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Abstract

A study is undertaken to examine the effects of the additional frozen blueberry powder and anthocyanin powder extracted
from black beans to quality attributes of pound cakes. Frozen blueberry powder and anthocyanin powder extracted from
black beans are being added to the flour at a ratio of 0.5, 1.5, 2.5, and 3.5% respectively. The antioxidant activity is
highly correlated with the total phenolic and total flavonoids contents of frozen blueberry powder and anthocyanin powder
extracted from black beans of pound cakes, respectively (r=0.8423, p<0.001 r=0.9449, p<0.001). The quality characteristics
of the specific volumes decreased significantly with increasing substitution levels of frozen blueberry powder and anthocyanin
powder extracted from black beans (p<0.01). The lightness significantly decreased with increasing frozen blueberry powder
and anthocyanin powder extracted from black beans of pound cakes' crusts and crumbs (p<0.01). The hardness, chewiness
and gumminess tend to reduce, while the cohesiveness increase in both powders. The consumer acceptability score for 0.5~3.5%
of frozen blueberry powder and anthocyanin powder extracted from black beans pound cakes ranked significantly (»p<0.01)
higher than those of the other groups according to taste, flavor and overall preferences. These results show that frozen
blueberry powder and anthocyanin powder extracted from the black beans are a good ingredient for increasing consumer
acceptability and overall healthy.

Key words: frozen blueberry powder, anthocyanin powder extracted from black beans, pound cakes, total phenol content,

flavonoids content, quality characteristics
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Table 1. Ingredients of pound cake prepare with frozen blueberry powder & anthocyanin extracted from black bean (g)

Ingredients Frozen blueberry powder & anthocyanin powder contents (%)
Wheat flour 100 99 97 95 93
Blueberry powder 0 0.5 1.5 25 35
Anthocyan powder 0 0.5 1.5 25 35
Shortening 80 80 80 80 80
Sugar 70 70 70 70 70
Whole egg 100 100 100 100 100
Salt 0.2 0.2 0.2 0.2 0.2
Vanilla 0.1 0.1 0.1 0.1 0.1
Baking powder 1 1 1 1 1
Water 0 1.5 2 2.5 3
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Table 2. Antioxidative activity of pound cakes prepared with different additions of frozen blueberry powder and anthocyan

extracted from black bean

Pound cake sample prepare using frozen blueberry powder and anthocyan powder extracted from black bean

Items

0 A-1 A3 A5 A7 F value
DPPH (%) 34.65+5.54"" 3244+ 0.29° 56.95+ 0.12° 58.13+2.17° 71.46£0.51° 117.216**
Phenolic compound 3 ¢ g} 1271522290 151.73£11.43°  179.60+4.16%  199.27+0.97° 25.438%*
(mg GAE/g)

Flavonoid 27.25+0.83° 27.52+ 0.96" 70,58+ 4.41° 91.97+2.93¢ 104.19+3.15¢ 485.213%*

(mg rutin/100 g)

Y Mean+tStandard deviation, **p<0.01, *p<0.05

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.
0-A: Pound cake without blueberry powder and anthocyan powder extracted from black bean.

A-1: Pound cake with frozen blueberry powder 0.5% and anthocyan powder extracted from black bean 0.5%.
A-3: Pound cake with frozen blueberry powder 1.5% and anthocyan powder extracted from black bean 1.5%.
A-5: Pound cake with frozen blueberry powder 2.5% and anthocyan powder extracted from black bean 2.5%.
A-7: Pound cake with frozen blueberry powder 3.5% and anthocyan powder extracted from black bean 3.5%.
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Table 3. Pearson's correlation coefficient between flavonoid
content, total phenol compound and DPPH radical scavening
activity of pound cakes prepared with different additions of
blueberry powder and anthocyan extracted from black bean

Pearson's correlation coefficient

Items Phenolic compound Total flavonoid
content content
DPPH 0.8423 0.9449
Pearson's correction p<0.001 p<0.001
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Table 4. The physical properties of pound cakes prepared with different additions of frozen blueberry powder &

anthocyanin extracted from black bean

Pound cake sample prepare using frozen blueberry powder and anthocyan powder extracted from black bean

Items
0 A-1 A-3 A-5 A-7 F value
Volume (m{) 1,076.67+2.89'° 1,070.00£5.00* 1,063.33+2.89% 1,050.00:£0.00° 1,008.33+14.43* 44.367**
Weight 621.00+0.00° 573.33+0.58* 612.00+0.00° 635.33+0.58" 675.00+0.00° 30,641.250**
Specific volume 1.7340.003° 1.87+0.007° 1.74+0.004° 1.65+0.001° 1.4940.02* 506.412%**

Y MeantStandard deviation, **p<0.01

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.

