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Physicochemical Properties of Cookies Incorporated with Strawberry
Powder
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Abstract

Effect of baking on the physicochemical properties including pH, moisture content, hardness, color, and spread fac-
tor was investigated using a model system of cookies incorporated with strawberry powder as a value-added food
ingredient. Strawberry powder was incorporated into cookie dough at 4 levels (0, 2, 4, and 6% w/w) by replacing
equivalent amount of wheat flour of the cookie dough. After aging and sheeting, cookies were baked at 170°C for
15 min in an oven. The baked cookies were cooled to room temperature for 1 hr and packed in airtight bags prior
to all measurements. The pH of dough and hardness of cookies decreased significantly with increase in strawberry
powder content (p<0.05). Moisture content of the dough was not significantly affected by strawberry powder but
mean values tended to increase as the strawberry powder content increased. Lightness (L*-value) and yellowness
(b*-value) significantly decreased as the strawberry powder content increased; on the other hand, redness (a*-value)
increased significantly (p<0.05). Spread factor also increased significantly as the strawberry content increased in the
formulation (p<0.05). Finally, correlation analysis indicated that level of strawberry powder incorporation was well-
correlated with all the physicochemical properties studied. It is also noted that there was a significant positive cor-
relation between the moisture content of dough and spread factor (p<0.05).
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a7} 9-435ltH(Wang et al., 2005).
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Aol AFEE B7] B 100% F4 BE B2
AZAR AZF(GFAAEA, )& ATo25E 796k
40 mesh Aol WA AR-sIATh Al2g LIRS+
2, CIHLAE, M2), ARHCIA LA, &), HEI(F
P2, A1), baking powder(R3124 %, A5 A5, &
HEHY NS LAY S AFomne P &
Aol st AHE-s }%‘\E}.

FIH=e] | A FI| =7

Z4zte] AEE 717 olol= %A (model SK5SS,
Whirlpool Corp., St. Joseph, MI, USAYE ©]|-2-3}] AACC 10-
52 WHE(AACC, 2000)°] wheh ¥ AlZsH on A 59
B3-S Table 19 WAIE wfe} 7ro] &7 Ho] o]
Ry gy] Bk S8 ZAS 7|F0 R (6%} HEE
2% TAIR Az Th S E WSS 4°C WALl A
2A17F 738k 3 rolling ping ©]-&3te] T 7F 5 mm7}
HEE sheetingdt ¥ Z7d°] 50mme] F7] EL o]L3)
sk 43 E WS ke 715 FE 9713
3 170°CE HAA " 2 E(model GOR-704C, TongYang
Magic Corp., Seoul, Korea)oll A 1587+ 9t} 717}
A5E FI)= A2A A FF AdGAE &
polyethylene bagell H#A3slHA o]s}ehz FAEALS A
=

Table 1. Formulation of cookies on substitution of strawberry
powder for soft wheat flour

. Sample

Ingredients (g) 0% A % %
Soft wheat flour 100 98 96 94
Strawberry powder 0 2 4 6
Granulated sugar 55 55 55 55
Butter 35 35 35 35
Baking powder 0.5 0.5 0.5 0.5
Salt 1 1 1 1
Egg 20 20 20 20
Total 211.5 211.5 211.5 211.5

E 5 g8 /T 45 mLE
Whatman No. 2 ZE|Z o33t
Ao pH mater(Model 340, Mettler Delta Co.,
Halstead, UK)E 33] 9hg 43 & P30S ¥ 2siaitt.
FEFFS ZF AEE 105°ColA 43] vHE AJ9F Azsle]
=743kt

_1

kA

[m]
2t gl Mz

F719] 7 X(peak breaking force, N)= three-point
break(triple beam snap) ¥ ol w2} Advanced Universal
Testing System(model LRXPlus, Lloyd Instrument Ltd.,
Farecham, Hampshire, UK)& ©]-8-3to] 2204 203] v
A & WpkS vtk ARE-E crosshead®] S5+
1 mm/so] L &H, 7 ARt Abo]e] 7hA-L2 40 mmo] ATt

719 Al Z}Al(model CR-200, Minolta Co.,
Osaka, Japan)& ARg&-3le] WXE(L¥), A E (%) 2 G =
(ME 7 =AEE 2538 vt S4% 5 FAgS o
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F719] HZA A 4(spread factor)yx= AACC method 10-
S50D(AACC, 1995)°l wet F71¢] 27 9 F7] 679 =
olg 7ztzt 33] Wty =A<k & ofge] 2& o]&s| ALt

st

Width of a cookie(mm)

- - x 10
Height of 6 cookies(mm)

Spread factor =

SAXE|

AF Aol ) EA ]2 (Pearson correlation matrix,
EAHLA(ANOVA) % Duncan's multiple range test):
SAS(SAS, 2005)F ©]-&3te a3t

a3 nF

pH % 2812
9] Ruws

Gefsted Alzgh whEo] pHe e o
Table 20 QoFd nlo} 7o} 7] v hzZe] 9
pHE 6.682 ThAIw} HE2H(Cho et al,, 2006), TS H2

