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Quality Characteristics of Cookies with Black Rice Flour

Jung Shin Lee, Myung Suk Oh
Dept. of Food and Nutrition, The Catholic University of Korea, Puchon 422-743, Korea

Abstract

The quality characteristics of cookies containing black rice flour, which has a greater variety of functional
components than wheat flour, were studied. The results of the pasting properties shows that the inclusion of black
rice flour to the wheat flour-mixture did not affect the pasting temperature but increased the enthalpy, indicating
that more energy is needed for the starch gelatinization. The total dietary fiber and total polyphenol content
increased and the cookies color became darker and deeper with increasing black rice flour content. According to
the results from TA on texture, the hardness decreased and the crispness increased significantly (both, p<0.001)
with increasing black rice flour content. From the acceptance test, the appearance, aroma and texture of the cookies
with added black rice flour were significantly (p<0.001) lower than those of the wheat flour cookies. However, the
taste and overall acceptance of the cookies with added black rice flour did not differ significantly from those of
the wheat flour cookies. According to the results from the sensory evaluation, the aroma, black rice flavor,
crispness, graininess and color(gray-violet) of the cookies increased significantly(p<0.001) with increasing black rice
flour content and those of the cookies with 30% black rice flour had the highest values among the cookies which
weren’t significantly different from those of the cookies with 20% black rice flour. From the above results, the

optimal ratio for the addition of black rice flour to the cookies was 10%

evaluation and functional components
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1. MBI
B A AHEE Sr(Fe 4158)e ZdeE EH

oA 2004 ANE Row Y FFANAM FYsHA
. #71% Aza) A% /RA Aze s Rek
AP, 4&£EWY(Crisco, The JM. Smucker company), <77}3}¢
S EAE), AMCIFEAZ-)E AHEstTh

ZHe F 5]
Al A E5FF Zylz23d g7 ol -18
C YE30] BHstd A5z AFLstacH
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3.1 RVAE o] &%

7R Su|7/F#E 0, 10, 20, 30, 50, 100% W&
2 A Sr7tE 37l QpREEd e AEEHS
AACC Method 61-02(American Association of Cereal
Chemists 2000)o <€]3}o] RVA(Rapid Visco Analyzer,
Newport Scientific, RVA-3D+, Australia)E ©]-8&35lo] =
Fstgth &4 A EE AE VISR 14% 557 H
& Azxstgoen, SHXEE 187 50CE #A3
95T7HA 12C/ming] £E2 225 A5 & 2
302 B¢ 95CTE §A, 2C/ming £E2 50C7HA
2EE FA A F S0ToAM 287 fA5d A=
Mg AT doH Fx FHe2REH ISR
(initial pasting temperature), 3 117 = (peak viscosity, P),
| A A Z(minimum viscosity, H), #%d X (final viscosity,
PHE &35t ol FHXAZFH breakdown(P-H),
setback(F-P), consistency(F-H) & -3tGth

H oy

Az

3.2 AREAAYI(DSC)E ©] 48 2554
A712d) Eu|715E 0, 10, 20, 30, 50 100% Hj&=

PAF 7 AEet Bo| 127 HEE dd & 15 mgd
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v A og JhEsta T A REARE 2 7] (Netzsch
DSC 200PC, Germany)E AHZ3led 35CHE 100C7}HA]
10CT/mine] £E2 71EGste] FEF4E €A, o=
He Z=7|2X(onset temperature, To), ]3I -&E(peak
temperature, Tp), F 2 &%(end temperature, Tg)9} JE
) (enthalpy, AH)E T3}HTh ReferenceZ+  empty
aluminium pang AFE3R A, 71719 EPd2 E£85E
%3 Ae AEIng AHESHATHChoi EJ 2002).

4. 50715 &I} FI|9| M=
SH7HE A1 Wl HlES Table 13} Zo] 3
Qi F7)1= AACC Method 10-50D(American Association
f Cereal Chemists 2000)E WH# 3l AL&3t4ct sl gt
BE JVFor Z ARE AP B 2EYS Y
< o F= EWT(Any-Mix, EGS, Germany)E °]&
sto] 287 A-IATIL B ¥ e AE AFFH
oz ARHA FOUL wtevie Yo Te thA
Zozags Sk oA ARFHer Bg ARE
Fol d g AP =2AE Y1 oA 183 29
A

Foz APk olAEL Pel MA -18C Y&l
2A 7 & ¥ 05 oo FAZ Aol THA] -18T Y& Lo
st T o)A E 7FAQE#A(GOR-21A1, &%
] &, Korea)Z 180TColA 1487 F& 3 213w
i 1AF A% oS AlEE ARSI TH

