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Comparison of Physicochemical and Functional properties of Soymilk with Addition of Onion
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Abstract

Onions contain antioxidant flavonoids and bioactive sulfur compounds. These substances are more abundant in the peel
than in onion flesh. For this reason, whole onions including peels were added to soy milk to produce soy milk with whole
onions (SWO), whereas peeled onions were added to soy milk to produce soy milk with peeled onions (SPO). The
functional and antioxidant properties of these two kinds of soy milk were then analyzed and compared. Compared to control
soy milk (CS) without onion powder, treated samples (to which freeze dried onion powder was added at 1.4, 1.6, 1.8, and
2.0%, respectively) showed significantly increased amounts of quercetin, isoflavone, and total phenol (p=0.05). The
magnitude of the increase rose as the amount of added onion powder increased and when onion powder contained onion
peels. With regards to antioxidant activity (DPPH and ABTS), SWO showed a greater value than SPO. The sensory
evaluation scores of SWO and SPO were lower than CS for roughness and swallowing, as adding onion powder increased
solid contents and viscosities. However, higher overall acceptability were obtained 1.8SPO and 1.8SWO.
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Z(Soybean, Glycine max. L)y T (40%)3qt oz}
ofn Ak A M E AlZE|Q1F HE 0 ]S A2k Fo}
W kS R SRSkl Q1L SHSEHIE o] wom H]
NI} 771 g Aol d-faA] SHEY] Qo] FEA 4
F 5] A S HAES = ol AFo]
tH(Soy-world science park 2006). &2] 7Fg2lE FolA B
o] o] &5 Y& Ff(Soymilk)= FOERFE F84 22
¢l AR TES FE9 A oR ekl 9-f A A E
S 2Ae] 7IRXE QIARIL UTH(Riaz 2006).

&3H(Onion, Allium cepa L)Y= X FS &3l I,
s 53 HEo] oy 71A] aFdl dNES} ZrEE |
o] o] &5 JE A& F2 d}oltkKim & Chun 2001).
Folle FEHE HIES TEHY AEAtE, Fel2E
o] 4 9 gsuAst ay, A st e, AdAAd
g g, tas Fol BHaElon, gute] ghE ol
A= TR0l =A AJE< quercetin, quercitrin 2 rutin
53 818 3}5HE<l allyl propyl disulfide 2 diallyl disulfide

ol

Qe atelag-S YeEhlle o2 BaE Qlth(Park
et al. 1994; Ra et al. 1997). °]&jg Fz}e] A& st
ArollA] gue] A ER T B A g HAe
SA v WS W 488y =2 FEtE o= TS
Elf|Z(Jang & Lim 2009) 423} §29] gitsl a3
= U2t A77F AAthPark & Kim 2005). 12|32
1 7ol = SR =0]E F quercetin®] FHEFo] 5]
3 Aol dRE v 3hrElo] lof(Kim & Kim 2004) 4
Bkl AZtE o ZI o]y st Yuks A AV Hoja] &
P2 2o o] gAY AYE Fo AAo 2L &
sl I T AEeRE B, 718, 9F 5] JoH, F
ool A FSR S EF9 wiestzt HAE AlASIAL
See A9 5, A%, AR, 29 S0l /AL Sitk(Rural
Development Administration 2013). ¥3e] E/FZE &
7EA7E AL FF, AAIZ1e] vkt SrEo] e e
Shgel b2t oA o AHE Ad G| 71548 4
ol it gl tigt Ayrt Wol s ojH Qa1 A
ok, ke tdeAl E8EA oy FAHER AR Q)
= 49 A gk At 23S AFl olgdle &E

H o2 BN

X

o]

13
=
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1. M= L Ak

Z(Soybean, Glycine max. L.y& A= 304 2012
9 7kl ek tikIS Fste] 4°Ce] WAl B
3o, 3k (Onion, Allium cepa. LYe 20133 7 3
| Fetd w2 dels 6gel &3t THIFE 60 kg
st 30kg> AEE BT AASIAL, 30 kg AY vpE
Qo] 7P AT FAHE AAF AZRe] AlH st} g
71(PCS, VP5700, Seoul, Korea)S ©]-&3F t}S ¥4 B33l
t}. Yute 24 AZ(FDUT-86-06 Freeze Dryer, OPERON,
Gyeonggi, Korea)et ¥ grinder (MF 10 Basic, IKA-WERKE,
Staufen, Germany)E ©]-&3t4] &'2(16 mesh)= &3f| 5Fo]
Zgol] ol 4°Co] Basias Alg2 ARt AE
< 33k A49E WO (Whole Onion), Z2S A A% %t
£ PO (Pecled Onion)2t 3t

Quercetin, isoflavone ¥ st ZTFEHZR ARG
quercetin, daidzin, genistin, glycitin®} Folin-Ciocalteu’s
phenol A]2F, 1,1-diphenyl-2-picrydrazyl (DPPH), 2,2-azinobis
(3-ethylbenzthiazoline-6-sulphonic  acid) (ABTS)= &E5F
Sigma-Aldrich (St. Louis, MO, USA)lIAl 943+

