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CISIHAE T|HEL AL

Abstract This study aimed to evaluate the quality characteristics and antioxidant activity of crackers
formulated with re:nergy wheat bran, an upcycled dietary fiber ingredient derived from wheat bran,
and to explore its potential as a functional food material. Re:nergy wheat bran was processed
through drying, roasting, and powdered to improve flavor, particle uniformity, and reduce moisture
content. The processed powder exhibited a larger particle size (144.60 um), lower bulk density (1.00
g/mL), and higher water holding capacity (207.5%) compared to commercial flour. Re:nergy wheat
bran was incorporated into crackers at substitution levels of 0%, 5%, 10%, 15%, 20%, 25%, and
30% and its effects on physical and functional properties were examined. Moisture content and
baking loss decreased with higher substitution, while hardness and chewiness significantly increased.
The color profile of the crackers changed with increasing substitution, showing decreased lightness
(L*) and increased redness (a*) and yellowness (b*). In addition, total polyphenol content, as well
as antioxidant activities measured by ABTS, DPPH, and FRAP assays, significantly increased in
a dose-dependent manner. These findings suggest that remnergy wheat bran is a dietary fiber-rich
ingredient that can enhance the nutritional profile and processing functionality of crackers,
supporting the value-added utilization of food by-products.
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1. ME

A £33} 7154 A% EdS] Byshs W4 Agon Fuum gch QA
T A BALRS thes] TR 222 Hol, WAE 7154 4R $AHAY 7
sl 7k APAE AMTORA TR ABLAR ABSHE 71& FH S8
(Moshtaghian 5, 2021). o|2j3t AL 87 e esjol 49 ag4 23
3o 7154 A1E g 2 FEEA Bolo i 484 38 7M7) L
1l Q.

£5] A% 7Hg TPolA WAISHE kR ke W AAH R Gtk 40] £of ol2r] ALt
714 718 AL o] LA7A WS, BF 9 4 0l 5
(FAO, 2019). ZLejut oleieh BAMES Ao, 4ksh AR, Suid 5 Qs 74
34 BAE B0 AT ol o5 ABAYR Al AT 2 714 Aol
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53 QIth(Mirabella 5, 2014).

T 7]E&(wheat branyZ L] A& Yol A HA o= thES
o IE FAEER, ¥ AA $FY oF 14-19%F AA5HH
(Onipe 5, 2015), & AlgY H7|22 A2=o] gt 19
U W72 B84 Aot ofyet EAL 2Oy, &
HE 59 st 4 FFSHA okl 3lol(Higuchi,
2014), LA 7HA7F =1L 754 ARAAEAY &8 7t
s/0] At WL I FAREEA Aoldfet gl
FHote] 71548 AR FEEL Qi of2jet WY& fR
AES E8ol7] AT TRt A ELoA Y A8 A 7F B
Ao, Y7 AEoAs Aol df 2 A 71548 F
S HH0E WSS IS Al Y, AdR, 7] 5ol A
S}E) 1 QJth(Baumgartner 5, 2018; Onipe 5, 2015). B7]
&3t Aoldf A3} AlFol Hat =l 9lom &
= W 47E 5 & 71V AlEE skl &
H| 2} Aol §-85kar Jlom, i AFolle D7&E 5-10%
FE0 8 Agsto] Aol f, AT 9 ek g Rt
ARAF AEE AT E -GSkt ok g Aol o
H 97 il S7Htel wheh 719 HIAZIO|A o]
F o] F2E= FAlol, HH /A (spreadability)> 745}
T (hardness)= S7Foke o] TAE I h(Erine B,
2018; Laukova &, 2016). °o]&st &2]%] WH3l= A&E9] 7|5
4 9 7Hs AL SHoA Heto] RS AlARITE mHEbA
17129 7154 RAHAAE B84 A 7fAdst] 9
o ek 24 2 24 A Aol AF A3t 7S g
st7] 9et At AR AAIEIL Stk

oo £ AFolAs 7|&0] ALEEY LIS A F
S ol A7HEs datelE 2 2UA] 7] (reergy
wheat bran)Z 7|54 AFANE H-E5t7] Qg S A

5
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0
il
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oM,

Eofazt gttt BjuA] 212 w7 Ao 2rlee A L
w2 A& Az, 71AH vAEH, ARE Adst $4e 50
&0} Bold, U= #dA, B A 52 2T LAl
Y 240t mEhA B Afolbe 71E AZE UUEe

