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Abstract

Onion peel is a phenolic-rich byproduct with potential to be upcycled into a food ingredient. This study compared onion peel powder
(OPP) with laboratory-prepared onion flesh powder (OFP) and commercial onion powder (COP) for total phenolic content (TPC),
antioxidant capacity, hydration properties, color, and rheological characteristics in both aqueous dispersions and onion cream soup.
OPP had markedly higher TPC (52.68 mg GAE/g), DPPH radical-scavenging activity (115.22 mg VCE/g), ABTS radical-scavenging activity
(100.82 mg VCE/g), FRAP (25.45 mg FeSO, eq/g), and quercetin content (60.42 1g/g) compared with COP and OFP. OPP also exhibited
the highest water absorption index (WAI) and the lowest water solubility index (WSI), indicating strong water absorption with limited
solubilization. All aqueous dispersions and cream soups showed shear-thinning behavior. Across the measured shear-rate range, OPP
generally produced the highest apparent viscosity in both systems, suggesting that its peel-derived, poorly soluble particulate matrix
increased water binding and flow resistance. However, OPP had the lowest L* and highest a* values and imparted a pronounced
reddish-brown color to the soup, which warrants further investigation into concentration optimization and sensory acceptability.
Overall, these findings support the potential of OPP as a multifunctional upcycled ingredient for phenolic enrichment, water binding,
and viscosity modification.
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oF 11T 6 B2 AFVPIA] it dee &8 = A= A
o2 SIS B AF GAPIES B9l sARARE oF 19
2B30EE AP AR et e, 7k oF 14269 ot
Sheka: SAFHCOreqS AEFT o+ 32 A 0= B4 AlA
HARTE AF AP 2023 5439 2 0l|lA 20291 7489
& grfj=o] Ag+ S. 6%94 FEES 7SS AR AYHE 5
A A o] w2 0w BrHE feuTe SAERYI
9] Afwsl, 51“]2} L oUAEE SHORE 2 £ Ast
AAE =30 o, AFHAES 7P| A% Az Hg
sk gl AHe ofe) vlget Sl
S (Allium cepa L.y= 581 Amaryllidaceae) F-5:450]] <35}
© HeE7] Alag, AR olYet F, =, &4 9 4% 7184
9] gu] 7]Hko 2 Z9lA| o] = H#AQl Fr|Aaeltt =]
G AAFREE 20259 oF 1187 23 Eo = AW ] &% F7T5}
O H(KOSIS, 2025), AIAA 2L EnfEo] ojof APikgo] W
AT BT o] QIEHFAO, 2025). ol fructan H pectin 5-2]
5ot e AZAME(quercetiny@} 1 HiFAE FEO0F Sl=
flavonol, phenolic acid, “12] 17 alliin & isoalliin 5-9] 77| &3I8HE
o] Sk3&]o] Q1O ™(Fossen et al., 1998; Slimestad et al., 2007), 0=
g2 AR 4 FAS B HIESE TSt BT By
= o7 BTt Sharma et al., 2014; Nile et al., 2017).
T gute] g 3 A2 2 7HS ol Xk 9w, Hel ¢
Ak APt digo g s, ol ke thitE w7 |=AY A]
E7F 852 X3 QJtkBenitez et al., 2011a). “1#L} o]
IHle] Mo 2 752 Zsjo] 7 o] YEEo
2 B35ka1(Fossen et al., 1998; Slimestad et al., 2007), Q¥ o= Al
E2040 ISR QAT HIRSE B84 AlEH UERE U

Ol
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A 2AEA 0] B 7Fs/do] AX =] Zk(Roldan et al., 2008).
A7 FugEdS 2T FEH=E AlEe] A 285t 04?“*

