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Abstract

This study was conducted to investigate the quality characteristics, antioxidant activities and levels of acrylamide
formation in cookies containing different amounts of onion peel powder. Onion peel powder was incorporated into
the cookies at a level of 2 - 6% based on the total weight of wheat flour. The contents of moisture, ash, crude
protein, total polyphenols, total flavonoids, and acrylamide content of cookies were determined, in addition to their
antioxidant activities, pH values, loss rates, spread ratios, color, and texture. Upon increasing the amount of onion
peel powder, the moisture and ash contents of the cookies increased, wheareas the pH, loss rate and spread ratio
of the cookies decreased. In terms of the chromatic analysis, the L and b values decreased, while the a values
increased as the amount of added onion peel powder increased. Furthermore, the total polyphenol and total flavonoid
contents increased, while the antioxidant activities were significantly higher than that of the control, increasing
proportionally with the concentration of onion peel powder. Moreover, the acrylamide contents of the cookies decreased
slightly upon increasing the amount of added onion peel powder, with 6% onion peel powder being particularly
effective in inhibiting acrylamide formation. These results suggest that the addition of onion peel powder to cookies
will increase the value of cookies by enhancing their antioxidant activities and decreasing acrylamide formation.
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275 —} 2] (Samyang Co., Ltd., Seoul, Korea), %3}
] 22 (Covata Research Institute, Ltd., Hashimoto, Japan)
Lgiolo g Fujsl)a, ol -L}—rli‘] (Geonwon Food,
Gimpo, Korea), s£EY(Lotte Foods Co., Ltd., Seoul, Korea),
SZH(CJ Freshway, Yongin, Korea), ¥ ®}(CJ Cheiljedang
Co., Ltd., Incheon, Korea)= A]ZollA <13+ T} Folin-
Ciocalteu’s phenol reagent, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), gallic acid, quercetin®} sodium phosphate mono-
basic, acrylamide EFE2(99%, Sigma-Aldrich Co., St.
Louis, MO, USA)¥} WH-E =522l “Cs-labeled acrylamide,
Sigma-Aldrich Co., 2,2'-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt(ABTS)<
Fluk(Heidelberg, Germany)oll A 43t th. 18] 1L acetic
acid= Junsei Chemical Co.(Tokyo, Japan)ol|~], ethyl alcohol
(HPLC grade)=> Samchen Pure Chemical Co.(Pyeongtaek,
Korea)©ol| 4] methanol<> J.T. Baker Chemical Co.(Philipsburg,
NJ, USA)ellA Fsiste] AR-g-stsith

formic acid+
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Table 1. Formula for cookies prepared with different amounts of onion peel powder

Group”

Ingredients (g)
Control OP2 OP4 OP6
Onion peel powder 0 3 6 9
Wheat flour 150 147 144 141
Shortening 65 65 65 65
Sugar 50 50 50 50
Egg 34 34 34 34
Baking powder 1 1 1 1

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.

3(LG, CA-F17DZ, Seoul, Korea)ol| A 1A]7F &<F F-A| A
2 5 9 gdaA A vs F7] E2 Hol AE 40
mm, 57 5 mm= A|Z3te] Hytol] ATt B
yong BDO 7106, Seoul, Korea)= ©]-&3}o] S1E 190C,
ol E 160TCNA] 1027E 9 Zd-2llA] 3087 "l &
Al 5= AHESFS
=Ll
S A Bde HUKe 719 FRdEE AR 3 ge
105C 3si7HE Azjoz Alg 3 308 # st
gre] HES Ptk 23S 600T 2433t
=7 sttt 29 A2 Semimicro-Kjeldhal # <.
2 25 9 B 7)(Kjeltec 2400 AUT, Foss Tecator,
Eden Prairie, MN, USA)Z EA3}% T}