=
22 =gAd) A8t AB] B SAT JuS} B B
4oz YAISY Aoldg A9 8 FsHS AE
S} Stk ol Ba Elux] sl nRsIset X
& 7R3 A% A4 A% A $90] 710l & YL How

7|t

2. Mg 3 diH

2.1. &g 2 AlSf
£ Ao AREE B71e2 GICIALAF(CT Cheiljedang

84

Co. Ltd., Seoul, Korea) 0. 2 E FLufjst A& BAERZ WO
%74 (bran layer) F-9|9HS AT &4 W7]& AlFolH. o]
£ YAIEE AEAA EE HELE sk BESHHAE
HE 71E BRIN A% %S 0 2 2HES AN Az
‘A d7]-&E(Reharvest Co. Ltd., Seoul, Korea)'S A&
= AHgsloict

HUR] W7]eL 9E= AZ7|(Fluid bed dryer 600 liter,
Osung Plant Ltd., Hwaseong, Korea)= 100+5°Co]A] 60&-7}
Az Aot £& g 5% olotE 2R &, 77 W
A19] 2 AE]7]|(SSH-030, Shinsung Food Machine Ltd., Ansan,
Korea)& ARE-510] 120+£5°Co| A 1027 ¥ 342 AR
o] 3= Fol W& AT} 14 Fulrt GGl
o, Ao B4 HEESEE RSty F2 9722 dY
E27](Pin mill, Meino Co. Ltd., Nagoya, Japan)S ©]-&5}0]
13 90 24 A Belglon, HEHes B U o
160 wme] B} 2% Be2 AR, ol 2HE 5
A7FE WeS FARIETE AF AAE §to] o]F YA
7]-&(Re:nergy wheat bran)o|2} HE5}IT.

IPA AZRE Y3l 157 2 E(Daehan Flour Mills Co.
Ltd., Seoul, Korea), % °Y# ¥ (Fonterra Ltd., Auckland,
New Zealand), A (Hanju Co. Ltd., Ulsan, Korea), BX]&
++(Bondairy Co., Okcheon, Korea), H]o]7]T}$-E(Jeonwon
Food, Gimpo, Korea)E ARE-SFSITE AR A9 o AR &
AN ZE H&= Al (Folin & Ciocalteu’s phenol reagent),
oFdAtAE(sodium nitrite, NaNO,), F3}L4E0]5(aluminium
chloride, AICL3), 2,2-t}o]#d-1-u] T Zslo] =212 (2,2-diphenyl-
1-picrylhydrazyl, DPPH), 2,2’-0}fH}o|A(2-H| P L& 3] 2o}u}o]
hfolslo| =2 F2 2ol =(2,2 -azobis (2-methylpropionamidine)
dihydrochloride, AAPH), 2,2’0}A]k=-H}o|A(3-of &Hll ZHjo]o}
£3-6-AEAH)(2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt, ABTS), 4% OM|E]|°]E(sodium acetate,
CH;COONa), 2,4,6-E2}o||d-1,3,5-E 0] 2(2,4,6-tripyridyl-
s-triazine, TPTZ), A GsHE(I) 653+=(iron (III) chloride
hexahydrate, FeCl; - 6H,0), ZAHKgallic acid), 7}€]7](catechin),
HIERY C (vitamin C)&= Sigma Aldrich Co., LLC (St. Louis,
MO, USA)oJA T3}t EHAEAE(sodium  carbonate,
Na,CO3)1} $AFIAE(sodium hydroxide, NaOH)2  Yakuri
Pure Chemiclas Co., Ltd. (Kyoto, Japan)ol|A] F-¢]5}o] Al-85
At

2.2. elqx] 20|22 71F & - 7 YEtgE I A0/4R

S =}
afaf 24

eUx) W2 13 A% st E4E B dstel 2
SR 9 S8 WS HIL BASAT 2 Ao
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THs A CIAGAGOA 3582 97&(HlsE )=
oujsiH Vg T olE ‘?:V\}O] 22 &g5t7] Sl B
AR B8t 3R, 24T, 24, Aliw 52 AA AE
St 2| A 7] &E(re:nergy wheat bran powder)S A A3ttt
oh:i]—/\é?__‘: AACC Hg—ilﬂ_lj(lggig)oﬂ u;].a]- }\1/\] ]-O:h:]' 28 o].a]:
2 air-oven H'H(44-15)F o]8-5t0] 105°Cof|A] FFo] 2
74 ZAzsto] Z4st9lom, 3lE S 4] 3]5HH(08-01)
1 w2} 550-600°Co A 3l8}sto] ot ict. el b

2 micro-Kjeldahl ¥'H(46-13)0]] uje} 4% 24| 2
A% 5708 Etol AFESITH ZAUC. Soxhlet 25
(30-10) o|-gsto] ottt ©dkE TS 100014
B, zohd, 2 8 SR geke] Waghe Agelel A
shict.