AR Az 9 AR YA o|H(Yeom & Hwang, 2020), THE--
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B Allivm cepa Ly FAFGAA 24 tFREECA U3
ok JUE s Ax ojus Befshal 52+ ER AlRsto] Y
OJ&& AAS & FEEAZR7|(WiseVen-50; Daihan Scientific Co.,
Ltd., Wonju, Korea)E 0|85} 70Co|A 7AI7E B3t AZSIit A
ZH AlEE E4)7](SBL316ABD; Ningbo Kajafa Electric Appliance
Co., Ltd., Ningbo, China)Z 43+ & 300 pm HFZA|(Chung Gye
Sang Gong Sa, Seoul, Korea)E S3}A|# OFP2} OPPE A %514t
AlzE £ D870 "ol 80T 9] UF7A Hafslda] &
Aof| ALgSIH oW, vl Alg& FUAE GTHAllium cepa L.) 100%
2 Azd F A7k T COP (BEHE, Wonju, Korea)E 22t
WU skl Ahgsisich AR i R4S S FaEe
7} ok} Bt | o]l 60% (viv) Ok 60 mLE 713t & 281} 2%
718 018310l 087} 23 7 YRIFIo] 45N F3l0% 3]

2315k Qojx] #3942 5 Eelulis T DPPH 2 ABTS 2]
2 27184, FRAP 2] 9 AZAR o] ALgsialch

T o

£ BamE oY 5%

% Z4)9= 3 (total phenolic content, TPC)-2 Folin-Ciocalteu
tH(Singleton & Rossi, 1965y o]-&5}o] =43}t 96-well plate
o] 229N 10 uL, &% 130 pL ¥ Folin-Ciocalteu A|2F 10 pLE
SRR Tsto] EE T 7L WMSAATE o] 7% St
EF &9 100 uLE 7okl A0] 27doflA 90&7t §ESAIXI
3 nfo]ZZ2EY0]E |t|(Cytation 5; BioTek Instruments, Inc.,
Winooski, VT, USA)E o]85}a] 750 nmojA] S4=E 24519
th & Z8HEs RS gallic acid BETAS o]-83510] Astal
A& g gallic acid equivalents (mg GAE/g)= UERAATE.
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DPPH 2jC|Zt AHEN =X

DPPH 2t} Zt 24242 Brand-Williams et al. (1995)9] <&
QI 245l0] 245199c}. DPPH 1.97 mgS 80% Tekeo] 235j5}
o] 0.1 mM B4 FABIIL FEAC]A 3AIZE oA QPSR &,
517 nmoJA2] ZBE7} 0.70+0.027F HEE 245G 22 5
nLo} DPPH 89 245 uLE E9t5}0] 7ol 3087F HESAIR
% 517 nmoJA FFEE S5 21, ascorbic acid FFETAS ©]

2310 A& g vitamin C equivalents (mg VCE/g)Z YERHITE

ABTS 20| AHEd &4

ABTS oz €942 1.0 mM 2,2’-azobis(2-amidinopropane)
dihydrochloride (AAPH), 2.5 mM ABTS % phosphate-buffered
saline 50 mLE SRk3t - 80T OJlA] 40827} 7Hhsto] 2A|53it
WSS Allofx WZstal 0.45 pm polyvinylidene fluoride
syringe filter2 oJ¥St TR, PBSE ©0]-85}0] 734 nmof| 49 &5
T710.70£0.027} H =5 S5kt 559 10 uLek ABTS 8%
240 uLE E}tsto] 37Co)A 1087 ¥ESAIXT 5 734 nmof| A &
FeE 2ot on, AIk= ascorbic acid EFEZAE o]-85t0]
mg VCE/go= UERfiQith

FRAP &tel2f =3

Ferric reducing antioxidant power (FRAP)= Benzie & Strain
(1996)2] B2 =795t S5t 300 mM acetate buffer (pH
3.6), 10 mM 2.4,6-tripyridyl-s-triazine (TPTZ), 20 mM FeCl;-6H,O
9 2222 10:1:1:1.29] B]&2 Z35l0] FRAP A|2kS ZA|51%
th. 329 7.5 uLS} FRAP A2F 250 uLE 3704 487k 84
71 & 593 nmoJA FFEE 751921, FRAP S22 FeSO,
EETALES 0851 mg FeSO, eq/gC 2 YERHQITE

