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ABSTRACT

This study analyzed the proximate composition, amino acids, fatty acids, free sugars,
organic acids, and mineral content of strong rice flour-based morning bread made with
0, 4, 8, and 12% (based on rice flour) of apple peel powder (APP). As the amount of
APP increased, crude protein and crude fat decreased in the proximate composition
of the morning bread, while dietary fiber increased. Also, the total amino acid content
of the morning bread decreased. However, the ratio of glutamic acid and branched-chain
amino acids did not change, and sulfur-containing amino acid content decreased. Further,
the fatty acid composition showed a decrease in saturated fatty acids, and the
unsaturated/saturated fatty acid ratio increased from 1.13 to 1.21. Additionally, fructose,
glucose, and maltose increased, doubling the total sugar content. Oxalic acid and adipic
acid decreased, while malic acid and acetic acid increased. Also, sodium (Na) decreased,
potassium (K) and magnesium (Mg) increased, and the Na/K ratio improved from 3.5
to less than 2.0. Thus, it may be concluded that adding 8-12% APP to morning bread
can be beneficial to health, as it is low in fat, high in dietary fiber, and high in minerals.
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o)

AF0 2 gt AFoA triterpenoids FEI T
ok TRt Ak IS Asfistalon, 954
AP E71RIQI IP-10, SICAM, IL-23 ¥ GROe<]
S AAAAH Mueller et al. 2013). ARt
5ol ALY EAHA kot Hujo] i RE &
A= quercetin® COX E LOX9 AAS A
5}(Kim et al. 1998; Lee et al. 2010), TNF-«
£ A3}5lH(Chuang et al. 2010), nitric oxide
A4 4 nitro oxide synthase (NOS) &d& 7+
AN R Ortega et al. 2010).
St A2 o] thE IR0l H|sf| S,
EFou A go] Zom, WA7E A= o]
| 931 A Z4Tste, dH 271 e 2=
HEAQ FFE 7FAES Teed W 2
2Ao]eK(Shin 2010). &2 283ks, sy =4,
tEAJol, EetHo|E, 7}2E|ko|E, ARY,
HEH E 9 718 boket A7 9T A=
gy Aol hREle] glow, 11 eEd o
A2 1 ED, I, A e, AE A5t =49
AEHIE As) diAb 24 23, A9y A% 9 H
THo 2 HE 9] HEol A2 S A7 olF
S 7HA I UtHAbid et al. 2024).

& iﬂ]‘% FaFo] A wet & gAko]
H EojEx oS EAIE sidstr] sl 29
At o] Ymrt | AlEol ofd AEE A
T 5 ASAE FAL BS ol8S TREE Y
St7] fIRt A7t A& 02 o]FoX|1L itk

s A ER-E-3AE 2018 Earo] ofshH
191 FF wF HH=F2 20124 18.2 gollAl 2016
| 20.9 go= 15% 7FF S7F Fol& HAtt.
A A= A7A oA Tt AT SHAA
F= & HolAZT AT 4= Sl A9 Eo
WolR7] AIRGIAL, 1RV F7Het &3
o] TAELUC] WSk AHo]Ao] g A4

kg

N

A7FE o8& A% ‘3&%; Al 29
YA ERF, il
1 JcHKorea Agro—Fisheries &
Corporation 2018).

Foltx & AH[Fo] gt EAIS1Z WUete =
2 7FgEo] =L Qlar, FAH o ® AH|R}Ee]
UZ(needs) 9 AH] EEo] a2} & Ho|AF
Aol Avkst ¥slrt At et v o4l Wio g
AlgHo] #si7te A0 wet & JFvte s §
PR Hstr] fs ol 7HA] AEE
A7Vsk= HlolA 27t F7FstaL e Ryoo 2020).
o] #et A= v SYd A7 A7t

vl gd ko] £4 E4(Sim et al. 2019), &
7FEE o835 A& Ale] JYEA (Lee 2018), B
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i
ol

V9] FRE gyt Ax3 Hyo EAEA
(Chu et al. 2023), ZMAAE 5 &4 H7t

A=A HEY F8 S4(Lee et al. 2023)

olel o] F=2 &Z ol-get o] Ut A=
WA gor, I+ k3t %ég*éoﬂ ot
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B A 2510] YYARS BA5l0] 4B|AEA
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. 954y

E

o] 75.6% TREAT LA mPas U
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W), Ered 50| EAFAH.
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AR BH(100% Gyeongbuk) GofZall
A (Mungyeong, Korea) A&, ARSI
A g= AN (Moguchon, Seoul, Korea), -
(Maeil Dairies, Seoul, Korea), d8(CheilJedang,
Seoul, Korea), &F{(Haepyo, Seoul, Korea),
HE(Seoulmilk, Yangju, Korea), SIAEE =2t

o]o]AE(Saf-instant, Lesaffre, France)& A&

sttt

2. ARAE B UL 2EY MIE

AHAAED F7F A pyuke theo] o
2 A|ZSHAT. B7F(520 g), 260 g), AT
(110 g), A%90 g), 28 g), HE(70 g), °ol&
E@g)E AR&sloH, Atgd a2 AVkE
fe] 0, 4, 8, 12% =2 & 75t §=7|
(Founter, VEM10A, China)ol] 2715, A% 4
o, C|AEE Tl A, RE H7tele] 27
F 1A R 1387F shEsilnt. vk & 3
#7](Rakom. RJDNP-40-2-2, Korea) =% °F
32 €, BdiH=RH) 60% 2904 5083t 174
IR & 40 g4 Eoto] 5 FEH=E Pt
dR7]oA F71E 6081 dRsioit) o]F oF
(Softmill, DHO2-33, Korea) ¥J& 175 T, o}
FE 180 TE 1587 & & A4 FE5]
YZAA Alm= ARESHH