Refer to Table 2.
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Table 5. The moisture contents of pound cakes prepared with different additions of frozen blueberry powder and anthocyan

extracted from black bean

Pound cake samples prepare using frozen blueberry powder and anthocyan powder extracted from black bean

Items
0 A-1

A3 A-5 A-7

F value

Moisture contents (%) 22.94+4.33N) 24.15+1.83

25.70+£2.30

26.00+1.11 21.69+2.78 0.909

Y MeantStandard deviation
? NS: Non significant
Refer to Table 2.
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Table 6. Effect on the color measurements crust of pound cakes prepared with different additions of frozen blueberry

powder and anthocyan extracted from black bean

Hunter Pound cake sample prepare using frozen blueberry powder and anthocyan powder extracted from black bean

value 0 A-1 A-3 A-5 A-7 F value
L 55.860.15" 50.39+0.35° 38.95+0.63" 31.47+0.19* 31.68+0.34" 2,649.648**
a 21.06+0.07" 21.54+0.08° 20.87+0.21° 20.70+0.14° 19.57+0.22* 61.541%*
b 45.1740.09° 43.13+0.01¢ 38.4440.34° 34.17+0.28° 32.63+0.39" 1,274.944%*

Y MeantStandard deviation, **p<0.01

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.

Refer to Table 2.

Aol WEY YE, AN} Y7} o), YE A
Skt TheE Ao]=E & 1 Dol s Y S} ofulueit
o Wek 1 99 BAE EFo| U0 ARE, o
Ao 14 92U vREY 2] BU £ 25 4
A3 9 2o £y, BRgY 2] RO B9 AxE 9
2L Aol M= FAFFE THLee HI 2012; Lee 5 2011, Oh
& Lee 2011).
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Lee 5 2011), ©7]2, &S A7I5E o= Ao]2 crumb?)
Lgto] tha: Atk B 19} SARscKKang S 1990; Shin
= 2005).
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7} o8& Alo]|Z 9| A hardness= =732 H 115} 9 TH(Shin
5 2005). Tk A o] B &% ARAT WA B
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Table 7. Effect on the color measurements crumb of pound cakes prepared with different additions of frozen blueberry

powder & anthocyanin extracted from black bean

Pound cake sample prepare using frozen blueberry powder and anthocyan extracted from black bean

Hunter

value 0 A-l A-3 A-5 A7 F value
L 80.2120.07"" 78.45+0.63¢ 58.84+0.47° 52.81+0.85 49.14+0.37° 2,127.093**
a 2.26+0.06" 2.65+0.15° 2.53+0.01° 3.87+0.38° 3.77+0.08° 46.820**
b 34.16£0.21° 31.07+0.10° 14.82+0.04° 12.88+0.86"° 9.41+0.23" 2,271.115%*

Y MeantStandard deviation, **p<0.01

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.

Refer to Table 2.
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Table 8. Texture characteristics of pound cakes prepared with different additions of frozen blueberry powder and anthocyan

extracted from black bean

Pound cake sample prepare using frozen blueberry powder and anthocyan extracted from black bean

Items
0

A-1

A-3 A-5 A-7 F value

Hardness (g/s)  4,705.57+229.25"  4,663.33+175.98%
Chewiness (g/s) 2,417.02453.79°  2,001.533111.68"
Gumminess (g/s) 2,517.86£53.79°  2,324.200+180.31%

Adhesiveness —0.31+0.17*
Springiness 0.87+0.02°
Cohesiveness 0.45+0.09*

3,131.334289.61°  2,732.07+594.30°  4,797.97+192.93° 25.788%*
1,226.79+53.69° 1,472.69+469.02°  1,937.85+143.92% 13.472%%
1,253.694+26.79° 1,472.6+469.029°  1,937.85+143.92°  198.850%*

0.63+0.94" 0.33+0.35" 0.23+0.23" —0.0340.15" 23.324
1.2340.36" 1.1740.33" 0.99+0.25* 0.98+0.14* 1.175
0.56+0.11" 0.58+0.05" 0.47+0.05" 0.55+0.09" 11.324

Y MeantStandard deviation, **p<0.01

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.