AZAE FFS HPLC system (Agilent 1100 Series; Agilent
Technologies, Santa Clara, CA, USA)O]| Jupiter C18 300 A column
(250%6.0 mm, 5 um; Phenomenex, Torrance, CA, USA)S A&}5}0]
BA519E o5 0.5% (viv) HsPOy, S-8H(A)T} 0.5% (v/v)
H;PO,E $H33t acetonitrile (ByS ARE5FR 1, 342 1.0 mL/min,
AY 2rl 3502 A5 Gradient 2732 095, 20% B;
9~10&, 20~70% B; 10~135, 70% B; 13~145, 70~40% B; 14~20
2 40% B; 20218, 40~20% B; 21~255, 20% BZ 3} A&
FAFL 20 pL, HETEL 360 nmZ StHOH, EFEHO
retention timeS ©]-&-510] FAJS}AL peak aread] TSt AFAI O ZE

B AaFso] pg/g dwo g YERHRICH
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M 2%

Ofu} Bo] M= AMX}A|(TES-135; TES Electrical Electronic
Corp., Taipei, Taiwan)E °-85to] S4st3lrt. MEme A2
A3](Commission Internationale de I’Eclairage, CIE)2] L*ZH(H %),
A HHAE) W ) 02 Yehiglon], 7t Al=o] st
U A 33 W2 ZAsHec,

AEHSA A O AH =| A =
FEeTilr ¥ SESoiX+ 54
AQ

S E G =R 4x(water absorption index, WAI)2} ~E-8-5}| X]<~(water
solubility index, WSI}= Anderson et al. (1969)2] ¥H-S UX 73}
of 245190t} ZF Bt 0.1 g€ 54 10 mLoj| BAlslo] 1871 &
B4 TRt & 25T oA 3087 AA[s1giom, of 2HgollA 102 7t
Aoz 7PEA| AEHSIFTE o1F AlEE 3,000xgollA 2047t A4
FElokaL, ofofa] 4,000xgollA] 58 7R ARSI A5
= 2Rt & 58 JFES] FAE S5l WALE AESH81oH,
St S 105ToA Fgol 2 wi7iA] xSt the A5
e Az 1PEY] FAE S7dsto] WSIE AREsIsith Ak

chest 2tk

WAL (g/g) = (W2 — W) / Wy (1)
WSI (%) = [(Ws = W) / Wg] x 100 5

Wi=1% Al&o] 7A, W=g4l&e] FEO| A W=g4&
Tl 58 IAEY] 7, W=dFrlE A9 FA; We=aFH]|
¥ A f Az 1889 FA
o 2 2ol HHY| HE =M

ot o Fof WE -5 542 Bk ko] AR A
Y A5 v o g COPLF OFPE= 1 9 5%(w/v), OPP= 1, 2, 3
4 5%9] L2 27t SRl #Aksle] AlRE A6 #4t
Ho] sk 542 BT A HERE AR | 2u]E/(MCR
92; Anton Paar GmbH, Graz, Austria)S ©0]-85}a] 25T oA 45}
At S} ohE- E20|E Atol9] 7HAE 0.5 mm=E 753
o, AGEEE 1100 s HYoJA] A&H o T ZIIA]7|HA 2
7] JA=E 6otk

YOaEsoo| HIX

YU HFIE= Table 10]] AR HiH|o] Wt Al£51%H. Slo]
E Z(white roux)= HE|(Société Beurriére d’Isigny, Isigny-sur-Mer,
France)?} 52E(Sajo DongA One Co., Ltd., Dangjin, Korea)=
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Table 1. Formulation of onion cream soups added with different onion
powders

Sample  Water (mL) Milk (mL) Powder (g) White roux (g)
Control 20 20 0 10

COP 20 20 0.5 10

OFP 20 20 0.5 10

OPP 20 20 0.5 10

Control, cream soup without onion powder; COP, cream soup containing commercial
onion powder; OFP, cream soup containing onion flesh powder; OPP, cream soup
containing onion peel powder. Each sample contains 0.5 g of onion powder per
batch, corresponding to approximately 1% (w/w) of the final formulation.

