exchange column, lith-
ium form, 4.6 mmx60 mm)°l| S3A1Z & ojeFsk pHS}F o]

A
4
b

55 7 buffers 2ol &8 op=ARES wEsta, o|E of
U :e=ARS 729 reaction coilollA] ninhydring} WHS-A]A wRA 3}

e YYAAT 3UY SFFEES 570mmst 440mme] 33
23 77te] ojul:AtES WL

= o °—
Adle) Algd olvx=2F B4 7]= Hitach L-8800 Amino acid

S|
(Hitachi, Tokyo, Japan), Z2¥ 2 2X%& 30-70°C, ¥Ho-Id &
TZE 135°C, #4035 mL/min, A& FRY-E 20 ulolAch A
FE A% EFEAY w5 frEolvieit 3 phosphoserine,
taurine, phosphoethanolamine, a-amino adipic acid, o-amino-n-
butyric acid, cystathionine= 1.25 umol/mL, urea 50 umol/mL,
sarcosine 6.25 umol/mLol$ o™, 1 9]¢] RE HEojm|izal 2
TdotuAte] TR 2.5 pmol/mLolRATh AR & ofH]mAte]
e EEe 192 TSl dojl ARPEIRL olget
of st WA ) WAL olgafe] AHAT

£ SHlEE (Total Reducing Capacity)

Fute] F SAH2, AlF 9] FEd(phenol) 3 B EA
(non-phenolic) 3+l & (reducing substances)®] 713 ZZAoA
Folin-Ciocalteu’s reagent (phosphomolybdic phosphotungstic acid
complexs)?ll FARE Aese] WHEH (chromogenys B/d3k= 9
Z]E vl e 2 3= Folin-Ciocalteu’s reagent HO = EAI313th
(15).

Gt FE FHE Q& Park 5(2)9 AIAFE x5
phenol, thiosulfinate 5 Fote] 71548 o] 7 =3d
EXE 2 Aol A8 &, AES It 5¢S FsiL
60% oller2S 3 7}F8te] shaking water bath (BS21, Jeio Tech,
Daejeon, Korea)ollAl 25°C, 100 rpme] £=2 12h 5< FE531%
o oo ¥ 284 245 AAs] A8 LAE27I(5810R,
Eppendorf, Westbury, NY, USA)Z 3,061xgel4] 10 min &<+ 44
A FE5Ae E2ste] FF=7](Rotary evaporator,
R215, Biich)Z 60°C, 50 rpme] &=olA 2ml7kA] FEAIZAT
o] F&9 1mLel| Folin-Ciocaltew’s reagent®} 10% Na,CO, & 7}
ZF 1mLY o] vortexingdlal A4 1h &4 A &
spectrophotometer (UV-1650, Shimadzu, Kyoto, Japan)= 700 nm
oA FHEEE AT S & IYEL FHL Uxy

FAEAL querceting EFEZZ st YRl

£

X"

Thiosulfinate &H2¢
5 AE 37 S5 & F §71E 4 (sulfur-containing

organic compounds)?ll FIX|= FES #HaAsIuAL Fube] o EF
3 sk 482l thiosulfinateE & E2A3IA T} Thiosulfinate 13-

2k} cysteine 23-A7F WHE-8ke] S-alkenyl =2 S-alkylmercapto-
cysteineS FAsHE YBlE L3, A5l FE3F 49| cysteine
S #H7¥sle] AR & thiosulfinate®} WHSAIZ -, 2 cysteineS
DTNBS} HFSAIA SAES PAAIZ o 2H, 743 cysteine®]
stere 53l HFTH2RE AF9 thiosulfinate S G4 sl
tHle). & &9 4 A EUAE FLE F= 0.1 mLel 2
mM cysteine (in 50 mM HEPES) €< 0.5mLE 7}k, 50 mM
HEPES§d S 2 F W-g-89o] RIE S5mLE 243 F shaking
water bath= 27°CollA] 10 min &<t RESAIZATE o] ZFex &
o]z Wg&HS 1mL FH3t] 04mM DINB (in 50 mM
HEPES)E 7FSIaL vortexingdhed 27°COlA] 10 min &<+ HH-A1H
t}. ©] ¥ spectrophotometer (UV-1650, Shimadzu, Tokyo, Japan)
Z 412mmolN FHEE ST Cysteines T=HZ A
sto] Ao FFAFFHNORRE AF7 FEE9 T thiosulfinate