F40148 YL Prosky 5(1985)9) Aol wet 274
s}tk A& 1 go] pH 828 24 0.05 M MES-TRIS 23
29 40 mLg A7 F FUSPA BANAL, A o
amylase 29 50 uLE 7}5}0] 95°C -804 1587t W ESHH
HRSAIFT o]F ¥hg &HS 60°CE FZFAIX] F protease B
4 Y 100 pLE F7FSHL 60°C EoflA 3027t WA
o} Thld 71B8) Sojl+= amyloglucosidase -89 300 uLE
7¥sto] 60°C -804 3087t BE-3-2 A&5k3ith s A7t
S §REH 95% eSS Alm:oletE FujH] 1:49] H|
S5 A7Fshal A2o]A 1A17E 52t JAAF . o]F I J%
< FFE FHAPR ATt g HEHE FAE
78% oflgZ, 95% ollehZ, 1121l ol E o' 77t
# 23] AHstoiTt. AlHE FFE-L 105°ColA] e
H7HA] AxgE &, GAA B oA 1At Bl 7 1§§
gotqitt. o] xtRE W] T 37 3§ %’*— xapay
of ALJstal HFHoR ALtE e FAolHF TR At
Bapct

r-|n:

27, 84 UE 9 meele 2gelec v doss
B8 Wi% 3 ARoR HESE AL T v

Mgl Y =

0w BRI

2.3.1. B Xt 371

A29] B YA 271 Flo|A -4 YEEA7|(Bettersizer
2600, Bettersize Instruments Ltd., Dandong, China)E ©]-&5}-0]
A& BA HRA 0 7 2A519tE AT D4,3 (volume-weighted
mean diameter) o2 AME5}9Th

SAUEE An 5(2014)9] oz AU AR 25
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g Aol 50 mL HAAAE ] Wy, HEst 2 $jof 4
AYE 71A R AR HEHER sk AlRTt 24
3 2% 20 Z40] 024 o]ge) 84 U ANs

At

A EE(g/mL) =

2.3.3. Ex2(water holding capacity, WHC)

HAAE An SCOI9] B o sl SAstir
P Yapeldo] AR 10 g ok SRS 90 mLE Y
3 B S 5 30O 2412 59 F Wgslotal
ok, o] 3,000 xg2 1083+ Y] ST AL AAT
T AURBE ol o] ATE 3087 FAte] o] 5
22 QARG olF ARV AL ZHoto] T4
2 olge) nrTe Austeck

WHC (g/g)

(AR A + JHE ) -

Al =o] 7

24. e|4x 2U|= EF F7S] A=

2= “‘7] == 71t AAE ov] e 53l 49
v Hl&S AR $ AZSHH. HF wigH]= Table 13}
Zon, v div] 2yx] 971&9 7t vl&Z 0, 5, 10,
15, 20, 25 9 30%= AAstqict. W, fya] 497, &
2, Wl BoEE TUstel Aol A 0, 42| 7w
2 Aeka BT BAT NES ARCSHHBIOB,
Ebencommos Korea Co., Ansan, Korea)2] A4]&0] dof 2tk
o2 Asto] 387 £etion, ojnf /5 33] Uo
A7letdt. AHARolA U] 7R E4go] Fot
AT 57l wEt v W a2 F57F AR B g 1A
D AS GE A7t frstA st 434 Ast 2 #H
o] Aot AFS elstint. olof ¥hEo] Zi HEet
8H8S dBEA A Aste] 7R UA 271&
Z7F Hl&ol| 930] Table 13} Zo] HAHOE 2751301
1 9] A7EE(HHE, BRI, 4, ol Ee )] v 5
At x5ttt SAE HFRL 4°Co|A 3087 TAAF]
Z, A 4 mm=E I5HA A2 B 7}13 x A& 4.5 cm2]
QAo R ualglt), 15 ROl 22E olgalel 7
T Wik Add HEE2 2 B(Combi-100LED, Dachung
Softmill Co., LTD, Gyeonggi-Gwangju, Korea)< ©]-&5}
170°Co A 1587 2 F, A0 A 1A17F 52t #ste] &
Aof] ARg-st3iTt.

