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Effect of Pomegranate (Punica granatum L.) Peel Powder on the Quality Characteristics,
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Abstract

An agricultural waste, pomegranate (Punica granatum L.) peel is known to be rich in total phenolics, which are flavonoids
having strong antioxidant effects. In this study, pomegranate peel sponge cakes were prepared with varying ratios of freeze
dried pomegranate peel powder (0, 1, 3, 5, 7% (w/w)) to examine their effect on quality characteristics, retrogradation and
antioxidant activities. The specific gravity and moisture contents of 3, 5, and 7% pomegranate peel powder showed higher
values than the control and 1% group. Addition of pomegranate peel powder increased the batter yield, while there was
a significant decrease in baking loss. Increasing pomegranate peel powder content significantly decreased the lightness (L)
(from 75.03 to 57.04) and pH values, whereas redness (@), yellowness (b) and AE were increased. Increasing concentration
of the peel powder also increased the hardness and chewiness, while the springiness and cohesiveness decreased. Considering
the Avrami equation, Avrami exponene (n) decreased from 1.8055 (control) to 0.9199 (7% pomegranate peel powder). Time
constant (//k) was lowest in control (at 17.64) and highest in the 7% group (39.84). Total polyphenol, flavonoid content,
DPPH and ABTS radical scavenging activities significantly increased with increments in the content of pomegranate peel
powder. A sensory evaluation by the 7-point scaling method showed that the sponge cake containing 7% pomegranate peel
powder had the highest scores in color, flavor, sweetness, chewiness and overall acceptability. Hence, it is considered that
sponge cake supplemented with 7% pomegranate peel powder is the most appropriate for quality characteristics, retrograda-
tion and antioxidant activities.
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150 )3} total phenolics, flavonoids 5 A A} E2
o] £H3L3, o] o] tanninS 5860 gkgd] $Fo 7 Y
o in vitro2} in vivo 3AFSE 3alyb Qv B x|y 9ith
(Guo & 2003; Kwak 5 2005; Seeram 5 2005; Li 5 2006;
Jin SY 2011). A7 AA2 3, 95 0, FrBEL
4 59 oFgaxrt doka BaE gl o w(Lansky & Newman
2007; Al-Zoreky NS 2009; Ismail 5 2012), 71 2]of & =7]
ol lol, 2 Fe dAIst AT gFY 2HE o
Aa, vt A5y, o FAAEF M ane} FEAH
o] a7} Qo B UERItHNegi 5 2003; Lei 5 2007,
Park 5 2008; Sadeghipour 5 2014).
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oA i A= = A Al A FFolt. A%
715748 Ad ARE J7Fe Aol gt ato] £33k 1
P AAE APAFL2E FEAE J7HE 28] Aol
H(An 5 2016), 2u|zE H7eE A¥A Ao]=(Shin GM
2016), = <u& H7}3E 2HA] Ao]=(Shin GM 2015a),
A s 7Kg 23 A) Alo]=(Song YK 2013) Fo] L
o AR AAE o83t dAFole A7 A BES JU
F7)(Ismail 5 2014), A5 A2 242 H715F AP A Z(Park
KT 2010), 4% AA 24 A7 AHPark 5 2009), A
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B 2252 V)3t chicken patties(Naveena 5 2008) 59|
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EEHOE o §3)] ote] 47 AW BuE UiFe) I
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HA] Aolz 9] FE EAQT A}t 4L S45HL, Avrami
WA S S A7l whek A& FAho] 2uA] Aol=2
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Cheiljedang Co., Ltd. Seoul, Korea), A4BHCJ Cheiljedang Co., Ltd.
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Table 1. Formula for sponge cakes at various levels of
pomegranate peel powder

Pomegranate peel powder (%)

Ingredients (g)

0" 1 3 5 7

Pomegranate peel 0 1 3 5 7
power

Cake flour 100 99 97 95 93

Butter 20 20 20 20 20

Whole egg 180 180 180 180 180

Sugar 120 120 120 120 120

Salt 1 1 1 1 1

D0, 1,3,5,and 7: prepared with 0, 1, 3, 5, and 7% replacement
of cake flour with pomegranate peel powder, respectively.
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‘ H Cake flour, pomegranate peel powder ‘

‘ Mixing | H Butter ‘
l

‘ Panning (350 g) ‘

l

Baking (170°C, 20 min) |

‘ Mixing

‘ Cooling (after 1 h) ‘
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Fig.1. Preparation process for sponge cake including
pomegranate peel powder.

3. B HIE, B 2 Y '_"7| EAME X

HF== 9] H]2(Specific gravity), B 4~8&(Batter yield) I &
7] £A1E(Baking loss)2 American Association of Cereal Che-
mists(AACC) method 10-159¢] w}a} Alo]3 HiFo] (AAH 2
O] FACL F& F IAZE A4 HYyE Aol=9 FA
£ 7} 33 Zgsjgon, ok o= 7 Fagich

Weight of cake batter
Weight of water

Specific gravity =

Weight of cake
Weight of cake batter

Batter yield (%) =

Weight of cake batter — Weight of cake
Weight of cake batter

Baking loss (%) = %100

T2 Aol FAF 5.0 g& FokaL, A &
A 7](MB35, OHAUS, Zurich, Switzerland)2 105Coj|A] 90
Az BAT e gk Al 2t AR i
& 23T 2B AN A5 PAE An
33 whselo] 243 3 ofd) Aol ofstel Terelc.