Lwae] B8 Eeslo] ZATR T 10 g2 BaAslelck ot e
A7 S5 20 mLoj| COP, OFP ®= OPPE 217} 0.5 g¥ &4t
A7 & 2-8(Maeil Dairies Co., Ltd., Gwangju, Korea) 20 mLE 27}
sto] ZASIATE 7 B} EES |G HE Blo|E Fof 330
Uiro] Z7fsiA 2 Al w7 Takeigien), ol o}
0] 7S 2T HiEe] 92 71l 1%(wiw)ol sfigst
9}, tiZK controlyS Yot B A7ISHA] 9 54220 mL, &
20 mL & S}o]E £ 10 g FL3 IR Sxlolo] AlEsIit:
AzE TSI Yegt = 60T 2o Bkt & &
4ol Apg3Ict

Yna oo HeY| e 59

iagsne] gis] AEl B AoNEE 34 4
QUOJE|(MCR 92; Anton Paar GmbH)E ©]-85}0] &43I3ct. A=
£ 60T 2= FPo] 22AX & SAsI3lon, 4} 5t
B Zgo|E Ao|9] 1AL 0.5 mmE A5t AuEES
1~100 s HLJoA AL 0 FTIAF|HA] ZF AlmO| AR
T8 27slel)

analysis of variance, ANOVA)O 2 7 ?r
= 79 Tukey’s HSD testS o]-€5l0] AR ThEH|nE AA519T
SAH FeleES p0.052 .

=k

a9 uF

om Buol & Z2HE Y Y HAa Y

9f} OPP2] TPC 52.68 mg GAE/gO. 2 OFP (4.08 mg GAFE/g)
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9l COP (3.98 mg GAE/g)Rt} oF 138] 3=9THTable 2). DPPH 2
ABTS &)z 2484 9A] OPPoA 242} 11522 € 100.82 mg
VCE/gO & 7} =90, FRAP S 25.45 mg FeSO, eg/g
o8 tE F BUEO foF 08 £ I UEItHp<0.05). °]
25t k= gute] Ak IS A5 HojFs Eejuliso] 9
1o} o] thg 2= 0] V| Hhieo = AFZHETh

AZARZ COPoIA HEHA] ¢kkoH, OFPeL OPPOf|A 2}z
6.54 4 6042 ug/gC & AF=|o] OPP7} OFPHECL} 9F 9.2 =&
S YeRcKFig. 1). Yute] flavonol k] tii 2]l Eevls
EAEN B vEG o R A5E SAE0] 7x uoA FF
o] 7F} =& Ao B i1E|o] 9l om(Fossen et al., 1998; Slimestad
et al., 2007; Sharma et al., 2014), & H9] Zu}x 0|2} JAGH
S HofFelrh ol COPollA ARA-0] AEEA] % 22
U=} 3 s FHET A 9 24 ol U B AR
FHo] 1 7o) ABA Az 223} Aolaig] Yoz Ty
th. OPPojlA] TPCR}F AZA™ FHgol SAlo A Hehd ik
A=AEo] OPPe] & FAtst 5=l F83H| 79751342 7HsA
< Hoj&EH(Nile et al., 2017).

Table 2. Total phenolic content and in vitro antioxidant activities of onion
powders

Sample TPC DPPH ABTS FRAP
(mg GAE/g) (mg VCE/g) (mg VCE/g) (mg FeSO eq/g)
COP  398+035° 059+023° 364+0.15°  1.14+0.08°
OFP  4.08+0.59° 1.37+0.30° 4.24+0.17° 1.568+0.10°
OPP  52.68+2.58° 115.22+6.60° 100.82+0.24°  25.45+0.99°

Values are expressed as the mean+SD (n=3). TPC, total phenolic content; GAE, gallic
acid equivalents; VCE, vitamin C equivalents; FRAP, ferric reducing antioxidant power;
FeSOq eq, ferrous sulfate equivalents. Different superscript letters (a—c) within the
same column indicate significant differences (£{0.05) by Tukey's HSD test.

