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Abstract This study was conducted to compare the nutritional components and antioxidant properties
of peel powders (citrus, apple, and grape). In this study, citrus, apple, and grape peels were subjected
to comprehensive compositional analysis under standardized conditions, including proximate
composition (protein, fat, ash, carbohydrates), amino acids, fatty acids, free sugars, organic acids,
minerals, or antioxidant properties. The results revealed distinct functional signatures for each fruit
peel. Citrus peel was rich in pectin, and dietary fiber, supporting gut health, acid balance, and
antioxidant protection. Apple peel contained high levels of quercetin, and malic acid, contributing
to superior radical scavenging activity. Grape peel provided minerals (Fe, Zn, K) and amino acids,
enabling strong antioxidant capacity. These findings highlight that fruit peels are not merely waste
products but potent functional resources for bakery applications.

Keywords apple peel, nutritional composition, citrus peel, grape peel, antioxidant activities

TS 2 Qi OF HAe vEh 771Ee 36,
FESAL 718 o v YEe R 7)5ske AE4 ot 249 54
o|th(Cosme -5, 2022). °o]23t HL2 Aol f 53] HEo| F2 Fodold, A M= 4
3y Ak} v|vke] HES W A B glon, A48 HE9] 90% ool B FAREA
A EHCui 5, 2021). EIE, HLL2 7] F 53t w7b 59 FEoly A= vdrh(Leedt
Yi, 2023).

TG FAREL AA hg 3ol A W2 Fo g A A 2L AT 2T 5
2ol Azt 2A7F At 22y 3l AEe AdE5] EEot w2 83 BAE ET = e
w1t oheh, 7 715 247 i AekES S8 A= /AT e ltk(Hussain 5, 2022).

St A2 AAE ez Bo] AHHA e #E F stuz 73l AFEd717l sk vid
2,560t £ o]Aro] 7hzo] AAFE| T It Unuguld} Nigiz, 2020). FHEo AL 32 AFEo)A 72
< Aeistal glom, A7k of sent & ol AAE I Q1AL et A I BAFEFS] 30% oS
AASHAL Ath(Jang 5, 2004). T AlE 7R Al AGEE AL {7 HYER, AEFL T
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g 5 wid 155 E9 72 )7 EA8E L It Hyon 5,
2010; Safranko -5, 2021). Z+& ZhuoflE Z2H, H]eR, 1]
yd, Aoldf & 7t2EkolE 5o gEo] qloH, =
Rl Eetilcolt HigA FEQ sAHd yyxlo] &
ot Ao dEA Urh(Lee 5, 2022). 79| FARER] 4
AAE A4, N, 471 o, sHAs 59 2t Aot
(Park¥} Lee, 2021; Yang 5, 2008; Zhang 5, 2019).

ERE AR SuiollA] 7 wol BitEls 3l 5 shtolH,
Aol FAEAE o] w2 AR A SIth(Youn
5, 2017). Alte]l S EEwlis2 Akl FAkst S 5
8 AT of= B4R, AFC 2R = At 24 F
Z HF2 AR ot 83 E&o|tH(Vinson &, 2001). o]k
Edus ES B EY B § Zol 3hfEof kL
Higo] B AHo 754 E &8 Heto] digt #ilo] F
7F5lal Qlth(Henriquez 5, 2003; Kubola®} Siriamornpun,
2011; Wolfe 5, 2003). Abk= SHRlE0A A3 W=7t 7}
=2 AdolH, A=A AE AAG7.5%)E A AFehs
Hl&o] 7HE &7 UERATH(Choi 5, 2021). A St
olt, ", ofpAF 2 HAlo] FHSIAL AW, HEF, A& o
ol W2 97t AL AR AY F SsttE AAEHI o
(Loncar 5, 2022).

50 AL Xk AA7|Y oF 50% = e B U EY 7]
& 270 "t 2= A (GP)E /3 th(luga®t Mironeasa,
2020). 25 B4 Eelrlis SgEa Aoligol B3eols]
(Tuga &, 2017; Karovi¢ova &, 2015; Sant’Anna 5, 2014),
AR 9 4t A8 D 5 e BECIHOlejar 5, 2019;
Troilo 5, 2021). FAlst EA4S 7k 714 293 22 A4
JEZ QFEAIOM, S|EFAJAIGAL, 7HX], EdfEEolH, o]
+ AYE AeE(LDL) Ast 3y AAE 4= AtH(Deng
= 2011; Meini S, 2019). 2% AZL 0] 60% (dm)2] 4]
OoJHR-E RSt Jlom, 58/ E8o] 7MY gL, tho =
FR7E REe] flom, F8Ee g T "t MY
70%7HA] 72 & Ath(Deng 5, 2011). FE JAfo|ZH 2
A BHNA H71E AT gAFH A™] 7o Bt
ofue}, BAIA HAA ML F7P7H &3 97 E3 1
HE AL 5 9k

CENEELE LTSS R B R TR
o] o]Fojonf ofg] 712 Y A L=, A, 25k)9
PR E FAREE B0l disf Bl £ARE ATt o] FoiA]
A okt 1B 37HA] B A BEEo AE E g4kt
B/ Bl BAstAL of2fet 1Y A A% 7164 AEa
AL JET FieR o] 157 247 ol & 4 3o
0g 2 d4e 3 BES ZEoto] AES AEsh] A9
1 Ao FAAEY st S S5t 7|2ARE

S8aA s
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2. Mg 2 giH

2.1. &8 He

100% A|FAF 2744 B2k (F)H-2-5(Hongcheon, Korea)
oM et Ao E F5L 234=EF, AAEE 28 ()
o ZA T FA(Mungyeong, Korea)ol A Fufigh Aoz FEZ
A BARE, 1 A B0l FE7E-E|(Koyang, Korea)of A
Folg Ao kel Erjolxel nERESS A8els]

Az BAo| AFE Aleke ¥Rl BAL chloroformT}
methanol (HPLC grade, Daejung, Siheung, Korea), 12]1l
14% BF3-methanol (Supelco, Bellefonte, PA, USA)S ARE-5}%
o A 9@ [Ed AL ethanol (299.5%, Daejung),
p-toluenesulfonic acid, Bis-Tris, EDTA, arginine, boric acid
(Sigma-Aldrich, St. Louis, MO, USA)S ARSSIGLE nUlE &
AL 65% ZAHDaejung)d}t 35% TARSEA(Junsei Chemical
Co., Tokyo, Japan)ZS AFE3}T, BHE BAof ALRE o]=At
% 58 o= HPLC S50 Ao} s ZRHMilli-Q,
Millipore, Burlington, MA, USA)YS ARE51%

AR HA2 AOAC (2016) Wl wet 35gich &
B ek At AR, 23182 35S AFeell, 2
el Ele. 4 B4 7| (vario Max Cube, DKSH Co., Korea)S
olgsto] AR FHA FFS AT T, 2 FHol= St
Ag 5.30, AA Aol 5.64, ZEALE 6255 285}
AAFsHATH Mariotti 5, 2008). 2214t 322 Soxhlet &4
o2 ZA5t9ltt. ©®4shE TR 100%014 F=, 23E, =
gl 9 2ANg 247 Aghste] A4kshgith

