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Abstract

Purpose: Pomegranate has been reported to exhibit medical properties such as antimicrobial, antimutagenic, anticancer, and
anti-inflammatory effects. Especially the pomegranate peel as a by-product of the juice industry possesses more polyphenols with an
antioxidant effect than the pomegranate flesh does. This study aimed to investigate the effect of the pomegranate peel on the quality
characteristics of steamed bread. Methods: Steamed bread containing pomegranate peel was prepared with 0%, 1%, 3%, 5%, and 7%
replacements of wheat flour with pomegranate peel powder, respectively. Results: The pH of dough significantly decreased from 5.66 to
4.42 with the amounts of pomegranate peel powder rising. After a 1st fermentation, the pH of all groups decreased. With an increase of
the pomegranate peel powder level, the fermentation tension decreased from 42.83 mL to 29.03 mL. In addition, the volume, the specific
volume, and moisture decreased as the pomegranate peel powder content level heightened. For color, steamed bread added with 7%
pomegranate peel powder displayed low lightness but high redness and yellowness. In texture analysis, hardness and chewiness of the
steamed bread rose as the pomegranate peel powder content increased, while the springiness and cohesiveness declined. Both total
polyphenol and DPPH radical scavenging activity significantly increased with growing levels of pomegranate peel powder. In a sensory
evaluation, the group with 1% pomegranate peel powder added showed the highest sensory preference scores for color, flavor,
chewiness, taste, and overall acceptability. Conclusion: The results of this study suggest that steamed bread prepared with the addition of
1% pomegranate peel powder is the most optimal product for appropriate quality characteristics.
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9] 2730 AAE L JTHKim MS & 2013, Lee KW &
Lee SH 2014). AF= F2 AAAF 22 2H|E =Y F
22 Ak Al AR GHolg e ARESEA] ¢7] &l
#H7]&°] 70-80%= "j-%- ETHKim MS & 2013). J1%A]
T AR AL dgiE 239 A, @A}, o]d, T
A, AEol| A} Ae ASE UHA A Z 2o
koK Shin SR 5 2008). A&7 ARAL AFHT} s
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WS W sl Fig 13 o] RS |zt AF

Table 1. Formulation for steamed breads at various levels of
pomegranate peel powder

Pomegranate peel powder (%)

Control” 1 3 5 7

Ingredient (g)

Pomegranate peel powder 0 1 3 5 7
Wheat flour 100 99 97 95 93
Water 50 50 50 50 50

Yeast 1 1 1 1 1

" Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and
7% replacement of wheat flour with pomegranate peel powder,
respectively.

\<—<’Water, yeas-tﬂ:)

| Mixing & Kneading F—( Wheat ﬂour pomegranate peel powder ‘)

‘L at speed #2 15 min

I 1st fermentation
i at 38°C, 85% RH for 1 hr

[ Kneading

L removal of gas, 10 times

‘ Forming
L 100 g
[ 2nd fermentation

\L at 38°C, 85% RH for 15 min

| Steaming

|, 1 100°C for 20 min

‘ Cooling

at room temperature for 60 min

— e

T , .
Chinese steamed bread added ™

pomegranate peel powder J/

Fig. 1. Preparation process for steamed breads at various levels of pomegranate peel powder,
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gk Fof] £ 38°C *H‘JV: 85%4 ZZ A 15852 2
A HEAIHT 22F B %oﬁ HEZ2 100°CollA] 205
b AA] Aol A 6083 W F AIEE ARSI

27l AA AlsdE
A=A pH 57
2 AF 10 goll EFF 90 mLE 7}ste] 72 7)(Unidrive
1000D, Ingenieurburo CAT Mleperer GmbH, Staufen,
Germany) 2 1&7F 72 &4F $ pH "]E|(SP-701, Suntex
o] g3le] =73}

