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Quality Characteristics of Bread added with Aronia
Powder (Aronia melanocarpa)

Hyang-Sik Yoon, Ji Won Kim, Sang Hee Kim, Yee Gi Kim, and Hyun-Ju Eom'
Chungcheongbukdo Agricultural Research and Extension Services, Chungbuk 363-883, Korea

ABSTRACT This study was carried out to investigate the quality characteristics of bread added with Aronia powder.
Breads were prepared with different amounts of Aronia powder (in ratios of 0, 1, 3, 5, and 10% of total flour).
As the Aronia powder content increased, the pH level decreased while total acidity increased. For color, bread added
with 10% Aronia powder showed low lightness and yellowness but high redness. As the Aronia powder content in-
creased, antioxidant activity, total polyphenol content, and baking loss also significantly increased. For the preservation
period, breads added with Aronia showed mold growth within 4 days, whereas the control showed growth within
2 days. Bread added with 10% Aronia showed strong retrogradation. In the sensory evaluation, appearance, color,
and overall acceptance of bread added with 3% Aronia showed remarkably higher values than both the control and

others samples.
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Table 1. Composition of dough with Aronia powder
Control 1% 3% 5% 10%

Ingredients (g)

Wheat flour 300 297 291 285 270
Aronia powder 0 3 9 15 30
Yeast 3 3 3 3 3
Salt 6 6 6 6 6
Sugar 24 24 24 24 24
Butter 9 9 9 9 9
Water 180 180 180 180 180

Control: dough without Aronia powder.

1%: dough added with 1% Aronia powder.
3%: dough added with 3% Aronia powder.
5%: dough added with 5% Aronia powder.
10%: dough added with 10% Aronia powder.

2] Al e e ofmuol RS Uk
&l 1%, 3%, 5%, 10%= H7vete] AFN=5H0DE &
ato] Alzxstlow 1 wighH] &2 Table 1o YERH AT
Ak A= Al ¥E7](5Qt Tilt-Head Mixer White, Kitchen-
Aid, St. Joseph, MI, USA)E A}-83}o] HEE A<k

Heé L:‘o.] aa]o% ALEHW}x] tﬂ}\)—a—]_j_ ];HFAVE__ ;‘(47}—5—}01 10
B s §, 2% 28°C, ¥k 80%% SrHw e a7
(EP-40A, Deayoug Bakery Machine Co., Seoul, Korea)
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ol A 903t 12k &Skt 1 b WS 180 g2
=&, TF7E she] A2oA 1083 FhEaE AR
i, R avE 2 ukE 7%%11713 sta A ste] A
& WSl Qar, wavlelA 2% 34°C, 5 85%, 603t
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108 = 3 Asto] Fex 73 pH meter(Docu-Ph' meter,
Sartorius AG, Gottingen, Germany)® =43tk Z4F
< pH 5743 543 Woz FHF ARl 1.0% phe-
nolphthalein A ¢F& 2~3%-& 7} & 0.1 N NaOH=Z
v Z M (pH 8.2~8.3)°] & wi7}x] A3t A A An]
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Micro System Ltd., Surrey, UK)E A}&-3}5 o, 2] w-o
TAH TS Aol A 2417F WZAI7 AL o] T R 9E
20x20x20 mme] Alo]=& Ze} Z 7ol 35 mmel cylin-
drical probeZ F438F3th 2472 % E(hardness), F-A]
A (fracturability), F24 (adhesiveness), A2 (gum-
miness), % 8/ (chewiness) ¥ 54 (resilience) & 54
o SAHZFAL HAUsIE 5 kgl & 3}l test speed
4 AR Fol= 10 mm, HEHES 50% %
AZ271& 103 v SA ko] 1 Haghs
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S AT oR SAHsIG o A3e s
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(CM-3500d, Minolta, Tokyo, Japan)& AF&3to] 525 nm
ol FHEE SAAT. AATA aH= AR HI
ARE H7PsHA & 499 3 EE WEEE Yehdl
tH(13). & g s &% 542 Folin-Ciocalteu's WH
ADel W&t F=% 0.1 mLoll &7 8.4 mLe} 2 N-
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0.5 mLE Y31 20%9] NaCO3 1 mLE 7Fshe] 1A17F W3-
AlZ1 & 725 nmoll A SFEE =AY o TEEFl
gallic acid(Sigma Co.)E 0, 20, 40, 60, 80 L8]z 100
ug/mLE ol&ste] TEAS AAdetal 1 &S ke