FFS daEsiloh
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gnjMe ==2at(Flavor Profile)

58 570 FuE ARAEAS AASL AF &7 Fot
ZPEERZAZE Fd AES £F¥e & DB-5 column (1 mx
250 umx0.25 um, J&W Technology, Folsom, CA, USA)°| 72}
¥ HAZ(GC/SAW Electronic Nose System, Fast GC Analyzer
Model 7100, Electronic Sensor Technology, Newbury Park, CA,
USA)ell U3t} Inlet temperature= 100°C, 7
acoustlc wave (SAW) quartz microbalance®]|™, column Z7]&%=

£ 40°CE 3}aL 70°C7HA] &%=5 F7MA171= temperature gradient
}_ngi 225193t}

Z7|& surface

A=
oy

Ft BAE FHLE e ARE A ARE FHIT F
I ©HHe] WE(L, lightness), 205 (a, redness), FE (b, yellow-

ness)E AW XA (CR-400, Konica Minolta Sensing, Osaka, Japan)E
ARE-ste] ZA SR % WAHAS 0831 calibration ¢ F,
Lake 0278404 1003 A 7HA], agh(BA =) —80(3541)ell A
100327141, bRA(EA ) 7082l 70341l w $loll A
A8 s s

Texture

Fto] 44L& Texture Analyzer (Instron 5542, Instron, Nor-
wood, MA, USAYE ARE-3te] 23] WHE 9F2A 4 (two-bite com-
pression test) &2 Z243ltt 2 4l Al Uu TR S 9=
T FHE MRS & SR EEte] A7k mE R
zo] HslsE #FSIATE A4 11mme] 9% probes AHE-3led
test speed 3.3 mm/secZ 1 cycleZ} 2 cycle E_‘—:roﬂ/\i 50 mm Z°]
7] NEE HRRE 2702 F45KIth. 4 F LoiRl force-
time curveZFE] A|59] 7%= (hardness), L@Vé(spnmginess), =
2] (cohesion force resilience), -3-%d (cohesiveness), % 2Hd (gummi-
ness), *12Hd(chewiness)©] AF&=%Ath.

ool AsH 59 =4

) FBNE 2UAGR AFIYUS ATY E 25
Wik AR e S Az skl 954 Yol
45440 Hiokel A0 mEE AA8 % 58 29 pom

scaling) &2 H718I3 Tt AR Aol IedA Ko 71A1E 2+
F5H EA sidsls ol Ao Auw E?:"S}%iﬁ‘r. 7t =
W g ole) Guis a5Hele] Ao @
FEe () Fvke) H5 FrFA (i) =2 é°ﬂ

2 JiEste] FAslth e A% B

7|EE dYgo

EAES *:}i—?%Ur é%‘—Zf‘“ﬂO o &g °UrZHHH THES A
HE Fxste] AAseH, /i #%4 B4 dig 8o
o= ¢ %5?01% BEEF AR A7), H7HE &
4 BAe2E, A(color, M- Ert-5-aoth, mlg Ehot flavor;
ol Eolut ZE oA g, FTke] o2 gH(crispiness; A38}AL
4245 Fdolut Al WS HEHA Hlo] F= &Elv) '),
Gl Az Al o] EHULE A X (juiciness during mastica-

8
it
32
rulo J

o ez ZEueE FEEEV)Y B 32
A1), Tk(sweetness), M-&Sk(spicy hot taste; U AAFS} 7
o] AU F3te] dEe] o7k o}F|al &% =A4lo] SIthel3le
u:]’ <z} gxgo] Oka 7:] 0’_3_ 17@ Oi 3]._,_ ‘7L E/Ho] 7P“8}
ste] rstqinh. Z2F SA i 715 E9 J‘ﬂ
2 713 % (overall acceptability)= ‘UH—r b]—l*li\:]-’—% 1Ho2 33
- FrPE 5HOE st Pt

A

= 580

AN L FE B 481

E 'I H#il.