UrbgE 2412 AOAC(2000) HHof whf 4
FolArt. & T2 105 *ColA o =g

Azxsto] S5t} 23152 550 °C 3
S0 6ARE SJ3let & Sl 2E L
LaEA7](vario Max Cube, DKSH Co., Korea)
£ o]&sto] AR9] & i T BT & &

A 6.258 A8t AAtSIAT. 24 ¥

ARE £ A7 2o F Aoldh=
AOAC F49 991.43(2016, f4 - ZHH)S oF
2] sl SAstlth - A& 1.0 g 719)
< gA514] &3 50 mM MES €5(pH 8.0)
40 mLet 7t | tohF AR a4 A2k
ok (1) 222 P84 e-oFdetorA] 50 pl, 100 T
302 71E wHt & (2) pH 7.52 24 & T2
OFA| 50 mg, 60 CTOllA 30& WA & (3) pH 4.5
2 2A T oI ZIAToR 150 pL, 60 T
oA 307t BAIskL, ¥E42 100 mL7HA] 5
242 A8% FH, 0.5 um SEAEE(ZA HS
2)= ZF st of3 A= 95% oE= 3
3] AIH £ 105 CTollA] 5AIRF AxFE &, 525 €
ggtete] &84 AloldRE ottt A
48 F1(95% ollet2)= FAstal 60 CTollA 60
B A & 5 HAer ofysial Az - 3%}
5lo] 4284 Ao]A8-E A9} ZF ZALe] ko)
A b gEdEE e x AR wE S
P FEZ BAR G 584 Aold®, &
Hbstlorn & Aoldfes B8
43 4844 oto] Atstt Be 42 3
8] Wk ZSGT, S8 G BAstel AnE
¢/100 g AR(ADZ BASIG. B4 Ae
A5 Aol 48 EEEZ(Wheat bran TDF,
Megazyme, Ireland)& &4l £4513t.

/lé /Q'o]/k%

5. OfO|iAt A
mge Bk 05 g& AW HHs & 6 N
HCl 15 mLE 7}5t0] AL HuE o]&s) XAz
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“HjollAl ampouled] B&5HATE ©]F 110 T
A 2447 B 7RSS AFgstalon, TR
S 3 AR 45 TolA A s5sto] 25 4=
S AASHAT. 2 7ol ZrH2 A4t
UES &5-8%(pH 2.2)& °183to] 25 mL2
835193, °o]E 0.45 pm membrane filter2
ojslo] B8 AlgE ARSSIITHAOAC 994.12,
2000).

Tdotr| At B2 FFHE7|(fluorescence
detector)7} 2 g oh|ieAt E47](Shimadzu
Co., Kyoto, Japan)g& °]&st32H, OPA(o-
phthalaldehyde) F=AI3t Wol whet S35}
At EAo= Shim-pack AMINO-Na column
(6.0 x 100 mm)& ARE&SHILL, HF-EHY 75
2 0.6 mL/min, OPA A|2F9] 542 0.3 mL/min
o7 Aot BYHE2 excitation ¥ 350

nm, emission T 450 nm FANA A5yt

>

24

APAE A2 A= 5 g= FYs] et
A3}517, chloroform-methanol E3H8-9H(
v/v)& A= tiH] 1081 H7ksto] X8-S &5t
At FE=H S o F A FSHeH,
514 222 AOAC(2000) WHol wet 14%
BF3-methanol 8%-& H7}5t% methylation&
5. o] IS Sl ABEE AL HiEol
AE(fatty acid methyl esters, FAMEs)= 7}A
AZUEIHD)(GC) B4 ARESHIT.

GC £4L gas chromatograph(GC-2010,
Shimadzu Co., Kyoto, Japan)Z ©]-&3lo] 43§

slgjom, APOoFZE= SP-2560 fused silica

K

6. X[t

-lOlA
EY

Do
—_

0

[e]

capillary column(100 m x 0.25 mm i.d., 0.20
p#m film thickness, Supelco Inc., Bellefonte,
PA, USA)= ARESHth 2B 2= 27| 150

CollA 5&7F FAI’E £+, 3 T/min®] £=2 A5
AlA 250 CTollA 587t |AIsHAHE 57 A=
£ helium ARESIAY, 52 18 cm/sec,
split H[&2 1:5002 A5ttt AE7E=
flame ionization detector(FID)E Ar&SIAL
o, ALY} HEVY 2= 47 270 €T ¥
250 T= Ak

A

7. #71t H 7ElE 24

=

HI

D A= AAE

A& 5 go 80% ethanol 20 mLE 751
grinder(IKA, Germany)Z w235t & 250 mL
S E8kA30] &7]3 80% ethanol 80
mLE F7Pith Eetads SRdZ7ld) |42
S H, 80 "C E/J0llA 3AIRE 53
AAJstoltt. FE0] dmH &L 6,000 rpm(eF
650 x g4 307 dAES & A5AZ
oJ¥#|(Whatman No. 1)& °©l-&3 o5t
o B2 314 215557 |(rotary evaporator,
CCA 1110, Eyela Co., Tokyo, Japan)& o]&
sto] ethanols 43| A|Ast] oF 1 mLE &
ottt 52 SFTE o183 10 mLzE 4
835t 5, o] & 3 mLE 0.45 gm membrane
filter2 ojsto] {714k D fEd £48& A=
2 ARSI

olL= === O
47 FES

|

[e]

2) 799 4

e £4L2 Shimadzu Y 24 AJAH]
(Shimadzu Co., Kyoto, Japan)& ©|-&sto] 4=
F519cKShin et al. 2015). ¥4 Al LC-20AD
HIE, SIL-20AC 2EAIS®, CTO-20AC ZH
2 RF-10Ax] ¥ H&7](Excitation 320 nm,
Emission 430 nm), CBR-6A §37], CBM-20A