Instruments Co., Ltd., Taipei, Taiwan)S

5. I=Ir|_| t||.9.x-l ix-l

o] Hil =42 Kim CS 5(2001)8] Ao <
Hol Q= FRL o] 43 AL ol Mg
ko] Ryje} FAE ASEZ 33] dhE Z43)o] o}
2o we} AEshch

=
=

o
T

Bl

Volume of steamed bread
Weight of steamed bread

Speci fic volume (mL/g) =

TS AW 3 g5 Fsk] 4E57871(MB35, OHAUS,
Zurich, Switzerland)E ©]-83l] 105°CollA] Al59] FA
7} WA s wW7kA AlEHE 33 B SAH3 &
Haks T

Moisture content (%)

_ Wet weight— Weight after drying

~ X1
Wet weight 00
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7. ME U QI B

AT+ color measurement spectrophotometer(CR-400,
Konica Minolta, Osaka, Japan)E AH8-3}] " 5(L, lightness),
2 A = (a, redness) A Z(b, yellowness)E Al5EEZ 39
A =243 T 1 FHIEe 7 AMAZMUE, overall
color difference)= o}ell F2lol we} F3l3ch oln &
& Wgko] A FEE [=95.18, a=-0.02, b=2.56°|UTt.
913 &g gAY FhzHIXUS 500, Canon, Tokyo,
Japan)E ©o]-§-3te] 7ol o|d-S st AABIAT

AE

- \/( sumple

2 — — 2
emn(imd) +(asumple, ast(mdmd) +(b€{lﬂlp/F bstandm‘d)

8. Texture &3

e 2 x 2 x2 em®] A7|E Adst] ARE AM-SFS
o} ZF Al59] 7 SZ(hardness), ©=4d(springiness), -5
(cohesiveness), %3 “d(chewiness)< rheometer(Compac-
100 II, Sun Scientific Co., Ltd., Tokyo, Japan)E ©]-&3}<]
two-bite compression test= 33| WHE- S35t 1 Pt
e FolA old texture] A 272 Table 29 2

o

1) MF A3 " FEF0| MxE

FAAZRANZ AT A AW 1 goll 7 10 mLE
7Fskal 4°C, 3000 rpmolA 10&3F P4 EE](Universal
32R, Hettich, Tuttlingen, Germany) %, Whatman No. 1 <
HAE st MW FE25S AZsATh

2) & Hi=siEE &

ZF H=34E IS Folin-Ciocalteu Hol| we} =
AeAtHAkay S 5 2011). F=E 0.01 mLol EFF
0.79 mL, 0.9 N Folin-Cicocalteu’s phenol reagent(Merck
KGaA, Darmstadt, Germany) 0.05 mL, 20% sodium carbonate
solution(Merck KGaA) 0.15 mLE 7}t siHl-S Zhs)
of AoA 2A1ZF FF ¥REAIZT 3 700 nmolA] FE =
E =3t 2334 23249 gallic acid(Merck

Table 2, Operating conditions for rheometer

Type Texture profile analysis (TPA) test
Cylinder probe No.l ®20 mm
Sample size 2 x2x2cm
Table speed 120 mm/min
Distance 50%
Max weight 2 kg
http://www.ekfcs.org
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KGaA)E °]&3l3em, & Z89E &S gallic acid
(ug GAE/mg extract)® YEPHAT. A|EEE 33] whE
4% & I Hgks ALtskach

3) DPPH(2,2—diphenyl—1—picrylhydrazyl) 2iC|ZF A
s

DPPH #ltjZt &£7%%S Wang KJ 5(2005)2] WS
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ol 0.2 mM DPPH -£%Y(Sigma-Aldrich Co., St. Louis, MO,
USA) 100 uLE 7FF 3 oA 3083t WA ¥ 520
nme 4 ELISA &342/t”7](Apollo11LB913, Berthhold
thechnolosies Co., Ltd, Bad Wildbad, Germany)S ©]-83}
o FREE 245t obdle] 4o HEFHAL

Radical scavenging capacity (%)

_[ (0D ofsample)]
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I o] ALk
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a