2.3 A04R 24

719 7 0] FA0MISE AOACHQ016, Tl - 5%
WS oH Bgslel 2Relsich 7 AR 10 ¢ 50 mM
morpholino ethanesulfonic acid (MES) &9 (pH 8.0) 40
mLo} £ ¥ fi4 ALjelsich (1) 2 WHA aobiop
A(Sigma-Aldrich, St. Louis, MO, USA) 50 pL, 100°C 30%
7t wEb £, (2) pH 752 24 F Z=HOMA|(Sigma-
Aldrich) 50 mg, 60°CollA] 30& WA &, (3) pH 452 273
S old 22 FA|t}olA|(Sigma-Aldrich) 150 pL, 60°COf|A]
3087F W 5ha, SRS RS 100 mL7HA] 542 HL35 9,
0.5 pm STATEZ A3 AL o7} JAR= 95% offg
2 33] AR F 105°CoIA SAIZE AX]E &, 525°C 3]9}51o]
84 AoldRE Tttt o7l 48l F3](95% ofehZ)
E FASEAL 60°CoflA 6083t WA & 5U WA= ofFtst
AL A% - gJgfsto] 84 Aol e AT & A A
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=,

1A A5 dld@Y da x A5 e AT 317
£ FAI3 7+ IDF, SDFE 3FA5F9 2 ™ Total Dietary Fiber
= Insoluble Dietary Fiber + Soluble Dietary Fiber= A4S
ok BE 242 33 vHE SAs £4 AgE 452 ¢
o] A& HFEZ(Wheat bran TDF, Megazyme, Wicklow,
Ireland)& A 451t

2.4, Ofoj=4F 24

A& 0.5 gol 6 N HCI 15 mLE 7lsto] 25 /FejolAl
ampouleo] YESFFTE. 0]F 110°CO|A] 24417t 53t 725
¥ 45°Co 7 BEot0] AR S BRI AANA
2 Fee) ROl TANUES 23BApH 2208 083
o] 25 mL& A&35}% 1, °o]E 0.45 ym membrane filter® o
Tfsjo] 241G ARE AHESIATHAOAC, 2006)

oA BAE S 277 R A ol 24
7](Shimadzu Co., Kyoto, Japan)S ©]-&5}31.2™, O-phthalaldehyde
(OPA) F-5=A| 2} H ¥ (Sumiyoshi 5, 1995)°] it 353t
0] Shim-pack AMINO-NA column (6.0x100 mm)& A}
Bot3laL, AFE&H9] F52 0.6 mL/min, OPA A|oFS] [
L2 0.3 mL/minC 2 AA5Fct F3F AESL excitation T4t
350 nm, emission T4 450 nm ZAoA AP}

2.5, X8 = 24

APk Alm 5 g& AT F HAISHL, chloroform-
methanol E3H&H(2:1, v/v)S Al= thH] 10813 F7151e] A
4 22 F of7istol 4Y % F AOAC (2000)8o] et
14% BF3-methanol -89-S A7}510] methylation 4$-3§5}33ch
o] ufj 3= AHHES Gas Chromatography (GC-2010, Shimadzu)
2 BA5199 . GC 44 ZHL SP-2560 fused silica capillary
column (100 mx0.25 mm i.d., 0.20 pm film thickness,
Supelco Inc., Bellefonte, PA, USA)& AR8514c o8 2
= &7] 150°CoA] 587t 4] &, 3°C/min®] £=2 A5AIA
250°Cof| Al 587 FAISHIH. RBIHZE heliumS ARES
Fal, 42 18 cm/sec, split H[S-2 1:500.2 A5t 4
£7]%& flame ionization detector (FID)E A&l oM, ¢
T HE719 22+ 247 270°C 9 250°CE A

2.6. 27/ & R[5 24
2.6.1. A& Hxz|

A& 5 g 80% ethanol 20 mLE 7}5}9] tissue grinder
(IKA, Staufen im Breisqau, Germany)2 #4335t &, Z2kA
0] €717 80% ethanol 80 mLE 27/}59ich Sapag L o
F8Z710] A4 F, 80°C $E4300A ATt B TR 5
T 650 xgollA] 3087t AR &, A5AS olsiylth o]
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AL B MA] ZF5Z7](rotary evaporator, CCA 1110, Eyela
Co., Tokyo, Japan)Z 0]-&35}o] ethanolS 2A3] A AS}ko] oF
| mLE 53390t 520 ZE42 0§ 10 mLE 3§
st #, o] ¥ 3 mLE 0.45 pm membrane filter2 o F}sto] &
9 Rl B4R ARE A8,

A

N
J0

6.2. L2t M
L 242 Yy A|AHE(Shimadzu Co., Kyoto, Japan)
2 olgslo] @ A% 7|8k post-column SEAS} WO
28519tkShin S, 2015). B4 #u]: LC-20AD HI,
SIL-20AC R EXMZ8, CTO-20AC ZY 2, RF-10Ax] 33
7Z7](Excitation 320 nm, Emission 430 nm), CBR-6A &
7], CBM-20A AEEd 9 LC Workstation AZE o]z
A=t B2 o2 w3 ZY Shim-pack ISA-07 (4.0x250
mm)Z} ISA-guard (4.0x50 mm)E A28}t o]FAto 2
potassium borate buffer (A €9: pH 8, B 89%: pH 9)& A&
311l gradient WAoo 2 Z-83}9ich

o549 442 0.6 mL/min, post-column ¥H3 A2F9] &
£2 0.5 mL/min® 2 AA3}¥on, A|Z= 10 L FY3IH
o} FEAISE HR8-2 1% arginine} 3% boric acidE E39H
TBANG ¥ AJ9FO R AREDLIL, CBR-6A HH7] WojlA
150°Col| 4] =e45t9ict. S BEEAL ol 20 {55}
o] 0,520 pgml. W2 ARG LHago0], 1 WAL
7€ 2 AY EAsH

HI

2.6.3. R4 24

F7AE BAL 2 25 9 ol S AR ARE F714E
B4 A|AH|(Shimadzu Co., Kyoto, Japan)S ©]-83}0] post-
column G-EA|5} B2 0 &2 43519 th(Shin &, 2015). H-4
A|AEL LC-20AD HI, SIL-20AC 2E AE=8, CTO-20AC
AY QB AT 7HZE7](CDD-10A), CBM-20A AEEH ¥
LC Workstation® 2 FAEQIct E+= o|l2wd A9
Shim-pack SPR-102H (7.8x250 mm)Z 27} & AZAste] A}
2o, AA APOSZ SPR-H guard column (7.8%50
mm)g 8313}t o] 50 ZE 4 mM p-toluenesulfonic
acidE AFESI9 o, 942 0.8 mL/min, Al FYHFL 10
uLE dAsteich