th(14).
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ol A 2A17F WA & who] YRS 20X20X20 mmE
polyethylene film bagell 23} 25°Coll A 747k
FehuiA] A s ARSI, el AR $aw
19 7F4 0 2 Y33k A| 55 texture analyser= o] Atk
A S8t Al ko] ®ish v &R Sl o w(15),
wAEAS 2240 A sdstA sl EedE
@ mjdol 2ge & 25°CellA Hastds] wel A% F
=gole] FAE B 98 10W) A& MHor 54 g

5 E yeast and mold count plate(petrifilm, 3M Micro-
biology Products, St. Paul, MN, USA)e| A4 30°C, 48*]7F
vjatel Yebd colony & S48 =] o4 AEE
NI RS S

ONS,E_

E5ddrled AEdge d79 88 S
gdo = }iq of H7} Ao

ance), (flavor), =2 7 (texture), H(taste), 2
ness), AWHAQl 7] & % (overall acceptability)E 17l A
987HA 94 7|z HEHoZ HAASATHIG).

A (color), €] #(appear-
A Uk(sour-

SA X

RE 282 33 oA =3} AL Statistical Analysis
System(v8.1, SAS Institute Inc., Cary, NC, USA) 4%
2ORE o] §3te] TAEA 3o, Ao fFeds A
A3l7] 95kl EAHEA(ANOVA)S 33 F AlF 7k 2fo]
o] #%= Duncan's multiple range test® H] 1l 2%

tH(/X0.05).

pH A7}+= Fig. 1A%} &t} vk 2 99] A9 =7+ pH
5.455 WERd W, ofm ol 2k 1% H7F Alell= 5.24,
3% A7} Aol 5.02, 5% H7F Al 4.73, 10% H7F
Alolli= 4.242 of2 Yo} -k H7beke] Fvbel wel pHE
skt okZ Yol ol thddt {714 5 Al
(malic acid)®} F+AXH(citric acid)& EZ&sta 9o W b=
Al 21 H7beel wldElste] pHYF HAadt AL g Aol
o} o279t 1%, 3% O}EWD} 2 H7H9 pHe 9¥
o7 7k BfHo] b £& pH 5.0~5.59 HYdl
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Fig. 1. Changes of pH (A) and total acidity (B) during fermenta-
tion of bread with Aronia powder. ®, control (without Aronia);
o, bread added with 1% Aronia powder; A, bread added with
3% Aronia powder; 2, bread added with 5% Aronia powder;
m, bread added with 10% Aronia powder.
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St W b s 2k i*hE 2o 7F frej A o2
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g H7be RE AgTe] 49w 13 Za wrix e 4t
Z7F SUrekl ey 23k Ha e st ol d wrhA] FAE
7} AE QA o9F 2E A o2 Yol Bl =
F712 A Y B) wie] T Buks bl whet FAke)
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Fig. 2. Change of dough volume with Aronia powder during
fermentation. e, control (without Aronia); o, bread added with
1% Aronia powder; A, bread added with 3% Aronia powder;
A\, bread added with 5% Aronia powder; m, bread added with
10% Aronia powder.
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10% H7F-= 0.49%04 0.51%% 1 H3}e] Zo] 27
LFERSETE

HA7rek Ave] Wy
Az Eo] 90F7HA 1"1
g7k 218 Eo] 120
7H& 9] Zpol7k 719 AT
HwE A5, tix=7+25 cm) 7t 7F

~5% A7}7F 22 ecmE -9 4
P>0.05). 60 3 Al BE A TelA
wjo} v LS w) F7h S ghe LhE}
< &7 7P kA o2 Yo} Rk
471] B A 60~90 Alolol = A
F2fol & Hol Fow thx-ek of 2o}
=1, 3% A7 S v AR ks YERIA R, 1 o]
A7k W52 WY AE0F A &9t BE AR TE
907 A= Hafo] AHHo R FUHIl o 1208 &
FHE Zado] Ao HHx AS & vk HE 279
7P AR T E A Tbo] A EEF FTFEC] #9
tl o] WhSo] A3yl HHA Gre] &
o e Ao AZETHIK0.05). 7
2D 7‘47} 2] v oﬂ‘—lLoﬂ"iﬂ' 2ol
= AT Td38l
A7}st=

Fol o]

=]
RLN

Hm

}:__Z_
1o O

1

.Q_
=
O

HHJ

+ o o

o7 /\g
7HA 3L

‘6‘7’: 0]

o

rfl

o] - AEF

Table 2. Color characteristics of bread with 4ronia powder”?