IC5)(pg/mL) =
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Al(color), &F¥](flavor), 71 317J(hardness), %3 4d(chewiness),
Ohtaste) 2 AAH A 7] EE(overall acceptability)E 97
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1. SA xz2|

2E A3g A= SPSS Statistics(ver. 12.0, SPSS Inc.,
Chicago, IL, USA)E ©|&3dt] B3 FAAE ALt
SFTE Gl E4HEA(one-way ANOVA)S ©]-8-31]
AA Algol e FoldS ASstom FoA<l ztol7t
A= AFoll= p<0.05 F<==oll4 Duncan’s multiple range
testE AAISt AE7HY] o] & ST

W= 2% 12 g A% S48 pH Z 3= Table 390
Uehd wie} 2t} W= 235 pHE

Vol ST E FoA R Tadhe AS YERISL
o, 7% H7kEolA pHE 4422 7P Shp<0.05).
o] Choi DM 5(2007)] ATollA £ HEd Hries
o] we} ¥k A %9 pHY} astthes Aol YA|s)
Ro}t fEAo] BIE HIUFgE Aol Aol 4] LHEA
o] &l Hrlgo]l FUHEE w5 A% pHIF 794
o7 F7behe ATARet ESATHKIm YIS 2016).
ol B A3 Hrtd AR Ad 229 W pH(3.19)
7} o] pHell AAZA 0w S & AR AlsHT
HE=9] pHE o|2~EQ] &3 ghilze] galjde <
n)x W] Hujo] @S HXe Aoz dEA UrhLee
YW & Shin DH 2001). ®F=5-2] pH7} 2t o] ~EV} &
gslE]o] gk WA EFO] WOt 7hmof Qg Ado] E
oJA= Wkl ®E=e] pHVF oW Babrkx QbgAol
ETH3L 3T Yoon HS 5 2014). Kim YS 5(2002)9]
Aol W2 pHYE 5.0-5.59 W] 72~ H{o] 7}
2 Fda BasYon, Yeom KH 5(2016)2 W2
pH7} &5 7k A Eo] F7ish 408D wo
W R wkse] 7k @Al Eo] agitta stk 2 A
T MF AE B2 1% 7R pHE 5292 A%
7k Y H 7k R i8S JERSITH

Table 3, Change of pH during fermentation of steamed breads at various levels of pomegranate peel powder

Pomegranate peel powder (%)

F-value
Control" 1 3 5 7
Dough 5.66+0.03"% 5.29+0.01° 4.87+0.01° 4.59+0.01° 4.42+0.02° 3,153.147
After fermentation 5.44+0.01° 5.16+0.01° 4.78+0.01° 4.54+0.02° 4.38+0.01° 5,791.23"

b Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,

respectively.
? Each value is meantSD of triplicate experiments.

% Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

EEE

'<0.001.
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12k I E A $ gkse A
o] I7Vd= REF9| pHE oo Tadhs A%
Yepgilom, oju 7% H7F2] pHE 4. Ly
‘:]'(p<0 05). ¥k 2o} 12k WA F2 ARro] A
£ pHe T4ske 43S Btk ©l& Yoon HS 5(2014)
o] Aol o] 12 BE Fof pH7} HA3IATH=
AFAge}l AP o, 13 LE oA o] RER
&l A== B, 4k} G &L pH ol 93
< "X AeE AtsdTh

=
I MF gd 2 %17}%13 BT Buy} folxo =

Volume (mL)

15 T T T T T T T

Fermentation time (min)

Fig. 2. Change of dough volume at various levels of pome-
granate peel powder during first fermentation, e: control
(without pomegranate peel powder); o: steamed bread with
1% pomegranate peel powder; w: steamed bread with 3%
pomegranate peel powder; A: steamed bread with 5%
pomegranate peel powder; m: steamed bread with 7%
pomegranate peel powder.
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7}t A THp<0.05). §-3]] Wsh=