A B
80+
Quercetin
3 A
© 60
E P —
=2 oPP
4 Querceti
= 40 - uercetin
° S o A
8 £ OFP
s -
@ 204 8
g B g
£ o -
L iz
o_

COP OFP OPP

Rotention Time (min)

Fig. 1. A: Quercetin content and B: HPLC chromatograms of commercial
onion powder (COP), onion flesh powder (OFP) and onion peel powder
(OPP). ND means “not detected”. Values are expressed as the mean+SD
(n=3). Different letters above the bars indicate significant differences
(€0.05) by Tukey's HSD test.
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go 2HO| x2t Ed & U9 {5 4
WAL= OPPOA] 7F &9k31 OFP, COP =02 Yobd Hhg,

WSE= COPS} OFPOl|A] =11 OPPO|A] AA5] WoItHFig. 2). OPP
9] 2 WAISH W2 WSIC] 232 OPP7} &0 47 83fl=le A
A JRET 8-S S5 ERoke A8 dAY 718 A
202 Wo| TRkl s ARt Fmte] Q)u)i= Zh&of Hlsh
AEZ A 9 SuAEZ OA 5 B84 AlEd tjgFo] o]
=2 7107 ®HEo] QJ1(Jaime et al., 2002; Benitez et al., 2011a),
E84 Aolde7t fAIgE Ae 451 A] Baoto] B2 FRER
S Yelfi= o2 d#A Qlch(Robertson et al., 2000). ESF &F
T FAEL A% 9 E 5 @A ool wet Aoldf 2437}
43} EXJo] ¥iglsl= A0 & H11E]|o|(Benitez et al.,, 2011b), & &
TollA TEE OPPo] 4:8} A5 F-9] Zjolof] W Ao g
4 Az FAo] T2 Aojidg 24 ¥t 3 283t Aos 4
ZY=ltElleuch et al., 2011).

A - A B s-
A
A L
15+ 60
B
S -
S &)
= 10+ 7 4o
g ES
c
5= 20
B
o 0- T
COP OFP  OPP COP  OFP  OPP

Fig. 2. Water absorption index (WAI) and water solubility index (WSI) of
commercial onion powder (COP), onion flesh powder (OFP), and onion peel
powder (OPP). Values are expressed as the mean+SD (n=3). Different letters
above the bars indicate significant differences ({0.05) by Tukey's HSD test.
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A EHo] ~EAFH(aqueous dispersiony> HF AT S7F
ol wet 2H7] F=rh AAashe S shear-thinning) 752
UEFITHFig. 3A). ofi= AT 2ol F49H 58 JAF 9 1L
FA g 1Y) AdAkgo] Adol oJsf) ohaj=a YA 55 W
For HiFEUA FEATe] Aash] feo s siAEnh OPp
AR 527t F7IRtl wiet v 2 24NN} vlalsto] FH
71 A&7t 36 S716t e, 1 3 5%l 52 5=29] OFP
4 COP #AtHHT 2 HH7] Hws Yehyet o3t 2k
E WAIRE W2 WSIQ] EA4S 2= OPPY| 5} 750] #4HA|
9] §EAT 712 Aol SIS HolEr
UMTULIO| YUY S

P 3 1% Al PIEESTE BT 55} W
Ak} 2710] et 7] Wt 7aste ek
< UERtHFig. 3B). o]+ F(roux)ol| Z2&d 3} JE} 9 o
Zo] /gt A&} 27 o] sl BHEW| W, &
< 7|8t 2 Sl RhRag AlFollA dRbd o s = Aol
Tk OPPY| =& WAL %2 WSI & $FAMHo|A 0] =2 HH7|
et FARH £ 71N oA Ut P Eih 54
2 Aol 28] HES OPP B7kaolA 7 wgtom, 1
I OFP, COP /K2, conol®] 0.2 %7 veht, Set 27}
420 OPP A7lio] 71 2§85 Bt ol 2 #
o 183k Yok A TS S0l 48e FHHoR
T 0 mgsloRA §E TUE B8 QI 1 45HES 5}
A7) dEo g ket Elleuch et al., 2011). THE G4 L 4]
o7t SRR ke S 7R E7RR ZHE HisolA A
Aol ot 7 BT WIS Yl A7t 45l =/do] HoRt