ok

F
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Table 1. Formulations of crackers with varying levels of re:nergy wheat bran powder

Ingredients (g)

Addition levels of re:nergy wheat bran powder

Control 5 10 15 20 25 30
Soft flour 100.0 95.0 90.0 85.0 80.0 75.0 70.0
Re:mergy wheat bran powder 0.0 5.0 10.0 15.0 20.0 25.0 30.0
Butter 133 133 133 13.3 133 133 133
Skim milk 33 33 33 33 33 33 33
Salt 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Water 36.7 38.7 41.0 43.0 453 47.7 49.7
Baking powder 2.0 2.0 2.0 2.0 2.0 2.0 2.0

2.5. EI4x 2U|= EIF a7 F=59 HE
FAHAE E47](RT-N04, Rong Tsong Precision Technology
Co., Taichung, Taiwan)E o]-&5}o] m|&fst &, A|F 10 gof
70% oghE 90 mLE H7I6lgie) o] E£dES 231 F271
(ESW-2825B, Hwashin Tech., Gwangju, Korea)S ©]-8-5}c]
3087F &3k F2E2HL 2,232 xgo] RANA 1087+ ¥
A

AEES ¥, 45 Whatman No. 2 AIA|E AMESHo] of
Totgict. ofate &AL FEHE, et eolt o ¢
FArsE &4 FA0f ARgstiT

26, SENS, Ee0/C HY Y BYS HY 5
2.6.1. 2Nz &Y

Z =99 RS Singletond} Rossi (1965)29] H'H-S k7t
¥ #@sto] Folin-Ciocalteu’s A2k 0|83t MW o g Z74s1]
ot ZHA FEE 200 uLo] 555 2.6 mLe} Folin-Ciocalteu’s
phenol reagent 200 uLE H7}sto] Skt F, 204 617t
HEEAIZITE ©o]F 7% (w/v) NayCOs -8 2 mLE F7Fskal 4
200141 9087F A A7 T EFF A (SPECTRONIC™ 200,
Thermo Fisher Scientific, Waltha, MA, USA)E o]-&3}o] 750
nmol A FFEE SASIIT SEYHE 2 dhl(gallic
acidyg EFEAE oo} 24Jet EEFJAS o]-&sto] A=l
ow, A= mg ZAF G(gallic acid equivalents, GAE)/100

gO = HERfIT

26.2. EZHL0|C Y

2ZH Lol RS Jia 5(1999)9] HHS W sto]
Aty AAA ZZE 05 mLo] 222 32 mLe} 5%
(w/v) NaNO, €9 150 pLE F7lole] &3t &, AR2oA
SEZE HESAIATE 0% 10% (w/v) AICL &9 150 pLE 37}
ofo] 187F ¥kgA]7]3, 1 M NaOH €9 1 mLE 37}l
3okl WS TR0 ST 510 nmojlA] BT T A

A
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(SPECTRONIC™ 200, Thermo Fisher Scientific)S 0]-8-5}o]
ZA5t9t}. 2ZetHLo|t RS 7}E)|7](catechin) S HEE
E4E sto] e BE2TAE ol-&oto] FFsilon, At
+= mg 7}8]7] EF(catechin equivalents, CE)/100 gO & L}t
et

2.6.3. DPPH radical 2H &A

DPPH radical 27 &4-& Brand-williams 5(1995)2] 1
off w2k Z7gskirt. 80% mEk2-& AM8ste] 100 pMe] DPPH
LS A3 T, B E A (SPECTRONIC™ 200, Thermo
Fisher Scientific)S 0]-8€3}%] 517 nmoJA 0.650+0.0209] &
Brrt Heg 345190 A#A F55 50 uLo] DPPH &
N 295 mLE HA7}sto] 23°CoA] 3027F YRR A Z T}, vhS
T 33RO THLE 517 nmo|A A5t} Al S-S

ol o, A= mg H]EMY C Y&f(vitamin C equivalents,
VCE)/100 g0 & Yetyich.