5% 4PTEC| 0%

A FA43 ABHYOoM 1 ol Fole 43 1B
o ol WA} AYHWA whFo] Ao} o] mEC]
24 Paol FYL F 2o AZPKKim MA F

2014). 604 A3 &, thxao] daviee 42.83 mLE
7V A e 1% F7HSS 37.13 mL, 3% H7k
2 33.50 mL, 5% 72 32.07 mL, 7% 3 7}‘%—8— 29.03
mLE AF A2 &9 Hriso] Stdas Hauid
o] froHom Tadhs AFgS UERATHp<0.05). ©]
23 Adas F5ETE A7 AW(Kim MA 5 2014),
2R TS H7EgE AW(Kang WW 5 2000)2] oﬂ:rLOﬂ/H
‘ﬂxﬂi«l Aol Ftdrs H‘E%ZLEﬂOl Zrast
= A7Adzet AEEY. 7k BaEe NiEe] 2
E—Eil P A= FFS W=TthKang SW & Lee BG
2004). W7HREE tiAlst] M| Ad &2 27 AL AR
Ado] 7R Q= Aoldfrt 279 84S Walst
Hh=o] 23 ghefo] 7Aste] FEEle g xrt &
o] A X37] wiito] WaTFHo] AT ZO0E AR
HthJeon TG & 2010, Jeon KS 5 2015).

l~l‘l

3. Bole} HIEH

A5 A4 o] Fa] g9 Hl-842 Table 49} Atk
iz 2uE 283.93 mLE 7HE A4 JEhga AR
ZeRdl T,*f_g,l-_g] sz}Eto] Z7VSrE FoHor 7HAast=
751 ATHp<0.05). 7% H7}e] Fu= 118.67

L& 7 }7& ‘*71] Uelbgth dize) v832 2.92 ml/g
Qi oo g2 7P A eSS H(p<0.05), A7 A
2 Bu Hrlgko] ZU)etel we} 1.20-2.61 mL/gE Bl&
Z o] uok« S BT 2Huolyl Ea-S AU
2] T 2014), 37| EES H7EeE AM(Min SH
& Lee BR 2008)»} ARl BE-S 7S AW (Hwang
YK 5 2004)°] A7eIME FAR Hrbdel S7HErE
o] Ruje} vlgAo] FoH o g it AEFE B
o Buste] B AFAAet fFARE AEFS e AT

ol MF AW BY IR mE 279 FF Ua

Table 4, Volume and Specific volume of steamed breads at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Content F-value
Control" 1 3 5 7
Volume (mL) 283.93+1.68" 259.0042.65°  216.67+3.06° 190.57+1.60° 118.67+1.53°  2,582.85
Specific volume (mL/g) 2.92+0.02° 2.61+0.03° 2.20+0.03° 1.91+0.02° 1.20+£0.02°  2,842.13""

b Control, 1,
respectively.
? Each value is meantSD of triplicate experiments.

3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,

% Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

EEE

'<0.001.
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W= pHO| 4% AR Qle) 7R A, ' asy = FFT AR Fig. 30 Yepilth B7] B=5 UE
FYo] e To= o] Fuje} nlgAo] had 7 W Lk diEzTolA 731502 7 w3tow AM&F
o Az AY BE WPl FH85E folHoR gadshs 7
o] ekthp<0.03). A A LIS A7he A