Tkl BElo], OPPE] 2 AlolH % Fgo] Zg4mo] G5l

1E+05 -
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« COP
7 . opP
@ H *
o 1oooo-=::""-.
.§, "l. tee,
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Fig. 3. Apparent viscosity as a function of shear rate for A: aqueous dispersions of onion powders at different concentrations and B: cream soups with
1% (w/w) onion powders. Concentrations in panel A are expressed as % (w/v). Measurements were performed at 25°C for the dispersions and at 60°C
for the cream soups. COP, commercial onion powder; OFP, onion flesh powder; OPP, onion peel powder; Control, cream soup without onion powder.
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EXo] e njzl Aoz 7=t (Yeom & Hwang, 2020).

oot 22 o Jn3 oo M EM

Bako] L*gh} b*gk COP, OFP, OPPY] 40 & 714%tH vhd
a* g 5l 242 2715199 Table 3). = OPPE= A A& &
7Vg ofFal A= 2 A E4S UERIT ol2f3t Alol= ¢
1jof| &A% flavonol & phenolic compound Z}A|Q] A3} 3H7A|, A
=29 27| A 9 A% B0l AP Alsfet vjaaa] 2
o] E3tHos 283t Ayt= wtEct o|2gh OPP 7} AlES
A E4E OPPE A7Isto] Alxst 710 % H7Fgo] S71%t
of whet LA} bk A4Sl a*gh S7oke Ao= Haly
o](Yeom & Hwang, 2020), £ 5] 2 A B 53t 4gF
< HERIH:

10| Qe &L, COP H7KE 9 OFP E71ko] SARE &
LS LER W, OPP 37AE TSRt 22482 YERsIth(Fig.
4). ol B A9 B2 Lk 2 a*gto] oF 1%(wiw)2] e
A7F oA e 2E AEL o] IR WrFE I vzt
ok oJ2f3t A Hstz Qlsf YR ojto] a9t WA JYsie
OPP9] 7ol A|gHd 02 wetet). AAR ofw) oy &
< 71t ghaer 9 37} ol AoME ke F7io we g

7} 24513 AEo] o SEFO, A Tek Wl A B 584

Table 3. Color values of onion powders

Sample L* a* b*
CoP 80.11+0.23° 17.18%0.12° 73.24+0.91°
OFpP 74.90+0.32° 22.48+0.11° 66.30+1.39°
oPP 61.06+0.43° 27.17+0.68 52.55+0.61°

Values are expressed as the mean+SD (n=3). L*, lightness; a*, redness; b*, yellowness.
COP, commercial onion powder: OFP, onion flesh powder; OPP, onion peel powder.
Different superscript letters (a—c) within the same column indicate significant differences
(£X0.05) by Tukey's HSD test.

o] &9l H} QItKMichalak-Majewska et al., 2020; Sagar &
Pareck, 2020). §FH, 24 E= M 5 AF 1179 Mog &
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TR0l %8 Aow AREL: B3t ot Sl Lo Kol
9 geS 2okt o7 o= YEEE, 889 94 24 £
Ho| == AF WEZAN 24524 9 754 aAE &8
g 7lsAd0] QIth(Bedmicek et al., 2020). IHEE 5 OPPY] A
£ 398 4 vz, 24 9 04 W/} 59 947} B Aoz
A=

FO
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Fig. 4. Appearance of cream soups: A, Control, cream soup without onion powder; B, cream soup with 1% of COP; C, cream soup with 1% of OFP;

D, cream soup with 1% of OPP.
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