AEE# 9 LC Workstation 2ZEo]j& L4



Aot 2= o]2wd Y Shim-pack ISA-07
(4.0 x 250 mm)¥} ISA-guard(4.0 x 50 mm)
£ AREolgl o, o] 3ANO 2= potassium borate
buffer(A €9: pH 8, B &%: pH 9)& AM&st1L
gradient W20 & 83519t

Gradient 272 B -85 0&0] 0%°ll4 A2t
sto] 5027HA] ARA = 100%7H4] S7HAXL
T, 65EFE %= HEP F 24 AkE o0&
o7 HAskeltt ols4e] §4-2 0.6 mL/min,
post-column ¥FSA]9FY] 842 0.5 mlL/min
o7 AAstyon, Alss 10 pL FUSHA. &
A5} 932 1% arginine™} 3% boric acidE
2T 23t 8HE WAk = ARG5S, CBR-
6A HFS7] WollA 150 °CollA s3Fatct. 3hd
T BEEE2 "ol &dfiste] 0.5~20 u
g/mL HeE AT A/l w4 w4
= 7|E0E A EASHI

T4 BAL S 5 9 o S A
AZE Shimadzu F714F 4 A|A8(Shimadzu
Co., Kyoto, Japan)& ©|-85}] post-column
S eHgl R0 g 4345} HShin et al. 2015).
A AAR2 LC-20AD B, SIL-20AC QEA
£7, CTO-20AC &Y &, Ax: #&7]|(CDD
-10A), CBM-20A AEEY 9 LC Workstation
AREQOE =l Ree ol2we A=l
Shim-pack SPR-102H(7.8 x 250 mm)E 27}
24 Agsto] ARESIRlaL, HAE AY o= SPR-H
guard column(7.8 x 50 mm)S Z-&stch.
o] A0 2 4 mM p-toluenesulfonic acidZ
ARBoFRoH, 742 0.8 mL/min, A& FUF
< 10 pL= A7

Post-column -FEAI8} ¥H&ol= 16 mM Bis-

AT Etu oo

08

[¢]
0z
AT
5

Tris €99 4 mM p-toluenesulfonic acid2:
100 M EDTAE 223t WhSAIFE ARSIt
HEL AT AZE7](conductivity detector,
CDD)E ol&sto] $353lal, & £4] A7 30
2ot f714t B4 "ol &t
o 0.1~30 pg/mL FE& 3Asi3lon, =
HHS 7|Eo2 AFolict.

8. OJHE =M

A= 9F 0.5 g2 AUS| AZFsSIo] microwave
A& Teflon &3f &71° ¥iL, 65% &4 7 mL
£ 7zt § WS 7IAE AASHIH. o]ojA] 2 mL
o A E H7IRE &, 8715 dEs5tod
microwave &3904 200 €, 1,000 W &
Zog 2eA(12F 108, 22 208)& Eofst3irt.
2ol7F AR Mg Ao Wzet FH 8719
S 91, SRR gAste] I 4RZ AASEH
k. olF 1% FARS o]&sto] 2F Fu7t 10
mL7} =S A8stlen, o] s vvE &
Alof] ARME-SHIH

AAYE NEe FedgESRA A8
(ICP-MS, NexION 300, Perkin Elmer Co.,
Waltham, MA, USA)E ©|-&sto] EAotqirt.
ICP-MSY] &4 272 RF 19 1.2 kW(27.12
MHz), 97+ 7}4 945 7.0 L/min, B2 7kA &
< 1.50 L/min, 7H2]°] 7} 74 0.56 L/min®
& AAsIA, Alm 9 4ol 5 mmE SH3L

of. A= Agulolat FE(CWE A8t

9. 84X

£ Ao gt 2= SPSS BA AZLE 0]
(Version 29.0, SPSS Inc., Chicago, IL, USA=
o] g5t HE Aite B + EFHAE UEh
HoloH, Als 7t Zjol= dHEAREA (one-way
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ANOVA)LS.2 HAsFALE o]F p0.05 $+=0fA
S3g5to] F-9

Duncan’s multiple range testg&

Be Ao

m 234 2 22

HI

1. Yok

A4 4 B2 apple-peel powder, ©|5} APP)
9] H7kS deloto] AR Hdue] dRtdE
ZA3L= Table 13 2t} S8 F2 8.3~8.5%
HRIZ At 7 Flgt ol & HolA] gigron,
12% H7RFelA 22 A5stlt). ol= APPOl
g S Hdy srdEE AV RS H

7l A8 B39k AX S tHUsman et al.
2020). ZthHA RS- APP 7187 S71gHo|
et 17.43%°014 15.67%2 -215H(p<0.05)
A5 ol APPY] Tl Jkefo] 2.7~3.0%
F&07 HiEo{(Henriquez et al. 2010), L
ol A7E(18%)° sl @A Wtr] wiiZel
2|gHEo] EordaE 34 Rt FEBAFAL, =
ol F7Fgol YA A= ¥ AA]
o] T d FE7} AT IR SjAH. o2t
Adte e A7 SE5t SRR A
M= Aot 59| X|¢ H|Eo] I FEZ
ZI5F A9 TiE 34 gyt QAR UERY
™, o] Paz et al.(2021)9] Z¥etr FL5}
oh A% 3=F 9A] 10.97%14 9.33%2 72
SHAI(p<0.01) ZHAsHltt. APPY] ZAo] 1%
ez 22 Hoj Hofl, Hde] =2 §A S
o] 7td oA A R &4

o
2 FHehEth(Nakov et al. 2020). Ht

o

)