-
o IR 1 ol

ol

F

2. 2ot ARl M=

A" F 100 g2 A & 1277 3% v 95T
=% Uiv] 1001¢] S/F5E 718Fe] waring blender (Model
36BL23, Waring Products Division Dynamics Co., New
Hartford, CT, USA)Z 617+ viaflgt & ofsarol] Yo mjy
B=7](W-100T, Hanil Electric Co., Ltd., Seoul, Korea)ol
A 4R S el BRI R EEeiith 2 &, FRE 95-
98°CellA] 108:7F AojF=1A] 7FE3I3laL, ALollx] WYzhA]
7 ¥ 4°Co] Aol HaspHA ARSI L ¥, 71
F#5 2 7](Homogenizer, polytron Pt2500e, Kinematica
AG, Lucerne, Switzerland)ol|A 3= 4,800 rppm 2713}
o 2027 WzPElel w43} g §, iRt o ' ARESIS]
o G A7E ] Alzs WIAE 22’ i 500 mL
Fala, T2 14, 1.6, 1.8, 2.0% (wv)d 54 Axd
e HUHe & 2 FYEAl 95-98°CollA] 1037

dut Hot Frol SESY 87

AolFHA 7tdsiglnt. 2 F A2elM WANA w72
@3} 3§, oxe] 13] 4 ARS-Sslh oW B4
=¥ ks AdS 2Ee due A B AR

Fr(Control Soymilky= CSE W32, H2S 3t

A Azd S5 1.4% 3H7H FF(Soymilk added 1.4%
whole oniony= 14SWO=, A4S 2gst #471xH 43t
£ 1.6% #H7Ft 5f-(Soymilk added 1.6% whole onion)=
1L6SWO=, A& ¥t #40xH 9= 1.8% H7Ist
F-(Soymilk added 1.8% whole onion)= 1.8SWOZ, 4
AL X3 F41%9 SIS 2.0% F7FE T (Soymilk
added 2.0% whole onion)= 2.0SWOZ ®Hs}Htl 18|32
AAS AAS 54 AxE s 14% H7HS T
(Soymilk added 1.4% peeled onion)E= 14SPOZ, 7 &<
AAG 24 Axd IFE 1.6% F713 FH(Soymilk
added 1.6% peeled onion)E 1.6SPOZ, AL A| A% &
A7zxE FHE 1.8% H7F Ff-(Soymilk added 1.8%
peeled onion)= 1.8SPO=, H&S AAS 54 71xH Yot
£ 2.0% 7}t F/-(Soymilk added 2.0% peeled onion)

‘ Soybean ‘
J

‘ Washing ‘
J

\ Soaking in water (12 h, 25°C) \
J

Grinding for 6 min
(Soybean:H,0=1:10, w/w)

\
‘ Soy slurry ‘
\

‘ Filtering for 4 min ‘

3 —)‘ Biji (Soy pulp) ‘

‘ Fresh soymilk ‘

J <—‘ Onion powder ‘

Heating for 10 min with
continuous stirring at 95-98°C

{

’ Heated soymilk ‘
{

’ Homogenizing for 20 min ‘
{

’ Filtering ‘
{

| Soymilk |

<Figure 1> Flow diagram of soymilk procedure with addition of
onion powder
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+ 2.0SPOE BHsI3th. 7 Alx A Y-S <Figure 1>

o) EpT.

3. 9} 27} 79| 0[8tE, 2alx Su
1) QbR B
AOAC 2000yl w2} EAlslT. Bske e 100
oM R, 2B, ZOMA, 2AY FFS W GO et

A

\S]

K

A Laok’ pH = A .z_zo%

LFAYE A2 105°C xR SO (AOAC
2000), A =+ A= A(CM-3500d, Minolta Co., Ltd., Osaka,
Japan)Z =73} 3, pHE= pH meter (Accumet AR10 pH
meter, Fisher Scientific, Marietta, GA, USA)Z =43} t}.

)

oft r—{ﬂ:
ok

A

ol

A=)
R

M«

1 v“o' o X ®H1
Hekl AL FHE 500 mL cylinderol] Hol 5°CeA]
10 BH5

o JFH 15 FYOLETE 1/3 oA

IR TS e sede] Yy
T S gk Sl AT §EF] HER A=k
HEE H=A(Brookfield Viscometer, Brookfield Engineering
Labs. Inc., Middleboro, MA, USA)ZS ©]-&3lo] =43t}
ZF AN 8E 3027k 25°C 827l A #4238 $, 600 mL
H|A | T 400 mLS A s & #2 spindle, 3| &%
60 rpm° 2 603 Bt AT e YERll= XRIEE 33
HHE S ste] YRl

o

4) F Aol =

Z Aol AL AOAC(2000) el oal AAI3HA
ol 7ol 0.5 g9 celiteE ¥l S F3UTE 600 mL
H]#A AR g2 Y3 pH 6.0 phosphate buffer 50 mLE
A7kt 43 0.1 mLe] a-amylaseE ¥o] E3H3 3 95°C
o] aheFzol| 1587 4ot o] &S Aoz W7t
A%l & 0275N NaOH 10 mL& 37}, NaOH$} HCLS ©]
g3t pHE 754022 BHETE 1 mL phosphate bufferol]
protease 50 mgg =<1 o3 A&7} @71 B]AC protease
0.1 mLE 7}t 7 60°C 27204 3047 A5t L
% 0.325N HCl 10 mLE 7}l pHE 4.0-4.608 24
3t U3 0.3 mLe] amyloglucosidaseE ¥ & 60 I2F%
oA 30% &3 60°CE Bl 95% ethanol 280 mL
£ A71e o vl Haaste] s JAAE 3RS A
A =y E of3gx|o] AASEL 78% ethanols 713 TF
= AEE Hol JAAAFA HAC &HE celiteol] F2HAA
o sttt olw] 78% ethanol 40 mL, 95% ethanol 20
mL, acetone 20 mL< 7Fsle] H]AY YA HHAES Ao
] A ATt =R E QBoA 24417 AZRAI &
FAE ST the AR shihe 3Jst2A 5AI7E 313