4, LEIEHEY (Im JS & Lee YT 2010)°1X %= 594 &L H7hgo] =
NF AA e SR 24 Avke Table sob 2 JFETH L@l gastel olFAs A¥E mgom,
o tzEe) $8 FFS B32%E s B gepte 98l RS Al SURRES Lk dadshs 2Y
o, 4% 72 B2 Hrleko] 21842 4139-42.08% = 2 2 A7) Aaeh FABIIT. A4ES dE
fojHoz 7rAastes AFS BHYthp<0.05). o= A gt dR2TAA 2512 %9]&42_% 7V GHA dE
2} Bure @ylel Ambo] Z-E sbeke. Mk Bub @yl WeWp<0.05), 47 AE 22 Wtdes ke A
o] Zrlatel wel 7HA5tH oM Jeon KS 5 2015), 2 Fe HAL 1%, 3% 2 5% H7H }\].-o]o]] %_g]xqu_]‘ 2F
mol 2= Buke H74e ATKim MA 5 2014)04= o7} YAl Q¥UAAT 1%, 3%, 5% 74 7% 7t
A5 B Avlee] Fl@eE Rkl gad o w Al ARl Aok HEbdTHp<0.05). =S
2 Rysle] B ApAasel g8k o) Hrbd A Ueh= bk A7 Add B2 el S7HEsE &
F AA Buke] RG] 889%E WHE 1231%0) v SIHLE SURRE A¥E BIon 7% W72 20.44
alo] L] Wil Ao AlaEth Z 7 24 e THp<0.05). =3 HF s54E JU)
3k WA 7)(Choi JE & Lee JH 2015)9} ZrEan] B2ks ¢

5 A QI QiG] 7K 2wHLee EI 5 2012)9] AolA RAF A7 e
ME A B Bhe Twe Amn Tae 6, ) STETE LR st agish bt Sksteln

= A7Ade} YT AE(total color difference, 22}

Table 5, Moisture content of steamed breads at various levels of pomegranate peel powder

Pomegranate peel powder (%)
Content F-value
Control" 1 3 5 7

Moisture (%) 43.3240.12°* 42.98+0.12° 42.3840.16° 42.05+0.18° 41.39£0.05° 97.70™"

b Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,
respectively.

? Each value is meantSD of triplicate experiments.

? Means within the same row without a common letter are significantly different by Duncan’s multiple range test (p<0.05).

e

'$<0.001.

Table 6, Color values of steamed breads at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Color value F-value
Control” 1 3 5 7
L? 73.15+£0.20™ 62.24+0.33° 58.41+0.97° 56.40+0.24° 53.86+0.36° 669.24""
a -2.51+0.06° 1.50+0.09" 1.15£0.15° 1.28+0.03° 1.96£0.41° 24576
b 14.1620.09° 16.68+0.14° 19.060.09° 20.12+0.03° 20.44%0.06° 2,717.79"
AE 25.02+0.19° 35.87+0.30° 40.32+0.92° 42.59+0.22° 45.07+0.34" 82549
b Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,
respectively.
K Degree of lightness (black 0 < +100 white), degree of redness (green -80 <« +100 red), degree of yellowness (blue -80 « +70
yellow).

? Each value is meantSD of triplicate experiments.
» Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

EEE

'<0.001.
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(%] [

W [ [«
Fig. 3. Photograph of steamed bread at various levels of pomegranate peel powder,
Top: top of steamed bread, bottom: cross section of steamed bread,

WE TS 2502 7P A detom, 4% A Favh dast A% ngn. ot AR vRe A%t
2 B HylgFe] Z7184E 3587-45.079) MolA = & 2whe] A ATKShin SR 5 2008)9} vA}a}air:}

7Vehes A3 B THp<0.05). Yoon HS 5(2014)& ol=

Yol Bihg H7la42 Awke) Lk bk asta a6, Texture §9

He 57 }8‘—:— A7} ofZ Yo}l o] 7RA 1 e <t AF A4 B H7F o] texture EACE A%, B

EAopd Ao 719Ig AR Btk AsE HA, A4, WIS =43 A= Table 73 2ok 4

7+ Al %dﬂﬁt— T 2o A3 TR ol W] Ao S5 U272 218 N, 1% H7RE2 324 N, 3% A7

@FE Pl Jeon KS 5 2015). & A7l MF HA 2 450 N, 5% /RS 593 N, 7% H7 7.80 NO

B Avbed b2 o] Mzof zol= MR A & 2 N5 A B Hrlgo] 271842 goy oz 2}

ol e Ao Z]QIRE AR ARG she AdE UrEhH‘“EHp<0 05). ol 7%4— sweet
An wk=a) geko) o Ao MR g B U potato dietary fiberE Z 713t ¥ (Zhang M 5 2016)2]

o] Z7VEFE o FAX L A Ho] XA UERTh Ao A= sweet potato dietary fiber2)] @7]-%*01 =7+

el Balt MR 74 B9 Astde] 4] e 2 wwe Aust 2k A%e Byt o] A

Table 7, Textural characteristics of steamed breads at various levels of pomegranate peel powder