Color values

Samples L a b

Control 72.10.64° -0.8+0.08° 13.4+0.18"
1% 63.0+0.85" 3.340.17° 12.04+0.08°
3% 50.9+0.18° 10.1£0.09° 7.5+0.14°
5% 43.6+0.77° 14.2£0.22° 4.7+0.40°
10% 30.4+0.25° 18.7+0.08° 1.940.13°

YMeans with different superscripts in the same column are sig-
nlﬁcantly different (P<0.05).

Meantstandard deviation.

Samples are the same as Table 1.
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Table 3. DPPH free scavenglnig activity and total polyphenol
of bread with Aronia powder

DPPH free scavenging Total polyphenol

Samples activity (%) (mg%)

Control 1.63+0.24° 28.38+3.57°
1% 6.87+1.10° 34.07+3.49°
3% 18.16=0.50° 51.53+6.22°
5% 28.85+1.58° 67.06+3.63°
10% 57.83+0.25° 94.07+9.20°

YMeans with different superscripts in the same column are sig-
nlﬁcantly different (P<0.05).

?Mean=standard deviation.

Samples are the same as Table 1.
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of B 7} 34.07~94.07%% bz Lo} Bt 3 7}e
of Mt fFoJAHo® F7teltH(/X0.05). o]& of= o}l &
4 7R 18] YERE ks Ay dAde] ad s
& AAT FEHE A Mt A9 ZSm|o] 37t
#ol T7184= DPPH radical 27840l fro]A o= &
7yehthal ®arste] 2 Aot Ak AdE

(25). g 19F°] HgF Fol of=Yole] A5 Zu=
= A M€ (quercetin)¥} ferulic acid’} 53] o] &A=
Ao ® Hi(26)HiL glom, old EHdER Qs F 79
= FEFo] of2 Yol £ HUlo] sod TS 9%

719 e Aow Az,

HIEX ZFat 57| £4E H3l

HE=o] FAloh Aol A, B w82 gl 5] EHE
=74 23z Table 40 YeRH AT, Ae] A= o=+
7} 361.3 g & 7b& Agron, ofz Yo} B 1~0% H7}
T= A7) 364.3 g, 368.7 g, 370 g, 371 go.2 FUFSI AL
Fol Al Aol & HYlow, = o]eh= Nhf = ofzo}
A7Ve] S7He a5 A48 vH(X0.05). ¥4 tix
T7F 4.82 mL/gS YERNA e H7AE2 2.17~4.46
mlL/go 2 o}z Uo} &% H7gko] S74eka5 Fhol oA
oA FE=19), A=RAF ZFRQDAAM = Z2e] It
TS et g5 w5 FAl= S7beke v e
9= ek A3E Uehldeh o] s oy Al
Ap 7pgel e o] Sl Aol el Bl o7k A
<7kek gluten 314 G3t2 o] 3FstEha W2 o] ofFs}E of
97 A Aow Basiiit & Aok ofm o}
o] Aol Ry Ao dFS & Aow dFHAH

7] &4 8 (baking loss)®] 7% 277k 11.44%= 7}

Table 4. Specific volume and baking loss of bread with Aronia powder

 Eka, ofZYol ¥ 1, 3, 5 183 10% H7F Al
11.07~9.59% = o}=2 o} B H7lgko] Z71e4E 7]
o] oA o 2HAsATHAK0.05). o] ofE o}
S AUVESSE RO AAA Got o] FwshA FE

%3l J7] Aol 2bol 7t AA] e¥9kv] wWitol el Azt
o} 23y Fujiyama(28)= A Ho|U TFHOZ 2w A
Z Al w7 &4 7~13%} 3+ 3L, Tanaka2} Matsumoto
29+ 171 9 271AAD, T71(FAD, $71@22hH 9] &