Post-column S-EA|3} B0 16 mM Bis-Tris 8N 4
mM p-toluenesulfonic acid2} 100 uM EDTAES E35F HES A
Ok ARSI AEL HAET HZE7|(conductivity detector,
CDD)E ©o]-&sto] 5k, & &4 ARk 3020l &
714 #EEE2 "ol &dfste] 0.1-30 pg/mL FE=
g5t o, B3 HAS 7Eo® FIoth
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2.7. O0/4g 24

A o 0.5 62 Fosio] Bal 8710] YL, 65% A 7
mLE 7 5 W8 A AR, 2 mLe] TAiskeAS
B} 7, 2ol AAoIA walekch. o) 7 ALdN Wzist
5 2R%2 H4st] 15 A4S AASYLL. 1% LA 0|8
sto] 2% 7 10 mLs S| §8sto] nu B4 4
&5kl

A4 A fFedEetznt AgEA7|(ICP-MS, NexION
300, Perkin Elmer Co., Waltham, MA, USA)Z 1435}t

2.8 M3 B8 24
2.8.1. DPPH 2iC|& &A7s

DPPH (2,2-diphenyl-1-picrylhydrazyl) =tjZd AAS2
Brand-Williams 5-(1995)2] B'Hoj 7| x5}o] EA5}3T. 0.1
mM DPPH &5 100% g0l =21 &, oF 2704 30&
7+ gSIA A H-g-g o7 ARSI Alg &9 100 puL
e} DPPH &9 900 uLE E3tsto] A2 oA 3027 ¥H&
AZ1 ), ABE A #sto] disf 517 nmoflA F3=E S5t
At FAEE HHES 5Y 22 AFsto] ARESIGIC
o, 49 A5 S Trolox BEEEE 2HJs A4S
71810 2 pumol Trolox equivalents® ¥HAtsto] HA|SITH

2.8.2. ABTS 2tL|E AHS

ABTS [2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)]
ehlg 275-L Re 5(1999)0) Y< wio R 9% 4%
o AL39ct 7 mM ABTS 893} 245 mM potassium
persulfateS 5T F1] HEE SR F AAIA 16417
¥HAI7] ABTS 2tizg JAsiglt. 44E Bz gole
Wt AS-EHPH 7422 SAste] 27] FHE Fol 0.70+
0.0200] H=5 2Eet & ARRSIIH A& 59 100 uLo}
ABTS" §9 900 uLE &3toto] 687 A-LoA kg7l
Z, 734 nmo A SFEE S0 A= Trolox BEE
AZRE ZAAS AFAS 7|2 CF umol Trolox equivalents
2 Bastel A,

2.8.3. FRAP (ferric reducing antioxidant power)
FRAP 3912 242 Benzie@} Strain (1996)9] HH-S 7|6t
07 35t} 4] §-3-98-L2 300 mM acetate buffer (pH
3.6), 10 mM TPTZ (Tri-pyridyl-s -triazine) in 40 mM HCI,
20 mM FeCl; - 6H,0 €92 10:1:1 H]&Z Z3l5}o] FH|5}
Atk AR FE9 100 pLet FRAP ¥R-H 900 uLE Z3}o}od
37°Col A 3027 HFSAIT] &, A FEA MES] FFT
£ 593 nmof|A] S5t S84 Trolox HEEHES ARERE
AHeFAof W} umol Trolox equivalents® 3HAISI] FASFLE.

https://www.ekosfop.or.kr

2.9. 84 X2l

= AY A== SPSS A AZEof(Version 29.0,
SPSS Inc., Chicago, IL, USA)E o|-&3}o] B4t 24 4
T BEREEAE YEglon, BE 42 33 v
ot AFstAaL, Alm P Aole LYRAHEA (one-way
ANOVA)C 2 AATIYct o]& p<0.05 4594 Duncan’s
multiple range testS ©]-83}o] F-244S AASIHE

3. Zit A 1H

3.1, LO(ZE, Atg), X)) 2ol HtYE

A, AL 2E A £ I EE A% 4 BE
AEE g ol 9% WeE YEFg om(Table 1), o] A
AT B4 A SHoA BEAG £E0 R wEn &
5] X 7 Bgo] 552 926%E, AYE TL A Ao
A AAE FE 7124 9% vkt fAFSH TH(Karovicova
5, 2015). 20iA e 2w AHo] 8.74%% 7P &k,
284 5.83%, AAE 2.68% 02 Vet IE A9
8% 49H X HG ARIAE T Sl 8.6-10.8%=
BHaug v qlo] B A+ At Aok th(Karovidova 5,
2015). Bt ZHEa AP AL AF o s g ghego] W
2 EAS H

ZAHE ZE FAA 5.73%E 7MY =%, AEEE
1.57%, AFHAE 0.92% &0 & Yyt 72449 4 7]
& AN 9.74% 2] A Fhgo] B HE oK (Ani
9} Abel, 2018), ojH} F2 A= FF, AX 27, AlEY
AF - 4l o7 Foll wet o7t IS 4= Q= AoE Hel
o} 3l o2 2k Aol 11.37%=E 7HY =11, AEgd2
8.40%, AFE AL 3.44%E FI3t Ao|E Bt 2k AE
< U|E o] 2 A& dEA qlon, AEHE A
Citrus & TI]oflA] 3]E0] 2.5% HQIE HIEoL), & A+
M= Brd w2 0] RISt Ani®t Abel, 2018).

ke Fhg2 AR o] 83.62%E 7MY =9k, E A
2L 74.67%, T AAL 64.93%E YENTE o= AlabAd
o] 4jF o= Alojdf 99 FA: Tt ¥ tdF)ol =
2 $E0 8 EATE AARRITE AAR Al A2 dRHE
Ao A= BedlE o] 71.0£2.30%E E11E|glom, o]
A9 At AaEt WARL peel GYU AR =
o B4 HRltK(Saced 5, 2023). E3F, AEAEY
& W Citrus maxima Merr. peel extract®] Et315 3=F
2 71.57+0.83%% B 1% O H(Ani9t Abel, 2018), & A
o] A=EAA(T7.67%)ETt Tha Wol, £, A% WAL Alm A
A 27 5o e Hol7t 24T £ Y-S AARTH

FEA4E, 2k A4, A Y S0l R A TS 24
s A}, EAAT 25 BAL Z47F 5145 g/100 g, 52.37

lo

T rfo

flo rlr Ae
‘

H

ol

A
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Table 1. Proximate composition of citrus, apple, and grape peel powders

Citrus Apple Grape F-value
Moisture (%) 9.57+0.47"2 9.37+0.45° 9.26+0.47° 443,70
Crude protein (%) 5.83+0.15° 2.68+0.06° 8.74+0.40" 776.36™"
Crude fat (%) 1.57+0.06° 0.92+0.06° 5.73£0.23 1283.32™"
Ash (%) 8.40+0.40° 3.44+0.15° 11.37+0.46° 888.82""
Carbohydrate (%)* 74.67+3.75° 83.6243.51° 64.93£2.74° 524.09"™
Dietary fiber (/100 g) 51.4542.53" 20.57+1.26° 52.37+1.95° 358.59™"

DAIl values are mean+SD (n=3).