Gelslel A Pote] A 3 HAS
Hel WgE B S8, 45 IoE YFEOLEIA 4
A B A ¥, T4 pUE T A9H AgE FR
Fu & BAHS A4 - BN, Fa Beld AERE
TPA 3412 AXsliTh, 43e] AHgR e sloh Fdsidit

Xt=e| SHXME

freAE Slpo) wE kel F4 542 TAAE Z2aY
SAS(version 9.1 for windows, Cary, NC, USA)E ©]-&3lo] H
2 mEAAE Jep12, ANOVA, Duncan's multiple range
test= ZF7He] A thsll folA] Aol =AE AFA

#dntg g

YR, HolMF X +8Y I'_?é—E—
Yoh AT A BYol HoIf MSME HASH2 2 (rans-
planting) ©1 546 52 ]2 Afe]o] 20 A92 el

A2kE 2% {34 Sulfur-1, Sulfur49] 3}13H4 &*é% thx
(Control-S, Control-M) %353} H]n - 3 7}3}53 tH(Table 1).
25,000 m* 54 BE A FHog FEsk] AmE s (Control-
S, Sulfur-1, Sulfur-4)E2, F32 A& #% 2 359 w2}
105°C Az oz SA4H FEEgl o v«l@ Zpol & e
WA gkttt 2y, FHXM FREAI 2 At gule] 7
FFe ool agkort B He) Fvll met gk 7
e VR, 1 Gl UolHE 105C AW OE Y
opurt sigkch. oleld Aok, PARF AEE AZSHE 105°C
2L (i) S olslel] Pk o] EAse The Fu A
2 HWAIAY () B oF ARES AL 5 3
otk gH, 3 Aok 3 ol A Aiks A
A5 (yield of dry matter)°] Z7HISS ov|ich AA=,

< =l AEE & Ao AxTel SR RSl 9o
ITH8,10,11). °1&, (i) 3ol & 3 ohn|iike] FAAIE-(integral
part)©]3, ©d F2E w* d3l= -SH 2= Ho3hH, (i)
2229, A%, e P4 Bolshs BT FHYY
ez, 32 mi 4 ple] Aserd wWge] 538 4 9l

4>

Hﬂéﬂﬂirirm

Q—’Fﬂ 7l w}a} oA om Zylshs @Ato] BEET
o A=, & Aste] Al Fo] s x4 HUre
Cazzato 5(12)¢] A At A8k o|s} o] 2= Al

Al AgE o] XL%Q] % A (total nitrogen)THS ST =
Az, o] F=ZA o EA5E iron-sulfur T E L] UEQ
ferrodoxin®] :r“\““ﬁo]_’ o] ferrodoxine Eo| Sl

< de|glopt dAag vhEglole] o8t AE Wil A &
Foll gt ATS 3] YEoz AT 5 AokiL12). & A
HollA BAE gute] 2ol df T 0.61-090%=, 3 217
357t S7Hel et folHolA= Edoy kel AT
UrE]—H-]O*U]r(Table D). olo} 7ro| Flo] FFH ZEOA o)A
7t F7vele @, FAIE A, AY, 38 Sl 3 Al (sulfur
fertilization)yS e+ & 1 is 33 AFNME BIH

JoFe AE3 A
25D, o] B, ol ol Pyol Fa A o
o

pil

ol
398 A, ol A% AEHe PAse dad 44
2 FANAYE AE A9E & Alrkas). 99, Fue) B
F2Eol okl B, 1A AT $U £84 TR BUS



482 =2 Z 388 X] A 45 WA 4 F (2013)

Table 1. Chemical compositions of the onions depending on the number of sulfur application during cultivation”

Samples Moisture (7o) Ash Crude fat  Crude protein Carbohydrate Soluble solid?  Dietary fiber
105°C Infrared (%) (%) (7o) (o) (*Bx) (o)

Control-S 90.25+0.20*  89.76+0.19°  0.33£0.06™ 0.20+£0.24* 0.95+0.01™ 9.14+0.43* 6.37+0.18* 0.83+£0.19*