7 sEsr-S F5la, thE ShuE microKjeldahli ol 2]

skl @ Sheks S4Sdh 919 A4S blank= A

sl om F Holdg TS oS3 o] AT

[(R,+R,)/2]-P-A—B
(W, +W,)/2

Total dietary fiber (%)= x100

A714 Wy, W 27} 78] Al T, Ry, Rt 27
VHe] FHES] 7, e @d 3, Ae 3% I, BE
blank 7 o]t}

VS|
as

3> phenol-H,SOHel oJste] Z7dakiet. A s
Z% AlEE 02 pum=E A4S F29 10 pLet methanol
990 pLE B2 E9sITh of EF89 100 uLE gk &
5% phenol 100 uL, H,SO, 500 uLS 2-& vt &3t
2087 WS-, W7 § ¥4 (Epoch Microplate Spectro-
photometer, Biotek Instruments, Winooski, VT, USA)l| 4|
480 nm= 783 o, T2 glucoses FEHE W
AR F L& FFFA YeiM T S ST

A T o= T

ofj
ot
M

ob\r

4. T} &L FRO| IISH S

1) Quercetin &= F4]

Quercetin®] 332 Ohara et al. (1989)2] WH S EUi=
A= 1 goll ERE 20mLE F ko] 80°CellA] 60% &<t 3
FFZ(Reflux condenser, water bath, WBE-B, Balman tech,
Seoul, Korea) ¢+ & Ao WZAHT 2 &, 20 mL 7}
Al methanol2 g3t gt & AEE FEI U
HPLC (Water Alliance 2695 System, Waters Co., Milford,
MA, USA)Z #A35A . 4 272 flow rate 1.0 mL/
min, injection volume 10pLo 2 AN, Column
XBridge Cig (5 um 4.6x150 mm)S-, detecter= Waters 2998
PDA Detectors AH&-ste] 270 nmellAl S8 313iTh

4

2) Isoflavone ¢ £4

Isoflavone®] FF =42 Song et al. (1998)] WHS &
&3t SA AT A5 . Cl

22 N8 2g9 01N H
2mL%} acetonitrile 10 mLE 23 A2ofA 2A]7F wutk
39tk 2 5, FEES 3,400 rpmoll A 2087 GAE
S 45N 8mLel| 80% methanols 10 mL FH3l2 &
9] X (Vortex mixer, VM-10, Wisd, Germany)E A}&-3
of WRESE & 0.2 um PTFEE ¥E oA & F3l o343}
HPLCZE daidzin?} genistin, glycitin®] 33 249315

P oot
BuUN R

-

5. Yu} M7} Fwe| gtsky

) = dHE g5 B4

A gF2FS Swain et al. (1959)2] WS $-831o Folin-
DenistH 0.2 ZA3lgith. 954 345 A|EE 045 um



membrane filter2 ]33k &9 10 uL3}t FF5 600 uLE
Z7F8laL Folin-Ciocalteu reagent 50 uLE 37kl &3k
T 837F WHSATATE 2 T 20% Nay,CO; 150 uLet 5
F 1,190 uLE M7bste] X&star, oA 2417 <t
A Basit), 7 ¢ B3R EAE o83t 765 nmellA &
Atk oln A8t EFEZIZE gallic acid (Sigma
Chemical Co., St. Louis, MO, USA)°]™ 0-1000 pg/mL<]
TEE ZAletY F7 AR Al ARSI

2) DPPH radical 245 =%

A1&°] DPPH (1,1-diphenyl-2-picrydrazyl) radicaloll T}t
2758 5742 Blois(1958) Wiioll Fate] A5kt Al
£ 1ol methanole 7Fete] A-2ollx 3A17F 5t F=35 &
o373} th. L ¥, DPPH methyl alcoholic solution 800
puLoll methanol 900 L 718 10%7F 73HA] ek & 204
St ol WSS g thy R EAIE ol 88l 517
nmellA SA3ATE A1&2] DPPH radical 22752 o<
ARAE F8l vERTh

DPPH radical scavenging activity (%)
:(1 A samgle) 100

A control

o714 A sample> AP FFE=E YERZ A
controk & FEEE e

3) ABTS radical &A% &4

2,2-azinobis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS)
radical-scavenging & =42 Re et al. (1999)2] ol
w2} S43IA T 7.0 mMe] 2,2-azinobis(3-ethylbenzthiazoline-
6-sulphonic acid)®} potassium persulfate 2.45 mM=S &3+
3t o2 A2, 9FaollA 12-16417F B2t WX 3} radicalS-
Q735 tha ABTS €95 A3 2ol 734 nmollA 33
A ko] 0.70+0.027F E == methanolE &4 slo] AL&-5}
Atk F=E 10 uloll FH)E ABTS 29 990 pL 7184
30°CoIA 102 &<t RESAIR] T o] Whg-golle] FHEE
734 nmell A S Sk3ATh

ABTS radical scavenging activity (%)

=(1 - CE S) «100

o171 C= Control S35, St Sample S-3== LeRdT)

n)zfo
ksl

HH]

—_

= ;737}35 74 ﬂt‘iﬁﬂi N%oéoka% ;ﬂ%r_
gt 108-S A78ste] Al (Flavor), o
7ol =7 (After taste), 2(Color), H(Taste),
713 % (Overall quality)l] thet EAS 243191, 715%=7}