Wet weight — Weight after drying %100
Wet weight

Moisture content (%) =

5. pH &&

Alol=9] pH=
Ltd. Taipei, Taiwan)= A]i% 33] ¥tEste] 233tk A%
2] Alo] =29 crumb FE 10 g F3 F, FHS 90 mLE 7}
3}a1, & 7](Unidrive 1000D, Ingenieurburo CAT M. Zipperer

pH meter(SP-701, Suntex instruments Co.,

3719 - Aad - 1Y

=4 EFIYEIA
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GmbH, Staufen, Germany)S A}8-5te] 187+
2 ARSI

dASAA A=

6 ME 53

2H1A] Ao)A9] crumbe} crust FEO] Mg MR A
(CR-400, Konica Minolta, Osaka, Japan)2 THX=(L), A= (q),
FHERS A2 33 WEalo] 2RaioT AAHADL
ol FAlof wet A&t o, ojuf ®E WMAHO L, q, b
ke Z+zF 95,51, 0.31, 2.120]9ith

3 _ P _ 3
AE= \/ sampte — Lstandard)”  (Csampte = Cstandara)” T (Dsample — Vstandard)
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st A2 2 AMESEYE 21, Rheometer(Compac-10011, Sun
scientific Co., Ltd. Tokyo, Japan)E ©]-&3}4 texture profile anal-
ysis(TPA) 4 0.2 #|o| =22 7 =(Hardness), B+ AJ(Springi-
ness), -3 AJ(Cohesiveness), 43 A (Chewiness)S 33] HHE35}
o 22351t} Rheometer®] &3 Z 7L Table 29} Zth.

. A HEE Avrami kinetics0f| 28 t3l= £M
HZ| Alo]=29] k3tE BA-L Kim & Chung(2010)<] =
HE g5 A5t EAsHh Alz" 2HA] Aol2E 20
CoflA 5U7F AsHEA A=, Xﬂ_:- % 1~4¥ <] Rheometer
£ o] g3lo] A=E =43}t Kim & Chung(2010)0]] 7]&
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A2 o33 2t

Py e
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0 = LBAHY B F Holle Bl RE
k = & ZAM(rate constant)

n = Avrami A4

t = AN

Table 2. Operating conditions for rheometer

Type TPA (Texture Profile Analysis) test
Cylinder probe No.l ® 20 mm
Sample size 3x3x3 cm
Table speed 120 mm/min
Distance 50%
Max weight 2 kg
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1) M7 ZAF AHX] H0|3 FE2Q HX=

287 Ao|2 £ 1 g& 75 10 mLe} Egtstal, 25T,
150 rpmof|A] 24A]17F FQF FE3to] 257C, 3,000 pmof A] 102
7+ ¥A&e ¥, Whatman No.l S22 oji}ste] A7 A2
2HA] Aola FEES A=A

2) & HI=3teE =

Z J=33E g2 Folin-Ciocalteu HS 38310 =
Ao Ay £ 2011, 2817 Aolz FEE 10 1] 25
4= 790 uLE Yol 343 &, 34 H F&Eof 0.9 N Folin-
Cicocalteu’s phenol reagent (Merck KGaA, Darmstadt, Germany)
50 pLE 7}5}aL, 20% sodium carbonate solution(Merck KGaA,
Darmstadt, Germany) 50 uLE 7}t 3, Sl 2pehsto] 42
ol 247 =oF uheAATh B2 A(Infinite 200PRO,
Tecan, Minnedorf, Switzerland)Z 750 nmoj| A Ht-3-E9] &

=E 33 wtEsle] A5k Gallic acid(Merck KGaA,

Damlstadt Germany)2 EFEA 2 HFAS FAgslar, 19
w2t 2 Z299s $F2 gallic acid equivalents (ug GAE/mg
extract) 2 EHAFSISE T

4% A BY F7h 284 AolAY B B4, kst B U el 24 581

1l

3) &2 0= &

SeHEE0|E FFE Lee & Hong(2016)9] W< 583}
o B3R} Alo|a FEF 1 mLoj| 5% sodium nitrite 150

LE 7lsted 682k QHolA ¥ A2l
chlor1de methanolic solution 300 LLE &£¢}5}te] SEZF ¢4l
A WESA]Z]AL, IN NaOH 1 mLE 7]}t 520 nmo|A] &
B=E 33 1;1_}&3}0:] SAstATE 28] Aolao FRE
R 0| E L quercetin® EEFEZAZ AR5} 7&’37\1
& ZAJstar, 1of Wt quercetin equivalents(ug QE/mg extract)
2 Uehpgick

%, 10% aluminium

lFl Ei

4) DPPH 2IC|Z A7s

DPPH(1,1-diphenyl-2-picrylhydrazyl) 2}t]Z &7 %2 Wang
S0005)9] WrHel whek Zstsc) Aol 2E e ZRs
£ Yol FEUR 228 S4se] ARAOR A3
th ZF == AJE9Y 100 puLoj 0.2 mM DPPH €< 100 uLE
Jtoted QAo 3087 WHEAIT T, BRTEAR ol gl
o 520 nmojA FFES 33] HHESHY Zﬂfﬂ‘;’if} DPPH =}
T2 7% DPPH 9 4l gk && ol gato]
YRS 2T F ol Az go| A&