QU=H, ol APPS} 7ol mdig Feol

At AFOR Qlgt B4 - 53 HI} AR
=19100] 210 T2} BAIZE B7] FHOIA e
£4o] Aol wRolt). sl TS
APP 7} H1.& Z71] wet 61.30%014 64.63%
2 AyHon Astelrt g - A9 2o

g - B84 AolARE o rokal Qlof AA|
S53tE de Tol&d Zio|thBhushan et
al. 2008). Aol AFe TA 2, iz
(0%)2] 1.85 g/100 go| 4% A7FllA 2.63 g,
8%lA 3.54 g, 12%°114 4.35 g/100 go& A¥
AR = 0.98) - F2I3H(p<0.01) 452 Uerlct
(Table 1). olx= APP A9 & Aold77F 19~
20 g/100 g #=(Bhushan et al. 2008)°.& X
JLEE} Qlof o] & AlFl 7S HH HWolRut

Akl 7HU4% Bo A2 L 4 AU
=

SR, 12% A7RH4.35 )2
of A3t webA APP X|ghe chal A - x|t
3| Aol E-tolal Wl 7]
Aoz PAA7|E AoR BriEct

JUdeta] T & o, APP 12% A&+ A] &
WA} 29po] 742k oF 10% Fradto] o A]
7t Ropxlon, F Aol tR iy <
2.54 &7} tHUsman et al. 2020). ¥ A=
o ol2f3t 7]5/g0] B7hd Zo & Z|ddth A
HFH o2 APPE Ao 12%71H4] A7 Bk
Ak - A28 - D40l EAS YEth &
=20 et A= LSkARE Al mguke] 3zt
Hrro A Au 71ahE 12% H7RENA 7
T2 &S UEhiET ole At AE BT A7t
7F gu|} Bk A4Skl AREY 7155 E ol

44 ANE ATsiSS verde. o, 24

oX,
ox,
517
iz}
HT
o "
>,
N o

ils)
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Table 1. Proximate composition of rice flour-based morning bread supplemented with different amounts

of apple peel powder

Morning bread with apple peel

F-value
0% %o 8% 12%

Moisture (%) 8.47 + 0.38" 8.37 £ 0.35 8.33 £ 0.42 8.53 £ 0.35 0.18N
Crude protein (%) 1743 £ 0852 1693 + 070 1627 % 0.64* 1567 % 0.70° 3.38°
Crude fat (%) 10.97 + 0.50°  10.73 + 0.45®°  10.03 + 0.40% 9.33 £ 0.35° 8.79™
Ash (%) 1.87 £ 0.12 1.90 + 0.10 1.87 £ 0.12 1.83 + 0.06 0.22N
Carbohydrate (%) 61.30 + 2.95 62.07 + 2.64 63.50 + 2.69 64.63 + 3.11 0.81N
Dictary fiber (/100 g  1.85 + 028 263 + 0.12° 354 + 023" 435 + 0.37° 8.05"

YValues are expressed as mean + SD (n=3).
PMeans with different superscript letters (a—d) in the
Duncan’s multiple range test.

same

row are significantly different at p<0.05 according to

9Carbohydrate content was calculated by difference: 100 — (moisture + crude protein + crude fat + ash).

"p<0.05, ""p<0.01
N.S. @ Not Signicant

75Ee] ASHs 9B 244 89108 8oty
ou}, Fulst 9o 4 Wikt ol T A
oF Hct

2. OfO|edt &M

Table 2+ AFEHE4 EZ(apple-peel powder,
APP)E gjsto] A|xgt miduho] ofw|Ab A}
ofc}. TR F op|iAF RS 20,172 mg/100
g(as-is)o] ot APPE 12%7HA] tiAIgt A2+
oAE 17,260 mg/100 gC&2 9F 14.5%7F T4
5ttt "rolu] i AHEAA) EA 9A] 6,924 mg
olA 5,533 mgl& Folgo] Ffohn|iAl/F
of|icAl Hgo] 34.3%A 32.1%F 2.2% Yot
Fom, o= APP7} Fgotu] il £3] ZHS)H
ofu|ieihE A9l FRoHA] U= dEehs M Y
HolA ABEHUsman et al. 2020).

W wE T A|A”RAY S ZIRE of
AR APP 37} $o20] 5Tl w242t 44
~46%7HA] 7ot A A chilELe oE
L3} A|A”o] F3] w|gfoln, o]2|3t F3hf of

HleARe 38 FHOIA Ak Bl St whe

E4& Hof &40l 7h5d A o= HQltKFircas
et al. 2022). #412 548 mgollAl 492 mgl&
10% We 7raste] Adid §is Ho] Hlwa <
Tl oLy, w w7] IgollA] 2j4l9] e-ofn|i7|7}
gt Maillard §RS0l| Zofste] v|7R83t==
3ol T &3H(Tamanna & Mahmood
2015), AAA A o] 8EZ $27] oF o & Yo}
Fe 7Fs/do] Ak FAl-olaRAl - E¥lew
EE= 7HARE ofr| Ak oF 13~15%
oA, TE2H(p<0.001) - €A (p<0.01) - 2=+
o]4l (p<0.001) & H|ES= ofn|At FA] fos}
Al RolArt of2jt FHLASE A WE - WA
SAA aR 9 WA aart geEg BE 7L
SESIHA] LH ofu|iAito] HERO|E FEjR
A= AY, w7] DANA Strecker E51E 71
AL SRIER A% b 7105 siAH

ofu| it Z440] FA YlE St o
I Zok AA, v A4 APP7E AT - A
oAl Eo|BR ekl A7LRer S22
o] A=At =4, TR 5 5= ZEE oM
7} @/ds}E]o] o] iAto] Fl6tioH, o]

o]0 o
AT =

B2
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Table 2. Amino acid composition of rice flour-based morning bread supplemented with different amounts

of apple peel powder

(mg /100 g, as-is basis)