2.6.4. ABTS' radical 2AH &4

ABTS" radical &7 A2 Kimi} Lee (2004)9] ®FHE& H
golo] =45}t ABTS' radical 8§92 7 mM ABTSS}
2.45 mM potassium persulfateS Egol0] AROA 16A|7F
ol Aol HHEAIA BgstSiTt. e ABTS' &2 <
AL9FEA] H<4(phosphate-buffered saline, PBS)E Ar&5}o] 734
nmo A FFE7} 0.650+0.0200] HEE 3459t A
228 90 119 ABTS' 89 980 uL= E5t0] 37°COIA 10
7 ARREAIRL 2, 734 nmol| A FBEE ST ARk
A2 HEY CE F2EA 2 oo 23t ZEAE o] &
ofo] Aot on, A3 mg VCE/100 go2 YERfgict.

[¢]

£

Jo

o
L2
—

N
o

5.
AL Bezie?} Strain (1996)%] FRAP (ferric reducing

ot

e
4o
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antioxidant power) WS HEPslo] =451t FRAP A|oF
2 300 mM OFH|EANYE F(acetate buffer, pH 3.6), 10 mM
TPTZ £H(40 mM HCIo| £3f), 20 mM FeCl; - 6H.0 8%
10:1:1 (v/iviv) B &2 S3tsto] AR5ttt 2dA 255 50
uLofl FRAP A|9F 950 uLE 7Fsto] Ebgt &, 482004 30
2 SAIFT B S F8 T 593 nmofl A £33
% A (SPECTRONIC™ 200, Thermo Fisher Scientific)Z 0]
&oto] Aot AR 52 HEEl CE ZEEER of
of 23t EELAS ol8sto] Ao, 2a= A=
mg VCE/100 gO & YeR|3AT.

2.7, 2LA Y7ig &7} 2479 BE 54 5F

iAW1 At AL EY 4] viAL
2 Brls7] S A7t Vg gelste] Azt el S8
Y B 48, A= L 2% BAst

&

rr

271. & 2

A Mg 1 g2 o] $4171(XC63, CAS Corporation,
Yangju, Korea)E ©0]-85% 2% 105°Co|A F=Fo] & w7}
=

AZSGOH, o2 Fol ¥ IS Stk

7] 2452 Bae® Kim (2022)2] W0l wkeh 243519
o w57 SHAES 2AAL 57] S AF AolE ol&d o

2.7.3. M

A FHO A= MI}A/(CR-400, Konica Minolta Co.,
Tokyo, Japan)E ©]-85t0] L¥ (), a*(AAE), b* (%)
e Uehpglth, 771 24 A EE MAWLI97.75, a*-
-0.31, b*=3.21) o]-83}o] HA3}Ich

2.7.4. ZXZ(texture profile analysis, TPA)

ALY R texture analyzer (TAHDi/500, Stable
Micro System, Godalming, UK)E A}8-5}0] 7 X (hardness),
22 X(cohesiveness), 7] A(fracturability), 43143 (chewiness)
< SR Al T 4 mm, 274 25 mm2 Aot H,
IolE D5 probe P25E AHg3lo] 23] WL Y (wo-
cycle compression) B4 0 &2 BA51. 7|79 &7 242
pre-test speed 2.0 mm/sec, test speed 5.0 mm/sec, post-test
speed 5.0 mm/sec, distance 2.0 mm, strain 10.0%% A% o
103] 92 Sqegon, BT SE-AT UG HFos
247 AXE HEAA,

2.8 &H X2/

LHE A2 33 o4} vhEste] £3¥stqlon A= Hait
FFH X (meantstandard deviation)Z YERJIT. SAEAS
IBM SPSS Statistics (23, IBM Corp., Armonk, NY, USA)&
o] g5ttt 1F 7t B+ Aol YYHAEAREA] (one-way
ANOVAYE 31908, .03 Ro]7} 9l 49 | o
2944 H(Duncan’s multiple range test) 53 p<0.05 &
Zol4 AF A5S ANslc
3. 24 o 1%
3.1. El4x] |2 JfF & - & YEHYE 2 A0/47
2/5f Hlu!