5. 3719 YuHE

F7)9] AubgdE-2 AACC EFHPH(American Association
of Cereal Chemists 2000)o| w<} EAstGth =2 FH
& FtdazoR FY 25 mmHg, &% 135C
ZZA0A 3N AL 2 AZ7)dsotemp”  Vacuum

Table 1. Formula for cookies with varied levels of black
rice flour

Ingredients Replacement level of black rice flour (%)
() 0 10 20 30
Flour 180 162 144 126
Black rice flour 0 18 36 54
Shortening 110 110 110 110
Sugar powder 80 80 80 80
Egg york i8 18 18 18
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oven model 281, Fisher Scientific Company, USA)Z 7
z3te] SFstRh 3EAEFS 550T 9 M7 Z(Muffle
furnace FM38 source, Yamato scientific, Japan)ol 4] 2A]
7 F5AA SAQT 29 FEe gud 247
(Kjeldahl Line B-414/K-435/B-324, BOUCHI, Switzerland)
2 8o, 2% FEE AHsAEFZE7](Universal
Extraction System B-811, BOUCHI, Switzerland)E o]-&
sted, FAGE= HAR5F=7](Dosi-Fiber, JP. Selecta.
S.A, Spain)& ©o]&3ly FHIATE BFIHEL AR
o F& 100%2 st &7 3&, zeuwd, AT
58 FFH%)E AMASIA At

6. 719 J|sMHdE

Su7kE Z7E #9014 58 F AoldFY FFE
AEZA G EAFHEKEDA 2003)0] &5 EASHRA
. & Eg s §FE Folin-Ciocalteau (Zoecklein
T 1990)¢ WPsty EAIAen, SHd FI=E=
gallic acidE o] &3te] 23 AFJH o2 HE 4L
8lo] mg/g GAE(gallic acid equivalent)@ YERJ AT}
(Kim SR = 2004).

7. 2919 Mg

Srske A7 R719 MEL XA ZE2000,
Nippon Deshoku Industries Co., Ltd, Japan)E AF-&35}]
L(lightness), a(redness), b(yellowness) 7S *atHcth X
FATo = WI(Y=77.18, X=76.09, Z=84.61)& A&
st Th

8. F719| HAY

Znj7kE A7t #7919 HAA A <F(spread factor)=
AACC method 10-50D(American Association of Cereal
Chemists 20000Z AFg3te] Tatgich RNAY Ass
Wrjmm)e] tigt 7] 67 Fol(mm)e] HlE e
Zoz ol Ag olgstd YA
Width of a cookie(mm)

100
Height of 6 cookies (mm) 8

Spread factor =

9. F7|9| HIAKN

CBEZbE F7b $719 7 k(hardness) 9t FA1R S
(crispness)> Texture AnalyzerModel TX XT2, Sable
Micro System, England)E Alg38le] Z2F st &3

#F2Y B A A2A A2E006)
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Table 2. Conditions for texture measurement of cookies
with varied levels of black rice flour

Ttems Operation condition
Test type Return to Start
Measuring type Measure Force in Compression
Plunger type 2 mm cylinder probe(using 5 kg load cell)
Test speed 1.0 mm/s
Pre-test speed 3.0 mmy/s
Post-test speed 5.0 mmy/s
Distance 10.0 mm
Sample size 5 cmx5 ¢mx0.8 cm

ZZAL Table 29 2t Az 8= 5 31 3133
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A4S 2Rk YEhhgith
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o F7t Ateld] A7kdg A7 B4 AFSAT =
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North Carolina, USA)S o] &3l BAHEA(ANOVA)T
Duncan’s multiple range test® -2z HZSHNL

(SAS 2005), 71A1d &FX <} A5AAEF Atold] &
FA L Pearson®) @A (Pearson’s correlation) &4
& 53ty AEsHh

1. E0|71F2 g2 ME 3 &4
1.1 RVAE °]$% HESA
RVAS 9% Fu|7l& #Ayt d@7h% @999 J=
4L Table 37 2t} FH7k% J7F 271% d99
9] 33} 7AA] & E(initial pasting temperature)« < 2k
E ey Euj7bE 100%Y o HE B2 AeE

L}FA—‘;}Q—. F 214 E(peak viscosity), # A% E(minimum
viscosity), 3% E(final viscosity) H7}F 100%°]
g BT, FANRY Aol solgsg Fwrt

fomoz  ZAstE thp<0.001). Jung DS ¢ Eun
JBRO03)E= B AT e mpdrt R Fu7he F7)
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Table 3. RVA Characterlstlcs of the flour suspension with varied levels of black rice flour