YMeans with different superscript letters (*°) in the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

™" p<0.001

“Carbohydrate content (%) was calculated by difference: 100 - (moisture % + crude protein % + crude fat % + ash %).

g/100 g0 & e =2 $FZ Hlow, APEEL 20.57
g/100 g0 = AJrjxo= 32 gs yehfith. 2= #H9 4
2, AE T A4 (red grape skin) S &% E+= E T H(grape
pomace) 7|5t AN AT FA 0|77} 50% o HilE Hf
Qlom, B o] A} JARE 2&o]tk(Covaliov 5, 2024).
S, AEAEL citrusT B3 FAE 55 w2 AoldF
& T YERleH, ol 7|& F3oA AR Ax HEH
o] Z240] 4G FEKHCF 57%) T FABHAY o He S
|tH(Nunez-Gomez 5, 2024). GHtd o7 =45 ZAZL ¥
d, SMAEERA, MEEQA 507 4H E84 Aol
ot 4R 84 AloldR7t £l EAstH, ol Al¥t -
A Aol B A=A B8 7Fsde AlARIH

oj¢t Zo] AEAAI} X AHL =2 Ao]dF TS
gog tiAa A%, & A% MA, 89 WS 43} 5 of= e
A 7152 T8 5 e 7T AEAAE BrbE . 59,
AR Ak, a8 adof figt A, AW nldEl] %t &
BE B0 AEE SRS Qled ME Y, AS £
4, 8% ZH2HE 9 EY A0 7]ojehs Aoz HiE 9]
CHBulsiewicz, 2023). BHH, ARPAE 2 Alo]d-f gFgo] A
4o o oA, A5 AR Fo] FHslol(Leontowics
S 2003) A} Aoht Fu] Fof FAo] Az HIT de
7F Slch

[©)

T,

(]

i

>

ogk

3.2. OHIi=pt X4

A2, A EE 44 Be] PHoklinA A% A
(Table 2), Al A2 R ofATZEA, SFEHL F4, Zeh,
nE, B3, Folil 59| o] L Holglont, i
247} FPFYOIL F3T AolE BYTh Folulit e
T 7ZAo] 8,811.03+199.19 mg/100 gO.2 7F4 &=9ton], 7
277(5,701.53+135.12 mg/100 g), AFTHAR(2,743.77483.44
mg/100g) 0.2 3o 2Ql Zol& elirk(p<0.05). E= 7

108

Ao] 34 SFFAH1,741.07 mg), F41(676.43 mg), L=
(474.10 mg), 27]41(696.43 mg) 59| o] &2 Zlo] EAC
2 2T 7449 A9 Zofu|iAto] 8811.03£199.19 mg/100 g
o2 7P #toH, 59 SFF4E ®AlL 294, &, of
2714 59 Hl&o] FHItH(Table 2). ol Z=HK(grape
pomace)?] ofH|lcAt T2uRQ] HA oA of AT EAL SFE
Abdl of27|do] 7P 8 ofn| Al AEE T AT At
o Aot sfig JEE2 A H AR Ve B
o] Q= Aog HIET ti(HanuSovsky 5, 2023)

TR H M= ofATFE EAK(1,099.57+32.41 mg/100 g), 2
FEAH(631.47+15.85 mg/100 g), F41(398.23+9.81 mg/100 g),
&2hd(333.1748.85 mg/100 g), TE, FeJ4l So| FQ o}l
Ao 2 B E QitH(Table 2). ©]&= thF3t citrus peel A]&|
A ZEF, ofATEEAL dehd, A, ofAntEtl, of27d
5ol 7Hg BRet Fa HEog Wid 7|E 24 Ao o
A RIHWu 5, 2023). o]2|3t ofu|icAt 2L HaF 5179
Atnlel Fu) g 710 & ohe}, ZEHT} of27]d2 1
FHg S M £X 5 shdE 2 A HEols A
Fo|& & 73 AU AAREHKoochi &, 2023).

AR ELE AAA o g opw| At ghro] 7HE HWton, o]
= YAz AAY] lE Fert iAo By 5%
oA YR ofmjicito] FHAEAY EAEINS TFeAE
Atte HogE HA¥E 4 Qirh £ Ao ofANEEA
(894.87+21.40 mg/100 g), ZFE4K(359.83+11.37 mg/100 g),
2A(133.77£2.63 mg/100 g)o] FQ ofmiato g et
g, o= ZForyotoll A AuliE 107] ARt FE9] peel Al&of
A ARE ofATIE EAto] 9F 370.78+18.54 pg/g dw(SF 37
mg/100g dw) $+F0 2 T2 FojHT WA 2Asta, M4 4
H 9 opn|icAl dhfo] Tgolu A HdET Wolth= Hil
9} FASFTH(Bradiuliene 5, 2025).

Yool Al F FAlL U, ofo]ARAl 59 S 2k
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Table 2. Amino acid composition of citrus, apple, and grape peel powders (unit: mg/100 g)

Amino acids Citrus Apple Grape F-value
Aspartic 1,099.57+32.41 "2 894.87+21.40° 833.77+16.06° 1,597.11"
Threonine 231.03+5.17° 82.80+1.66° 393.93+8.35" 3,635.77""
Serine 318.13£7.19° 105.57+2.25° 470.37+5.96* 5,795.46""
Glutamic 631.47+15.85° 359.83+11.37° 1,741.07+41.60" 3,208.21°"
Proline 551.13+15.33" 385.97+7.74° 459.60+13.13° 1,508.23""
Glycine 297.00+6.20 107.20+2.65° 696.43+18.48" 2,914.89™
Alanine 333.17+8.85 102.7042.85° 474.10+10.50° 2,833.15"
Cystine 36.00+0.78° 19.47+0.40° 83.3742.10° 2,935.43""
Valine 288.23+6.01° 105.23+2.48° 509.63+16.09° 1,992.38""
Methionine 43.93+1.42° 24.33+0.55° 100.77+2.30° 2,912.16™
Isoleucine 230.40+4.88° 84.90+2.08° 423.13+12.79* 2,149.76™
Leucine 398.23+9.81° 133.77£2.63° 676.43+17.39° 2,651.23™
Tyrosine 188.43+4.28° 36.27+1.00° 236.37+4.92" 3,630.57""
Phenylalanine 275.37+5.43° 79.97+1.80° 425.47+11.91° 2,539.23"
Histidine 197.60+4.52° 34.50+0.98° 305.47+7.46° 3,178.98™"
Lysine 306.27+8.14° 91.80+2.08° 432.53+13.65" 1,819.00""
Arginine 275.57+5.98° 94.60+2.25° 548.60+11.78° 3,893.58""
Total? 5,701.53+135.12° 2,743.77+83.44° 8,811.03+£199.19* 2,664.17"

YAll values are mean+SD (n=3).

