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Antioxidant Activity and Quality Characteristics of Black Rice Bran Cookies
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“Home Economics FEducation, Graduate School of Education, Kongju National University,
Chungnam 314-701, Korea

Abstract

Black rice bran powder has potential medical uses and functionality. In this study, we assessed the antioxidant
activity and quality characteristics of cookies containing various concentrations (0, 1, 3, 5, 7, and 9%) of black
rice bran powder. To analyze quality characteristics, proximate composition, fatty acid composition, amino acid
composition, bulk density and pH of the dough, spread factor, loss rate, leavening rate, color, texture profile
analysis, and sensory evaluations were measured. Black rice bran cookies (7%) contained more crude protein
(10.67%+0.33%) compared to control (5.84%+0.06%). The total unsaturated fatty acid contents of the control and
7% black rice bran cookies were 30.44 and 30.81%, respectively. The amino acid content of 7% black rice bran
cookie was higher than that of control. Bulk density of the dough, moisture, spread factor, total polyphenol
content, and DPPH free radical scavenging activity of the cookies significantly increased with increasing content
of black rice bran powder, whereas pH of the dough, loss rate, leavening rate, and L values of the cookies
decreased. Additionally, consumer acceptability scores for the 7% black rice bran cookie group ranked sig—
nificantly higher than those of the other groups in terms of appearance, taste, flavor, texture, and overall
preference. Taken together, the results of this study suggest that black rice bran powder is an effective ingredient
for increasing the consumer acceptability and functionality of cookies.

Key words: antioxidant activity, black rice bran, cookie, fatty acid composition, amino acid composition
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pheonidin, malvidin, pelargonidin, delphinidin flavylium %

o] &) HigA )L a-tocopherol# fAHEE #4tstsS A4
I At BR3P er, Sujda £ A E allantoin,
oryzafuran, quercetin, vanillic acid, protocatechuic acid=
GAB o] S5 WA ARo] EATL wrha &
#H A oH(12-14).
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< Zgogd Mo Yol -40°C deep freezer(DFU-128E,
Operon Co., Kimpo, Korea)dll B#3}AA] A8l Tt vh=
3 A2 A o] ALAG(F), HE = A, 52
3 ZhFolA Ax AAEE AS THEA AHEEATH
Azt Ade]  ARE3E  1,1-diphenyl-1-picrylhydrazyl
(DPPH), Folin & Ciocalteau ] ¢}, gallic acid 5 2] A]¢F2
Sigma Chemical Co.(St. Louis, MO, USA)¢] A&E& A1-&3}
R L 9] Aok 195 AHESATh

F719| M=

F71= Lim 526)9] AzWHE Faste] Table 13 2
AZ e} BFOZ Azt AFE HE, A", 258
=7](model K5SS, kitchen Aid Co., Joseph, MI, USA)¢l
o] 2to 2 ZAF A7 FES 2FH gojriy 58T &
talo] -G E 2 THERTE o7]9] A2 F uE i 5|

m°1' di % rlo

Table 1. Ingredients of black rice bran cookies (g)

Black rice bran cookies

Ingredients Control 1% 3% 5% 7% 9%

Flour 100 99 97 95 93 91
Black rice bran 0 1 3 5 7 9

Butter 65 65 65 65 65 65
Sugar 30 30 30 30 30 30
Egg 12 12 12 12 12 12
Salt 05 05 05 05 0.5 05

FrsaA 2 FA5A 183

8 7 A
A 1AZE B @ ol Agel ARE o83,

S0| 0| 2ot 77|19 e E 2

£ AR 71548 2AEA 710l H7kek v v &
T3 Fu) v F37F 57, @418t &40 w31 Be Rt
A 7HE 48 AE ik 7% S| v} Hrp 715 Gt
A B9 A RR ARSI o] & AR IRk oR
i, AN, 23 E, 2E9d 2AHFE AOACH 2N
Fote] EA AT F, FEFFS 105°C ”‘Q’ﬁg‘—‘ﬂ °]
&3l ZA3AR, 2AY AFL Soxhlet FEHOZE F
Aatdvh 23122 A3, 29WA L micro Kjeldahl
W, 24+ Henneberg-Stohmann® o2 &3} o).