B e
o K

7. SHIAM2|

RE A59] BAI*2]= SAS package (Version 9.3, NC
USA)YE o83ttt 72k A3+ 7+o] o4 A5 Hsto
one way ANOVARE #4HEAS 3131, &3t H7F et
A7Vl W 7]5Adel ek ¥ wEALS two way ANOVA
2§94 AE5S AAEen ot 2AEAS o
Duncan’s multiple range testg ©]-8-3t AREASTE Al

At

X A= <Table 1>3 7o), Suls

FH(CS)et AAS st gt A7
F2 G2t FH(SWO0), 4ZS AAS g9 ke
St FH(SPOYE BN EH, 72 CS 90.54%°14 SWO
89.94-87.99%7F4], SPO= 90.21-89.61%= 743193t} o]&
T Ax IE S CS AAY] 2y R el T4 Axst
Fuke] o] A A, FrEe] A Hof FAkE R
2 ANASR 4t HrlEo] SIS i g o
A3 APR-L ST ks AS0E BT

eHrslEe] 79 CS 1.68%01 B3l SWOolA 4.32-4.89%
o} SPOOIIA 4.73-4.03%°] &S B, 2ehd-e CS
4.63%, SWOOIA 3.80-4.63%<} SPONA 3.79-4.25%%
Elylom, 2AWS CS 2.64%, SWO 1.46-1.90%$} SPO
0.76-1.54%% Yot o H7KsE & 254 CSET
ZA shEFo] fo)d Aol HolA] gkont A A &
B 4= glom %3|Re] e CS 0.51%, SWO 0.48-0.58%,
SPOSIA] 0.51-0.57%= &<l 2po]2 JeRHA] &gttt
°]& Kim(1988)2] 0.41-0.81% M= Yehd Ruel FA}
sto] UWHARQl o] 3 Tl A3t o= g1y

-

)

AC)

-

Kang (2005)2] 1714 Szl & citric acid, benzoic acid,
maleic acid ¢ 714 Hratal = 53] s41%
S} Edoll= 1,965 mg%9] citric acidE 7312 ATHE
A fr7)14be] Ffute] @48 Y2 PIXIth= Pyun et
al. (1996)°] AFZAT e} o] &AM Fute] A7k
Z7Feo) we} frlhte]l Frkete] e fastal i
i o] S7tE Ao =E AlgH.

o
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<Table 1> Proximate composition of control and onion-added soymilks

Content (%)

Soymilk
Moisture Carbohydrate Crude protein Crude fat Crude ash
csh 90.54+0.322 1.68+0.66° 4.63+0.08" 2.64+0.59* 0.51+0.01°
1.4SWOY 89.94:0.41% 4.32+1.10° 3.80:£0.00¢ 1.46+0.95% 0.48+0.09*
1.6SWO 89.53+0.30% 4.45+1.07° 4.03+0.05° 1.48+0.02% 0.50£0.01°
1.8SWO 80.14+0.54% 3.97+0.72° 4.48+0.04° 1.85+0.22% 0.5540.02°
2.0SWO 87.99+0.16° 4.89+0.30° 4.63+0.12 1.90+0.22% 0.58+0.00°
1.4SPOY 90.2120.89° 4.73£0.86" 3.79+0.03¢ 0.76+0.51° 0.51£0.05°
1.6SPO 90.16+0.33* 4.32+0.46° 4.11£0.09% 0.89:£0.09° 0.53+0.01°
1.8SPO 89.63+0.09° 4.52+0.64° 4.15+0.04% 1.170.62% 0.53+0.04°
2.0SPO 80.6120.14* 4.03£0.51° 4.25+0.02° 1.5420.38% 0.57+0.01°
F-value 9.44%**% 5.25%% 76.58*+** 3.86%* 2.15%
DControl soymilk.
DValues in different letters among soymilk in the same column are significantly different (p=0.05).
9Soymilk contains whole onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
“Soymilk contains peeled onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
*¥%p<().0001, **p<0.01, *p<0.05.
<Table 2> Hunter’s color value and pH, solid content of control and onion-added soymilks
Hunter’s color value
Soymilk Solid content (%o) pH
a b EV
Ccs? 8.46£0.119 6.92+0.04% 82.62+0.03" -0.2440.00¢ 15.3240.13¢ 21.16+0.12¢
1.4SWOY 11.20+£0.20° 6.90+£0.13® 75.34+0.04" 0.23+0.02¢ 15.94+0.03¢ 24.62+0.53
1.6SWO 11.92+0.24* 6.76=0.04>¢ 78.09+0.02° 0.23+0.02° 16.68+0.02¢ 25.33+0.00¢
1.8SWO 11.9240.21% 6.68+0.03% 77.50+0.35° 1.224+0.22° 17.49+£0.15® 26.35+0.36"
2.0SWO 11.96+0.22? 6.63+0.04¢ 76.24+0.48¢ 1.67+0.28 17.85+0.39 27.56+0.42°
1.4SPO” 10.53+0.12¢ 6.93+0.01° 80.05+0.03¢ -0.64+0.01% 15.88+0.08¢ 23.02:+0.05"
1.6SPO 11.79+0.18* 6.85+0.07°% 80.99+0.03% -0.7440.01¢ 16.66+0.04¢ 23.25+0.05°
1.8SPO 11.8240.17° 6.76+0.022 80.42+0.01% -0.77+0.29¢ 17.15+0.01° 23.34+0.09°
2.0SPO 11.90£0.24* 6.76=0.05% 81.16+0.01° -1.08+0.01" 16.47+0.06° 24.00£0.01%
F-value 105.28%*#% 9,79 451 26%*** 11483k 86.11+##* 160.31%##+

DE means color difference.
IControl soymilk.