YMeans within a row with different superscript letters (*°) are significantly different (p<0.05) according to Duncan’s multiple range test.

JykaE

p<0.001

“Total amino acid content is calculated as the sum of all quantified amino acids (mg/100 g sample).

AAo|A z+zb 676.43 mg, 509.63 mg, 423.13 mg/100 gO.&
7P =900, AEAAE v 22 £330tk Table 2). ©]
#A] o] leAHBCAAs) 55| F4lo] mTORCI 415 A
g/33sloto] 22T gl S AFH R FXlol=
T8 fE 4= 2830 AAE JA2 TE F4opu| Al
Hot 28 ol S o Ao fEod, &5 F ©id
PES FAH 57171 A2 HIESIth(Zhao 5,
2021). o]F ZJRF BCAAsE wlloA 253 AR HY
oh ot 9 715& FA Zlofgte 23E EiEc
(Ebrahimi-Mousavi -, 2022). £3] o}27|d-2 Z ZZofA]
548.60 mgl &2 7 =9ton, A=A L 27557 mg, AFHA
H2 94.60mgC & FRIFQIT}. of27|d2 7 A, HY =
4, 3% 228 1 5 AYBol w2 o Ate & 754
AE 9 E5GFA] o ARt AJEo|thAl-Farsi€} Lee, 2008).

o i

3.3 A8 X4
g, AL 2x A BT Al 24S 4% A3t
(Table 3), Zt ARE ZSALAKSFA), GUELSFA A

https://www.ekosfop.or.kr

(MUFA), 572 S HAHPUFA) Q] Hl&of A F-319t Aol5
UEI T Table 3). WA, FESAAE 2 AE4H0]
24.07 £0.51%, AFAA 23.70+£0.53%, T 743 23.40+0.52%
2 JARSE 2&0]9]tt. o] & palmitic acid (C16:0)= A A|&
TR 7MY & vl ISR 8 HEEQlon, 3
AR (19.3740.38%)0] ZHEH(18.4740.23%) T EE(16.10+
0.35%) 2t} SO5HA =7 LEFETH(p<0.05). Palmitic acide=
2B A E Al o] A9l AAEe ®, Aol A
WAl 29 4 84 F SR dEA Utk(Saini®t Keum,
2018).

SAEXSIAPAHMUFA) 2 7H27 2 (28.37+0.67%)
o] M =911, AAA(27.0040.72%), ZE AH(26.47+
0.49%) <«=0|3itt. 58 MUFAZ = oleic acid (C18:1n9)7} A
v ook Flom, TEAAY H§- 27.3320.87%E E9] H]
&0 =Y} Oleic acid= A3 17 4 9 Y5 28]
2 A Jlom, et Hulet FAOlAE =8 MUFAR
golE u} Jtk(Martin 5, 2020).

72 2SR RAHPUFA) % linoleic acid (C18:2n6)+~= ZA|

109



Nutritional and antioxidant properties of fruit peel powders

Table 3. Fatty acid composition of citrus, apple, and grape peel powders (unit: %)

Fatty acid Citrus Apple Grape F-value
Capric acid (C10:0) 0.100.00°V? 0.10+0.00° 0.23+0.06° 33,00
Lauric acid (C12:0) 0.30+0.00° 0.20+0.00° 0.50+0.00° 48.69™"
Myristic acid (C14:0) 0.53+0.06" 0.10+£0.00° 0.40+0.00° 225.00""
Pentadecanoic acid (C15:0) 0.20+0.00° 0.13+0.06° 0.30+0.00° 57.00""
Palmitic acid (C16:0) 18.47£0.23° 19.37+0.38° 16.10+0.35° 3,133.83™
Heptadecanoic acid (C17:0) ND? 0.20+0.00° 0.50+0.00 ND
Stearic acid (C18:0) 3.60+0.10° 2.73+0.06° 4.13+0.06" 2,430.67""
Arachidic acid (C20:0) 0.83+0.06° 0.10+0.00° 1.27+0.06" 659.33""
Behenic acid (C22:0) ND 0.33+0.06" 0.60+0.00° 304.00""
Lignoceric acid (C24:0) ND 0.20+0.00° 0.43+0.06° 153.00™"
Saturated” 24.07+0.51* 23.70+0.53° 23.40+0.52° 2,076.79™"
Miyristoleic acid (C14:1) 0.23+0.06° 0.60£0.00° 0.43+0.06° 120.67""
Palmitoleic acid (C16:1) 0.80+0.00° 1.40+0.00° 1.27+0.06° 1,440.00™
Oleic acid (C18:1n9) 27.33+£0.87" 25.03+0.49" 21.00+0.53¢ 1,458.38™"
Eicosenoic acid (C20:1) ND ND 0.20+0.00 ND
Monounsaturated 28.37+0.67° 27.000.72° 26.47+0.49" 1,856.28"""
Linoleic acid (C18:2n6) 40.00+0.95° 45.63+1.15° 47.93+1.05° 1,822.17™
y-Linolenic acid (C18:3n6) ND 0.10+0.00° 0.33+0.06° 1,815.37""
Linolenic acid (C18:3n3) 7.57£0.21° 3.90+0.10° 4.20+0.10° 89.00™"
Polyunsaturated 47.57+1.29° 49.23+1.07° 53.27+1.21° 1,774.09™

DAIl values are meantSD (n=3).

Means with different superscript letters (*%) within a row are significantly different at p<0.05 according to Duncan’s multiple range test.

J)rek

p<0.001.
YND, not detected.

Saturated, monounsaturated, and unsaturated fatty acid contents are calculated as the sum of individual identified fatty acids in each category.

PUFAQ] A4 BES FAdstH, 2% ZAAofA 47.93+1.05%=2

7P wol AEEt AREEE 45.63+1.15%, HEAE2
40.00£0.95%% YEFFTHp<0.05). Linoleic acide 2H 716 A
o] Ao g, A2 {54 FA, EF ¥ 24, 9
o|AolE HFARY T 5 AR X0 el
9G5S +Y3tcH(Innes?} Calder, 2018; Martin 5, 2020). 3]
E7AAL o-linolenic acid (C18:3n3) T&F0] 7.57+0.21%=,
BaE A AE F P O 222 Helt olefa 24 o
ot 4R B 0ol Quk3 AA] Hos F
FoHA| EARIGHE AS #4 23t IAsH, ol= A4

ol of,

o #a o[N

g @k, G 7% A A $54 28 5 39
AgH B35 283 #Ho] o0, PUFA Y 2713 Hl&S

T A=A AR Vsl dxE & 3

o
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(Innes?} Calder, 2018).