Sulfur-1 90.5742.10°  89.30£0.29°  0.42+0.03®  -0.02+0.14° 1.06+0.12* 8.58+1.81° 6.66+0.18" 0.87+0.01*

Sulfur-4 90.50+0.13*  89.18+1.80° 0.51+0.05* 0.02+0.10* 1.11£0.23? 7.71£0.70° 6.47+0.14* 0.90+0.13*

Control-M 90.80+1.01*  90.27+1.01* 0.24+0.07° 0.26+0.11° 0.76+0.06° 9.15+0.53* 6.49+0.17% 0.61+0.08*
p-value NS <0.05 <0.01 NS NS NS NS NS
Onion, raw”) 90.1 - 0.4 0.1 1.0 8.4 - 0.4

YMore than 10 onions per each group were pooled together and then chopped. The value was expressed as the averagetstandard deviation of
triplicates analysis. The moisture was quantified using infrared moisture determination balance as well as 105°C oven drying method. **Values with
different superscripts in the same column are significantly different. NS: not significant.

YValues were not reflected by the dilution with distilled water.

»Values were those provided by ‘7th Revision Food Composition Table’, National Rural Resources Development Institute (20).

YThe information was not available.

Table 2. Mineral compositions of the onions depending on the number of sulfur application during cultivation”

Control-S Sulfur-1 Sulfur-4 Control-M p-value  Onion raw”
Ca 344.9+88.1° 31574258 30584420 233.946.9° NS 160
‘ p 291.7+0.7° 287.243.5% 279.4+24 3% 224.0+22.6° <0.01 300
Q“améty gj’lf)’mems Mg 108.945.4° 97.542.3" 140.8+16.7° 79.844.8° <0.001 100
He'e Na 108.5+13.7° 94.0+13.7° 93.147.6® 88.39.4° NS 20
K 1422551643 1555241120 2,123.655042°  15329.1+86.5" <0.05 1,440
_ Fe 69.85+20.80° 72.07422.79° 72,6425 49" 69.81+20.80° NS 4
Mm‘zr Zl/ef)ne“ts Cu 1.34+0.81° 3.26+0.60°" 1.33+0.42° 1.47£0.81° <0.05 0.4
He's Zn 3.49:0.14° 436+0.94° 6.53+1.69° 3744123 <0.05 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 row are significantly different. NS: not significant.
DValues were those provided by ‘Seventh Revision Food Composition Table’, National Rural Resources Development Institute (20).
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Table 3. Amino acids (AA) compositions of the onions depending on the number of sulfur application during cultivation"

AA (mg/100 g) Control-S Sulfur-1 Sulfur-4 Control-M p-value
Free 343.6£16.0° 284.5+47.4° 553.6+56.9* 367.0£3.6° <0.01
Structural 666.0£67.0° 540.2+23.2¢ 810.4+1.1° 730.8+44.7% <0.05
Total 1,009.5+51.0° 824.7+49.6° 1,364.0+58.0° 1,097.8+41.1° <0.05
Essential 221.9£18.7° 181.5+16.4° 277.3+4.5 251.1£12.9® <0.01
Essential (%) 22.0+0.8° 22.243.3" 20.4+1.2° 22.940.4° NS
Nonessential 787.5+32.2% 643.2+66.0° 1086.8+62.4* 846.8+28.2% NS
Nonessential (%) 78.1£0.8* 77.9+£3.3 68.6£14.4* 77.2+0.4* NS
Acidic 284.0+£24.3% 251.8+18.0° 312.6+0.6" 279.5£11.0% NS
Acidic (%) 28.1£1.0 30.1+0.4° 23.0+0.9 25.5+0.1¢ <0.05
Basic 275.9+3.8° 206.1£16.5¢ 387.7+1.3 320.7+15.7° <0.001
Basic (%) 27.4+1.1° 25.143.5° 28.5+1.3° 29.2+0.3 NS
Sulfur (S)-containing 459443 25.1£2.1° 29.8+0.1° 43.1+0.3 <0.05
S-containing (%) 4.6+0.2° 3.1£0.1¢ 2.2+0.1¢ 4.0£0.2° <0.001
Cysteine/S-containing (%) 78.6+0.7° 81.8+2.6 91.1x2.1° 90.1£2.0° <0.05