+37F 71,
7% &) v)7 A7} —;%7]) ok 20 mg< 7L Y Al Tl
3t Mek2o] =21 05 N FABIUEF 9 2 mLE
718 & 100°C heating blockol| 4] 587t 7183 5 A0
= ‘@7—}7\]733} o] 7] 140/ BF3-methanol 2 mLE 7}38taL
oA 58 BESAIZI & R EFEZE 1 mLe o]ASE
1 mLE ¥3 AE3 ?l‘%"%‘}?i‘:}. ghg-o] EUH AlE57F &
FHo| 2 EF 2 mLE ¥ Uy FFRIVEFS &
FAA A AT g5 AL wE o 2H 2 AP S
o}l GC(gas chromatography flame ionization detector,
HP-6890GC FID, Agilent Technologies, Santa Clara, CA,
USA)E o] &3t #43th
£0| 02 2ot F7(9| ofd|-at 249
v FH47F F71, 7% 3]

i

6 N HCl 15 mLE 7} th NoZ 2] 3ato] 414314 253t
Atk o] & 105°C LA 244]3F 7}AH’5H S EARU I
3te] gol242 50 mL Fe~3d 4§ F 0.2 pm mem-
brane YEHZ A3} Hch AN 2 mLE F3&) 25 mL FE&3
3, 012 AccQ-Tag HH(28)0.2 F=A3} A|7]aL ofn| =
AF B2 7] (pump PU-980, detector FP-920, autosampler
AS-950-10, Jasco, Osaka, Japan)E& ©]-&3le] B3}t

0| 0jZ 2ot F719| FHlz= sEE ¥ SME =2y
=3
Alge) ZA: v v7} 1 gol| ethanol 99 mLE 7}3}az,

24A17H20°C) &<t 100 rpm S 2 shaking incubator(SI-900R,
Jeio Tech, Kimpo, Korea)oll A 33+ o }tdS 2uf) 3] 43}
o] Algdog ARE3H I, F7]+= 10 goll ethanolS 90 mL
£ 78t 24213H20°C) &<t 100 rpm e 2 shaking in-
cubatorel A FE&g F AFHsl] AR OZ ALE3FA T
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Z HE3FHE &F A F dE 592 952 Folin-
Denis’s phenol method(29)9l F3la] =A 34t A5
150 plell 2400 plLe =742} 2 N Folin—Ciocalteu reagent
150 pLE 713 3 387 X8l 1 N sodium carbonate
(NaxCO3) 300 uLE 7}8le] Ao A 2417 52 ¥H-3-A) 71
% 725 nmolA FAFEE SASAT EFEAE gallic
acid(Sigma Chemical Co.)& A}&3}e] HHEFAS 243 &
Z ZY9E FHFE A7 100 g¢ 9 mg gallic acid(mg
GAE/100 g) 2 Yetli it A3 -2 33 vhEsto] 3 3ta
EFZHAZ e AT

kgl 84 &4 719 DPPH &Yz &AL Ux
T3 v v Hrbr e A A Bla 2 JERg L
ksl &AL Lee (3009 Wl wtgl DPPH radicall
gt AAGR S SA5EA v, BAEAT F, AR 4
mLol DPPH solution(1.5x10 %) 1 mLE 7}8te] muhgh o
& Aol A 3083 WA F 517 nmell A FHE=E SA3A
o AR Al d eSS Jhe 2T FHEE A =
“g3ke] DPPH free radical 2AEA4S &2 ey
33 WHESte Py TTAAE YEH AT

£0| o/ F71e| Z2ETL
w59 9%, pH 3 F7] vh=9] 2= 50 mL
Adge] $754 30 mLE ¥il 5 g9 FIH=EE ¥
o sold F9E 43t ¥k59 Foo gk 749
(g/mL)E AFstA pHE W5 5 g S/F 45 mLE
Y1 wHkA 7]l 3 o #(Whatman NO. 2)3+ o H-S pH me-
ter(Corning 340, Mettler Toledo, Burrington, UK)& =%
st W9 A% pHeE 247 53 =A 33
F719] HRAA, £AE, FFE 4 7719 HAIAH A
F=(spread factor)= F719 A4 (mm)3 F7] 6719 =o]
(mm)E 247 =43 & AACC Method 10-50D2] HFH(27)
S o) &Ath #7119 AAL F7) 6/ME t2E A
s 3% & A4y FI)1E 90°= I HAAA v
Al & FHE 7 652 YFo] HAFE Al

|

o]
pel

Z e |

= 24 2k
o FAE 6719 FIE MRE Folgy EolE A3}
3 A Fol & TAE upto] thA] oty EolE
28 de FXE 7tz 602 o] HFgS At
ST AFEE F7)Y w7 A F & 2T 2
AT TS 47 F43t 1 Zpolol] it HIEE &
SR 53] WHE S
Soread factor— —22) 670l tHe Ht 4 ol (mm)
P 7] 670l o HHd 72 (mm)
w7l A% 3 Y TF 2 g)
Loss rale == 5wz @ Ao o) 10
Leavening w7 A% APT F719 TF 2Hg) 100
rate 7] AZe] =+ AF THF 2He)
FI19 Az & Az AL AT A (Colorimeter,