9Values in different letters among soymilk in the same column are significantly different (p=0.05).
“Soymilk contains whole onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
Soymilk contains peeled onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.

****p<0.0001

pH =% A3= E2(CS)E 6.920 2 YElton, SWO,
SPOT 25 6.90-6.63 (1.4-2.0SWO), 6.93 (1.4SPO), 6.85
(1.6SPO), 1.8SPOS} 2.0SPOE 6.762 71538l 3} X7t
ol whal Ak S YERITH

A =24 A3s BE Lgke CS7) 82.625 YERI L,
SWOE ZH7} 75.34-76.248 ZAEo] folFog 7143 2
= Yehlie SPOS] 7%+ 80.05-81.160.2 274 #2
Ao g Frtele AHE HATh agk CS 0245 7153
2, SWOOIA Z+z} 0.23-1.67, SPOIA —0.64-(-1.08)¢] 2
= YRt SWOT2 A3 wfiol Hrhge] S7HE
A7} F7heE 2102 YeiTh bite] 23E & o, CS
= 15322 7P W& yellownessE EATH SWO= WO2
A7Fgo] STl wet fo]H o= gro] F7kg v SPO

= fel2Ql Aol g WolA i), Yt HrhaFo] Z7Ktel

4
W Fqo Aol AL W PEsk Zrhsksic. 2eht
_]

CEEEE LTS

j=
= Al e

—r 2

A¥+= <Table 3>
AL ZF agzkel f§24 Aolg Hol

7] gdskew CSe 7ietete E4o] StoR Holx| o}
1

S¥T}. Priepke et al. (1980y2 o2
2 7EE] Lt 03 A

FHE 98°C o1 sk

Weg B3



<Table 3> Suspension stability and viscosity of control and onion-
added soymilks

Soymilk Suspension stability Viscosity (cp)

cs? 1.01£0.01? 20.23+0.402?
1.4SWO? 1.0120.01 28.00+0.70°
1.6SWO 1.00+0.03 43.81+0.72¢
1.8SWO 0.99+0.03 46.66+0.65°
2.0SWO 0.97+0.01 55.70£0.36
1.4SPOY 1.0120.01 24 47+0.40"
1.6SPO 0.99:0.02 41.16+0.52¢
1.8SPO 0.98+0.01 44.27+0.39°
2.0SPO 0.97+0.01 48.01+0.20°

F-value NS 1654 4G%++*

DControl soymilk.

DValues in different letters among soymilk in the same column are
significantly different (p=0.05).

9Soymilk contains whole onion powder with concentration of 1.4,
1.6, 1.8 and 2.0%.

“Soymilk contains peeled onion powder with concentration of 1.4,
1.6, 1.8 and 2.0%.

**%%p<(0.0001, NS: Not significantly different

Shimoyamada et al. (2008)2] A+ W&o FHZ 90°C ©]
qo =z 71Esiie W, i T ds) 2] BAF Aol

Zo 2 AlEHET

tzate] s 2023 opo 2 7P $ekom, SWO 28.00-
55.70 cp, SPO 24.47-48.01 cpel frol& x}olE HATH
(p=0.05). & Ao AzxH Y} F7} FHe] Hee St
o] H7taol Wt dsEE oE AlsHL. ol 4]
A7vego] Z7FIHA Ffo wildx ) gefo] FUhe
o wiet FHgEo] FUlsle] AE Fho] AeE 2eR A

Z4E) 3 TR M PR Tt S A U &
FHRoR FrleH, 227t /MRS HAee U5 34
o2 sty 4EA e e EHEEEER T
23] 2006)3} Jung(2013)2] A7-Ax} wER H7} FHollA
Hy® Hrtgo] S7HEE AR ol SUtskal ol¢k
s ABA o g Awrt SNtk Aot A8

ud ol o

i

4) F 2ot 9 &
Z 2oldfet T kol e A3 <Table 4>91] 7]
=310, gk Aol RS WO 29.23%, PO 18.80%
= Yehith o]& Kim et al. (2000)2] dolX 2o)adH
5 A8 A7l 17.86%2F HlwA] POS] Ao} fAKSHH,

f
oft

27 =4 U 2 1T & Y3 o= Yt A
ST F Je BESRAY Lrot 9 5o A5 4t
o] FFolv vy 5ol TS o] v A3t yeRd
Ao 2 Holw(Rural Development Administration 2011),
F-o] Aol 21.79%E Ryoo et al. (2004)°] 413} T
AF 20.52%9F FAEE A3E B Hwang et al.
(1995)9] A5} Bk 21.05%2 & AFNA AHEE Fof 2]
ol g FARICE Sk H7F FRe] Aol CS
7} 17.13%, SWO 31.13-37.70%% YUEFI, SPOE 26.56-
33.88%= YEISTE Sk 4 11xE F9 80%E fructan,
glucose, fructose & sucrose 52 Fo] AT = gt
o] =om fructan®] 2}l B2 freto-oligosaccharides”t
Fute] FQ EEslEo| 22 (Abayomi & Terry 2009) 3t
H7F Fhe] FREEel ke Ao E et g3t H7t
Tl 9 TS CS 2.93 mg/g, SWOE 9.73-13.58 mg/
g& UEFEY, SPOE= 10.58-13.11 mg/g® YERITH