YMore than 10 onions per each group were pooled together and then chopped. The value was expressed as the averagetstandard deviation of 3
times analysis. “*Values with different superscripts in the same row are significantly different. NS: not significant.
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Table 4. Organic sulfur content and total reducing capacity of
the onions depending on the number of sulfur application during
cultivation”

Total reducing

Samples Thiosu!ﬁnate capacity
(umol Allicin/g onion) (g Quercetin/g onion)
Control-S 0.81+0.88* 637.7+100.6°
Sulfur-1 1.43+£1.43* 1,185.7+130.3°
Sulfur-4 0.73+0.50* 1,312.2+205.8°
Control-M 1.15£0.47° 1,286.2+309.7°
p-value NS <0.05

YMore than 10 onions per each group were pooled together, chopped,
and then extracted with 60% ethanol. The value was expressed as the
averagetstandard deviation of triplicates. *"Values with different
superscripts in the same column are significantly different. NS: not
significant.

SITHFig. 2). o=, HA7HE & F<F0l, 33 olniAt, thiosulfi-
nate 5 H3WA FSERI WA 4R 59

Z7MA 71 S8 50 ofUASS
AR 7F T2 Control-M Fate] gw| Zajde 3% 2H4LE 9
o} o2 RS HATHFig 2).

e L
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AbEO] AstadR AR v WAk AR Aol
o] F& I A7 3o FUlet I FUkEe e vERIA
TH(Table 1). ¥ sectiondlM= (i) 2oldFE olF= HAEZL, T
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Fig. 2. Flavor profiles of the onions measured by electronic nose. Peaks observed at the beginning of the flavor screening (peaks in a
rectangle drawn between 0 and 2 s) are the flavor compounds that can be detected at room temperature.

Table 5. Color characteristics of the onions depending on the ad, FEAL =84 HE So] AEA oM FE AEHS +
number of sulfur application during cultivation” Asla Qe A, (i) AEE 2 A% 47 AE Axo
Samples L (lightness) a(redness) b (yellowness) Fodatar, A2k Al oatAg = HeE EA 714E £ jler
Control-S  7546£7.79°  -5.62£043"  9.75:0.88" =, & Azl STkl mE gke] 9aA wske SASItHTable
Sulfur-1 71.69+3.80°  -7.49+2.07°  14.73+3.57° 6, Fig. 3). = A3}, 3 AA 9] @i s Wigsts A
Sulfur-4 71.96£524° 597133 11.85+3.31% (hardnessy= & #|2] 3ol w2} 105.66-125.08 No| 52 9]
Control-M  69.33+4.79°  -5.390.20° 9.69+0.33 2 frol4 o7k QI A7l Ae S dake 4
p-value NS NS NS o Eoj7bs 49 &S wrYst= A &4 (chewiness=hardnessx

YThe value was expressed as the averagetstandard deviation of 6

cohesivenessxspringiness)< &Y oAM= Gk WFe] AEE

times analysis. **Values with different superscripts in the same column 7F 3% (cohesivenee)2] & HAZE 2da| |7 zfolE AT
are significantly different. NS: not significant. 2 g}

Table 6. Textural characteristics of the onions depending on the different timing of sulfur application during cultivation”

Samples Hardness (N) Springiness (mm) Coil;sii?;gc;rce Cohesiveness Gumminess (N) C(Ilz]e'wrgl;s)s

1 month after harvest
Control-S 125.08+15.77* 47.53+£7.78" 0.66+0.25* 2.05+2.62° 235.53+295.75*  10,039.05+1,2218.40°
Sulfur-1 105.66£11.38* 32.51+13.88* 0.35+0.23* 2.81+3.85° 318.10+439.18*  9,585.00+8,970.03*
Sulfur-4 110.03+32.70° 39.07+0.13* 0.61+0.88* 1.02+0.98* 128.35+140.62*  5,134.86+5,625.39°
Control-M 102.23+£1.47* 42.07+£3.70° 0.60+0.01* 0.37+0.13* 37.75+14.38* 1,579.09+477.62°
p-value NS NS NS NS NS NS