=)
il

2L Fe b

exol we} 9.8-11.5%¢] #7] ©4lo] WARTHL 1 e
Ad), B ATl A% ofz o} kel 7h f-F-ol AT
of #7] £AE W7 B 8l EiHl A

d, REA BAXHS =A% A= Table 59 2o gjx
To] AEE 34.8 g/em®olH ofZUol B2 193} 10%S

et
N
N
%
Y,
o
2 w
BN

TR = JebsT) AR A9 g
Tof ofZ o}l H7b 7he] AgAE HolA| kot HAF
Aaf B2ag L o zo} Bk Hyeko] FrlARE 18t
Romn HI7FET FoH2l Aol fIATH2>0.05). A
gL ol A 32.2 g/em®o] 3L of 2o} BhS 37}
gk 75 vlgk AfolE RAITHIX0.05). A3 tjz=+7t
30.0 golaL oz Yo}l 2 1, 10% H7H+7F tiz=7-9F 2o)
2 nglon ofZyo} B 3 5% 7l Fho] 12.8 g&
2 gxrrdg v s v 594 gzt
1.9%°] 3 o} & 1o} A7V 3%, 5% 18] 10% Alel
o= 242l Aol A TH>0.05). Sarah S(30)°l 2]
b Auke) ZA e HrbE = R Ay gl wet

.

o 1% o

flo rlr M

1).2)

Samples Dough weight (g) Bread weight (g) Bread volume (mL)  Specific volume (mL/g) Baking loss (%)
Control 408.0+1.00 361.3£3.21° 1,740.0+10.00 4.82+1.69" 11.44+0.59°
1% 409.7+0.58" 364.3+1.15° 1,610.0£10.00° 4.46+0.06" 11.07+0.36°
3% 410.3+0.58" 368.7£1.15° 1,466.7+5.77° 3.98+0.02° 10.15+0.64°
5% 409.0+1.00™ 370.0+1.00° 1,093.3+5.77° 2.95+0.01° 9.54+0.12¢
10% 410.3+0.58" 371.0£1.00° 806.7+5.77° 2.17+0.02° 9.59+0.01°

YMeans with different superscripts in the same column are significantly different (P<0.05).

?Meanzstandard deviation.
Samples are the same as Table 1.

Table 5. Textual characteristics of bread with Aronia powder

Samples  Hardness (g/cmz) Fracturability (g) Adhesiveness (g/s) Gumminess (g/cmz) Chewiness (g) Resilience (%)
Control 34.8+0.4°) 16.4+0.7° 222.7+1.7° 32.2+13.0° 30.0+2.9° 1.940.3"
1% 50.4+2.5° 16.2+1.2° 247.0£9.6" 49.1+5.8* 51.0+£3.3% 1.6£0.6°
3% 16.8+0.7° 16.8+0.7° 227.7£7.2° 16.8+0.7° 16.8+0.7° 2.1+0.1°
5% 16.4+0.8° 20.8+1.9° 250.3+9.4° 19.9+4.9° 19.8+4.9 2.3+0.1°
10% 43.9+6.5" 23.6+1.4° 251.8+9.3" 42.0+5.3" 42.0+5.3" 2.1£0.0°

"Means with different superscripts in the same column are significantly different (P<0.05).

*Meansstandard deviation.
Samples are the same as Table 1.
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Table 6. Comparison of preservation period for bread with Aronia powder (unit: CFU/mL)
Day (mold)

Samples 1 2 3 4 5 6 7
Control - 3.19x 10" 4.70x 107 8.08 % 10° 8.41%x10° 8.94 % 10° 9.61x 107
1% - - - 6.77 < 10* 7.70x 10° 7.90 % 10° 9.10x 10°
3% - - - 5.66 % 10° 6.64x 10" 7.65%10° 9.04x 10°
5% - - - 4.05x 107 4.54%10° 4.61x10° 6.76 < 10"
10% - - - 3.82 X 10? 4.11x10? 4.19x 107 6.68x 10"

Samples are the same as Table 1.

Table 7. Degree of retrogradations of bread with Aronia powder
wrapped with polyethylene film during storage at 25°C.