<Table 4> Total dietary fiber, total sugar, quercetin, isoflavone contents in control and onion-added soymilks

Total dietary fiber Total sugar content Quercetin content

Isoflavone contents (11g/g)

Soymilk content (%) (mg/g) (mg/100 g) Daidzin Genistin Glycitin
csh 17.13£0.962 2.93+0.179 119.76+3.28% 288.76:1.96¢ 44.96+0.68°
14SWOY 31.13+0.31¢ 9.73+0.56° 6.02+1.45¢ 111.8242.25° 324.85+0.38° 36.89+0.97°
1.6SWO 34.14+0.34° 10.79+0.45% 18.60+1.05° 146.33+1.91° 367.49+1.79 40.711.85%
1.8SWO 34.59+0.36° 13.500.62° 20.77+0.81% 159.30:£0.95° 385.44+0.39° 42 45+0.69™
2.0SWO 37.70+0.13° 13.58+0.60° 21.80+£0.96° 173.26+2.59° 444.58+0.77° 50.16=1.86
1.4SPOY 26.56+0.51° 10.58+0.42% 0.56+0.34° 102.21+0.97° 313.51+0.45" 36.34+1.33°
1.6SPO 29.44+0.44¢ 10.77+1.09% 7.19+0.65¢ 108.55+0.08° 322.36+0.47° 37.66:£0.23%
1.8SPO 29.85+0.07¢ 11.80+1.49%% 11.35+0.92° 112.78+0.61° 322.99+0.14° 40.63+0.31<
2.0SPO 33.88+0.18" 13.1141.55% 11.7241.60° 121.40+1.04¢ 378.4240.64° 4541155
F-value 54797+ 39.]15% k% 207.94% % 575.04% %+ 712738 %% 43,05%%**

DControl soymilk.

DValues in different letters among soymilk in the same column are significantly different (p=0.05).
9Soymilk contains whole onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
“Soymilk contains peeled onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.

****p<0.0001
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<Figure 2> Change of quercetin content in control and onion-
added soymilks

ACMean values with different superscripts of SWO differ

significantly by Duncan’s multiple range test (p<0.05), *‘Mean

values with different superscripts of SPO differ significantly by

Duncan’s multiple range test (p<0.05), *Mean values are different

from SWO and SPO. ***p<0.001, **p<0.01.

2.2t HUt FRel 7ISH SY

1) Quercetind&

FTke] quercetingr B Fut FFel FEA7], AulEg ol
2}o] 7} AIL(Crozier et al. 1997), o] AE-& 3t sl =, &
PEH G4 A T BEAS Ve /RIga gt
(Leighton et al. 1992). 4% quercetin®t &> 3t 74
(Onion peel)?+ 43S 3097.67 mg/100 g2 HAEFIA
t}. o] Jeong (2009)7 Kim & Kim (2006)2] %3} 42
quercetin o] ZHz} 755.29, 859 mg/100 g9l Aol 1|3
453 =& TS YeRA Jeong (2009)2 Kim & Kim
(2006)2] AFollA FZEZ methanol, ethanol} HCIS
AREBIAL FE2E7F 90°C o) old A thEA 2 A
TN E FEHLEE 80°CE W33 methanol?t W& A}
&, FEI AR FEF, GO AR, 21 59 olf
2 FeFo] A veRd Aoz welt) o) HA 23 &
THWO0)2] 7%= 28.80 mg/100 g0 & HAEHAL, 7E A
A S PO)2] = 6.61 mg/100 g0 & HEEATH

Ft H7F T2 quercetin®t T 4143 <Table 4>2
<Figure 2>°] YERIEe] €S9 7% quercetin o] HE
=X] eagkom, vt Mool 7S 6.0221.80 mg/100 g
(1.4-2.0SWO), 0.56-11.72mg/100 g (1.4-2.0SPO)C. & <]
Ao g Zrtele A3S BJaL, SWO, SPO 187 A7k
o & HlWM= SWO Z5°] SPOET} quercetind&|
A =3 594 2] (p=0.05)2 H2 Aoz Yelyit)

2) Isoflavone &=

g Fol= genistein?} daidzein®] w1 genistin}

<Table 5> Total phenolic, DPPH, ABTS radical scavenging activity
contents in control and onion-added soymilks

Total phenolic =~ DPPH radical ~ABTS radical
Soymilk content scavenging scavenging
(mg/100 g) activity (%) activity (%)
csh 164.00£0.002  6.48+2.28% 17.89£1.162
14SWO?  208.75+1.99Y  82.92+0.34° 75.40+£1.77°
1.6SWO 21733+1.15°  84.96£2.15®  79.55+1.30™
1.8SWO 231.33+3.06°  88.21+1.39%® 81.22+0.82°
2.0SWO 252.00+£3.46*  89.25+1.39° 89.44+0.33*
1.4SPOY 168.93+1.365"  70.85+0.59° 66.18+1.14¢
1.6SPO 174.00£1.80"  73.74%3.06° 75.47+1.22¢
1.8SPO 202.00+£1.00°  75.91+£3.26° 77.3142.20%
2.0SPO 234.67+1.15°  76.02+2.89° 78.92+2 .42
F-value 782.01 %% 411.65%%** 57828 Hk

DControl soymilk.

DValues in different letters among soymilk in the same column are
significantly different (p=0.05).

9Soymilk contains whole onion powder with concentration of 1.4,
1.6, 1.8 and 2.0%.