Radical scavenging capacity (%) =

O~Dofsample)}
— 1| =—— ]| X100
[ (OADofcontrol

ICsok(ug/mL)2 = of it DPPH | d &AF 1=
9] 718715 o, yAHE b2 5] Tk 2o] et A&slArt

iCq (ugmL) = —2——
5) ABTS EIC|Z AHs
ABTS(2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) 2}

tZ 2752 Choi 5(20060)8] WHof et S45¢. 14

mM ABTS 2 mL¢f| 4.9 mM potassium persulfate 2 mLE- 7}5}

T, WE AT F, 12402 B WSAA ABTS ol

RARAATE. AZE ABTS §oE R4 545te] 414 m
oNA TF =7} 1.47~1.507) H =& gk2Qitt 225 10 ploj

34 ABTS ] 200 LLE 781, A 1AZE §HE-A

71 &, 414 nmo| A FF =S 33] vk sle] 2431tk ABTS

89 g4l $R5E olgalel Yae FYES 2HaIY

th. ABTS 2tz &A% g ICs3k(ng/mL)2 DPPH 2ft]Z

4% FUT AL wret AEshech

10. 2H|X} 7|S = ZA}
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2H|R} 7|3 A= 3079 @S5S = AAIsH
otk AW Ao]AE 2:2x2 cmB e} ARt GRS A
TR FAE HAYAJof ol 49} A A5t
2] Alo|22] HrIFEL M(color), Fu(flavor), &
(moistness), TH3H(sweetness), %3] AJ(chewiness), A& 2l 7]
& T (overall acceptability)o]m, 78 HE=HE o]&ste] ‘o &
Hh = 13, ‘of¢ Foh & 7322 H78FEtHLu 5 2010).

1. SH Az

A% At SPSS 12.0 X2 73(SPSS Inc, Chicago, IL,
USA)E o|-g3}e] EAHEA(One-way ANOVA)S F3f 2+ 4l
Hghe] B a(mean, M)T} FEZEHX(standard deviation, SD)S
AArsEE 2.1, p<0.05 4220 A Duncan’s multiple range testS
o]-§3st] A7 7t oS AFSIATE

= HIE U= 2 ¥ 27| &8

A% A 3t AWA| Aol vbS M, Wk
+& 9 37 48 S F 3= Table 33} 2t} 85 H|S
= 97 AF I AEE dotEe ARE Aol fujt
2230l FFE vIAtHLim 5 2010). WH59] 7| 7o)
Hages vFo] S71stq Aola9 Fuj7h #opx]a =
Zjo] A o|A|H(Cho & Kim 2013), §H= W]F2 D779 F
7 NAEE, &, SPERA G5 SOl 9%E et
(Kwon & Lee 2015). 457 & W] Ao|a w5 v
2ol 0442 7 WA Uehga, AF AE 29 371
o] S7HdE W59 viFE Sk S HASH 3%
M7, 5% A7 7% 7R Abelofl 2 # ]l Aol v
EFLEA] gESETHp<0.05). 34+ 8 (Seo 5 2015), T2 HSF
HakJung HC 2012), A7 E2KChung & Kim 2009), T35
HFFE|(Park ID 2008)E 7kt AW A] Alo]F o thgh Ao
A= RAR H71go] S7HdS W59 HFo| S716tA

1. Hi

|l
)
b
>

(

7hg - 2w -

4719 - Al

b

a2 HEREE DR

A

i, ol & AF AR FAREH. ol AR FE 2]
98 AF9 2 U3 Ao 2N ok v A st
AEZAHL JAT A2 ARHTHLee & Son 2011b). 23
A Aol Azsty] AT vlFo WE 045~0.550]2L
Higo] genKim § 2014), & A7 w5 HF
044~0482] 9= Ueh}, 2 Ao 89 A7 44 &2
b 2R AEE Aoz wod

WS 80 A9, 2ol 93.14%= 7 wem, A
7 B HUlEEo] 93.31-93.64%0] HY2 AR Ba Yy}
Fo| S/t FYHer Frleke AFe HEHT
(p<0.05). °]= F7|A FEE H7IRE AWA] Ao|=9 ATt
Z3KShin GM 2015b)2} o], 22 Alo]=28] FAZF A& 3t
Zpolof &gt Aoz AlrHrh H2EY £ (Lim 5 2010),
F3 £%(Cho KR 2010y H7ket AW 2] Ao|=9] Ao}
&= YA