Tzl Pomegranate peel powder (%)
.. F-value
characteristics Control” 1 3 5 7
Hardness (N) 2.18+0.17°%” 3.24+0.10° 4.50+0.12° 5.93+0.30° 7.80+0.61° 142.40"
Springiness (mm) 9.62+0.01* 9.46:0.04° 9.3120.10° 9.04+0.05* 8.88+0.01° 92.66
Cohesiveness 0.90+0.00" 0.87+0.01° 0.83=0.00° 0.81+0.01° 0.76+0.03¢ 39.53"
Chewiness (N-mm) 18.83+1.41° 26.64+0.87" 34.95+1.16° 43.20+1.71° 52.44+5.13° 79.117"

b Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,
respectively.

? Each value is meantSD of triplicate experiments.

% Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

sk

'$<0.001.
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FZE(Kwon YJ & Kim HJ 2016), Z&5Ao] E2HKim
Y] 5 2016)S FAISE W H7ist Ao A= whe
ATt BAE Hrree] S7bel wet SVt AT
Hael dXg AFe BATE e HAEe HUtEe F
A=, o] Hu Ui 7F 3 S, FEE, o|RE
o] < TEAZ F 2% 53 FHo] Qo m(Kwon YJ
& Kim HJ 2016), A7 A2 24 715 Qe
WHe] 7]go] & daER st 71F =Z7|7F 243
Ao Bo7y A4Skl wet x| A=rF F7hehe A
o= dAgHEY AF A B Hyp muke] g§¥ALe o
Z7AA 9.62 mmE 7 E=A YElgon, 8% A3
8 7ol S7rekl wel ©@Fdo] 8.88-9.46 mm=E
FolFog rashs AFE BATHp<0.05). ol 24
2 E%(Jeon KS T 2015), 52 S8 5A0x £4S
743 21 (Moon HK & 2004)] ATollA RAg H7}
o] F71EFE gy ido] Aasdte ATFEAe}
A Ao 2 JERETE Bae JH 5(2005)2 Ao th3
AE H7F Al "iF FEHo] xS oFSIAA B
Fastdtta Bustgon, B dFdAxs AR
P A7V SV E ©E o] Aske A
o] R i 7]F IS dAste =
EAES AT WEQ] AoE AsHT
AF 4d B8 JUbe] eSS Tadhe
Bnaom, 7% H7lrelA 07622 M @Al
t}. o]& Jeon YS & Kim MW(2010)2] ollA A
2 Hrbge] S/METE SR = AAsdteE AT
Ao} x5t R3PS F270] 18.83 N-mm, 1%
A7l 26.64 N'-mm, 3% 7] 34.95 N-mm, 5% 3
7hol 4320 N'-mm, 7% FH7H°] 52.44 NmmZ 7
A4 B4 Hrbde] S/1E5E e Aol f94
o2 F7Vehe AEFE JERIATHp<0.05). ©l= Jeon KS
$(2015)8] ATFelA =Xz £ HUbge] SUMETE
e =S STeAtHE Bt fARFAT