ZT R SR A Total PUFA) TR % 7Zlo] 5327+
121%2 7P =911, A 2(49.23+1.07%), 2732 47.57+
129%) <02 SOt Ik ZAAL S| 5 EX1K]
HEAF H|-g0] =11, linoleic acid @ arachidic acid $HFo] At
qoz Saslol, S A P A ABLAZA B8 7}
A7v =& 208 wdHth ARHoR, X FHL FEXI
A HPAE Hl&o] 7Fg =11, linoleic acid F412] R/Jo] EE
AR 9 7154 AEAARAY A7 A AEEES
oleic acid ¥ o-linolenic acid7} 78 UA &A5Fo] A& A
23 F9D 71ss 71 & o, AEE-L palmitic acid
9} linoleic acid £A4]9] ZAO 2 Alo] Auf ZF4Yoz &g

7Fe3ttt.
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3.4. F2[8 e

HodEE, AL 259 {8 T
Table 49} Zt}.

208 RS Al E0] 43.00+1.06 g/100 g 0.2 717 =
orom, 7FEZAAL 15.03+0.33¢/100g, E& AL 13.57+
0.37 ¢/100 g& 5] 5HA FIth(p<0.05). o] 2{3t A4 A9
E2 T A apple peel extract?} HARSE FELE
oA @9 24 9 A fAd] FH2Q0 aFE Yeptke
B9l AX|StH(Popiolek-Kalisz 5, 2023). £3] AlZ42
9] FH(fructose) FrFL 26.17+0.64 g/100g, TE ZHAL
8.63+0.25 ¢/100 g, AL 7.53+0.15¢/100 g0 &2, F}}o]

2 gREG 953 Uoith dubEel At E5oM T g
o] 7Fg w2 ARFLo=E Uepdth= A A3t Aoy, o]
+ & A7 239 484 Utk Miuta 5, 2016).

E% BEL A (sucrose)o] AL HEEA| g9k, It
T (glucose, 4.63+0.12 g/100 g)o] 8 TFEgrt ol
E T H(peel) = pomace]| A AFFL invertaseo] 2J3] T
I ZrFo s e BofjErts gutAel AE W o A
43 A3tHMa 5, 2020). EA AN AL F(fructose)
3 Zrd(glucose)o] F2 FEFOR X519, o=
citrus peel 5-7-9] AAIgE Tkt Ala]o] #3-& F4dsto] FH|
E 2-Asle 9 JRo=z 28T 4 9ot AAR orange

peelo|U grapefruit peelo| A+ glucose, fructose, sucrose 5-°]

|\
[

% A

r

T3 784 FOE /=M, 59 sucrose o] FHH S
2 23 glucose®} fructose?] H|-&0] &2 7ol Qti= Kl
7} 9th(Rivas 5, 2020).

1 9] AZH]Q A(cellobiose), THr @ A(mannose), 4T EQ
A (galactose), Z]|EA(ribose) 52 LF A|ROA w|F =
(trace) 2217t AEEHU T, TEA(lactose)= o] A|RAZ
HEHA Godh ol ol FRE0| FE AE Alxd 14
O 7k FAER EA5HAY, A dHoAs =
o EAste F2F U= AARTH(Willats 5, 2001). AR}
A2 e 240] FHot] S0 A R ] B AAE
&8 7FsAo] w1 A 2 FEL2 AT 71548 ==Y
A 5 B 248 AF9 22 & 7FsAdol Atk 535 &
FAEL A|eF @5te] 43 Algoke Ar 2 30 24
A2 FHEW, citrus peel powder= A2} AlFA 7| et
FulE FAlOl A7 d -8 HE Ath(Popiolek-Kalisz
2} Glibowski, 2023).

3.5. R/ =&

w2, A, 2= AE E99 {714 g 4] A3K(Table
5), TH714F T2 AP A4 975.90+19.14 mg/100 g©
2 7P wtoH, ZE7AAL 876.17+421.54mg/100g, L
AAL 468.17£12.04 mg/100 g &0 & UERGTHp<0.05). Z+
AEEE SHAU F714F 240] #EESGIoH, olHgt {7

Table 4. Free sugar composition of citrus, apple, and grape peel powders (unit: g/100 g)

Free sugar Citrus Apple Grape F-value
Sucrose 0.50£0.00°"? 0.53+0.06" Trace® 321.00""
Cellobiose Trace” Trace ND” ND
Maltose Trace 3.10+0.10 Trace 2,883.00™"
Lactose ND ND ND ND
Rhamnose Trace Trace Trace ND
Ribose Trace 0.10+0.00 Trace ND
Mannose Trace Trace Trace ND
Fructose 7.53+0.15¢ 26.17+0.64* 8.63+0.25° 3,003.69""
Galactose Trace 0.10+0.00 Trace ND

Xylose 0.10£0.00 0.20+0.00 0.30+0.00 ND
Glucose 6.90+0.17° 12.80+0.26° 4.63+0.12° 2,996.12""
Total® 15.03+0.33" 43.00+1.06 13.5740.37° 2,433.12™

DAll values are meantSD (n=3).

YMeans within different superscript letters (“°) in the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

™ p<0.001

YTrace, detected at levels less than 0.01 g/100 g.

9ND, not detected.

9Total sugar content was calculated as the sum of all quantified sugars.
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Table 5. Organic acid composition of citrus, apple, and grape peel powders (unit: mg/100 g)

Organic acids Citrus Apple Grape F-value
Oxalic 49.83+1.10*D? ND? 12.43+0.31° 5,147.55"
Citric 508.20+11.48" 34.93+0.76¢ ND 5,608.35™"
Tartaric 42.00+1.05° 0.73+0.06° 45.97+1.11° 3,270.56™"
Malic 217.53+6.04° 875.87+17.61° 125.83+3.59° 5,104.07"
Succinic 8.27+0.15° 1.3740.06° 31.10£0.87° 3,206.60""
Lactic 19.47+0.51° ND 37.73+0.81° 4,250.92""
Formic ND ND ND ND

Acetic 21.37+0.45° 62.97+1.50° 80.50+2.52° 1,860.01"
Adipic 9.47+0.32° ND 134.57+3.10° 5,356.33""
Propionic ND ND ND ND

Total® 876.17+21.54° 975.90+19.14° 468.17+12.04° 2,433.72"

DAIl values are mean+SD (n=3).

YMeans within different superscript letters (“°) in the same row are significantly different at p<0.05 using Duncan’s multiple range test.

IND, not detected.
™p<0.001.

ITotal organic acid content was calculated as the sum of individually quantified acids.

AR 1] B4 Qo= AL BEY Y ARE 5 7154
aNE AUy AEAE A= A4H508.20+11.48 mg/100 g)
7} 7V =L e AAsFE oM, AM4K217.53+6.04 mg),
222K49.83+1.10 mg), 24K19.47+0.51 mg), ZAH21.37+0.45
mg)°] FHE o]t} o] et RAJL citrus peelS AT OE S
71& AFolAE LA Apbito] SA|SHA EA s 4L
SHEME FH4E T HEE TR Bt YA gh(Rivas 5,
2020; Bar-Ya’akov &, 2019).