Table 2. pH and moisture content of cookie dough as affected
by strawberry powder

Strawberry powder level in cookies (%)
Property 0 2 4 6

pH 6.68" 6.14° 5.81° 5.42¢
Moisture content (%, wb)  5.99* 6.48° 6.76* 7.21*

*dMeans within the same row without a common letter are significantly
different (p<0.05).
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Fig. 1. Hardness of cookies as influenced by strawberry powder

incorporation. Means without a common letter are significantly
different (p<0.05).
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Fig. 2. Color parameters of cookies as influenced by strawberry

powder incorporation. Means without a common letter are
significantly different (p<0.05).
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Fig. 3. Visual comparison of cookies incorporated with different levels of strawberry powder.
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Fig. 4. Spread factor of cookies as influenced by strawberry
powder incorporation. Means without a common letter are
significantly different (p<0.05).
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Table 3. Correlation between physicochemical properties for cookies incorporated with different levels of strawberry powder

Color parameters

Strawberry concentration = Dough pH Dough MC! Hardness T pes i
Dough pH -0.995%*
Dough MC 0.995%* -0.998**
Hardness -0.982* 0.964* -0.977*
L* -0.987* 0.998** -0.993** 0.946
a* 0.990** -0.999*** 0.994** -0.952% -0.999%**
b* -0.985* 0.995** -0.986* 0.935 0.997** -0.998**
Spread factor 0.962* -0.983* 0.983* -0.931 -0.987* 0.982* -0.974*

! Moisture content
* Significant at p<0.05. ** Significant at p<0.01.

*** Significant at p<0.001



hysicochemical characteristics of strawberry cookies 83

Han et al 2004y 7154 F719] Al Al ZAAPEA ] H7b
o] Z7FEFE A AF7E STl E ol FRAH
o] ZF7bol|l 71Qltttar By gkul Qluk, odfelm 2 A
ok frAReE Aaks #EolF (Ko & Joo, 2005) 3 50 7}
FZ o] &3 FI|(Kim et al.,, 2006)2] A=Z Alox= W
® vk glom, 2 Ao AREH We] RS SUke
Table 2014 g1 = Qlot.

A Atolol] frol A<l Fe] FaAaA7E dgst
A e FadhEs 1A Aeeke] AAE F

At

ng
N

|t F7)E Az
‘dAtol ] A
| 715l wet Rk
F2 3 TH(p<0.05). WF
wet {2 A<l zho]
=%

d

1=}
lo
4
__):l_nl’
o
o
<
2
X
Hu

a

&
b o do
A
Ruig:3
o]
i
—
v
o
QL
R
)
Jm
1o X

H1 g
N
o g ffo

rr
E o o

1o B o
4y 2w g
-
N

A
%

& To

&
R
)
fl
8§
32
)
=
oL
=X it

o o,
53]
N

=

‘j;‘

=
=

o
=3
(o

=

__)tl_/l‘

o M

L

£
32
o
=
N
A

ox
. ;
“{)' l o
o
o
o|\
~
et
5
Bl
ol
1
'S
o
Z
b1

o 1o
2

g
Y
1=
b
rr
o|\
X
Q‘L
pacs
v
o)
A
S
3

Ir
Ho
1o,
Y

18
>
Jo b o

F7FHe YER ATH(p<0.05). §H4A

DEREE S

ox i mX
M
2
i
B
i)
N
ML (o
=N

0,

iy ox &

Ay A

Moo &

AACC. 1995. Approved Method of the AACC. American Associ-
ation of Cereal Chemists (Method 10-50D), St. Paul, MN, USA.

AACC. 2000. Approved Method of the AACC. American Associ-
ation of Cereal Chemists (Method 10-52), St. Paul, MN, USA.

Chae SK, Kim SH, Shin DH, Oh HG Lee SJ, Chang MH, Choi
Y. 2000. Standard Food Chemistry. Hyoil Books Co., Korea, p.
365-370.

Cho HS, Park BH, Kim KH, Kim HA. 2006. Antioxidative effect
and quality characteristics of cookies made with sea tangle pow-
der. Korean J. Food Culture 21: 541-549.

Doescher LG, Hoseney RC. 1985. Effect of sugar type and flour
moisture on surface cracking of sugar-snap cookies. Cereal

Chem. 62: 263-266.

Han JS, Kim JA, Han GP, Kim DS. 2004. Quality characteristics
of functional cookies with added potato peel. Korean J. Food
Cookery Sci. 20: 63-69.

Jeon ER, Park ID. 2006. Effect of angelica plant powder on the
quality characteristics of batter cakes and cookies. Korean J.
Food Cookery Sci. 22: 62-68.

Jin SY, Joo M, Han YS. 2006. Optimization of iced cookies with
the addition of pine leaf powder. Korean J. Food Cookery Sci.
22: 164-172.

Kang NE, Lee IS. 2007. Quality characteristics of the sugar cook-
ies with varied levels of resistant starch. Korean J. Food Culture
22: 468-474.