Storage days Control 1% 3% 5% 10%

1 0.70 0.76 1.20 2.58 1.94
2 1.26 0.75 2.39 2.70 1.74
3 1.15 0.53 2.64 3.15 2.12
4 1.46 0.92 2.97 3.48 2.69
5 1.66 0.95 3.40 5.07 3.00

Samples are the same as Table 1.

o2 Yo} BE-& HUbs e A4 A= Table 634
2ok A 29# e izl Aqut F3e]7t 3.19<10°
CFU/mLZ A1 3dAd = tlz=TolA A=At
4GARE = BE Aol YE e @7t A gd5E
h2T-9} o2 Yol B 19 A7 n|52e Mo 53
ol7} A& E AL, 3% oFZ Yo} M7t FFole] M
w7t FeE AL Holu A% 494 5.66x10° CFU/mL
oA BE 7UAE= 9.04x10° CFU/mLY] #30]7 A&
Qo oz Yo} Buk 59 10% HA7MFE o2 HrtFRT}
= 9 wxste] A% 694 22 4.61x10%9F 4.19x10°
CFU/mLe] #go|t AEFH A of2 Yo}l B-g 713k
Ao ohZuo} Fol EFE & fUI40R QA8 MR
o] 27] N7} =0 Aol ol Ao A7te
R I i R S AR D IR R N
ApHabal A SO Qe W wkE A ke pHet ¥
AEE Mo, W e Fok ofZ Yo}l 10% H7He]

Table 8. Sensory evaluation of bread with Aronia powder”‘z)

ofZ o} ETrS H71ek A5 polyethylene filmell 3E
ate] 25°C9] incubatoroll A A gstA A 24A12F 7H4 o
2 235 E &3 A3 Table 73 2} E A=
3o] woleg A 7|3 T AL FUHEE JUER L
ZT¢} o2 Yol g HIFeE AUk Alzbe] A
wet A7t Frleke AEde el on, 53] ofzE Yo}
o

B 1% HATE ASSn B A7hPE ohzuoke] 3
el B2FE 37 Fe Btk ARH oz oo}

§

e ARe] wsh gl T S 7] Mol we o
-
-

St el & Aoz wdd

AL

ke

ool £t HrtEkS o
& Table 89 YeRAT 2#E 1%, 3% H7H+7}
ZF 6.7141 7 6.864 2= F-o]H1 Aol 7k gl AL, of =Y
o H7Vol v SR o] A7)k HobA of el
Nz 27} ol el ML ok2uo}l 3% W7t 7.29% o
= 7P =3, 59 10% H7H= 4.003 5.57= H7FEo
ST R e AE wo] wel Mo] s wet 75
L= o Vgt &S 1% #A7MTt 643" 08 7
EokaL, ofZYote] ko] SR E folHor Ao
7} WEH(X0.05). Algtel] thgh 7| S e of 2o} EES
A7VEEE 71500l gk 2lnte] Ashs o] ofsuo}l
10% A7H7F A wokek, B 1%9F 3% H7He] 7S
=7} Vg A UEbEa, 10% 27 1.86H 0= M
SE A wokth kARl 715 3% AL 6.57

sto] Al=7t o] e
gl

N

Samples Appearance Color Flavor Texture Sourness Taste Overall acceptance
Control 5.00£0.00° 5.000.00° 5.00+0.00° 5.00+0.00° 5.00+0.00°  5.00+0.00° 5.00£0.00°
1% 6.7120.84 6.57+0.66°  6.43+0.46°  6.71x024*  6.57£0.15*°  6.57+0.33" 6.17+0.62°
3% 6.86+0.58° 7.20+0.22°  5.71£038°  5.71x022°  6.14£0.15*  6.43+0.08" 6.57+0.22°
5% 4.57+0.65° 5.57+029°  4.57+0.88°  3.29+1.09°  4.14£0.50°  4.14+0.58° 4.14+0.36°
10% 3.14£0.17° 4.00£0.08°  3.43x0.67°  2.20+1.15°  229+1.03%  1.86+0.33° 2.29+0.70°

"Means with different superscripts in the same column are significantly different (P<0.05).

*Meansstandard deviation.
Samples are the same as Table 1.
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