Refer to Table 2.
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Table 9. The result of sensory evaluation for acceptance test of pound cake prepared with frozen blueberry powder &

anthocyanin extracted from black bean

Pound cake sample prepare using frozen blueberry powder and anthocyan extracted from black bean

Characteristics

0 A-1 A-3 A-5 A-7 F-value
Appearance 3.85+0.85™" 2.93+0.45° 3.57+0.83° 3.84+0.99° 3.75+0.64° 22.115
Texture 3.03+0.90° 3.8340.62° 3.05+0.85° 3.130.95° 3.2540.85° 15.654
Taste 3.55+0.81° 3.72£0.97° 3.17+0.65° 3.830.75% 3.65+0.85 14.585%*
Flavor 3.58+1.20° 3.16£0.72% 3.97+0.68° 3.75+1.21° 3.88+0.94% 21.067*
Color 3.2240.55" 2.93+0.83° 3.80+0.55° 4.03£0.54* 3.95£0.45° 135.72
Overall preference 3.10+1.12° 3.94+0.89% 3.300.85° 3.5941.02° 3.67+0.73% 23.09%*
Y Values are meantstandard deviation, *p<0.05, **p<0.01

Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test.

Refer to Table 2.



780 o]

el GRolA 2 Folrt glof W BRM 2u 7
43 35 GEACH BUL BUA Aol2 AEL A%

o T=
ol Ao ML S ANT 5 AAT

oX

=

=1

Qof al

AEAlOPD o] FHI AFoR 4 & 5 QU=
W AEY ARE NPt dF EFHE 22 AT
ZZ QtEAopd Bak-e 747h 0.5%, 1.5%, 2.5%, 3.5% &35t
o BE Ao|AE A|Xdto] FAks &4 W R E Aol
9] o]gketa EA& AU &5 B AlolaY
% HE TS AT 55 AEAOId ool YF EF Hﬂ
g Eof vs) ¢, ¥E EFME By 33T F
FEAOMT ELE TS F2E Aola ARES %dﬂ%‘:
] FojH ez F His ol F7HsHATHp<0.01). St
olE FFAE H7FF div] fYFer EgpRlolE
o] Sk Thp<0.01).

DPPH /2] &tz 2754 948 ¥F %
ol w8 HAF = tEAlOH
Asol #on, F TF U8 E T g2 E AolFofA
= A7l "=t f98oz FrFsH A THp<0.01).

DPPH 87| 2751 F H& ) St wo|t 3
T 5 AR 40 FFE VA= ALE YETH=0.8423,
p<0.001, =0.9449, p<0.001).

%E. .E’_E'-Hﬂ{-q Htﬂ-jq. 742—]3
T2t Aol FH B4 F R
=°] FoHo2 FastRa(p<0.01), H-EA = J7bE 57t
of wet Aoz Fasrhp<0.01). = Ao]= crust
A F LS di22o] Hls) fo8 o2 Wolb 11 (p<0.01),
aZtah bE o)A 02 A THp<0.01). E3F FLT
0|2 crumb®] LIS H7FF SVl whet fojF oz voby
O H((p<0.01), agk-> H7F S7kl et foH o2 Eobil
I(p<0.01), bt FolH o2 FopHTHp<0.01). T # o]
9] hardness+= §F EFH2] 22 AT F5 ¢tEAOL
d 2ol M7 7l wet fojF o s dobgth(p<0.01).
e 54 B7toll A appearance?t 2242 Ws EFH|2
Tt HAZ 35 AEAoHd £ £ wat 24 G
2] o= Ao g FIHEAL, B, flavor, FEolA = ti2
of vlg] H7lto] FYH g w2 HI7HE WYTHp<0.05).
TEAQ 712 2% JF EFHE EUn HAT FE AR
Alobd Bs 3% AlgEo] foAoR w2 e
oHp<0.01), £E H7leFo] U7 ofu] <F 80~100%, A2
H7FEFo] 50~100% == W=l ot Ao)a AR Y=
EFHY B2 AT F5 dEAN 5% H=

Mo ME

Horo
2=

3

= A FGFA

@] AR A GAS BHOE AT A £
¥ 5 9e Ao 2YHT, BY BYNHE Furt vt

ch AR R E 2] o el Bell F7he A
el 71257} B, WEHE Wil ek iz
ofF LAFHA Werow, A7) tEF 2l E4JQl hardness
& ao] ua) wol $odhe 2L A A0 B
AF Aol A2 24T 4+ e A Aok

2Alel 2

o] =22 2013 = 7R g
A}2](GCU-2013-R343).