U4l 7159 7k A - 3o mE gubgE 9 F40]
F $o] H3k= Table 20 YeRAIT 7H A D712
B 13.37%, 2T 12.12%, 244 4.16%, 232 3.06%,
FrIHE 67.29%, SA01H R S 37.61%9 S HA
o, o]& 7]& H1E E3(Curti 5, 2013; Li 5, 2023)2}
FARE =Eolth ¥H, YA WIS SR 2.80%, 2T
A 15.81%, ZAH 3.08%, Z3]E 3.40%, S5HE 74.91%,
FA oA 50.01%E thFES] A& o] 7ttt ol
7 3 o0& o] AAastHA A Hleo] SV’ Ao
A o, 2L 4.16%0A4 3.08%E 74590

4> o

b

Table 2. Chemical compositions of wheat bran and re:nergy wheat bran powder

Samples Chemical composition (%)

Moisture Crude protein Crude lipid Crude ash Carbohydrate Total dietary fiber
Wheat bran 13.37+0.12" 12.12+0.42 4.16+0.08 3.06=0.05 67.29+0.40 37.61+0.91
Remnergy wheat bran powder  2.80+0.072"% 15.81+0.34" 3.08+0.18" 3.40+0.19" 74.9120.35" 50.01+0.75"

DAll values are meantSD (n=3).

ISignificant differences between wheat bran and re:mnergy wheat bran powder were determined by Student’s t-test at p<0.05.
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ol A 34 § IdF AP AgEo] LEHIY fies
AR Eoh(Marszalkiesicz 5, 2020).

3.2. elLix] 27/=9 =25 £4
3.2.1. "a Yxt 371

2y A7 AlEg RS 4Rt 27], 84 9k
B5ES B3 3= Table 30] HeRQi 2] U7
of WF YA F/E 14480 ym ABE Wl 7
64.70 pym, ZZE 5389 um, HEE 38.50 pmo| B3]
22380 2 ¢ Uehpslct ol euix] W7189] At
FHE oz ALY G Y 53t £ Aot 258 34 A,
3 24 9 7180} BRUst 5 A - A E90) $H
e w12 % U ANTHKImT} Lee, 2019). Y7 2]
24705} 99, 713 Fxo] A FL wlAE Ao
A 2 (Kim Lee, 2011) AlES] &4 94= 71A=
23 8Rlo]7] wizoll 2lUA] B7129] A 24 7] Fa
toh 53] & Atold AREE e Het AZZk(volume-
weighted mean diameter) .2 AFEol9loH, I 24E F3t
AR 574 A v 24 59 T4 7e 48 74
2 2efe 9art Utk

12 AL o e

ofN 1S rlr o

ofr

3.22. 84 2k

dutdoz 84 9 &9 Fug AR AFZ ofvlst
o, YRR 7 F=5 Tt A FolE vt 2uA] 2]
29 84 dke 1.00 gmlE, FE - FEE - ¥
143 gmLETH o202 W9ltt. o]2jet o= 24 BT
20 Adidez JAt 231, vgAde] w2 YA 3t Hi o]
=83 25 7M7) fE2eE A ErAn 5, 2014). W2
44 e YU 75 A A 2ux] 2710 #YEH 2
Al AA|ste] wEE0] oo A HIe ool 2o V]
T 5 AEE Quith. wEbA NS 4P | FEE 93
S 7AIs17] HiME Bl|A] 2719 W2 84 2t 7t
o 24 9 ik A A aEofoF

£

>

3.23. B8
2uA 97]&9 g2 207.80%%, FEE 72.00%, &

2 64.20%, B 51.60%o] W3] BAS] e SAE vt
Uik ol ejuix] 87120 L Aol FHH50.01%)7
Vg B4 71915k Bie RS U7 A7), MRk T
=, B et WS o] Itk Wu . 2018). B4
o A A AF 28 44 50| HHA GFL vl
o 959 AR, 3] 3 2% 9 A% F S8 &4 59
F2 543} PP ABETHGreers} Stewart, 1969). 53]
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§ wop HkEo] SR FHE AR feeR sjAEn
(Oh 5, 2022). AF Ul 22 w88 43l T2 viA=
T8 PR, 8 FF dae AR Pl 384 29
2 28T 4 Qlek wEbA x| 271 rte] w2t 27
o] B Aol wobd AT At AR S0l TS
710 4> ATt E, w7 EAES U WE W S
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Table 3. Physicochemical properties of commercial flour and re:nergy wheat bran powder

Bread flour All purpose flour Cake flour Re:nergy wheat bran powder
Particle size (um) 64.70£0.01" 53.89+0.00° 38.50+0.01¢ 144.800.02°
Bulk density (g/mL) 1.43+0.00° 1.43+0.00° 1.43+0.00° 1.00+0.01°
WHC? (%) 72.00£1.00° 64.20:£0.84° 51.600.55¢ 207.80+0.84°

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

PMeans with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).