AEEL 714 2 AT A, T4 S
975.90+19.14 mg/100 g0 & 7FE712(876.17+21.54 mg/100 g)
I % 7A2(468.17+12.04 mg/100 g)Et} S5t =4 Y
EFATHp<0.05). 1 5 Atahito] 875.87+17.61 mg/100 gO. &
A 7714F9] 90% o2 XAl o™, of= Alte] 9 At
o] R0 2M0) Ahite] ZE AEUS & 4 ek, ATHES
AAH o & EAok= |74 F IR, 50| AR, AHF, At
SollA At o) S-S s, A HollA Algte] Bk, pH
Z4, 4Y°|E 45 92 A% A= 2 &0k Al
4ol mahe AR Thest F0] 24 ojQlok, o FH]
4, 2% ol 4YolAd, YR ZE, 5 F & 7|5 5
o 214 a-50] Hiwo] QUrkSharma 5, 2016). E3H, ARt
9 §714F 2L £, A 1k, ek 9 A¥E70)| o
gt 2A gebd 4 Qlvk 535 RolA AuiE A At 5
< 243t Oszmianski 51(2020)9] Aol A =, ARbito] S5
714ke] i REE AHA|oh, dF EFolA= AL 9 AL
o] njgo g FHtE= P Btk olgt Z2 AF2 £ ¢

112

To AHAE A=A E FAFSHA EHR1E Y th(Oszmianski
5, 2020). ZAE AFAZA 62.97£1.50 mg/100 g2 H
EE e, ol 2R B 28 e AP AR0A BAEE
o|z} 8714k 7FsAJo] Qltl. 3] apple cider production©]
A &3] AEEe FLA4 |74 F SR, Fv ¢ 4 24
of 714 & Ut WM, AP A= 4L, SEME AAL
o}t ZAk(adipic acid) 50| ZHaolu 2k A& Hs| A2 A
SEA] gAY A& olstyler, ol= Ao §714F 24
o] £ Ato] wj¢- HFE o] U= AARITE ESE {714
At ofygt vHlE& 94| 7154 &4 I Al Sa5HA
e Eojof girh. Apbit A9 RS 7t Abn|H T} gkt
AlBES FEstH, o]= 7RHAIES] ATt 2Foy S5/ A
o] WP A0 Qlo] {25k EAJo|tt

ET ZAAofA lE FQ 74K ofr] ILAk(134.57+3.10
mg/100 g), 2AK80.50+2.52 mg/100 g), AF}AH(125.83+3.59
mg/100 g), T-AK45.97+1.11 mg/100 g) 50|31t} £3] adipic
acid®} AR o2 7 Ao Bt =2 FF0E AEE
om, o]z X AHo| 41 A E= A HE BHZ A
AHA THRE f714k0] A E7] fiEl AL=E H]loh At
Abh AR LR FHUof|A] A A4 A% F pH MY
/g0l Tofsh= thEA Q] AFO =, wineX} grape juice?] #4 4
o] A2 Q] P v]A & AEo|K(Tikhonova &, 2021).
Tikhonova 5(2021)9] @0 w2w, tjFst 48 £59
grape pomace°| A= FAA] F£Q {IAICE AEEH, 1
Qo= ARTRAE, 2AF, SHEMAE, AL So] FFER Aol H]

o
-
n |
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&2 ZAa9l}. ol2gh §714ke] kgt B Aol
Aol st 59, F0) P4, 188 Al 5 7154

o Y Zth. B, F714 polyphenolst 45 4§
AZ Y pH % ZA, M AAS) d AL & o= )5S s

_94 O_l..

E _?L J[m l-t:l

ofd, A ff AF BEA), U8 88 A 284, 7154
A7 AR 8§ 7Hs/dol AAEIL QK Tikhonova <5,
2021).

2r AAL GEOZ L thoRdl &
At AT E5} Z-8(co-fermentation)S F5f F1|<} 7]3
AE e F3ie 4= ok Wang 52025y Al @ 2%
pomaceS E35to] HAAAL W), Tt FE M4 LA
AL ARt AR @] 282 AlEstol HS HaAEe] &
A3t oYL SFAAZITk T B stk oA Y AZ 7)ut vt
oleAa o] Bt &8 7|E ©d HY 7|5t 240 H]sh &
71 AU EYT AAA EA4S W 4 0lo, Ea 2R, A

ai A FAAE 5 TP 7HAECIAM ] 28 7R}

9 &t

71 FRska A

3.6. O/Ljjg =&

g, AL 2x A 2R oug 2A4E vlug A3t
(Table 6), S0|U[H SHFS 7272 0] 138.48+3.16 mg/100 g,
Z% 744o] 138.03+2.00mg/100 g, AtZHEEo] 83.80+1.84
mg/100gO & Uehtow, Zha Xe= §94 zo] glo] &
2 0l A= ATA 0 E WoktH(p<0.05). ZE(K) T
o 1r 740l 114.29+1.45 mg/100 g0 2 7F &=9k3, 7+
=(85.19 mg), AHK(72.51 mg) =03t ZF2 AU HEE-

2% B 283 99 22, S 79 §4 50 8579 v
HIZE, B9l E5 A0S 12% AF2ARA0 28 7K

o] £t} ol 2k AHo| o}l AR F He= X}C’q‘jo‘oﬂl:-_ =
7542 28 vjdgo] Fyo AEGE B9t A}
(Ribereau-Gayon -5, 2006). Z(Ca)S] 733 727470 41.82+
0.93 mg/100 g0.2 714 =9k, E& 7A4(9.78 mg), ATAA
(421 mg) FriFo s 32 kS Bt T = o
g, Ao, EEro|Eet M L A 5ol ¥2 A
o= UdA glom, o|x Qlsf AFY 7154 FEA HA
s A E 382 4 Urk(Sharma 5, 2016).

o IdlE Mgy E= A4 11.79+0.28 mg, ZH=ofAl
7.92mg, AtEtof|A 3.63 mg_(li BAz]9] th o] 9] T
Aol 7MY & S HEth miadle ATP AL Al
BAY, 45 7, ‘?I‘?Eé‘ 4 5ol #olste 24 mvlEE,
AETA, 244 4 19715 Aol Sa5tH, 1715748 A&
a4 N Al 2Rk AdEolth(Volpe, 2013). H(Fe) 5 X
= 740] 1.4040.03 mg/100 0.8 7F4 =qtom, 7HE7} A}
= 212 0.28, 0.24mg 50|t T ZAZ-LS red grape
35004 SEAOMD 9 ETHE FERE ofyt &, ofd,
vl 5 R nuEE FESHE §40] Jlof, A& EE
2 A4 iZHE«] 7Fs/30] Itk (Maier 5, 2009; Llobera®}
Canellas, 2007). OFA(Zn)e % 7@%1 0] 0.09+0.01 mg/100 3
Az} 8 220 Lo] 27 0.04mg SEO2 Uehide, ofele
He) 28, AE A, A 84 2 U TAY nxel
A2 2ol B vleeisols, B3] ofglo] 4, 24 o]
o, W% 58 53 v Sl A 9= 9 78 AEaAE F

Table 6. Mineral composition of citrus, apple, and grape peel powders (unit: mg/100 g)

Minerals Citrus Apple Grape F-value
Na 3.04+0.09""? 3.17+0.08" 0.3520.01° 2.847
Ca 41.82+0.93° 4.2140.09¢ 9.78+0.21° 7207
K 85.19+1.93° 72.51+1.56° 114.29+1 .45 191.58™
Mg 7.92+0.20° 3.63+0.12° 11.79+0.28° 89.72""
Cu 0.02:£0.00° Trace” 0.20+0.01° 333"
Mn 0.17+£0.01° ND” 0.13£0.01° 133.63™
Fe 0.28+0.01° 0.24+0.01° 1.40+0.03° 3.04"

Zn 0.04+0.00° 0.04+0.00° 0.09+0.01° 9.91™
Total® 138.48+3.16° 83.80+1.84° 138.03+2.00° 9.50"

DAll values are meantSD (n=3).