52 de I T Bl gst] FEA =L, oju W=
W 71gelA ol 7IA= SEel wheh g7]&de] EA
a7 Eh(Park 5 2008; Shin GM 2015b). A5 72 Hak A
HA] Alo]=9] §7] EHEL 2ol 6.86%= 7HF RS
o, A7 A2 BTE WS FHoR gdashs B
<= HYAHp<0.05). ol= AF ZAE £%o] 7] HY F 71=
BAE AAst R SEE WA AoR AmEHY. o
o 22 A= AE 9™ £9(Shin GM 20152), FF= &4
(An 5 2010)% H71et 2HA] Alo]39] AFATE FA

ol

AR AA 2T A7IRE 28] Alo| A9 i A2 Table
49} 2k =73} 1% W7HES 31.73, 31.98%E W) et
wgom, 3% HIHL, 5% FIFE 7% B7FEE 32.70, 32.92,
297 A etk A% BY A7l $7184E A
gt oz S8 geFo] ok Fulehe AFE Btk ol

N5 AA Bo] FHL Y HolHsad 2 A

Table 3. Specific gravity, batter yield and baking loss of sponge cakes at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Properties o | S . F-value
Specific gravity 0.44+0.01°% 0.45+0.00° 0.47+0.00° 0.47+0.00 0.48+0.01° 32.40™
Batter yield (%) 93.14+0.01° 93.310.02¢ 93.35+0.01° 93.40:£0.03° 93.64+0.01° 431.15™
Baking loss (%) 6.86+0.01° 6.69+0.02° 6.65+0.01° 6.60+0.03¢ 6.36+0.01° 431.15™

D See the legend of the Table 1.
? Each value is meantS.D. of triplicate experiments.

» Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

" p<0.001.
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o] &oh, TIEY +EFTLE AAATI7] HE Aoz & W2 S UE It W59 pHe Alo| 29 =27 A
AtEETHKIm CH 2015). Cho KR(2010)9] f7oflA = F 7z gl fyof G2 vjAH, Aol 7keF AlolA9 7]

S 7SS 28R AolaY & FFo] ¥ o] a1, 9|9 Azo] @1, KHuj7} AA et v, o
2 F7rstglen, ol whE Wi Aoldf % U2 & Zelo 77h&EE AolaY 7|Fo] AL, #u]9] Azto]
Fgo] 37K WEQ] AR BiEoe] gt E3h Wy Zatar, Huj7t 34 Yepdth= 2 a7b 91ckOldham 5 2000;
2 Bt H7 AWR| Ao]39 AFAE S8 A} S2o) Lee & Son 2011b; Cho & Kim 2013).
2 Wiz Hrio] 7SR & ol 93
2 Z7lelgtts B aEo] 9ItiCho & Kim 2013). 4, M

FE2 Aola 20T A IA FFE uAH, 2 Alo] 2] ML= Table 5, TH FHPAZ-2 Fig. 2] Ureh]
7] S S SR 23t A AE I, 23 A Aok 2E A& Zh2 Hunter’s value2 UEFH At} LEH(H =)

2 5 gtk A7 Baso] grkKwon & Lee 2015). 2 o] AL, Ao|2Y R (crus)? W (crumb) BFE R
ATOIAE A7 A BB WIFALE S8 o] o7k (4741, 5090041 7P A Uehgon], 4% AW BT A
Z7kehe A e Tt 28R AolTe] AF  sire] Z/1USE Ighe] fYFOR st o RYAL

QB A7 A mBEES ANV B3 g e BTl HeEThp<005). o FA(Kim CH 2015), 53K
= woEd. S 2010)E 7Kg AWA] Aol AF+ZA LY FASHT
AN RAAE fe1H Aol7h e e

3. pH HhE, Rol At aghe ~628-0829] WS M%7 2

AF A4 EZ Alo|29 pHE Table 40 Yehg et £ 2ol HriH|go| 7SS agho] 3o g Frlshe F
AL A AMEE A8 A BEuro] pHE 3.190]900, 4 FE Yt A thp<0.05). b3 =) 3%, 28 A Aola
F AR 29| Hrlere] Fvto) whak A% AojA pH 9 R b2 AF{ AE BT HUFEY STl wet &
7F 8784 6.5802 (olH o7 FAdhe FFS Ve o]F o2 ZrAFIFTHp<0.05). Y52 pgke tl2F 2ot WA
ot} A2 AR Bak 7% 717 pHi 6,588 714 Wkt UetA g A5 A4 B drbege] Svtel whet 914

(p<0.05). #Ao|=22] pHE= HAFE| o} FAFE Q] H3FL ko o7 ZIP8le A B Fthp<0.05). AE(Total color dif-
o, Aol2 A& F HolH ied, A% 52 FFS vIAA ference, M2Hgh)2 o F-oF UlF BF ti2ao A 7 Wt

okom o]9le] AR wtet pH7l ZHECHKIm 5 2014). & |, AF A E€E IESE {oHer FbsHt
AFHL HAE A B A9 X pHI} Ao]Zo] pH  (p<0.05). T= E(Song F 2016), ofAuebA A Ee(Zhang
of 9FS & Ao woEh BARY Hrlgo] FrtEs T 2015), E=rhE] LEH(Kang & Moon 2010), 2! 2 (Choi
£ Alo]=9] pH7} 2 7 2n|=t E(Shin GM 2016),
A" 8 (Lee & Lee 2013), A & (Song YK 2013y 7}

g 2] Alo]29 Ao = Hirg Bl gtk dutHo = I I I I I
2B Aol=e] HAHZ pHY| W= 7.3~7.60|H(Lee T — 0 s o = ;
2000), £ ATA 3% H7kEol A3 pH E 9IS Ui * "

o 2T 1% H7HE2 8.78, 83602 AA pHET =2 Fig. 2. Photograph of sponge cakes at various levels of

e eI, 5% A7 7% H7ES A A pHECTH o pomegranate peel powder.