Black rice flour contents(%)

RVA 0 10 20 30 50 100 Fovalue
initial pasting 64.40 63.89 63.71 63.69 63.60 65.79 Y
temperature(C) +0.49 222 +1.44 +0.37 +0.44 +0.90 '
peak viscosity 493.25" 448.50° 417.25° 406.00° 376.75° 341.00° 193,88
(RVU) £11.30 +5.26 +4.92 +5.89 15.85 £10.23 ‘
minimum  viscosity 233.75° 203.50 184.75° 172.25° 151.50° 153.50° oY
(RVU) 24.92 +3.11 +1.70 +5.50 +2.89 +4.80 '
final viscosity 455.00° 398.25° 362.75° 343.75° 296.25° 263.25' 60013
(RVU) +8.12 +6.13 +2.75 +4.19 +4.19 +6.65 ’
breakdown 259.50" 245.00° 232.50° 233.75° 225.25° 187.50° 2697
(RVU) +6.86 +4.55 +6.35 +5.85 $3.30 +5.51 .
setback -38.25° -50.25° -54.50™ -62.25° -80.50° -77.75° 28,60
(RVU) +10.53 +4.11 +6.76 +4.50 +2.38 +4.99 ‘
consistency 211.25° 194.75° 178.00° 171.50° 144.75° 109.75° 206,33
(RVU) +6.70 +6.90 +2.00 +4.20 £1.50 +2.50 '
1) MeantS.D.

2) Means in each row with different superscript letters are significantly different(p<0.05) by Duncan’s muitiple range test.

3) *** significant at p<0.001.
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temperature, Tg)= W7} 100% 0] 7FF =% so) 7t F 2L Table 59 Zt}
©<001), 2 919 FH7kE A7bEd EF AlldE FRITL FUAFE AP FHB4E FYHoR
Table 4. DSC properties of the flour suspension with varied levels of black rice flour
DSC . = Blacl;orlce flour conte;x(;s(%) = = Fovalue
L D S B oo 13
TR A N
TONEE S A
S v R N S R S v R

1) To : onset temperature, Tp : peak temperature, Te :
2) MeantS.D.

end temperature, AH :

enthalpy

3) Means in each row with different superscript letters are significantly different(p<0.05) by Duncan’s multiple range test.

4) * ** gignificant at p<0.05 p<0.01, respectively.
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Table 5. Proximate composition of cookies with varied
levels of black rice flour

Composition Black rice flour contents(%) :
(%) 0 10 20 30 Fvale
) 1.23° 1.25° 1.80° 2.01°
Moiswre —— h16 1007 016 <026 O3
b a b C
Crude protein 5.44 5.51 5.42 499° o 6o

+0.02  £001 #0.04 £0.01

2721 2709 2707 27.00
Crude fat 039 048 <040 =z0s58 10

6576 6573 6521 6571
Carbohydrate 6 13 1047 042 080 - 08

0.29° 037" 0.42° 0.50"

+0.01  #0.01 +0.01 +0.01 405.71

Crude ash

1) Mean+S.D.

2) Means in each row with different superscript letters are
significantly different(p<0.05) by Duncan’s multiple range
test.

3) *** significant at p<0.001.
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ot 7] dEe] Ads] #7919 FEAFE Fopd
A22 A7tk Cho JA ¢ Cho HIQ000)E Zu|7}s
o A7tgol S7ETE AR Y s FFo] S/
o Balsted 2 AT dASY 292 Fv
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Fig. 1. Total dietary fiber and total polyphenol contents of
cookies with varied levels of black rice flour
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Zr7ke A7HR719 MEE Table 63 2Th 779
fe TS UEiE L gzl /4 ¥4 4
Bhtkon, Hu7kE Abgel So19SE L £
Hog Z2sthp<000l). HAEE UehiE agte
Zu7l% @rbgel woldsE ZlaAw, HusbE
#rbgol 4% BE 30% Aztzol 1 ke HAE
£ UEhiTp<000D). FAES UehiE by o
239 T 100%797 43 ¥ #e YEiR
3 FustR A7bgel HEFE FAE} B2SR
Thp<0.001). Lee WI $} Jung JK(2002)= SAu|7}=s
A7k FEolA, Lt BHAAR @rlpol AR 1L
e YRR, B4R Mg B 32 UBuY
om, S YehiE aghe F07F Azl 7
F ERL, FAEZ U b e JHAR W)
Zol %o %e UHdHT el BaTe 2e 7
3}& ekl Lee K $Q000)E 424 §400) 3
lge ST HrHelN, A fane] Br)w
of F/hgl me Lgt bgke Aasgon aghe
2749k B3stdch Cho JA 9 Cho HIQ2000)%
sr) AhMee geE QAN AEE 2@ 2
3, Bl Frhgel FAAFl wek L, b e AR
o aghe FrbRATA 4Tk Lee YS 5002