IMeans within different superscript letters (*°) in the same row are significantly different at p<0.05 using Duncan’s multiple range test.

I"p<0.01, "p<0.001.
YTrace, detected at levels less than 1 mg/100 g.
9ND, not detected.

9Total mineral content was calculated as the sum of all quantified mineral elements.
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51 Ith(King 5, 2015). EolsHA|®, AP A A= T
ZHMn)#} L2](Cu)7t 242t BIHE(ND) W S| (trace) 5
o= RAEQloH, ol AR &5, AHl EYY vvE 5k,
AEE, £ A7), B 454X T 7 34 ©E v
49] 242 A CHKalt, 2005).

TEHCoE & o, AEAEL Ca SHY vl 3t 24,
2% A4L K, Mg, Fe, Zn 5 HFet vUEZ et 59
71574 A, AL FHIU HE 7154 AR HIsE &
A2 BFL 5 Sk webA mvlE 754 BAekarat of
£ 540 w2t A4 F7E 2 F&ote HFo] fasi

¢

3.7. ZF - ALY - BE ZE FEfof A 2
3.7.1. DPPH, ABTS, FRAP &4

Fig. 12 7hg, AL, 25 44 289 At €42 DPPH
2z 275, ABTS 2z 275, FRAP SHISAHE pmol
TE S9& AAIg Zloleh. BE A|R0)4 FRAP #to] DPPHS}
ABTSET} 3517 =o} 3+ (single electron transfer, SET
718h X #7} 2t AA(hydrogen atom transfer, HAT/SET
29 AREG WUHcH WSS AARTHMunteanu®}t
Apetrei, 2021; Sadeer 5, 2020). E3t U9 2E &Y=
DPPHOIA= AR} > b > I $=0]Q13l, ABTSOAl= At
77V gov ERE 57 4202 A3 723 2Ro
2 A= 2 B0kt v FRAPOIA= 23 X7}
3@, AR AR WA UETH(p<0.05). ol=
DPPH - ABTS - FRAPY] HF-3-7|2} ZJo|(X]|&/4& A_A], 2F

-
o
=3

W DPPH
ABTS
BN FRAP

& o ©
o =] o
L L

Antioxidanty activity (mmol TE/g)
n
o

Citrus Apple Grape

Kind of peel powder

Fig. 1. DPPH, ABTS, and FRAP of peel powders from citrus
(Citrus unshiu Marcov.), apple (Malus domestica), and grape
(Vitis vinifera L.). All values are mean+SD (n=3). Different
letters (*“) above the bars indicate significant differences between
means within the same antioxidant assay (p<0.05) according to
Duncan’s multiple range test.
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tZ A, AR st 74 #ulo] F8 FAst 24 A
o|& HI5l= Anlz A Eth(Munteanu@}t Apetrei, 2021;
Sadeer 5, 2020).

g AEE FRAPOIA L@} 7ol 74 A Uk 735t
AZso] - gES etk A2 o= hesperidin -
nariruting} 228 Sepie Rl Selu A SeEo] B8
5tH, 29% 9 39 Ze}E -0]S7} ABTS - DPPH - FRAP
O} 2 o] A HIth= Bt thgr AAHo| B i
o] w7 75tk (Kovacevi¢ &, 2023). 3] TohelA| 1
HojA St ol Ert Y 2 £E0E SAHY, &
A A7 2A 7]ogtthe Hol gRlEo] frh(Kovadevic
5, 2023).

Ak 7.8 DPPHE} ABTSOA 744 %71 Urehtet. At
Hojole A=ZAE A (ESEZ)° Hto|E2dEHER
g)o] IEEH AT =A EActH, HHZd &A F4 A
HOJA 93 ZAS Holtky RV EQthAsma 5, 2023;
Butkeviciute 5, 2022). & 1704 Alte] FRAPZF 4 - &
THTH S P, AR 9] FH St ER7 AR
(SET) ABHTR: 2hojz 474 A4 o Zop w8ahs
BEY LA H(Asma 5, 2023).

E% AEZ FRAPOIA 7H #=A YEREAIRE, DPPHO|A]
= didos 9A yetEt AA 2E Hul= QFEAJoR
(malvidin-3-glucoside)¥} flavonols (quercetin derivatives), ¥
- stilbenes (resveratrol)2] A2 dHA ¢low, viu] Bg
< Y A H(TEAC/FRAP)IA A UEhd 0= HilE
AtH(Chengolova 5, 2023; Zhou &, 2022).

= v

dom, xx ZAFL Xl (8.74%)T ZAM(5.73%)°] 7t
2 =00, a2 AL Ao] A EEo] 50g/100 g ]
Aog RIS oAl 2= Zk Ao F
,811.03 mg/100 gO.2 7} &okom, FAl W, FFeA
59 dgol FHoIATE AAR Al AR BF EIXSRA| AL
o] LA5t¥ L, ZHE7AZAL o-linolenic acid $=F0] 7 =k
ot 2 2404 = Alg o] FF 43.00¢/100 g2 & 7}
7 gokor, g F49 2A44E Bk §714R AE A2
ARAE THEA AL AL 25 AL adipic W AA] =
At wuE 242 2% FHo| K, Fe, Zno] FH5H L, 3
2AEL Ca o] BT A2, A, =44 2do] g4t
3} E4(DPPH, ABTS, FRAP) 9] 79 E A|Zoj|A] FRAP
%ol DPPH - ABTSE L &9k0 ™, A}yl DPPH - ABTSO|A],
a3 EE= FRAPOIA =9t AAHo= 7Ha7 42 4

(]
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oJAfet o] Eotow, AP E L ©BET {74t
235197, B AZL oJoks slekyl ghAke BAjo] 0%

A vehd 3744 31 A FE, /\ML o) BF F J e
o Shioke, ket EA4o] w2 AA0lBR oS &8
ARIHA] A& o] 753 AlARRIT 2 At9] gHA|
o8 WA 4 AIE Agstlon, g SAE 53 37t
A AETY] ofu] Sl HES FAHA Zotglth g eR
A& Boto] F2o vt FAPAY] FHE 22 A&k A
go] §aY 0= AtuHrth
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