Table 4. Moisture content and pH of sponge cakes at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Properties " F-value
oY 1 3 5 7
Moisture (%) 31.73+0.46"2% 31.98+0.37° 32.70+0.40° 32.9240.16° 32.97+0.33" 746"
pH 8.78+0.03%% 8.36+0.04° 7.52+0.05° 7.010.04¢ 6.58+0.05° 1,44027"

1) See the legend of the Table 1.
2) Each value is meantS.D. of triplicate experiments.
3) Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

sk

™ p<0.01, ™" p<0.001.
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Table 5. Color values of sponge cakes at various levels of pomegranate peel powder
Pomegranate peel powder (%)
Hunter’s color values o " 3 5 . F-value
» Crust 4741204999 4577+0.50°  44.03039°  40.54+0.60°  37.77x0.48° 187.50™
Crumb 75.03+0.37° 62.57+1.29° 60.59+0.65° 59.10+0.72¢ 57.04+0.75° 228.24™
5 Crust 11.33+0.37 10.93+0.66 10.62+0.55 11.26+0.20 11.00£0.30 1.20M
Crumb -6.28+0.27° -1.57£0.21¢ 0.1320.08° 0.4620.11° 0.82+0.14° 847.70™
" Crust 19.88+0.30° 18.30+0.25" 1743:040°  16.69+0.15  14.35+0.28° 15426
Crumb 24.36+0.32° 19.16+0.26* 21.09+0.13° 21708043  21.81+0.49" 85.40™
B Crust 52.44+0.38° 53.37+0.33¢ 54.69+0.53° 57.91+0.57° 59.98+0.46" 141.16™
Crumb 30.95+0.18° 37.14+1.18° 39.74+0.53° 41.34+0.46 43.22+0.89" 126.00™"

D See the legend of the Table 1.

? Degree of lightness (white+100—0 black).

¥ Degree of redness (red+100<>—-80 green).

9 Degree of yellowness (yellow+70— -80 blue).

% Each value is meantS.D. of triplicate experiments.

9 Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

s

™ p<0.001, ™ Not significant.

S 2007 7K 2R Ao AAME FA=TE H7HE ol
ot AEgEe] S7kshe Atddtet dXskath A5 A4d
Baro H7bsk AJw ¢T(Altunkaya 5 2013)0)| A A8 A2
E09] HrlRkol whet Awe] Lgho] A4Sl agkt hgko]
L5 F7Mte S B & ddae Akl ol
A2 AA B L, a, bgko| 74.35, —824, 200002 AHX
AlolZe] Mo AHA o7 FFE MA = AL ARH
o} 287 Aol Az Al WIHEE dAste] thE RARE
A7V g, 2R Alo|29] MEof FFFE v|A= T8 8
dozE HrlEes EEY FRA A, Al B 59 Hlaa
Al ZAWYEE]l upo| % w3, Ads} Bk, v 2EE
B %3 9JckShin S 2007a, Shin S 2007b). Fig. 204 B
uie} Zro] A7 ZHA BT MY F7hol weh AHA
Alo]=Lo] Mo] gre Mofl x| gt Mo 2 Wtz AL |to
22L& 1% 4= AUSIth E3 AR A BT JA7EF ST
weh AHA] Ao|=2Y] Buj7t FolExs 252 E 5 UMe
o), o] F7)|A} Bako] Mtz Al 27} oFslE o] AHX
AlolZ2] o] AA = ks A+ Z3H(Shin GM 2015b)<t
AL H, 220 gle A% A2 EUE Q3 234
Alo]|28] 2] HFo] AAE o] Rul7t Foj& Aoz et
=g

£

5.
227 ZHATE Table 60] ehhgich. z2e] A=
1.60 No.2 743 v Uehgon, 1% d7F24(1.93 N) < 3%

4712(2.07 N) < 5% H7H22.25 N) < 7% H7H2(2.58 N) 9]

Ay oM

o e

S0 4% 7Y pU| Wil F71erS AT} §9)
H o2 Z7lehe Aae LEitkp<005). ol 7 o)
(Shin GM 2015a), A7 X(Chung & Kim 2009), EuHs(Leec S
20092 A7k AHA| Ao|2e] A7 AT AT A
ol29) Awo] YFS u]HL 2eloRLE Ao]=e Ry,
57139 I A, 7 I BugoxH, 7]Fo] &
AAESS 27} AN FEA} Robn REsislac
3 B EQtHChabot 1979; Lee & Lee 2013). & o A
4% U WY B9 g w BAS Ao 7150l
ZH AEER] 27| wZol, Wi 22 o] 2dajigo] wet vt
2o w|go] 271812, Ao|2e] AEE Z7eke AL A
2T B, 7% AT Aolrt F RER Eeh thoal
AL % W71E0) pHIF 6582 A Zo] 77H9) Aol 2 &
Ho] 2& 7 goz 8| Huirt Zasieds] e Aow
Atz gt ©®EAYY AL, tixdto] 13.83 mm=E 7 EA
Uehyga, A5 A2 B J7EEE 13.76~13.23 mm=E A
% 74 2% Wl foldoz dashs ATE BY
oHp<0.05). $RAL HNZF082)0] viste] 47 AY B
HA7HEEC] 07907502 WA Yehgoen, Af Ad £
Hhere] Ztol ek $340] oK oR Faske AR
= Hohp<0.05). AF A &2 37 A e A
o] WA yehd AL ARF A 2o 94 = A a2
u AT F 9 Suste] 7| TG0l T o] Tolx A 2a
Aoz A2EckShin GM 2015b). R3] AL thzFo] 18.17
N mmz 7H W dehgon], 4% A R W7k
2 gojgon 2/ FFL Heitip<0.05). 7717
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Table 6. Textural characteristics of sponge cakes at various levels of pomegranate peel powder