Ly

A2
gy o
flo 5

Ay

s

o o
oY Az
i

<

flo

flo oX

™ ood o 2 B ¥ i

30 o N

=

T HUF Awkel F dEsigtEe] e
Table 83} 2Tt X9 F FH=3AES] T 8.64
pg GAE/mgolA o™ 1% F7kr2 18.20 pg GAE/mg,
3% 7S 21.43 pg GAE/Mmg, 5% HA7WE2 23.16 g
GAE/mg, 7% Z712 26.24 ng GAE/mgl 2 X7 A4
T Frteo] 7S E & dlEsgEY FEFol o
2oz Z7FIAtHp<0.05). ol EAY 71EE Hrie
ZWHKim JH & 2014)°4 9] A7A7e} FARE BFs
Uehdth Kim MS 5(2013)9] AFolA AF7 A2 22
o] & ¥H=3EC] 14991 mg/gl 2 =4 SAHHJG
3EoH, Li Y 5200602 ATME M7 AHe] F
HE=33hE o] A YEelgtia B g vk 9l
A HEgitEe] IR gad HF Ad 2
A7kste] g 5 w=33HEY o]l Utk A
Uehd Roz Alsdn. dssgEe A guze
A 5 A& B ol AHe] k3tE AAE 5 Ut
3 R3E] 31 ATKCorsetti A 5 1998). Wk A7 A
2 H7F A Awe] w3t A4 23E VU F Us
Zo g2 AAXI,

P o tlo &

8. DPPH ziC|Z AHs

A7 A- E2-S 371ek #wke] DPPH 2HHiZ &A%
=7 A= Table 8 YUERHRITE IAHg A2
oJ3l DPPH 2}t Z 50%E AAstE A5 FE(C50)=
T IC508k2 7 A 28 A7hgol IS
o) 24(260.11 ug/mL) > 1% F714(137.40 ug/mL) > 3% 3
7FH(41.05 pg/mL) > 5% H7F429.71 pg/ml) > 7%
7}4(21.84 pg/mL) =02 foHo g Fhadts AT
HAhp<0.05). o= AF 44 &2 H71F Sl wet
DPPH 2}tz &A50] S & AS YehH, 47 4
A H7lepo] FlgE Ao haksldtio] Frlshe
AEgFE YA ole AR{ TF9S HUKe WY
(Choi JE & Lee JH 2015)°42] A2} FARRE A

Table 8, Total polyphenol and DPPH radical scavenging effect (IC50) of steamed breads at various levels of pomegranate peel

powder
Pomegranate peel powder (%)
Content D F-value
Control 1 3 5 7
Total polyphenol (g GAE/mg) 8.64+0.32*  1820+0.30°  21.43+£0.19°  23.1620.32°  26.24%0.77° 733.02™"
DPPH (ICso, pug/mL) 260.11+6.53" 137.40+4.73°  41.05+1.35°  29.71+1.76°  21.84+1.62° 2,147.24™

b Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,

respectively.
? Each value is meantSD of triplicate experiments.

% Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

EEE

'<0.001.

http://www.ekfcs.org

2017; 33(1):54-64



>

62 Hopok 7ty o

ox

719 - Alad - Ahe
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Ao ks gl $4sitka B skgon, ek 3
Aehss 7L e AR A E9S FAUReEA
DPPH =tz &7%50] $71% 202 Alsd