Morning bread with apple peel

Amino acids F-value
0% 4% 8% 12%
Aspartic 1,284.37 = 37.82%2 1,087.13 = 25.97° 1,024.00 = 19.68° 99233 + 2838 6246
Threonine 75847 + 16.83° 623.63 + 1247° 611.83 £ 13.01° 56823 + 17.89° 87.25""
Serine 1,152.30 £ 26.10°  1,02587 + 21.99° 990.60 £ 12.59°  932.67 + 21.25° 58.42°"
Glutamic ~ 5,544.67 + 139.09 5539.20 + 17496 554497 + 13240 5499.90 + 12531  0.07%%
Proline 1,861.60 + 51.70°  1,616.90 = 32.56° 1,547.43 + 44.17* 150487 + 3395 4462
Glycine 703.00 £ 14.66° 651.30 = 16.06° 632.80 £ 16.80°  601.13 + 18.01° 20.24"""
Alanine 72383 + 19.21° 70223 + 1951 668.00 £ 1479° 64427 + 13.11" 13.16"
Cystine 39403 + 8.72° 27520 = 624> 25720 £ 645 25127 +  6.30° 275.88""
Valine 950.33 + 19.94° 907.43 + 21.65° 87673 £ 27.62°  819.10 + 18.64° 1849
Methionine ~ 582.37 + 18.52° 37377 £ 866" 33667 £ 775 31113 = 6.72¢ 35055
Isoleucine 78427 + 1647 748.67 + 17.90° 72250 £ 21.82°  673.17 + 1599 19.83"""
Leucine 1,52323 + 3744  1480.13 + 29.07° 141240 + 3629° 1,320.17 + 30.60° 20.90""
Tyrosine 647.93 + 14.79° 516.03 + 13.81° 50277 £ 10.36°  458.50 + 10.81° 125.96""
Phenylalanine 1,106.83 + 21.80°  1,017.03 + 23.21° 95883 £ 26.81° 89730 = 23.64° 4162
Histidine 669.93 + 15.35° 52573 + 1499° 50347 £ 12.32° 45097 +  590° 162.74"
Lysine 54873 + 14.57° 547.63 + 12100 51673 £ 16.35° 49237 + 1470 1046
Arginine 936.73 + 20.40° 88427 + 20.75° 840.87 £ 18.01° 84253 + 1890° 16.00°
Total” 20,172.67 + 477.89° 1852223 + 563.24° 17,947.77 + 405.70% 17,260.0 + 376.61¢ 21.78""

YValues are expressed

?Means within a row with different superscript letters (a—d) are

as mean = SD (n=3).

Duncan’s multiple range test.

9Total amino acid content is calculated as the sum of all quantified

EETS

7p<0.01, ""p<0.001
N.S. © Not Signicant
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e GASRA ofrlicAl B #L AN 7] 3. KM XA
54 = Aol 75 Aoltt Table 32 Ak 22 27k el A
7Y APPE 12%7H) ARE A IS § 248 B3 Avjolth. IS 35.5%

o
Tl gl o ofn] il gFgo] 54 - dEA B oflA 34.2%= ATFSHA At v @l 325}
= gasiloy, SFEA A7 74K ot AARE 4%2F 8%l WISl 12%°14 FJsHA|
O AR A QP/dE HAilth wEbs & AlE (p<0.05) S7tokoitt. TR 2SR ARS: A 217t
o] Ad 7|54 2Al=A 9] 7S Sttt Felgt o]zt YTk o= APP APt Bl=Hiit -
il 4 2R 7k 34 2X9HE Bdshke 2t & B ARS FESH HHF 49.3%)
ohZbA Fdo] QtHL) StH= A AHFotiri¢ AkSi¢ et al. 2021; Fircds

Table 3. Fatty acid composition of rice flour—based morning bread supplemented with different amounts
of apple peel powder

(%)
) Morning bread with apple peel
Fatty acid F-value
0% 4% 8% 12%

Capric acid (C10:0) 0.48 + 0.00Y 0.50 + 0.00 0.50 + 0.00 0.50 + 0.00 -
Lauric acid (C12:0) 0.34 + 0.00 0.30 % 0.00 0.30 + 0.00 0.30 + 0.00 -
Myristic acid (C14:0) 1.33 + 0.03? 1.23 + 0.06° 1.20 + 0.00° 1.23 + 0.06°  4.00"
Pentadecanoic acid (C15:0) 0.10 £ 0.00 0.10 £ 0.00 0.10 + 0.00 0.10 £ 0.00 -
Palmitic acid (C16:0) 28.89 + 2.29° 3017 + 0.64° 2870 + 0.61° 2777 + 0.65° 9.15°
Heptadecanoic acid (C17:0)  0.71 + 0.00 0.70 + 0.00 0.67 + 0.06 0.63 £ 006  1.83N*
Stearic acid (C18:0) 1.83 + 0.06 1.83 + 0.06° 1.80 + 0.00° 1.93 £ 0.06*  4.00"
Arachidic acid (C20:0) 1.29 + 0.00° 1.20 + 0.00° 1.17 + 0.06" 1.17 £ 006> 717
Behenic acid (C22:0) 0.49 + 0.00 0.50 % 0.00 0.50 % 0.00 0.50 + 0.00 -
Lignoceric acid (C24:0) 0.11 + 0.00 0.10 % 0.00 0.10 % 0.00 0.10 + 0.00 -
Saturated” 3553 £ 238" 3670 + 0.89° 3500 + 0.78" 3423 + 0.81° 489"
Myristoleic acid (C14:1) 0.40 + 0.00 0.40 % 0.00 0.40 % 0.00 0.40 + 0.00 -
Palmitoleic acid (C16:1) 0.70 + 0.00 0.70 + 0.00 0.70 + 0.00 0.73 + 0.06  1.00N%
Oleic acid (C18:1n9) 22.80 + 2.72 22.10 + 0.44 2230 + 053 22.87 + 0.60 1.25M
Eicosenoic acid (C20:1) 0.39 + 0.00 0.40 + 0.00 0.40 + 0.00 0.37 + 0.06  1.00N%
Monounsaturated 2426 £+ 2.72° 23.50 + 0.62° 23.60 + 0.44° 24.30 £ 0.72° 1.53"
Linoleic acid (C18:2n6) 38.24 + 4.02 37.77 £ 0.87 39.27 £ 085 3940 + 0.87 238>
y-Linolenic acid (C18:3n6)  0.39 + 0.00 0.30 + 0.00 0.30 + 0.00 0.30 + 0.00 -
Linolenic acid (C18:3n3) 1.60 + 0.01° 1.63 + 0.06° 1.63 + 0.06° 1.77 £ 0.06*  6.56"
Polyunsaturated 39.97 + 4.03 39.80 + 0.82 4123 £ 1.05 4143 £ 092 223V

DValues are expressed as mean = SD (n=3).