Textural Pomegranate peel powder (%)
.. F-value
characteristics ov 1 3 5 7
Hardness (N) 1.60:£0.02° 1.930.04¢ 2.07+0.03° 2.25+0.03° 2.58+0.05° 307.17™
Springiness (mm) 13.83+0.11° 13.76£0.02° 13.58+0.04° 13.43£0.11° 13.23+0.05¢ 29.24™
Cohesiveness 0.8240.01° 0.79+0.01° 0.77+0.01° 0.76£0.01° 0.75£0.01¢ 54.81"
Chewiness (N -mm)  18.17+0.07° 20.97+0.28¢ 21.6340.18° 23.0620.04° 25.54+0.50° 300.76"™

D See the legend of the Table 1.
? Each value is meantS.D. of triplicate experiments.

® Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

2] Alo|2 AFoA 7R FTS
Vs A STk, e SHAAL At
ARt 2ak= el itk Shin GM 2015b). 2SS H7}et
2] Alo]=29] AtolA YZA e H7lgel Skl =
ot A=t Sl BF FkskaL, g ARl o]
sh= AR 23S UEH ItHAn 5 2016). 223 549
A3E T, AF 44 B9 Hrligol $71EE 7
=9} R0 B foFo=m S v, @A T 34
e B dashs BEFE UEHATHp<0.05).

B e

o

6. AE HSIE Avrami kineticsOf] M8t 51 24

AR A4 BdS Arke 23R Alo|29] k3t £4% 4
= Table 77} Zth Avrami R4y 2R3 AMlS UEly
=R, 23 9 F4 A 9 2AA 34 S=o0 st
ZAAEHCollar 5 1999). £EAG(h= =3kETo|m, A7t
Ar(lbhe $5449 942 Yehdth Avrami 2|47} 2
=75 24 9 40| =8A dojuta, =3} oA axrt
AUTHKIm 5 2006). £=447H 348 A7 2o
2 13} o4 537} 9JthKim & Chung 2010). Avrami X|<=
= HE2TolA 180552 7P =A Uehten, AF gd &

o] H7teFol $7HdE Avrami X7 aste] AAA|
dol Ad=E A YT 7% H7HE2 091992 7}
W2 Avami 2|4 gh& UER Yl om, =317} 7 H A
st As oulgith ATHEY] e, dR2IH(17.64) < 1%
H7HH19.01) < 3% H7FE(19.84) < 5% HA7H2(28.17) < 7%
A7 (39.84) 0 2 AR AA £EE A7FESE AV
F7Fste w3t A sl AL et A7 A4S
7¥gt sfiutetr] 7159 dAtolA AR AP A|A = AR
AAo] #jutety] 715& PESAIXIthaL B st o w(Igbal
S 2008), =Et2] HAS H7IgE HollA et HAe M7=
o] Z7Fgtoll wet Avrami X|4=7F RobR| A1, AJZHd47) ok
A sl 7h st Chung & An 2012). A0)d-f= Al
o|Z9] WA AA7IZE St Alo]A e HE WIS FA St
3= A HA)7|H(Gomez 5 2010; Lee 5 2014), =9} &
Ao 2 A ZH sourdoughd H7FeH Aol Aol A sour-
doughE H7I&4& AMEE7 AR L, L3S g TAA
kil B8k eHChung HC 2008). 3H4ibet &8 #-2]14]
9] At WAstal, =3k A9 &t lokJin SY 2011;
Lee 5 2014). 2 AFolA AF A Lo Frigol 57t
TrE L3 AdEE A2 AF dEdd e Aold

Table 7. Avrami exponent (), rate constant (k) and time constant (1/k) of sponge cakes at various levels of pomegranate

peel powder

Pomegranate peel powder (%)

Avrami equation analysis

oY 1 3 5 7
Avrami exponent (1)” 1.8055 1.5709 1.4396 1.3444 0.9199
Rate constant (k)” 5.67x1072 5.26x1072 5.04x1072 3.55x10 72 2.51x1072
Time constant (k) (1/k) 17.64 19.01 19.84 28.17 39.84

D See the legend of the Table 1.

? Values obtained from slop of plot {-In(E, - E)/(E, —E,)} vs log t.