7| dt=29| pH &34

S A BEe AU wh=e] pHE 4517|915k
AR 5 goll S/ 45 mLE E83}aL, vortex mixer(Vortex
Genie 2, Scientific Industries Inc., Bohemia, NY, USA)=
Rk th o] & o] }X](Whatman No.2, GE Healthcare
Co., Shanghai, China)Z oJ¥}3 oINS pH meter(420
Benchtop, Orion Research, Beverly, MA, USA)Z pHE =%
=g

719 HAEM { &4E £

F719] HAFA A F(spread factor)= AACCH(AACC,
200001 et St &, 719 AL rtRR FEe
71 6719 2olE 43 & oA TR 3]AA S4 st
At F719 T F7] E BS =08 ST F
e SAE vl A S AT o & S % g
ofgfle] Aoz 2r=Esl Tl &4 E(loss rate)< 7] A

ot o

FI9 Mx £F

Il A Eubo] A== A 2}A|(Chrome Meter CR-300,
Minolta, Tokyo, Japan)E AH&-3Fo] % (L, lightness), 2144
=(a, redness), BN =(b, yellowness)FF o2 F A5
FWA o] L, a, bt 7H2} 97.10, +0.24, +1.75%1 T

o9l 2 &3

AzE F719] 71413 B4 S7 2 texture analyzer(CT3
10K, Brookfield., Middleboro, MA, USA)E- A3} texture
profile analysis(TPA)= S stsith. Fg4d & 27
sto] A|Zxgh FI)= d-2olA platee] Sl FiL 4
A(two-bite test)= 33| WHE S ko] kS FoHATh
Pre test= 2.0 mmy/s, test speed= 10 mmy/s, Load cell< 10
kgo 2 A3t

#7129 & polyphenol ¥ & flavonoid &z &4

F719] % polyphenol 3+ Singleton®} Rossi(1965) W
WS Aol 28tk AR 1 goll 10% ollghS-S Eoj
40 g7 A 8-3}a1, A2 A] 6047t sonification 3+ F-of]
3,000 rpmell Al 1023 DAt F5de Ao F7]
FEEZ 39t 7] FEE0.5 mL)°l 2 N Folin-
Ciocaltew’s phenol A2} 0.5 mLE &3t ¥ 3&7F A0
A RESAIZL 3 2% Na,CO; 1.5 mLE 713 5 2417
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Bt bAoA wRGAIFTE WRE-E-2 microplate reader
(Infinite M200 Pro, Tecan Group Ltd., San Jose, CA, USA)S
o]-g-stod 760 nmell A FF=E ST F7)ol T
¥ = polyphenol &2 gallic acid®] E3%1(6.25 - 100
ugmL)<= °©]-83te] F7] g gallic acid equivalent(mg
GAE/g)o.2 EA3HTh

F719] % flavonoid &2 Woisky$} Salatino(1998) "
He Wdste] Atk #7] FEE 1 mL9} 2% alu-
minium chloride methanolic solution 1 mLE &3}5fe] A&
o|A] 158 Bt HESAIZIT) ©]| 3 microplate readerE ©]-&
stod 430 nmel|A FF=E S5t F710l e F
flavonoid &% quercetin®] 3ET314(6.25 - 100 pg/mL)
< o]&3te] F7] g quercetin equivalent(mg QE/g) o2
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F719] DPPH |2 &A 22 Blois(1958)H ol wheh
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0.2 mM DPPH €< 100 uLE 3713+ 3 37T 3083t
HE-2-A1ZJ T}k Microplate readerS AF&-3F0] 515 nmell A
FEE SAsIUT 77 559 DPPH &tz &7
& ofgf 2ol thdsted AFEsisiTh

ok oy

DPPH 07 2AEA (%) =
1-AE 3717l 53
AE T Akl B

=
x 100
=

719 ABTS &tz &AL Re 5(1999)Hel whak
=335kt 2 A3 Ao 7.0 mM ABTSS} 2.45 mM
potassium persulfateS 2417t FQF bAoA HES-A]A
ABTS o]2& I F 735 nmoll A F4= FH(OD)
°] 0.17+0.030] H =5 g2 3|4 slo] AMESISI T F
7] F%% 100 pLE 96-well platecl] ¥, FH =S 25
ABTS €9 100 uL= H7}3F & 37Tl A 3083t

=35t th F7) FEE2] ABTS gz &4 &4
o] Ao ddste] 4kEstA .