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

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

"p<0.05, ""p<0.01

N.S. © Not Signicant
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et al. 2022)2F A3 53] 2l=H1HC18:2
n-6)< 38.2%°14 39.4%=, ¢-2l=d4KHC18:3
n-3)2 1.60%°04 1.77%& 22t F7kst] n-6
£ ofzg} n-3 A4 33 /AU
7N A4S FEAKC16:0)2 28.9%Cl
A 27.8%= A5 S XA (C10:0~C14:0)
T APP 7 S7tol wet ehts] &1t Wi
AE|oZ2AE (C18:0)2 APP 12% AHE]FollA A
5ot on Aol Wol AA| ZIRHAE H
Slofl&= AlgHAo|qct. APPof| H|w 3 o] EAjs}
© 2Hok2At 2.8%9F TUIEA 19.4%°9] 24
(Fotiri¢ AkSi¢ et al. 2021; Fircis et al. 2022)
o o] MepA|HMAt e P S REMog WAt
ANE SiMETt GIEZSRPARY] FAHER]
SHAKC18:1 n-9)2 22.8%°NAl 22.9% T2
& W30 gl gkt o-gEdlit 37t
2 Exol/2s} HlE-2 1.13914 1.212 <F 7%
FAE QT dutdog Exs)/ 2} Hl7l 0.45
ol fold €% LDL-ZH|AHE /A E A
A3 Frao] FHZolgk= EA(Berto et al. 2015)
ot vwd o, & AEFL olv| FFAE A3sh=
AL AGE ZE5a Jom APP H7tR F71
WA=t 3t ot/ s} vE9] sl Al
AEQ AERRPg/d= At o= ou, APP7t
Aot EWs - EFHERF JASHAIZE A1-
A E A= AL (Henriquez et al. 2010;
Rutkowska et al. 2020)2 &t A% & 24
Aot A2 AHE AoE AT AAE APP
12% A7F9] HEAto| =2k} TBARS 44| (not
shown data)x tiR&FEtt Uittt = APP 8~
12% A7he Bdwo] A4 A AR E A2}
ApAt - TEESIAHAR BIjE0 &= JJASHL n-3 -
n-6 TFAFAL 35S Aokt ol EIAR

B3 A 2 BESY GAS DY H4

~

1= Flol=glelo] Hatshs, APPS] Alo]Hg -
FA} 753 AUAE o]l AT A

SAzA Y] &8 7HE SEelth

4

4. qeld o
A B 7 mdere] g B4 A
(Table 4), 59 =2 10.10°14] 20.83 g/100
g2 F Hj ol /IS o= APP A9
g7t 43 g/100 g =02 BiEE AFilip
et al. 2016)7+ LA|sh+, APPO] X A - 2
Lol Bkl A3 7]ogk g 7IQle. ®E A
Lol Al A (sucrose)E HEEA EdTh o=
A8 a7t B3t invertase’t &3 F3 2
T A Tleliel 2y} o s Hekst
7] W&Zol™(Timmermans et al. 2022), APPY]
EA5Hd 0.55 g/100 g A= Y HFZ AA
AAE Aog FoiEct

2 3.51004 9.69 g/100 g, ZE=F 3.27
olA 6.13 g/100 g & Aq F7I6Ith F 37
B APP7F O (T 26.1 g, 2= 12.8
g/100 g)ot= DFLoEA 2 Hold #&o]
aw, A 7teEs AREZHA] EeiA S Zo]
Sfj=Qict. gl A S7Feel ¥ AW A2
/2 H7F =2 APP 43} 3 an9
2o 94 o]8(glucose repression)o] Wzt
o] ¥kl R3] Tz & siAEch Hopg
(maltose)2 2.03°]4 3.43 g/100 gC& °F 69%
ZS71otdtt. APP AFA|9] dofgdo] 3.10 g/100 g
o7 HWA =4E 3 Qojx, pg-ofdetobA|7t
= AES 7HEeRsfo ol A&H o= A
A5t A3KShintani et al. 2021)7} B3t og
21851t wohd2 vhg %7]of o] 39 7|
A2 SEEAN, o] A5 A2 APP

& G - Zego] FFS ARt dopg7A] &



NTRFRS 27t 4 Dol gopgs 25

Table 4. Free—sugar profile of rice flour-based morning bread supplemented with different amounts of

apple peel powder

(g/100 g, as - is basis)

Morning bread with apple peel

Free sugar F-value
0% 4% 8% 12%

Sucrose NDV ND ND ND -
Cellobiose Trace® 0.11 + 0.00? 0.09 + 0.00 0.10 * 0.00 -
Maltose 2.03 + 0.06% 2.69 % 0.10° 3.17 % 0.06° 3.43 + 0.06° 225.78"""
Lactose 1.03 + 0.06° 1.23 + 0.06° 1.23 + 0.06° 1.27 + 0.06° 10.257
Rhamnose Trace Trace Trace Trace -
Ribose 0.17 + 0.06 0.13 + 0.06 0.19 + 0.01 0.21 + 0.00 1.83N%
Mannose 0.09 = 0.00 ND ND ND -
Fructose 3.51 + 0.02¢ 6.79 + 0.17° 7.81 + 0.26° 9.69 + 0.17° 57743
Galactose Trace Trace Trace Trace -
Xylose Trace Trace Trace Trace -
Glucose 3.27 + 0.06 413 + 0.06° 5.40 £ 0.17° 6.13 + 0.15° 327.70""
Total” 10.10 + 0.33¢ 15.09 + 0.45¢ 17.89 + 0.55° 20.83 + 0.44° 400.93""

UND: Not detected.
DValues are expressed as mean + SD (n=3).
Trace: Detected at levels less than 0.01 g/100 g.