% Values obtained from slop of plot In(E, - E;) vs time.
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7. & Hi=3lEE ¥ E2EL0|E &t

Aole] & vEsieEe] THL Table 83} 2T AW
Aol=29 F HE3tEY FFS HE70.83 ug GAE/Mmg)
< 1% H7}2(097 ng GAE/mg) < 3% H7F2(1.09 1g GAE/mg)
< 5% ZH7H1.23 ng GAE/mg) < 7% #7156 ng GAE/mg)
o £AZ 47 AW B ARl FHEEE  v=s
Feol o] felHon Zrleke AL Uitk
005). B9 % TEBRIE WFE AR AT G
phytochemical A £-o] 7]¢1E A2 H 1% 9JrHlee & Son
2011b). & H=3E9] ol S7tske A2 He3t=
o] FRa THE A7 4L BLE Wrheol ot o=
o] AR THJin SY 2011). A= B2 (Lee & Lee 2013), £ &
(Lee & Lee 2013), F-A] 2 Q) Bakee & Son 2011a)S A7}
3 AR Aol2AE RARe] Wrige] F7FLES of
BEHEe| o] Z7ieke Aol ekt 2189 27 o
AR C] H =532 B4} U] phenolic hydroxylo] &4 ¢
WA 2o AT EAET AYsHe YA 23 GlolA] 3
g I, et B4 5 o2 7 AYEA 23E 7HR A
e Aoz deiA 9lrkKang 5 2010). wety 4% 24
T84S 7kt 28] Aola A= Al ABA 7ls= F
A2 Aoz 7l

A

2 041 pg QE/mgol 2w, 1% H7ht-2 0.60 1g QE/mg, 3%
A7 0.79 ug QE/mg, 5% A7 0.94 pg QE/mg, 7%
7S 1.08 ng QE/mge 2 A7 A7 B Hrieko| 7}
ol whel Eeti ol =9] JEfo] foHor Fretlrt
(p<0.05). Jin SY(2011)&] A-tol|A] A7 AL FepEo|E
o] 171.80 mygl 2 A S =t BHuEglom, Li

¥ MR

=4 EFIYEIA

A

50062 AFAAE A7 Ao Sehaio|= P &
A vebgehn B o glek meba] Eeheieo|Srt F5
S F9E AR A BUL IR AHA A2 et
B0l P Folt o ArHch

8. DPPH 2! ABTS 2iC|Z ANS

A5 A B4 H7ret 28R Alo]=29] DPPH ¥ ABTS
Sz 2A% SHZ T Table 8o eI IG5 2
gz 50%E AA Al a3t AR =, Y7 BA
Ao o3 AF&stith DPPH 2ttjdt 2759 -9, ICsk
2 7% HA7FE(54.31 pg/ml) < 5% H7}(85.36 pg/mlL) < 3%
714672 pg/ml) < 1% H7F2(237.87 ug/ml) < 2
(324.90 ngml) 9] =0 = AF A Hrigo] F7Hd5 ICy
ol foHor Fadshs AFSE U ATHp<0.05). 1Cs
Zhol &% DPPH itz &A50] Eohe AL 9u|gt
o} wheta] A5 A B Hrleke] 571845 DPPH #t
bz &aAF0] wobA| 1L, sk o] Frtste A¥FE &
o, 2t vlaste] 7% H7hEY] ks Fo] of
6= =A YebEh

ABTS 2tt)Zt 27459 -9, ICsotkZ 7% HA7HH97.87 ng/
mL) < 5% H7}(134.89 pg/mL) < 3% H7ht (195.17 pg/mL)
< 1% H7HH261.51 pg/ml) < ) ZF(373.89 ng/ml)e] Lo =
A& A A7EFe] /M ICsotol Y3z gast
€ B UEATHp<0.05). ol= A7 AE M7k o
2} ABTS gtz 2750 AX &= A& Yusiy, 47 AE
L J7H A ksl o] FTtske A AR Aol Eol
TREE FEA M 5 A3 ABEAAE AL Y= E
Hof| o5t Ao g AlrH AR AE £ Hriske 77
9] AN = A7 A IS Hristel wet Akt 59
o] S7Fsh= FARE B3-S YEh e m(Ismail 5 2014), =}
A mtal BRKKim & Lee 2013), 9 2 (Lee & Lee 2013),

2

Table 8. Total polyphenol, flavonoid levels, DPPH-radical and ABTS-radical scavenging effects of sponge cakes at various

levels of pomegranate peel powder

Pomegranate peel powder (%)

Content F-value

oY 1 3 5 7
Total polyphenol (g GAE/mg) 0.83+0.05°%% 0.97+0.05° 1.09+0.3° 1.2340.03° 1.56£0.07*  106.23™"
Flavonoid (ug QE/mg) 0.410.03° 0.60:£0.02° 0.79+0.01° 0.94+0.03° 1.08+£0.03*  441.24™
DPPH (ICso, ng/mL) 324.90+7.86%  237.87+18.94°  146.72+1276°  85.36+4.48" 5431£5.09°  295.56"
ABTS (ICsp, ng/mL) 373.89+2.99° 261.5143.18° 195.1749.98° 134.89+2.19¢ 97.8748.23°  940.36™"

D See the legend of the Table 1.
? Each value is meantS.D. of triplicate experiments.

» Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

5

* p<0.001.
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9. 2H|X} 7|SE EAL

AR Ad 293 A7kt 28R Alo] =29 M(color), FFH|
(flavor), &Z3%Hmoistness), To(sweetness), 4 ¢l AJ(chewiness)
9 AdbA Q1 7] F = (overall acceptability)o]] st TH52 E4
= 74 A=WE olgste] 2ARSHITHTable 9). A2 1% 3
7hEo] 27 (4.65)°) Hlste] 3952 7HE WA Yo,
3% A7HE, 5% A7HE R 7% A7HE Abolell #2124 <l Ato]
L QA ol v|ste] 4.90~5.5002 =A LUebyttt.
Tl 239500 Hlste AF AE H7HEol BEF
500~ 5259 W2 FA Usdth ol AF AE £¢9
A7 Alola Az AR D2 v gt} S A
1 Aoz AL=EHTHAn 5 2016). S5 =273 A7 A
2 2% H7HEE Abololl §-9A2l &7t UEhA] gk vt
W, 3% A7FL(5.05) D 7% H7HH5.05)E ) 2LE.55) 8T}
E2 7155 Uehith 992 dixdto] 4752 7P W
A Uehton), 4% 78 U W2 Aol $o149 3
ol R eskehpe0.05). AEAL 3% H7hE 5%
K 9 7% A7FE Atolel elHel Aolvh Ui gre
BhE, 24,653 v mate] 520-530] W2 EA vyet
ek AEERQ] 7SR gRAA.15) < 1% H7HH4.80) < 5%
A7HE(5.00) < 3% H7HE(5.30) < 7% H7FE(5.35)2] 4019
on), 4% A4 2% WIS Alolo] Fe)2l Hol e
WA 9k Tth(p<0.05).

Qo u #=

Ha AR 2o Jr A9 Ao|ag]

4 54, wshE B4 U a2y 587

2 AFNAE AFE a4 R &§3l7| fste 47
A B4 Ariste] AHA| Ao|AE AR5, AHA] A
o|Z9 24 BA, =3k 4 9 s S-S A Egt
o} Wk 0, 1, 3,5 @ 7% (wwyE AF AE EEE A
sto] AW Ao|ZE AR 1 A3k AF A4 £
A7ret 2HA] Ao 39| v|FL 3, 5, 7% H7kEo] 23t
1% A7be] vlal] &4 Yebg o, o5 282 47 442
BT H7FFo] $71EE fod o R JUkske Aol U
EbTh 7% 7R B 82 93.64%=2 7 w4 YE
Son, 7§7] £AES FYFo R Hadte FFS B
2HZA] Ao]F o] YR M= A7 A BE Hrigo] 37t
T2 LFH(EE)S F4g vHE, aZh (AN E), bFH(EE) T
AEMAZHS 25 718k e el 8 g
L 3,5, 7% H7HE0] 32.70-32.97%2] HYZ 22T} 1%
A7t w8 ¥4 vehs 43S 2ok pH 4323,
A5 AA B J7ieF Skl weEl pHe fH e s s
stow, 7% H7REA 6582 71 A Yt 223
oA Aol ML HAF AF ELS JUgl o S
7heton, B3 $HAL2 Taste A UErYel
ok Aviami ¥ 4o wh2 1B B4 o)A Aviami Z]5(n)E
Aa ZAA B Ay Eo] 0.9199~1.57092] HZ =
(1.8055)0] v]3] A Uebb= FFS BT A7HE(1/k)
= ti2o] 17.642 7 A ety o, 7% H7kito]
39.848 7 =A YEtHT ol AF AE 24 AHr1EFe
Z7tel weh AW 2] Ao]2 9] L& ETF A= RS U
Eich & H=3dE 9 S0l e AR g
IS A7l ot Stk B3-S YEhleH, DPPH
4 ABTS o) 2452 47 44 £ AdArigo] S71e
FE ICofto] Tadhe AFS Uetdio] 3its 58¢] &

Table 9. Sensory preference scores for sponge cakes at various levels of pomegranate peel powder

Pomegranate peel powder (%)

Sensory properties o . 3 e ; F-value

Color 4.65+1.09"2% 3.95+0.83° 4.90+0.91%° 5.50+1.10° 5.50+0.95" 877"

Flavor 3.95+0.60° 5.200.95" 5.00+£0.86 5.15+1.14° 5.25+1.16" 638"
Moistness 4.55+0.83 4.90+0.72 5.05+0.69 4.80+0.70 5.05+0.76 1.59"8
Sweetness 4.75+0.64° 5.25+0.72 5.30:0.80° 5.30:0.66" 5.35+0.59" 2.64°
Chewiness 4.65+0.75° 4.55+0.51° 5.20+0.70 5.3020.66" 5.20+0.77* 5317

Overall acceptability 4.15£0.67° 4.80+0.77 5.30+0.73" 5.00+1.03* 5.35+0.88" 6.95™

D See the legend of the Table 1.
? Each value is meantS.D. of triplicate experiments.

3 Means with different capital letter within a row are significantly different by Duncan’s multiple range test (p<0.05).

 p<0.05, ™ p<0.01, ™" p<0.001, ™ Not significant.

Rate using a scale of 1~7, 7: excellent, 6: very good, 5: good, 4: fair, 3: poor, 2: very poor, 1: bad.
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