ABTS @2 2784 (%) =

AR A7hrel U
R PR

F7|2| ota2ojolo|= & 24
ofZoluto] = ek FDA #AH(FDA, 2003)< ¥
ate] =438ttt LC/MS(liquid chromatography-tandem

mass spectrometry) = MRM(multiple reaction monitoring)-=-
AHgsl om, Aleke % HPLC 595 AHESHTh
A AY L Oasis HLB(Cy5, 200 mg, 6 mL), Bond Elut-
Accucat(Cg, 200 mg, 3 mL)S AFE-3F T} Y L o}
Adojrol = FEFS =l H | mgml7t H =5 3
T Ao dagt s Msto] ARSIt RS
LA T 13 FALR(CCE 2 ofAolio|=
=2 e Ho] | mgmLE WHEAIL, 7] 0.1%
formic acidZ 7}l 500 ng/mL =2 WHE-FF&HS 7
E°] ARSIt 7] A B Fig. 13 2ol A28kl

Crush and homogenize sample

Weigh 1 g

Add | mL internal
standard solution

Add 9 mL water

Mix for 25 min on shaker at 300 rpm

|

Centrifuge tube at 9,000 rpm for 30 min

L 4

Centrifuge tube at 7,000 rpm for 10 min
1

Oasis HLB 6 mL SPE (C8)

3.5 mL methanol condition
3.5 mL water condition
1.5 mL sample load

0.5 mL water load
1.5 mL water elution

Bond Eluet-Accucat SPE catridge

2.5 mL methanol condition

2.5 mL water condition

All sample load
LC-MS/MS analysis

Fig. 1. The scheme for sample preparation of acrylamide analysis.
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9,000 rpm -2 30+ &<t YAl el sttt 4l Eel ek
Adojx & 5 mLE oFHFE £7]11 7,000 pmo =
1087F HA] DAl 2e]ste] AdS AUk vehe 35 mL
o} & 3.5 mLZ %3427 Oasis HLB SPE 7}EE]|A] 9]
AY 15 mLE Yol B = & 05 mLE SeveEa
& 15 mLE &FA1A Fotl BY S AUt wgkE 25 mL
o} & 25 mL2 24317171 Bond Elut-Accucat SPE 7}E2]
Al BY 1.5 mLE 92 F A3 0.5 mLE S|
o]ZF Adojx | mLE LC/MS EAol| AL&313

ol olnto] == LC/MS-2020(Shimadzu, Tokyo, Japan),
Nexera XR(Shimadzu, Tokyo, Japan)< ©]-83l £243}ith
o] ZAL- 0.1% acetic acid®} 0.5% formic acid”} E3E
FgAMo g dla, MS o] 23} =+ HESI'Z 3} 1L, ©f
€ RYHZL acrylamide® 72 miz >55 m/izE, “Cs.
acrylamides+= 75 m/z >58 m/zS. 2 913} T}
SAEA
28 A3 SPSS BA ZZ13(ver. 17.0, SPSS Inc.,
Chicago, IL, USA)< ©]-&3t] Hitd} EFAAE AlLbet
ATt ZAHEA(ANOVA) S S & frel Al 2hel7}
A= A FlE= p<0.05 o4 Duncan’s multiple range
testE A3}
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chil Sl Table 29F 2th 719 7 8 RS
o Z2to] 2.95%°] L, F7kte] RS 3,13 - 3.43%
2 BARCR FoJstAl F7tstatt A dollA]
-2l (Park 5, 2018), =& 7} (Choi, 2018), &-&3(Son 5,
2017) 8= M7k F7)eA B2 A FASE 7t
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A Afart 71 et o7 23 s8] S7sH
Hng F7)o] Fddge] Sk Aoz AHT)
2322 o] 0.63%3A 3L, FoEE 2ol H7t
2ko] Z7}EEE 0.66 - 0.79%7HA] 23|15 &ako] EA|12
o2 foA IA S THp<0.05). = AL 2Tt
o] 8.35%, A& o] 828 - 8.32% = Aol thA A

e WA o) Be] gEe B v, 90l @
g g2 Zlo2 By Y tkSayed 5, 2014). &
A FaEE e ke Al x3)E 9
omlaiAl F7ket AL A EEe 3% g
L7HE 23] R 2917 wEed A