Ay AtE] 2| Lol of gt

References

Ahn JM, Song YS. 1999. Physico-chemical and sensory charac-
teristics of cakes added sea mustard and sea tangle powder.
J Korean Soc Food Sci Nutr 28:534-541

Bo CD, Ciappellano S, Klimis-Zacas D, Martini D, Gardana C,
Riso P, Porrini M. 2011. Anthocyanin absorption, meta-
bolism, and distribution from a wild blueberry-enriched diet
(Vaccinium angustifolium) is affected by diet duration in the
Sprague-Dawley rat. J Agric Food Chem 58:2491-2497

Boivin D, Blanchette M, Barrette S, Moghrabi A, Beliveau R.
2007. Inhibition of cancer cell proliferation and suppression
of TNF-induced activation of NF « B by edible berry juice.
Anticancer Research 27:937-948

Carluccio MA, Siculella L, Ancora MA, Massaro M, Scoditti E,
Storelli C, Visioli F, Distante A, De Caterina R. 2003. Olive
oil and red wine antioxidant polyphenols inhibit endothelial
activation: antiatherogenic properties of Mediterranean diet
phytochemicals. Arterioscler Thromb Vascular Biology 23:
622-629

Choi HY 2009. Antioxidant activity and quality characteristics
of pine needle cookies. J Korean Soc Food Sci Nutr 38:
1414-1421

Choi SN, Chung NY. 2006. Quality characteristics of pound
cake with vegetable oils. Korean J Food Cookery Sci 22:
808-814

Choi SN, Chung NY. 2010. Quality characteristics of pound
cake with addition of cashew nuts. Korean J Food Cookery
Sci 26:198-205

Chung NY, Choi SN. 2005. Quality characteristics of pound
cake with chlorella powder. Korean J Food Cookery Sci 21:



Vol. 26, No. 4(2013)

669-676

Chung NY, Choi SN. 2006. Quality characteristics of pound
cake with olive oil. Korean J Food Cookery Sci 22:222-228

Jang H, Ha US, Kim SJ, Yoon BI, Han DS, Yuk SM, Kim SW.
2010. Anthocyanin extracted from black soybean reduces
prostate weight and promotes apoptosis in the prostatic
hyperplasia-induced rat model. J Agric Food Chem 58:
12686-12691

Jang KH, Kang WW, Kwak EJ. 2010. The quality charac-
teristics of pound cake prepared with rice bran powder.
Korean J Food Preserv 17:250-255

Karlsen A, Retterstol L, Laake P, Paur I, Kjolsrud-Bohn S,
Sandvik L, Blomhoff R. 2007. Anthocyanins inhibit nuclear
factor-kB activation in monocytes and reduce plasma con-
centrations of pro-inflammatory mediators in healthy adults.
J Nutr 137:1951-1954.

Kang KC, Back SB, Rhee KS. 1990. Effect of the addition of
dietary fiber on salting of cakes. Korean J Food Sci Technol
22:19-25

Kim KH, Hwang MHY, Jo YJ, Kim MS, Yook HS. 2009.
Quality characteristics of pound cakes prepared with flowering
cherry (Prunus serrulat L. var. spontanea Max. Wils.) fruit
powder during storage. J Korean Soc Food Sci Nutr 38:
926-934

Kim YH, Kim DS, Woo SS, Kim HH, Lee YS, Kim HS, Ko
KO, Lee SK. 2008. Antioxidant activity and cytotoxicity on
human cancer cells of anthocyanin extracted from black
soybean. Korean J Crop Sci 53:407-412

Lee HJ, Do WN, Kim YH. 2010. /n vitro biological activities
of anthocyanin crude extracts from black soy bean. Korean
J Crop Sci 1:65-69