Table 6. Colorimetric characteristics of cookies with
varied levels of black rice flour

Color Black rice flour contents(%) Fvalue
Value 0 10 20 30
a b C a
L 78.92 61.41 51.17 46.09 126,07

+1.72 +3.80 15.96 +2.65
0.73° 049" 1.49° 224
a w072 053 2090 =121 0P
2374 1220° 833 6.31° -
b £1.19 +0.96 - £1.33 +1.19 490.99
1) MeanzS.D.
2) Means in each row with different superscript letters are
significantly different(p<0.05) by Duncan’s multiple range test.
3) **% significant at p<0.001.
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Su7ke 87b 7719 HAHL Table 73 Bk U
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Table 7. Spread factor of cookies with varied levels of
black rice flour

Black rice flour contents(%)

Properties 0% 0% 20% 0% F-value
Widthness  49.40°  49.55° 50.24°  51.06" 15.79"™
(mm) +0.97 +0.81 +0.66 +0.53 ’
Thickness  53.85 52.96 51.82 52.30 0.67
(mm) +3.67 +1.45 +2.61 +2.35 '
Spread 9.20 9.37 9.71 9.78 0.48

factor +0.57 +0.47 +0.57 +0.65
1) Mean+S.D.
2) Means in each row with different superscript letters are
significantly different(p<0.05) by Duncan’s multiple range test.
3) *** gignificant at p<0.001.
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TAE ol &3ta] Fri7te A7t F719 238 &
g3 A¥E Table 83 Zrh F7)9 7 E(hardness)E
D7HF 100% 7171 632772 713 dadt Aoz U
Ebton, Ful7te Hrigo] HojgdsE fomoem
a5k (pe0.001), F717F A= RS & 5 I
ot FA P G(crispness) & En7kES HrkE F7bekgd
<, dEx2Fd JFu7tE 10% A7FE Aloldls 69

HA Zol7t AL 20%, 30% FrstE F7F FI+E
Aol MY Folsk gglon, qEzHh 10%
Sr7bE H7F #7919 20%, 30% EelhE @7 27
Atolel = el oz B ol F715H% vh(p<0.001).
Lim K SO0 ATAHE Fe/k3 Ak
HAE WX Fuste Aol BesE FE) 7
Zsle] Wol ohi Regj A, Lee JK (200000 o
FANE A28 RATE Arle AAlEe AT g
ZA gauie] Arielgol 10, 20%, 30%, 50% 2 =7}
Y5 Fastel & AT Aog AP 2y
Lee YS 520029 ATolxE §4u)2 Hrbstal A
23 #39) FES BAPHel KA Arhl
3%, 5%, 7%, 10%2 Z71g842 A= 279
2AREe AAAPDR el B AT g 2y
Table 8. Textural properties of cookies with varied levels
of black rice flour

Black rice flour contents(%)

Textures 0 10 20 30 F-value

Hardness ~ 632.77° 59227° 522.67° 486.46° 17085
(2) +22.26 +1822 +13.07 +21.03 )

Crispness 320° 333" 540" 5.40° 1347

(peak number) +1.32 123  +145  +1.96

1) MeantS.D.

2) Means in each row with different superscript letters are
significantly different(p<0.05) by Duncan’s multiple range test.

A7 919 34

£ Uehigied, ol vy A7tz 43 Pt
S7b gastsl Mizolet stglth. gl Park BH 5
0059 FNAE AR 779 A= %1712}94 2
ol EEFE T AR Z/HYT, Kim
HY ¢ Kang NEQW05)Sl AR A8E H M a7
54 779 AxE AN ARE M5 FAEs
Zhhe 5 £ A¥%E dwd 292 geigs
¥, Kwak DY SQ002)& 719 A%st HrtiAol
Gebd eRTL SAT. 2 AgelHE Fuistee
A7kgol WoldFE SEIFTo| FAHRA 779
AEIt B4R Aoz AZHL)