7| gt=2| pH

F7] ¥=2] pH 5% A= Table 37 2ok dapgd
o] pHE 4.32, 7152 pHE 5.62%0th g4 &
S A7k e tlz2Te] pHE 7.0901%02, Ad e
pHE 644 - 68302 Sapgd 8 Hrlrsol s7tdr
5 BAACR FoJatA 1HAs A th(p<0.001). oz}
AT Abolol A fefgh xfolE Kl om, Adda ol A
T g Aotk mebA] 7oA Q1 xtolE YR
Chia 5(2018)2] 7o w2 g4 FEEd=
caffeic acid, ferulic acid, sinapinic acid, tannic acid, 7|4}
o] gfEo] lom, ol HEER Q8 a4l
pH7} 32 Ao Hus il & A7oM o=
A7Vt Adwre] pH7t g de H7bekA] 2 dix2T
o] pHHET} Br& A2 caffeic acid & 712 Hi-3F
Fag el pH7t B7] wWiEQl Ao 2 A5 E T Kim &

Table 2. Proximate composition composition of cookies with different amounts of onion peel powder

Group"
Measurement (%) F-value
Control OP2 OP4 OP6
Moisture content 2.95+0.107Y 3.13+0.19% 3.26:+0.09%® 3.43+0.10° 7.16™
Crude ash 0.63+0.07° 0.66+0.06° 0.73+0.06™ 0.79+0.03? 425"
Crude protein 8.35+0.19 8.3240.22 8.29+0.19 8.28+0.29 0.064

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.
IValues represent the mean+SD (n=3).

3bDifferent superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.05).

M"p<0.05.
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Table 3. pH of cookie dough with different amounts of onion peel powder

Group"

Measurement
Control OP2

F-value
OP4 OP6

pH 7.09+0.052 6.83+0.11°

6.56+0.07° 6.4440.08° 37.0779

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.
DValues represent the meantSD (n=3).

JDifferent superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.03).

7 p<0.001.

(2018)c] wEW Zal7} Bk Ayl 7] ApAE Lo}
Fo] qAAR ZE)7 S Hriste] #7158 Az
7%, 7] whze] pH/}F ZHAsktha Basle] B
Aot fA AgS Yepich

F719] B34 A4 Table 40 YR H3A
Ag= tlzo] 6250] 3, APTL 553 -597= S
A B Hrbero] St whet frol A o ® Ak
(p<0.01). AL wo]F] F W0l FA|= GFobA] a1, A
7do] T/ H=E HAIG Aoz wo]F] 21, Y59
£, Aol e, vl gk, i Sl whet gzl
th 53] o] Aeiol wheh defA =], v U ol
Aol FeR EAsk AU A7t E3, AFrE
FAshd HZ A ok g A A THChoi, 2009).
Aol d S d BoS Arke #7119 Aol
g AL FopgAe] w2 Ao dF ¥ (Jaime 5,
2002)°] 71918 Ao g2 AdHr) Wk
o] o™, AolHdFo
do3 S AFart S5
HEF/go] s "k o] 2 Q) RS fr
AEE 284 ol wof #3482 2Hash
', 2018; JungZ} Lee, 2011). 7] Aol A}
< A7}8 §7](Cho®} Chung, 2019), ¥ U-5F-
5, 2018), €3 EZ(Jooe}t Choi, 2012a) H7} F7]cllA