YMeans within a row with different superscript letters (a—d) are significantly different at p<0.05 according to

Duncan’s multiple range test.
9Sum of all quantified sugars
“p<0.01, "*"p<0.001
N.S. @ Not Signicant

As] 4nld dart QIgly] g ® Helch

A (lactose)= 1.03°914 1.27 g/100 go=
A2E F7IGET, ol Aol ARG EAER 1L

9] 7 H7hgo] AR ol BEA
oF A2H|Q A= APP H7REOIA T 0.19~0.21
g/100 g BI9I= @%ﬂﬁ%ﬂl, 247} APP A B
—HA}E_L]. 7‘“E§L ]_ —H *]‘gi z;(-]
=t v s - AgEA - X}%lii s HF E
, Ol ¥R - 7] 2
A ar 9 hof| o5 iR tiAtEAY E5fiE
Aoz wtdEnh F FEFol 4% H7F Al 49%,
12% 7t Al 106% 571l met <o) gkl
(reducing sugar) 3=o] SHi=|qlt}. o= w71
50]— Maillard H}— 5;(] OH 7@7(1 J\HE Ul oc};u]

o

ll‘

L 84E 2090

71549 7R o o APP7E g5k &
s AL € - AlSE AEHAS (5D 5
Qo= B 17t Qloj(Henriquez et al. 2010), A
7 P Aok AHA AoE AET
APP 8-12% 7F= Ao ¢ds| 7k Z3f
H vhEolA G- e - WoldE Ro5HA S
7HA & RS ST o]2et k= 7
0] -4 - ] S SHA FAHZ o, FA|
of Bx7} o] & = 7%
2 AT FFAIE A 7| ot g
ok QIet G4 2 pEslel RS 5
I H7] 2% - AZF HAS}E A7 507
[
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5. R/t =

A B d7F Bdee] fU14RE BA
ZiKTable 5) & 714 =8 | x27461.5
mg/100 g)°llA 12% H7FH4406.7 mg/100 g
2 ot Aokt 1=y i [714E 0]
A AHEEHA O] Abm] - HEY - JFH EA
o] Ao g Walslitt. FH7MoA B
< Hel K305 me)i} ot ZAH34.9 mg)
APP Zgho]| F7Iot] wet 2kt 40% ©14, 60%
o} FAasieltt. Al ddl= F R714k] HE
A gAY Su]Fe] Exsithe Bil(Li et al.
20200 RHe 9= 34 anE sjAHh §5
St A et 584 SHAYCIESE 3%
3 AU F5E AL 7Feds RFH 9¥H o
A= Aset

APP 12% Aol it kS 3.54004

e

©

oL =

v

—

113.1 mg/100 g2 308 o4 S7Fetct. &
Ato] AbkR & §714HY] 70~90%E AHA| ST
A AL et al. 2020)2F LA|54H, APP7} BE
%of| o2 Hold Aot FAloll AR 4.90
oA 40.37 mg/100 g2 & 8uf7}eF LQlch A
Z71= APP A 7199(63 mg/100 g) 9ol &
I AL S 2AF Aol SH ] 7]Qlsteh 24
A S At Aok §) St 282
B9l AIEQ] nBEA S =Y 7FsAdo] At
(De Luca et al. 2021).

Wi Akt SERAke Z47F 55%7F S5
o} AMgshE BESollAs AANE - RUt Y45t
£ 4 gAlkbo] AAIEtE Bavt gloH, A
Tt 2255 T AR 1Y) S A A4
- B =itk (Perez-Alvarado et al. 2022). APP
A7HE 27 pH7L Wolx|HA] uE /o] 9

Table 5. Organic acid profile of rice flour-based morning bread supplemented with different amounts of

apple peel powder

(mg/100 g, as - is basis)

Morning bread with apple peel

Organic acid F-value
0% 4% 8% 12%

Oxalic 30520 + 6.76"? 28657 + 5.71° 24330 + 5.19° 18327 + 5.78¢ 253.82"""
Citric 32.27 + 2.72° 29.73 £ 0.67° 3127 + 0.40° 32.23 + 0.75° 10.017
Tartaric 1.92 + 0.06" 0.19 + 0.00° 0.21 + 0.00° 0.41 + 0.00° 2,532.00"""
Malic 3.54 + 0.12¢ 36.43 £ 0.75° 7253 + 2.05°  113.10 + 2.55° 2,360.617""
Succinic 1831 + 1.40° 17.10 + 0.40°  12.90 + 0.35¢ 8.17 + 0.25¢ 501.817""
Lactic 34.55 + 2.93° 1847 £ 0.51° 1693 + 0.38° 1547 + 0.31¢ 693.11°""
Formic ND? ND ND ND -
Acetic 4.90 + 0.10¢ 2343 + 058 3627 + 1.12° 40.37 + 0.90° 1267.00""
Adipic 34.87 + 1.10° 17.53 £ 045> 1501 + 0.30° 13.73 + 0.29¢ 736.84""
Propionic ND ND ND ND -
Total? 461.50 + 1635  429.40 + 8.40° 42837 + 11.01> 406.67 * 9.45° 14.95™

YValues are expressed as mean + SD (n=3).
?Means within a row followed by different superscript letters (a—d) are significantly different at p<0.05 using
Duncan’s multiple range test.