“Soymilk contains peeled onion powder with concentration of 1.4,
1.6, 1.8 and 2.0%.

*EE%p<0.0001

daidzin®] F7¢F A2 LA Urk(Gallagher et al. 1994;
Christenson 1997). ¥ A3o|x= HPLCE daidzin¥}
genistin, glycitin®] S B E-A 3L <Table 4> L
Ebd ZAA Y daidzin® CS 119.76 pg/gol A 2.0SWO 173.26
pg/g, 2.0SPO 121.40 ng/gC 2 SWO, SPO 2% Z719S
gelslth. Kao et al. (2004)0)] 9l8hH, F 7H821% 5 10
B2 7FE S T/l daidzin O] 47.70 pg/gS 2 BIAIE
ARt 2 AFA Az T2 daidzin o] & 4
H5 Ul ole A3 AR T F i AR
Aol zpol7b o] FEFe] Wt Sle ZoE Hh
Genistin 3=k CS 288.76 pg/goll 4] 324.85-444.58 ng/g (1.4-
2.0SWO), 313.51-378.42 ug/g(1.4-2.0SPO)2.E SWO, SPO
BE foHoz FUts A2 eI, glycitin CS
44.96 pg/gell Al 2.0SWO  50.16 pg/g, Z2]3  2.0SPO
4541 ng/go 2 B Z713519H).

3. dut I FRel gt
)% dls T
g ZYHEy Bde 2
o] et AEjgAdol e 22 4EA et An &
Lee(2001)] $A-ol] oJshd o= &)
Eo] Qlof 7154 AF AAEA Y] o]
A=
%uto] F HE FFS WOE 384.03mg/100g, PO
265.13 mg/100 g9 =2 FFS UehH o™ <Table 5>¢F
<Figure 3>3} 7Fo] CSE 164.00 mg/100 g, SWO 208.75-
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<Figure 3> Change of total phenolic content in control and onion-
added soymilks

AEMean values with different superscripts of SWO differ

significantly by Duncan’s multiple range test (p<0.05). **Mean

values with different superscripts of SPO differ significantly by

Duncan’s multiple range test (p<0.05). ***p<0.001, NS: Not

significantly different.

252.00 mg/100 g, SPO 168.93-234.67 mg/100 g 2 <l 5]
Ao SWO, SPO 257+ H7Hge] me Hlwox= SWO
I%°] SPOET} ¥ = o] oM {93 o)zt 2l

[o}e) 2~
2 E &

2) DPPH radical 2271

%t 742 DPPH H412 90.64%= =2 A= veh)
A3 WOE 97.09%, PO 93.12%= %3 72 wHrh 4
=S 432 Bl Kim & Kim(2006)2] %3} F-9d
DPPH radical &~4%%S Hkg uf g 44 i
91.96%, 35 FHo|HE 86.25-88.02%= 7|=3 HoE B
o} vl 7Ae] dhtalse FAHAl YERALE gk H7t
S-2] DPPH radical 22715 ¥4 43= <Table 5>} <Figure
4>0] YT CSE 6.48%, SWOLE 82.92-89.25%,
SPOTL&F 70.85-76.02%= SR1= AUt WO2| H7lgo] B
F/7F PO H7tgo] B FHET =2 29E el
Kang et al. (1996)> DPPH radical 4x7-5°| phenolic
acide} ZefR o= 2 7]E} HiEA o ik ks 2
o] x2A, o] BEFEL o] & ALFE kg
o] =l stk wEbd g i3 4uke] DPPH
radicalS 243 43} & LAFS RFoEg HEAy 3}
St M2 DRR WA e AR oAZIH.

3) ABTS radical 2275

g Aol ABTS 2= 97.30%% H& 434S Yeh)
13 WOE 96.37%, PO 84.63%% 43t A&7 FAFsHA
& AF}E BT <Table 5>9F <Figure 5>° 7153
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<Figure 4> Change of DPPH radical scavenging activity in control
and onion-added soymilks.

ABMean values with different superscripts of SWO differ

significantly by Duncan’s multiple range test (p<0.05). **Mean

values with different superscripts of SPO differ significantly by

Duncan’s multiple range test (p<0.05). ***p<0.001
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<Figure 5> Change of ABTS radical scavenging activity in control
and onion-added soymilks

ABMean values with different superscripts of SWO differ

significantly by Duncan’s multiple range test (p<0.05). **Mean

values with different superscripts of SPO differ significantly by

Duncan’s multiple range test (p<0.05). ***p<0.001, **p<0.01,

*p<0.05.

ABTS 412 CS 17.89%, SWOE 75.40-89.44%, SPO
e 66.18-78.92%2 FR1FITE ABTS radical 47159
ZA3%= DPPH radicla 2753 SAFH CS7F ¢ B
SAE R, Woet POl Axtollx] FR1gi%e] SPOXRT
SWoe] ghitslksol &7 Vel
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<Table 6> Sensory evaluation of control and onion-added soymilks

Soymilk
Attribute F-value
cs? 14SWO? 1.6SWO 1.8SWO 2.0SWO 14SPO® 1.6SPO 1.8SPO 2.0SPO
Beany 490£1.10 4.60£0.84 4.50+1.18 4.50+127 4.00£1.33 4.80+£1.14 4.70+0.82 420+123 3.90£1.10 0.90™
Flavor Onion flavor 2.90+145 3.60£1.58 4.20+£1.93 4.40+1.58 4.60+1.43 4.10£1.37 420£148 4.40+1.51 430+095 1.22™
Roasted nutty ~ 3.90+1.73 4.40+126 440£1.17 4.11£136 420+148 4.60+1.51 3.50£1.08 3.50£1.72 3.40+1.07  1.03"