N
—_
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f
Jo
o
o
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s}
2
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Lo
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oX
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o
1=}

e oft i £
7
=4
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g
=~

U7HF A AR Hrleo] S7HeS5 vk U] 2]o]
A gFol F7tste] o] Yolxltta Hasle] &
AFATe} A S Btk £4 5 Table 40
VERH vhe} o] tixaro] 13.51%°]a, Fabgd
HA7HES 1144 -1295%9] ¥X5 HAoh g d 37t
o]l Tt meEl EAES feldoz 7ast
(p<0.01). ol&gt A= S d Hrtgo] S7tETs
2ol gheko] S7hge whet i B o] Sohsta,
o|2 Q3] & go] AT Aoz AlgHT)

FI|e M

S B MRS deleke] Alxd )9 A=
=7 A3} Table 59 2o} 7719 ¥he F =5 YeRY
= L#k2 dixTo] 7645, Aol 52.19 - 58282 A
o HET o wolron, A e Ukl
S/ E HErt frolH o ® 4k th(p<0.001). &
A= 2 VER & agh2 tlZ2e] 0, 4832 6.61-9.13
18 oA S7kst o, Hrtee] F7tel nhet
aft® S7FeFAth(p<0.001). o] A& H7Fe dobgd &
o] Asof ofg)] AdTe] ik WolA| A, agkS St

lo 4
b F
"

33.030| 3, AL 26.14 - 27728 thFTto] Ag o
Hlal ooz o w2 & WeERATHp<0.001). A3
TFoME F7)o] ALt H(Jeon 5, 2013)% =z
(Choi®} Lee, 2015)5 H7letd F7)5 Al xe A5, /2

Table 4. Spread factor and loss rate of cookies added with different amounts of onion peel powder

Group"
Measurement F-value
Control OP2 OP4 OP6
Spread factor 6.25+0.057%) 5.97+0.04° 5.64+0.03° 5.53+0.14° 47.817
Loss rate (%) 13.51+0.82° 12.95+0.40° 11.50+0.38° 11.44+0.78° 8.11"

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.
IValues represent the mean+SD (n=3).

3)";':Different superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.05).

"p<0.01.
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Table 5. Hunter's color values of cookies with different amounts of onion peel powder

Group?”
Measurement” F-value
Control OP2 OP4 OP6
L-value 76.45+1.085 58.28+1.26° 55.79+0.43% 52.19+0.64° 415477
a-value - 0.00+0.26° 6.61+0.11° 8.59+0.21° 9.13+0.15° 1,384.72°
b-value 33.03+0.44° 27.72+0.26° 26.95+1.14° 26.14+0.35" 68.65™"

UL-value: Black=0, White=100; a-value: Red=0 to 100, Green=0 to 80; b-value: Yellow=0 to 70, Blue=0 to 70.
IControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.
JValues represent the meantSD (n=3).

YeDjifferent superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.05).

9™ p<0.001.

S wE FARL] Mkl S71stel ek Lkt bak
gt Wb agke SU1ehe Aoz Ueh, & A8 d v
oF fAkeE AekE Bl dubd oz 7)o W Mee

A7 FAEY 1] dxe] 5 Az dE il
ofgt s}t wh-gof wet bzl th(Park 5, 2005).

FI|19l 2=

U d Bk A7} F7]9] =& Table 60 LFERARA
o z7e AEE 505166 golH, AT ArE
4,107.67 - 4,836.67 gtk thzwtol vl Supgd Fat
= AUkt Az 719 Arrt AR R folsH
A3 tHp<0.01). FaA A S 2% Hrkste] Az
gt F7)9] A g2y SAFCE F94 e Aol
£ YeRiA] ko), S E B8 4% 2 6% 718k
o 2|23t FINME N2 2% H 7l vis] A=7}
Zasn 719 Aee Hrlele B B4 ¢
A7ME, 7189 B, e ol wet ZEkxitiJoo
9} Choi, 2012b). Al E FZ(Son 5, 2015), AN T
(KimZ} Park, 2008)S 7}8te] Al x5 F7|o = ol&
FAge] HrteFo] Sk wel Axr7F F7kgh v,
7 B (Lee 5, 2017), B B (Park 5, 2018), =&
713l EH(Choi, 2018)= F7Fate] Azt F7]ol| A= F-
AN52] o] $7ME4E Amrt Aahdhs oz Y