YWHC, water holding capacity.
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Table 4. Moisture content and baking loss of crackers with different levels of re:nergy wheat bran powder

Control 5% 10% 15% 20% 25% 30%
Moisture 7.42+0.25D2) 7.10£0.04%® 6.86+0.20° 6.90+0.29" 6.41+0.16° 5.41%0.13¢ 5.47+0.24¢
Baking loss (%) 63.67+1.32" 60.51+1.30° 57.55+1.52° 55.84+2.13° 50.46£0.93¢ 50.53+0.69° 51.23+1.06"

YAll values are meantSD (n=3).

PMeans with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).
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2R EA 9 H=A L840 AZAQ] ok m|E 4= Q1o
B, F7hug 4% Al 7 B9 44 75EE W 1
Hg et 9ok

3.3.3. =z H3}
2R Wl 7l wE A 2ARRE #AR Ak
Table 63} 2t} 24 &2 7 (hardness), 7|74 (fracturability),
LA X (cohesiveness), 12T & A (chewiness) 0.2 Y7L
147]-0]— Sz tﬂg]—q] rqAa]- U:Eﬂo]- 7-‘10(}:0] _1.}7«1—5]041;}. 731:._1— u]
71& A7FEol SHESE fYAoE St dE+
1,288.29 g thH] 30% H7}-ol| A 2,589.63 gO &2 oF 2uff £+
9 Sbistek ol W1 Ul Bl S5k e A
& Yol W U] 2 BRAL AL, U4 3 AR
S/ 270) 93 Aol 574e Aste BekchErine
5 2018). WAL W71& H7FFe] 0-25%71A] 7kl o
2t g9 o7 FAstF o, R 1,099.85 ¢ thH] 25% H
7HE 73643 g0 & 7P W2 3RS Bt T1EY 30% H7M
837.07 gL th 271 %S e, o= we
W7 A 9 ) A 2 a0k Badshl 94sol 2o
5 Aol tha 7K 754 AT Hwangz) Kim,
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Table 5. Color values of crackers containing re:nergy wheat bran powder

Color value" Control 5% 10% 15% 20% 25% 30%

L* 87.43£0.007  85.39+0.01° 83.85+0.00° 82.18+0.01¢ 80.49+0.01° 79.08+0.01° 78.52+0.01¢
a* -0.22+0.05¢ 1.010.03 1.400.01° 2.03+0.04° 2.39+0.01° 2.95+0.02° 3.08+0.01°
b* 20.36+0.01° 20.05+0.02° 20.02+0.01° 20.04+0.03° 20.74+0.02° 21.85+0.03" 21.69+£0.01°

DL, lightness; a*, redness; b*, yellowness.
PAll values are meantSD (n=3).

Means with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d>e>f>g).
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Table 6. Texture profile analysis of crackers with varying levels of re:nergy wheat bran powder

Texture Control 5% 10%

15% 20% 25% 30%

Hardness (g) 1,288.29+22.06"8?  1,474.79£22.90°

Fracturability (g) 1,099.85+41.62"  981.87+422.52°  923.34420.00°

Cohesiveness 0.68+0.02% 0.64+0.02° 0.60+0.02°

Chewiness (g)  629.26+20.39" 690.74+39.83°  754.48+34.35¢

1,655.18+24.96¢

1,876.96+35.27¢ 2,154.01427.55° 2,412.61+21.50"  2,589.63+26.89"

855.12426.55¢  809.74+36.77"  736.43+3547°  837.07+30.55%
0.57+0.02¢ 0.52+0.02° 0.49+0.01" 0.48+0.03"
815.66+27.26°  874.60£36.63°  906.92+38.43"  886.94+27.34®

DAIl values are meantSD (n=3).

Means with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d>e>f>g).
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Fig. 1. Total polyphenol (A) and flavonoid (B) contents of crackers with varying levels of re:nergy wheat bran powder. All values
are mean+SD (n=3). Different letters (*) on the bars indicate significant differences by Duncan’s multiple range test (p<0.05).
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Fig. 2. Antioxidant activity of crackers with varying levels of re:nergy wheat bran powder, measured by ABTS (A), DPPH (B), and
FRAP (C) assays. Each bar represents the meantSD (n=3). Different letters (*") on the bars indicate significant differences by Duncan’s

multiple range test (p<0.05).
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