Kwak DY, Kim JH, Kim JK, Shin SR, Moon KD. 2002. Effects
of hot water extract from roasted safflower (Carthamus tincto-
rius L.) seed on quality of cookies. Korean J. Food Preserv. 9:
304-308.

Kim GS, Park GS. 2008. Quality characteristics of cookies pre-
pared with lotus leaf powder. Korean J. Food Cookery Sci. 24:
398-404.

Kim HYL, Jeong SJ, Heo MY, Kim KS. 2002. Quality character-
istics of cookies prepared with varied levels of shredded garlics.
Korean J. Food Sci. Technol. 34: 637-641.

Kim YA. 2008. Effects of strawberry powders on the quality
characteristics of yellow layer cake. Korean J. Food Cookery
Sci. 24: 536-541.

Kim YS, Kim GH, Lee JH. 2006. Quality characteristics of black
rice cookies as influenced by content of black rice flour and
baking time. J. Korean Soc. Food Sci. Nutr. 35: 499-506.

Ko YJ, Joo N. 2005. Quality characteristics and optimization of
iced cookie with addition of Jinuni bean (Rhynchosia volubilis).
Korean J. Food Cookery Sci. 21: 514-527.

Kris-Etherton PM, Hecker KD, Bonanome A, Cobal SM, Binko-
ski AE, Hilper KF, Griel AE, Etherton TD. 2002. Bioactive
components in foods: their role in the prevention of cardiovas-
cular disease and cancer. Am. J. Med. 113: 71-88.

Lee JA, Park GS, Ahn SH. 2002. Comparative of physicochemi-
cal and sensory quality characteristics of cookies added with
barleys and oatmeals. Korean J. Food Cookery Sci. 18: 238-246.

Lee JH, Soung YH, Lee SM, Jung HS, Paik JE, Joo M. 2008.
Optimization of iced cookie with arrowroot powder using
response surface methodology. Korean J. Food Cookery Sci. 24:
76-83.

Lee JO, Lee SA, Kim KH, Choi JJ, Yook HS. 2008. Quality
characteristics of cookies added with hot-air dried yellow and
red onion powder. J. Korean Soc. Food Sci. Nutr. 37: 342-347.

Lee JO, Lee SA, Kim KH, Yook HS. 2008. Quality characteristics
of iced cookies containing freeze-dried yellow and red onion
powder. J. East Asian Soc. Dietary Life 18: 766-772.

Lee JS, Oh MS. 2006. Quality characteristics of cookies with
black rice flour. Korean J. Food Cookery Sci. 22: 193-203.

Lee JY, Ju JC, Park HJ, Heu ES, Choi SY, Shin JH. 2006. Quality
characteristics of cookies with bamboo leaves powder. Korean J.
Food Nutr. 19: 1-7.

Lee MH, Oh MS. 2006. Quality characteristics of cookies with
brown rice flour. Korean J. Food Culture 21: 685-694.

Lee SJ, Shin JH, Choi DJ, Kwen OC. 2007. Quality characteris-
tics of cookies prepared with fresh and steamed garlic powders.



84 ol -

J. Korean Soc. Food Sci. Nutr. 36: 1048-1054.

Lee SM, Jung HA, Joo NM. 2006. Optimization of iced cookie
with the addition of dried red ginseng powder. Korean J. Food
Nutr. 19: 448-459.

Liu RH. 2003. Health benefits of fruit and vegetables are from
additive and synergistic combinations of phytochemicals. Am. J.
Clin. Nutr. 78: 517S-520S.

Maiitta-Riihinen KR, Kamal-Eldin A, Torronen AR. 2004. Identi-
fication and quantification of phenolic compounds in berries of
Fragaria and Rubus species (family Rosaceae). J. Agric. Food
Chem. 52: 6178-6187.

Miller RA, Hoseney RC, Morris CF. 1997. Effect of formula
water content on the spread of sugar-snap cookies. Cereal
Chem. 74: 669-671.

Park BH, Cho HS, Park SY. 2005. A study on the antioxidant
effect and quality characteristics of cookies made with Lycii

EX
]

Sfructus powder. Korean J. Food Cookery Sci. 21: 94-102.

SAS. 2005. SAS User's Guide. SAS Institute, Ver. 9.1, Cary, NC,
USA.

Shin JH, Lee SJ, Choi DJ, Kwen OC. 2007. Quality characteris-
tics of cookies with added concentrations of garlic juice. Korean
J. Food Cookery Sci. 23: 609-614.

Singh M, Mohamed A. 2007. Influence of gluten-soy protein
blends on the quality of reduced carbohydrates cookies. LWT-
Food Sci. Technol. 40: 353-360.

Yoon HS, Joo SJ, Kim KS, Kim SJ, Kim SS, Oh MH. 2005.
Quality characteristics on cookies added with soybean paste
powder. Korean J. Food Preserv. 12: 432-435.

Wang SY, Feng RT, Lu YJ, Bowman L, Ding M. 2005. Inhibitory
effect on activator protein-1, nuclear factor-kappaB, and cell
transformation by extracts of strawberries (Fragaria X ananassa
Duch.). J. Agric. Food Chem. 53: 4187-4193.