Eht, PARS] FRel uet 7719 AEst gl AL
% 5 gk B Aol Fobgd B Wbl 37
P55 ARe Gl FKha, Holdfrel #8 HaY
o= Qs FA19 SRl Frheke] )] st
avglom, v G4o] Wag ol Pl 2
oz 2d 4ol dAEe] F71240] At
Ao Aggd

Ar

712 & polyphenol ¥ & flavonoid &2 &4

S A B H7F F719] % polyphenol B! % flavonoid
S A Table 72 2ot FogA EEE HUte
A & F712] % polyphenol &3 0.63 GAE mg/ge] 0
o}, S A S 71 F719] % polyphenol EHF
2 1.13-2.01 GAE mg/gl. & ¥upgd Buko] Hyjeko]
S7Fe5 Z polyphenol FHFe fFo]A o2 Frkatith
(p<0.01).

Chung 5(2018)°l] w2 Jagd oee FEE9]
% polyphenol $H-2 69.23 GAE mg/gl. 2 H ¥ Ed,
B Ao g d Bdo] Hrlae] Tt )
©] polyphenol o] F7igh AL dupgd EEo
polyphenol & w2l R o2 FetHth Chung 5(2018)
o] Aol Hae b Ae] F polyphenol 3}
ATelA Fabgdel ArpleS nedS o, 719 F

ol

T,

Table 6. Texture properties of cookies with different amounts of onion peel powder

Group"

Measurement
Control OP2

F-value
OP4 OP6

Hardness (g) 5,051.66+434.67°%  4,836.67+210.97"

4,360.67+341.79" 4,107.67+£141.89° 11.16™

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.
IValues represent the mean+SD (n=3).

3)";'ngifferent superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.05).

"p<0.01.
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Table 7. Antioxidant activities of cookies with different amounts of onion peel powder

Group”
Measurement F-value
Control OP4 OP6
Total polyphenol (mg GAE”/g) 0.63+0.239" 1.13+0.32% 1.36+0.08™ 2.01+0.47* 9.79®
Total flavonoid (mg QE”/g) 0.11+0.02¢ 0.43+0.03° 0.57+0.03° 0.68+0.08" 7617
DPPH radical scavenging activity (%)  25.62+2.98° 49.20+4.59° 61.85+2.07° 63.80+3.23" 82.59™
ABTS radical scavenging activity (%)  11.82+0.82¢ 51.11£2.97° 65.14+0.90° 70.08+1.24° 701317

DControl, no onion peel powder added; OP2, 2% onion peel powder added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder

added.

2)GAE gallic acid equivalent.

)QE, quercetin equivalent.

Values represent the mean+SD (n=3).

4Dy fferent superscripts in a same row indicate significantly different by Duncan’s multiple range test (p<0.05).

9"p<0.01, “"p<0.001.

polyphenol &-&Fe] Z}o]7} U= o] = F7]<] wlo]Z] I}
7l 4] polyphenol Adt-0] YR 7] wfZ}] Aoz
A8 THKim &, 2018).

21Folv AA ol &d4kart EAlsh Aoy A

Al Y Alazete] XV‘ RS frel7) ek 3}04 Abshe] 3,
o] A& 1%-4 ? ] Aok} A =ske] glo] Hrh ]
23t 4kl 9kg-S oA slr] 98l polyphenol d 22| o]
|53 g D}(Huang 5, 1992).

Polyphenol-= &35, #, ofxlf, AZ}Fol Bo| 35
o] & Alg4 3 2 phenolic acid, flavonoid, stilbens,
lignin 5 % 7He] 252 vs 4 Utk 2% F9 flavonoid
<= flavonols, flavones, flavanols, flavanones, isoflavones,
proanthocyanins © 2 &3+ 4= 9] TtH(Gharras, 2009).