4 month after harvest
Control-S 97.21£11.38° 20.80+£3.97* 0.74+0.18* 1.51+0.33% 148.91+48.81* 4,468.10+1,464.79*
Sulfur-1 117.27425.47* 22.10+2.72° 0.65+0.35 0.71+0.54* 89.98+81.58" 2,602.38+2,309.91*
Sulfur-4 118.83+11.36° 22.80+3.78" 0.65+0.14* 0.92+0.92* 114.42+119.55*  3,433.35+3,587.32°
Control-M 131.73+£31.69* 25.50+2.28" 0.60+0.16 1.15+0.72* 140.32+58.61* 4,182.15+1,736.94*
p-value NS NS NS NS NS NS

DTexture profile of the onions was analyzed at both 1 month and 4 month after the onions harvest. The onions have been stored in a 4°C
refrigerator. The value was expressed as the averagetstandard deviation of 6 times analysis. Values with different superscripts in the same column
are significantly different. NS: not significant.
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Table 7. Sensory characteristics of the onions depending on the number of sulfur application during cultivation"

Samples Color Hot flavor Crispiness Juiciness Sweetness Spicy hot taste acc(;;:ﬁii iy
Sensory characteristics
Control-S 2.4+1.0° 2.441.1° 3.8+1.0° 3.3£1.17 2.8+1.4° 3.241.3*
Sulfur-1 2.7+0.9™ 2.6+1.1* 3.5+1.2% 3.2+1.0° 3.1£1.3 3.8£1.0°
Sulfur-4 3.3+£1.1° 2.9+0.9° 3.8+1.1° 3.0£1.1% 2.8+1.3" 3.8+1.1°
Control-M 3.0£1.1% 2.7+0.9° 3.7+£1.1° 2.6£1.0° 3.0£1.3 2.4£12°
p-value <0.001 NS NS <0.05 NS <0.001
Preferences to sensory characteristics
Control-S 3.4+1.17 3.4+0.9* 3.7+0.9% 3.3£0.8° 2.9+1.2° 2.9+1.0° 3.0£1.1%
Sulfur-1 3.540.8° 3.3+£0.8* 3.4+1.0° 3.240.7° 2.9+1.1° 2.8+0.9° 3.0£1.0°
Sulfur-4 3.0£0.8° 3.1£0.9* 3.6+0.9% 3.1+£0.8° 3.0+1.0° 2.8+1.0° 2.7+1.1°
Control-M 3.5+1.0° 3.3+£0.8* 3.5+0.9% 3.4+0.8* 3.3+1.0° 3.440.9* 3.4+1.0°
p-value NS NS NS NS NS NS NS

DThe value was expressed as the averagetstandard deviation. “**Means with different superscripts in the same column are significantly different.
NS: 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’ (17).

Table 8. Changes in the moisture and total reducing capacity of the onions stored at 4°C

— Moisture (%) Total reducing capacity (p1g Quercetin/g onion)
amples

P 1 month 4 month p-value 1 month 4 month p-value
Control-S 90.25+0.20° 91.42+0.21* <0.01 637.7£100.6° 1503.17+£147.09° <0.01
Sulfur-1 90.57+2.10° 91.56+0.04* NS 1185.7+130.3° 2514.80+321.21° <0.01
Sulfur-4 90.50£0.13° 91.63+0.14° NS 1312.2+205.8° 2244.30+233.66" <0.01
Control-M 90.80+1.01° 90.47+0.30° NS 1286.2+309.7° 1232.50+86.60° NS
p-value NS <0.001 <0.05 <0.001

UThe value was expressed as the averagetstandard deviation. *®Means with different superscripts in the same column are significantly different.
NS: not significant. Onion were stored in a 4°C refrigerator and analyzed at both 1 month and 4 month after the onions harvest.
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Fig. 3. Texture profile analysis (TPA) of the onions using two bite compression test. Onion samples were analyzed at both 1 month (A) and

4 month (B) after the onions harvest.
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