Lee HJ, Pak HO, Jang JS, Kim SS, Han CK, Han JH, Oh JB.
2011. Antioxidant activity and quality characteristics of pound
cakes prepare using Job's tears (Coix lachryma-jobi L.)
Chungkukjang powder and wheat bran powder. Korean J
Food & Nutr 3:350-361

Lee HJ. 2012. Antioxidant activity and characteristics of pound
cakes prepared with Coriandrum satovim L. leaves powder
and brocolli's stem powder. Korean J Food & Nutr 3:436-
446

Lee KI, Kim SM. 2009. Antioxidative and antimicrobial activities
of Eriobotrya japonica Lindl. leaf extracts. J Korean Soc
Food Sci Nutr 38:267-273

Lee SK, Baik MY, Jang HR, Park SK. 2008. Application of

ot
offt
il
Sl
I
)
M
=)
=
iy
o
oft

)IA
>

Exobd B B3 e Aol 781

sweetness inhibitor, Nat2-(4-methoxyphenoxy)propanoic acid,
to modify sweetness and to improve shelf life and texture
in pound cake. Korean J Food Sci Technol 40:534-539

Niki E, Yoshikawa T, Osawa T. 1999. Recent development of
food factors for the disease prevention. pp. 1-12. Systems
Co., Itd

Niki E, Yoshikawa T, Osawa T. 1999. Recent development of
food factors for the disease prevention. pp. 34-44. Systems
Co., Ltd

Oh JB, Lee HY. 2011. Effect of cake improver on antioxidant
activity and properties characteristics of pound cakes pre-
pare using broccoli stem powder. Korean J Food & Nutr
4:567-576

Park YS, Shin S, Shin GM. 2008. Quality characteristics of
pound cake prepared with madarin powder. Korean J Food
Preserv 15:662-668

Ramli MR, Lin SW, Yoo CK, Idris NA, Sahri MM. 2008,
Physico-chemical properties and performance of high oleic
and palm-based shortenings. J Oleo Sci 57:605-612

Song GC 2012. The cultural status and the industrial prospects
on blueberry. Plane Resources Society. 9-9

Senervirathne M, Jeon YJ, Ha JH, Kim SH. 2006. Antioxidant
potential of enzymatic extracts from blueberry (Vaccinium
corymbosum L.). J Life Science 2:46-57

Shin YM, Yang YH, Kim MK, Cho HY, Kim MR. 2005.
Quality characteristics of pound cake added to [ -glucan
during storage. Korean J Food Cookery Sci 21:950-958

Srivastava A, Akoh CC, Fischer J, Krewer G. 2007. Effect of
anthocyanin fractions from selected cultivars of Georgia-
grown blueberries on apoptosis and phase II enzymes. J
Agric Food Chem 5:3180-3185

Suzuki T, Hara H. 2011. Roll of flavonoids in intestinal tight
junction regulation. Journal of Nutritional Biochemistry 22:
401-408

Tsoyi K, Park HB, Kim YM, Chung J, Shin SC, Lee WS, Seo
HG, Lee JH, Chang KC, Kim HJ. 2008. Anthocyanins from
black soybean seed coats inhibit uvb-induced inflammatory
cylooxygenase-2 gene expression and PGE2 production through
regulation of the nuclear factor- ¥ B and phosphatidylinositol
3-kinase/Akt pathway. J Agric Food Chem 56:8969-8974

Wallace TC. 2011. Anthocyanins in cardiovascula disease. Adv
Nutr 2:1-7

Wang SY, Chen CT, Sciarappa W, Wang CY, Camp MJ. 2008.

Fruit quality, antioxidant capacity, and flavonoid content of



782 o]

organically and conventionally grown blueberries. J Agric
Food Chem 56:5788-5794

Wang Y, Dhang CF, Chou J, Chen HL, Deng X, Harvey BK,
Cadet JL, Bickford PC. 2005. Dietary supplementation with
blueberries, spinach or spirulina reduces ischemic brain da-
mage. J Experimental Neurology 193:75-84

3 A A FGFA

Zadernowski R, Naczk M, Nesterowicz J. 2005. Phenolic acid
profiles in some small berries. J Agric Food Chem 53:2118-

2124
H 2 20134 103 19¢
z&E5+H 201349 11€ 15
ZH B 0 20134 11& 25¢