Flavonol®] &<l quercetine Ed&E2 2] S A4
StAY ZHaA 713, THell A FE HEke = RS Waliske]
olo] WS o HH_ﬂ":}-(Huang 35, 1992). $71¢] % flavonoid
SHFe T 1g 9 querceting 7|2 tFETo] 0.11
mg QE/go]at, g d Ba-S A 7)el A8l 043
-0.68 mg QE/go &2 YEpTh Fubgd B 3 rheko]
715 3 flavonoid FFe] Fro2A o2 Sttt
(p<0.001). o] g Ay}l= S-S o] &3k -8 Foj A
FHEA FEE] el S7HESS F polyphenol
5 & flavonoid o] S71et A2 T} frAlet Bake
X A (JungZt Sim, 2019).

7|9 ggitst 26 £H

F71¢] DPPH e}tz A7%5-2 Table 72 2t} o4
A EHs A7lekAl 92 diZwte] DPPH &l &A%
o] 25.62%%1d| Wl Fah A BHE Hrhe Il =
4922 - 63.8%2] AA AL B Yuhd ko]
7}&Fo] 7185 DPPH a}t]% 2ASE folHow

<7 et tHp<0.001). AH-frete]Ze] Y21 DPPH= %‘—:‘
ZA-& w] =], phenolic compound®l] €3] B g2
2] gk A sk E 100}04 kst G4 Brte 5’%‘3}
(Lee &, 2005). & Aol = F719] Fatgd # 4
A7 ol %—7}%*4‘% DPPH 2tt]Z 27 50] 57}
% polyphenol ¥ 3 flavonoid &H= Fig2 '3“?-—_}"
el Weleled Z7asc

F719] ABTS &t Z 275 Table 72 2T} ABTS
gz 275 thEato] 11.82%°1%0 3, Fabgd &2
S A7RRE ATl 5111 -70.08%2 5718t
DPPH 2}tz 2753 v 2 oy d de] 37t
ol F7Ve5 ABTS &)z &ASE foldo= St
A thH(p<0.001). ABTS 2Ht]Z-2 peroxidase, H,0,9} ¥+-3-
slo] ABTS'Z Wgldl & Al o4 ABTS 7} A=W
X A%A0] LA HWang 5, 1998). o]e13 24 A=
Z ABTS E],]-A7l }\ﬂb o Z;g o]_;]—y_ 3]—}\]—:@],‘:._2 5;(4 61—
T Uk ATeA Fabgd Fae kel SUHET
5 ABTS 2ol £7150] $/12 AL P 2
= o] = ©Fd3t flavonoid 2 phenolic compound©l]
oGt Zeo g JJF‘T:"%‘:} AP ATl F7)e H Tt
HA7Fo] S745 % polyphenol 3ol S7Fatd L,
ABTS®} DPPH #HtiZt 22750 3 S7kete 2l &<
3} thJeon &, 2013).

2, rlo

M

F7|2| otz Eoloto|= EE 24

F719] ofadolrjol = G2 Fig 29 2rt. A
B ArbelA] &S vz ofadolulol = ke
40.38 pgkgel A, Fubgd SRS A7 A9l of
Aolnjol = FFS 28.02 - 38.24 pgkgS = UERSLTE
ofmdotutol =0 ke Fupg Aol bl wet 3t
Adhs AEge BAth 2 AFEAHRE uiEg o R of=ado}

ll,_
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Fig. 2. Acrylamide content of cookies with different amounts of
onion peel powder.

Control, no onion peel powder added; OP2, 2% onion peel powder
added; OP4, 4% onion peel powder added; OP6, 6% onion peel powder
added.

Different letters above the bars indicate significantly different at p<0.05.

nfoj=o] WS W] feliMe Had 6% ol/de] it
AdS A7HE 3 AATHp<0.05).