7. F719] 7|EE XA}

Table 9] Ew)7}& FH7F F9)9) 7155 AL 2
S UEhRA:. ) P(appearance)> Fw|7tF9 A7}
s 7IEEV oo, E3 20%0]
7HA FeR o2 7| %7 ol =6 (p<0.01), o]
Zul7ke 20%014 A7MA] Fuje] AL Mo] FaElA
LJFE]r'XJ?ﬂ gFos AZEth FJ)(aroma)s B0 7tE
g H7MS )9 3¥A g FIY zolrt A3
UehutA, Sup7t3E #AvleiA) g2 dzxgd A4
4518 Bu7l2E 10, 20, 30% FA7FE :7)9 el
3.85, 3.96, 3.799] =X o] Hls] S-QHoE =L FO
YER S THp<0.01). Q17te] 25 7bg 04335 Ao
Aoz Zu|el o] o] Fd AL 4 Hrfel
ME I Gl FHE A2 oy, VZEE &
7l S e Bl vty A3 = Zasitn 47t
Aok Bi(taste)> E2IH FR7bE AZMEE Aloldl
A 715 R #9421 2olE YeER A Egted, o]
= SUHE 30% F7MAAE F0] 549 wol 2
N2 ZAg3Ae &2 Aew Holth =& ZHtexture)

o
rlr oz of -L

IA o)

=

3) *** significant at p<0.001, respectively. & xR Fo] 4918 QoFoz I mL 2 UE
Table 9. Sensory acceptance of cookies with varied levels of black rice flour
Black rice flour contents (%) F-value
0 10 20 30
Appearance 4.01+1.04° 3.94+1 67 3.38+1.56° 3.26+1.62° 443"
Aroma 4.51+1.19" 3.85+1.16° 3.96+1.18° 3.79+1.32° 503"
Taste 3.88+1.39 3.90+1.37 3.87+1.64 3.82+1.60 0.03
Texture 491+1.62° 4.43+1.23° 407+1.45° 3.97+1.42° 5957
Overall acceptance 3.97+1.11 3.96+1.25 3.81+1.36 3.79+1.37 0.37
1) Mean+S.D.

2) Means in each row with different superscript letters are significantly different(p<0.05) by Duncan’s multiple range test.

3) **, *** significant at p<0.01 p<0.001 respectively.
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Color{Gray-violet)«*+

Graininess * «» ¥

Crispness» «»<

—@— Black rice flour contents 0% -} Black rice flour contents 10% !
- Black rice flour contants 20%  ~3#-~ Black rice flour contenis 30% |

Fig. 2. Sensory characteristics of cookies with varied levels
of black rice flour using spider web graph
**% gignificant at p<0.001 respectively

Fomoe ¥ARHl Bon, o= AAAY FAY
B3 QAste Aitolth 272# A E(gninines)s F
bR A7 218 A9S W, Yl =AML @
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8 30% ArhEol 2AE FEh AbE Hed, Fu
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doz FZurbE VMR dojus #5d 54 Wse
10% A7l E adA maz ¢ort 20~-30% H 7ol
Ae o st FEEA B 10%e)st A7 vbg

Table 10. Sensory characteristics of cookies with varied levels of black rice flour

Black rice flour contents (%)

Sensory properties o 10 20 0 F-value
Aroma 2.00+1.13° 3.26+1.53° 4.60+1.45" 5.06+1.22° 15877

Sweet 4.27+1.49 4.53+1.36 3.93+1.33 3.80+1.15 0.92
Black rice flavor 1.57+0.65° 3.73+1.62° 4.37+1.20" 4.93+1.10° 21427

Hardness 2.46+0.66 3.36+1.08 3.64+1.50 3.42+134 252
Crispness 2.70+0.48° 3.00+0.82° 3.80+1.26" 4.26+0.96" 667
Graininess 3.07+1.49° 4.71+0.83° 5.43+0.65" 5.87+0.83" 2717
Color(Gray-violet) 2.13+0.74° 3.80+0.01° 5.00+0.76" 5.93+0.70" 60,99

1) Mean+SD.

2) Means in each row with different superscript letters are significantly different(p<0.05) by Duncan’s multiple range test

3) *** significant at p<0.001
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AACC. 2000. Approved Method of the AACC. 10th ed. American

Table 11. Correlation coefficients between each sensory characteristics and mechanical characteristics

Mechanical

Sensory characteristics

characteristics Aroma Sweet Black rice flavor Hardness Crispness Graininess Gray-violet
Mechanical Hardness 0638 0.188 0634 0326 05507 -0.693" 0.846"
Mechanical Crispness 0.454" -0.081 04317 0.095 0.282 0.349" 0479
L 05917 0.304 -0.693" 04737 06327 -0.690 0.8417

a 0.419 -0.150 0.520° 0.034 0.250 0.4617 0.5517"

b -0.606"" 0.260 0.728"" 0.447 05617 06977 0.8127

1) *, ** **% gjonificant at p<0.05, p<0.01, p<0.001 respectively.
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