After Chalkiness
taste Mouthfeel

2.50+1.519 3.10+1.85% 4.30:£1.49%¢4.70+0.67%> 5.80+0.63 2.80+0.92¢ 3.10+1.37°¢3.80+£1.14%¢ 520£1.40% 8.04%***
240+1.43° 2.90+0.99° 3.80+0.92% 4.70+0.95® 5.90+1.10° 2.60+0.84° 3.00+1.25¢ 3.60+1.35% 5.60+0.97° 13.63%***

Degree of thining 2.80+1.32¢ 3.50+1.18% 3.80+1.40*4.50£0.85 5.50+1.46* 3.20+1.03% 3.70+1.06°3.70£0.48"4 5.20+1.03% 43,05%+*

Color Darkness 3.304+0.82° 4.90+0.74%® 4.90+1.20™ 4.90+1.52° 5304048 3.40+1.07° 3.50+0.71° 3.90+1.10 4.30+0.48%¢ 6.43%+**
Roasted nutty ~ 3.60+1.65 320£1.23 420+1.32 4.30£1.16 4.70+1.06 3.70£0.67 3.70+125 4.10£1.10 430+1.16 147
Taste Beany taste 530+£1.16 4.90+1.37 4.60+1.58 3.70+£142 3.50£1.96 4.40+1.17 4.50+0.85 4.10+£1.10 4.00£1.56  1.70™
Sweet taste 2.60+£1.78 3.00£0.94 3.40+1.17 3.50+1.51 4.10£1.66 2.90+1.37 3.10+1.10 3.60£1.96 3.60+0.97 1.01™
Overall quality 290+1.52 3.40+1.17 3.50+143 4.00+£0.67 2.80+1.62 3.60+1.35 3.90+1.37 4.00£141 240+1.17  1.84™

DControl soymilk.

ISoymilk contains whole onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
9Soymilk contains peeled onion powder with concentration of 1.4, 1.6, 1.8 and 2.0%.
“Values in different letters among soymilk in the same column are significantly different (p=0.05).

*#%%p<0.0001, NS: not significantly different.

<Table 7> Two way ANOVA analyzing the interaction between the
amount of onion powder added and onion powder with
and without peel in the physicochemical and functional

properties
Interaction of
Parameter Amount” Pee”  amount and
peel
Hunter’s value L p<0.0001 p<0.0001 p<0.0001
a p<0.0001  p<0.0001 p<0.0001
b p<0.0001  p<0.0001 p<0.0001
Suspension stability NS NS NS
Viscosity p<0.0001 p<0.0001 p<0.0001
Total dietary fiber p<0.0001 p<0.0001 NS
Total sugar p<0.0001 NS NS
Quercetin p<0.0001 p<0.0001 p<0.001
Isoflavone Daidzin p<0.0001 p<0.0001 p<0.0001
Genistin ~ p<0.0001 p<0.0001 p<0.0001
Glycitin ~ p<0.0001  p<0.0001 0.05
Total phenolics p<0.0001 p<0.0001 p<0.0001
DPPH p<0.001 p<0.0001 NS
ABTS p<0.0001  p<0.0001 p<0.05

D Amount of onion powder added.
DWith or without peels.
NS: Not significantly different.

HSLAL

%‘5‘"37} A= <Table 6>0| YERAUTH AEA-H &
A, A A9t Fo4Q1 AolE VERA| Tt 2
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A 2=, A 9 Iy
ol wet ool i Hashe A Btk kel
A7rego]l F7FshHA o] o] FUHe mE He
S SR F Aol CS7F 17.13%, SWO, SPO
BE v Hrtege]l Skl wed 31.13-37.70% (1.4-
2.0SWO), 26.56-33.88% (1.4-2.0SPO)Z &3 Z71=2 1
Ak 29 ¥ 3 CS 2.93 mg/goll A 9.73-13.58 mg/g
(1.4-2.0SWO), 10.58-13.11 mg/g (1.4-2.0SPO)C.2 Z7}5
ZE Rl

Quercetin T2 v} Hrlgko] 71842 6.02-21.80
mg/100 g (1.4-2.0SWO), 0.56-11.72 mg/100 g (1.4-2.0SPO)
o7 FojFo g Zrtele AeS B, isoflavone T
% daidzinZ CS 119.76 pg/goll Al 2.0SWO 173.26 pg/g,
2.0SPO 121.40 ng/g®& SWO, SPO 2% Z71ES gels)
Atk glycitin®] ZA¥= CS 44.96 pg/golA 2.0SWO 50.16
ug/lg, 2|3 2.0SPO 4541 pg/gS® EF F7F8IR AL,
genistin =3k CS 288.76 pg/goll Al 2.0SWO 444.58 ug/g,
2.0SPO 378.42 ug/g© & SWO, SPO ¥ folzog =7}
g Ao 2 yeigtt & dlE 2 CS 164.00 mg/100 ol
Al 2.0SWO 252.00mg/100 g, 2.0SPO 234.67 mg/100 g7t
A F7VslSth. &, &9 H7ke]l SUHE i ol &
R o]=9] A quercetin?} isoflavone ¥ & &= o
o] CSell vlsl =4 el 71548 52 A9 o=
AlsEc),

ot A7 el ksl €432 DPPH radical 275 3
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I, ABTS radical 2A% =AZA3 T3k CS 17.89%,
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