9. AH|X} 7|SE XA}

9 HAE=HoF M7F ZAd B HyF Aol vzt
7135 ZAF A= Table 90 UERAQATE Ruke] o)t
2 OIZT4(7.00) > 1% H7F(6.65) > 3% H7H%6.10) >
5% Z7k (5.95) > 7% H7RrE(G.50) o2 AF ZAHE
BT Aol S/t E aste A4S YeRdt
(»<0.05). °l= AF A ¢ HUiFo] S7istel &
upo] Bu7} 7hAe) o] Qe Ao R Alsdr. A
2 7% H7bEo] 4702 7P 9 Yehga gz
1% H7HE, 3% H7HE, 5% H7hE ol fol &<l zfol
7 YEA &btk s 23 4.70)3 7% A7k
(5.10)° I3 1%, 3%, 5% HA7kro] =4 Yehgern, 1
Zoll 1% #H7krol 6.002 fFo|Hoz 7 =4 Uekst
Thp<0.05). o= A7 A4 &2 A9 F7171 7o
HEes Ao R RIEl 5% HIMHA & 7S
=5 Yoy 7% AR gd 29 JUHA, AR 4
2 &9 579 P UF Aot 71557 HAag A
o2 gAY AEE tRTAA 5452 7 A U
Ehgor, AF 7Ad BHS HUEFE 5% H7E7HA
F7Vs7t 7% H7brolA adhe AES YR
ol ZAZ FAAF/NA MF A ELY Aol
Vs Aol AErt foHow IV A
el stake] A5 A B 37 Al "upo] wo) gt
A7) wEell 7% H7bre] AEel tig AHA VEe
7 YA yehge Aoz Algdn HidAe tixd
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(5.85)°l Blst] AR/ Ad B AVELS 6457302
=A UERgoH, 1% H7Ee 7302 foHow 7
A YERRTHp<0.05). B+ 7% H7HES AQg g
AF AE B AP ES BT 525-6.152 I ET(5.05)
of sl E=A Yebgdth 7% A5 722 B b 9
9 71557t 9A Yehd A2 A/ 44 2Es JUE
TE frIke g QI8 4lgto] AsiA7] Wil AS=
AAZITE AREAR] 7S5 = 1% H7HH6.60) > 3% H7}
T4(5.85) > 5% F7F(5.55) > HIZT(5.05) > 7% A7F
(4.25) =22 Yelyth HE 715 7Kg AWM=
HIEZFE 4% HA7RE7MAE 5.40-5.802 TIZ(4.20)0
Hla Akl 713=r =4 YeRgoy 6% 7S
32002 ozl vldl] HRkHQl V|ExE 9A Yehd
= 43S BATHLee EJ & Ju HW 2016). ©|4+o] Ax}
E et E ou, He] Hriste AR/ 44 g9
S5 1% 0] HA™g 302 AAKIT

i

off

AFoIME HAxA ol 5ol B HFUL
MR AA B0 FEEE BoluA AR 4
S
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A7yete] A& Alzstal Qo] FH5A

tlo 2 riz

g 2

]_

ol

‘Il'm N rlr
g

B ngow, 13 5 ¥ BE AYFE pH
raeslglnh, BEAY L MR B2 Yrlee] 5
aste AT dehhgdt. Bt gzl
83.93 mLZ 714 A vehtor, 4% A7 e A
ol FAESE Pashs AFE Btk W8H 34

2]

=

A 1l

[\

A3}, hzTo] 2.92 mL/gOE 714 A vEbstoH,
F AR B Aol THEFE 120261 mLigS

Table 9, Sensory preference scores of steamed bread at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Sensory preference scores Control” " = s ; F-value
Appearance 7.00+1.12°2% 6.65+0.59" 6.10+0.72 5.95+1.32° 3.50+1.05° 38.07

Color 6.30+1.13° 6.45+1.23" 6.55+1.28" 6.20+1.11° 4.70£1.63° 6.99""

Flavor 4.70+0.86° 6.00+£1.03" 5.30+1.30™ 5.85+0.99" 5.10£0.72° 578"
Hardness 5.45+0.76° 6.50+1.24" 6.55+1.23" 7.15+0.99" 6.30+1.30" 598"
Chewiness 5.85+1.09° 7.30+0.80" 6.45+0.89" 6.85+1.50" 6.70£0.73" 530"

Taste 5.05+0.60" 6.15+1.14" 5.55+0.83" 5.25+0.64° 3.95+1.54° 12777

Overall acceptability 5.05+0.69™ 6.60+1.31° 5.85+1.09% 5.55+1.05" 4.2542.02° 9.01""

Y Control, 1, 3, 5, and 7: prepared with 0%, 1%, 3%, 5%, and 7% replacement of wheat flour with pomegranate peel powder,

respectively.
? Each value is meantSD of triplicate experiments.

) Means within the same row without a common letter are significantly different by Duncan’s multiple range test (»p<0.05).

"p<0.01, " p<0.001.
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