AF ] ST 72 okavel ¥} Maillard W]
dolstH, feld of~uerl e ofn]=7](-NHy)€ 7+
HY7](- CO)¢}t vhpd ofAdofnto| =5 YA 6HA o

ofidotuto|l s F= AR A3 o, A8A o3, A
2] 71 o], frA ol doitta oA lom,
271 AFeh Bt 7ol e EEE EREC
ATHIARC, 1994; Friedman 5, 1995). ©]2] &+ o}Z & o}n}
o= &%, 7FEAIZ pH, SR, A7 <3
g o] el =, kst EdS HUtste] of Ao}
npol = G2 AA7E WHER A= 9 th(Acar
and Gokmen, 2009). X S7}4] E1¥ AFZA 3ol ofshd
vitamin C, polyphenol &}3+&<l gallic acid, tannin,
epicatechin, naringenin, ferulic acid, rutin, quercetin> ©}=
Hoputo| & FAS A= Hloll AHAQ] Hom B
1.5 A BHCheng &, 2009; Jin 5, 2013; Ibrahim 5, 2016;
Mildner 5, 2019). Mildner 5(2019)2] ®F 72 2 FLoj)
A 0.1% quercetinS 3713+ 749, o}=aHojujo] = g AJo]
30% ©]7d A= A 2H, Tbrahim(2016)8] A4 A}
£ 200 ppm2] quercetin & ol 1A]7F A & F 7S ol
ofdotutol = Aol AAEUT. FHAG A2
7}, 20161 oA ofnto| = ke 7EA1F] 9] 735 500 ng/g
olat= VeIt on, o] Z ulego & 7]5E3]7} 750 ng/gl &
T E A tHPowers 5, 2017). ¥ Aol F7)2] o}
ofufo] = FEFe 1 7| Huk P g Ao 2 Uit
&ulo| = ferulic acid, rutin, quercetin, gallic acid,
kaempferol, tannic acid 52| =4 3}3HE, allyl sulfide
9! allyl propyl disulfide®} 22 3}3tE3 7714, 204

7 O &frElo] Tk ©]5 ferulic acid, gallic acid,
quercetin, tannic aicd 5-2] polyphenol &}3H&2 72 %o
2 4= gleko] & Z o2 ZF7)3MK(Fossen 5, 1998;
Cheng -&, 2009; Cheng &, 2013; Jin &, 2013; Pino &,
2015; Chia &, 2018).

B ATolM Fabgd Hrbge] S7tdaS ofadot
npo] = ghifo] Zagt AL Fub Ao e querceting:
H] 23} gallic acid, ferulic acid 5] polyphenol 3}3+&©]
ofmiotuto| = GAdS A7) WER! AR AlsH:

2 o

AT e Fagd 285 2-6% HUke F7)5
Alzsto] 24 54, @itst &4 8 ofmdofutol =
Fe S5 TR Fugd B2 HUkekA
& o] 295%°190 L, Fobgd 2EE HUR A
o] FRIFE 313 -343%2 FolahA F7lstsich
Z3| 22 Fpg A Bae AHrte] St et
A St o, 2emAe Fagd wie A7k
AP TANA i A pHeE g d 28 A
7hgFo] ST fFolshA Aasielth HAAS iz
ol 7 =k, SAES A RNl St
g5 fasilth. Aees dubgd Bde] Hrbeol
S7VTE LEk, bk sk, athe Srhekath
ArE digd B HUe AT folskAl 2
stk oA wEe Hrhkgel stEss %
polyphenol &&F, = flavonoid 3%, DPPHS} ABTS 2}tz
270l S7tek T ol otutol = SR A

RS 2-4% AHE etz foat flenw
Hag 6% olde A/ A I B A7EARE

3 Fd A Fol st A Dol Al
7] Toll =T 4 glaL, 3 A kst S HeER

ot b o

E AFE AT 7] EA A QAL (FHAHE
2019R1F1A1058764)2] Aol ol&l o] Fojzl Aolw, 1
Aol ZAI=H Y,
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