IND: Not detected.

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

* ke

"p<0.01,

p<0.001



A= Gus|7L 71&E data Belth, TAARS
30 mg W= A2 7F F AfolE HolA] Akt

APPe} B7VE7F B Ao FALS IRl
TR-ad B B - Ao 4P olE AL
2 gdE 2AA SHE 5 7]EF fUARS 2
HE o FAIR
APP 12% 7ol Al ARkl 24 SA17F 150
oo g F7Igo| wet YAIE pHIF tiERT

ofv] oF 0.15 @9 Robfi(not shown data),
| A3} A 58] - Al 5
= AL A& 7|t} AR of AR
AT Hae v ZYolE 44 Al 2
& - ULYlE 5 ASHE ¥Rk 7hsAdo] Atk
APP X712 B f714F A I 4 A
ARAEOIA A AR - SIARRAE -
A=At o

ol 4]

>

el

32
=
E;;
:

718 7154 A 249 7H1E YR B
A % Ak ASAT R oA avte g%

AR A —Ev—”eL A7y mde] vl &4 A3
(Table 6), & WHIE FHZH 8F AN dix
T 705.8 mgollAl 12% A7t 723.4 mg/100

g(as-is) 02 AZE Z7lelgich, a8y 944 ¥
3t P2 TRt d=IE HAh WA UYEF
(Na)2 467914 416 mgo& 11% AT
AHEES] Na $°] 30 mg/100 g Q= Hf
L2 k= H 3 (Kumar et al. 2018)2+ B3l6l=
H= 34 a7t 34 Heloltt ¥HH ZE(K) 2
133914 205 mgO& 53% Z7Fot3lct. 22 =
2ol Akt AE o] K gHgol oF 800 mg/100 g
02 AAEJoH(Kumar et al. 2018), °o]= &

Table 6. Mineral profile of rice flour-based morning bread supplemented with different amounts of

apple—peel powder

(mg/100 g, as - is basis)

Morning bread with apple peel

Mineral F-value
0% 4% 8% 12%

Na 46738 + 137777 44284 + 10.60°  436.03 = 840° 416.14 + 11.89° 10.44"
Ca 8432 + 1.87° 81.33 £ 1.62° 80.70 + 1.72% 79.46 + 251° 3.33°
K 133.65 + 3.02¢  154.84 £ 3.32° 18112 = 229" 20476 = 467" 24347
Mg 16.56 = 0.41° 17.09 + 0.54° 1801 + 043° 1934 + 044 2133
Cu 0.11 £ 0.00° 0.09 + 0.01° 0.09 £ 001> 009 £ 0.00a" 3.17
Mn 0.24 £ 0.00° 023 £ 0.01° 023 £ 001° 021 £ 001° 14.25™
Fe 1.68 = 0.05° 1.68 £ 0.05° 174 £ 004" 177 £ 0.04 3.40°
Zn 1.86 = 0.04 178 + 0.04° 1.76 £ 0.05° 1.67 £ 0.04 10,95
Total” 705.80 + 19.17  699.88 + 1618  719.69 + 12.93 723.43 + 19.59 1.18%5
YValues are expressed as mean = SD (n=3).

Means within a row followed by different superscript letters (a—d) are significantly different at p<0.05 using

Duncan’s multiple range test.
IND: Not detected.
PSum of all quantified mineral elements.
""p<0.01, """ p<0.001
N.S. @ Not Signicant
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7F#(F 120 mg/100 g)°ll ¥l d53] &oF A
gt Bl go] eSS W U K7 3A SV
o} 71 A3 Na/K HlE= 3.59014 2.0 olst= 74
Hol=t, ol HER - ZF BV H25E €
7 AEHA f9do] o5t Attt HEkE
A AiKPerez & Chang 2014)9} LX|gtct.
utIdlE(Mg)E 16.6°14 19.3 mglZ 16%
A5k}, APP7F 3540 mg/100 g 9] Mg
£ 3k35k= Ao g HuEoj(Kumar et al. 2018)
Ago] W2 55 't REgE Aijelot. H(Fe)
I} o}HA(Zn)S 1.68~1.77 mg, 1.67~1.86 mg
HefolA mAIRE MRt et e H, o]= APP(Fe
9F 2.0 mg, Zn <F 0.4 mg)2} A71=(Fe 0.6 mg,
Zn 1.4 mg)2] AMtE gk Zjol7l AHad sro g
= cShahidi & Naczk 2003). Z(Ca)2
840041 79 mgO & 6% #AsI3Art. APPY] Ca
£50] 40 mg/100 g WIZE A7(2F 90 mg/100
gHTh 2 Ttk b4 HIgh SAME AR T}
B3l Ca F7H U= - 24 oA &5 2
I 7ks730] ek FE(Cu), FTHMn) 0.1~
0.24 mg HHNA Folgt BFS HolA| st
) APP 8~12% H7h= 2dwe] muZ
L2hZ AYEE - 4% - e 22
AHste] Na/K A5t d4 s 432 7iA
Stoitt. ol& "}EE A7 daet Z& A5 g
= SAlol otk Ao A 7hol=eklat 79t
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|

i

& A= AHAVEE 7R gl Al 2A] AR
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12%(B715 71%) Fo® g7kt Alzgt v
ARHg & - ot Al - AAE - FEF - {14 -
g A AR J7EE ST ‘ﬂ'
£ 2o dubgEold e A
43 ¥, Aol d = STk Al X47}
mJepo] obu]i Al SO 7}
a5 o SFFAE - THAAREO] AR Bl
W37} 91911, 88H9 ofu| L ARS 7T A
b 2L A A7 SVl whEE 25HA
o] ZAstAL EXol/ AL Hl7F 1.13
AA 1.212 7R FEd2 AREd A7t
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A oA EARS ST mlvEe AEE
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