B

gkl

CR-300, Minolta Co., Osaka, Japan)E ©]-&3}o] Lik(lig-
htness), agt(+red/-green), bZk(+yellow/-blue) &2 YEY
Aot AF&3s & WA T (standard plate)S 1.=97.26, a=
-0.07, b=+1.86010 o™ 7z} JF & 53] RhEsto] de Hit
T ZEAXE YERR ST

719 A= &R Ax FI19 AL Texture
Analyser(TA-XT2, Stable Micro System Ltd., Haslemerd,
UK)Z =43}l 7Z%(hardness) g& YERHSATE Hard-
nesst 1YE F HI AP S VIFoR e 7t 4Y
W 259 WEAle 24 go BAgt REVA
BFAAT A8+ A7 45 mm =£°] 45 mmZE 31950
probet 3 mm cylinder probeE A&l TH BEXZAL
pre—test speed 3.0 mm/sec, test speed 1.0 mm/sec, return
speed 5.0 mm/sec, test distance 3.0 mm, trigger force 5
go = 3ttt
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A% 271(A7 45 cm, ¥0] 045 cm)e] F71E
A 13]8 HAl Fol AT 3 e AEE
I ¢ o B2 AT F HUBIES ST &RlA VS
Bl AmrAQ 71 & % (overall preference), £
(appearance), 3¥(flavor), St(taste), &2 7 (texture), 2 (color)
o2 a0 74, WS 4d 1Fo2 R E4U=
o] HrlgEo Zu| n]7} d(black rice bran flavor), =7] 3+
F(oily flavor), 243 H(roasted nutty), FE8< I &
(tenderness), 4+71 &9 =7 (after taste) o}F 7Fslct 7
A, o}F ¢fsltt 1402 33T

SAXE]

i

ich
2
i)

HOE o 22 BN e o
=

o]
(12,0 version, Cary, NC, USA)E o]&3slo] Hfy FFHA
2 YUt 4 28T P r
Student’s ttest2 773ttt EgE E4HEA(ANOVA)S
A A3 & p<0.05 =594 Duncan’s multiple range testZ

A,

20| 022U T7|0| YRR 24
s W Rww Frle] AugRe BN AR



o w7 F7)9 FstEy 8 FE5A 185

Table 2. Proximate composition of black rice bran and black acid’7} 42 1.77, 1.56, 1.45% 2 A% k5o Qo). o]# 3k
rice bran cookies e B AmE Ccho 5089 HE AT Aset QAGE Ao,
Composition Black rice bran (?gntrrglce ran C;; 165 B0 v oF 80%2] X3 A uAkT oF 2099 E3}A| M)
(o)
Moisture 1001+0.02"  498+0007 535+0.01 Ao FAHE AsE & 5 AU F19 B F AR
Carbohydrate”  5835+036  6466+1.37 5897+1.36 TEol|A] 65%9] EaFA Ak 30060] 5 AWAFS U
Crude lipid 14.74+0.03 24.05+£1.30 24.22%+1.04 wpate] sheko] PR
Crude ash 8274002 0474001  080+0.00 et Zapxgatel el Al ek olei @ ke
Crude protein 8.65+0.39 584+006° 10.67+0.33 F7] Az Al Arlete WE| 8 28R to] AEFE
Crude fiber 29134012 2284006  347+0.01 0z Aoz WA 22T A2 H7b 7)o Atk
)
Mean=+=SD (n=5). ZAo| A Z =Jo A& eorAuk 79 H7be] 7
?The percentage of carbohydrate calculated by 100% sub total g Aol HEA S Bt Fef 2
(%). £ izl HlE linoleic acide] ko] FoHo = z7]—0}
Means between two groups (control and 7% black rice bran At} ole 7] Ax A v |G B HUE A9 A%
cookies) are significantly different at 'p<0.05 and “p<0.01 by o o] oA SEO o]z AKE Ao A
Student’s #test. o F3t xukrte] slaks FoFo] uiE e Ao g2 Alg
Hr}.
= UETh nastel £ AR ARXLG GE B en) oz punt 3719 ofojmat 24
TG BAT, 2T J] 0B 7% WA FAE N sy m wam 2919 o)wst 24E Table 491 A
SN .o 0, 2B 3FB AN S RPN 2k _
WS W 76 7R i, S, S, Arae] gl AlstFtr. Zw] vl74ell = glutamic acid B aspartic acid®h
=1 © = = &
AT VR AL A AT VS ST Y e agojuentel @l A7 11640541037, 81697+
B o S NE =N =
Rl T/ F5ch) AT @A BHEE BEAT g5 e S wol WA D28, 2 02 argc
= Fa= PARS O = Ao T Mz
= EAE dehlel v d 9 F AR ATES i leucine, alanine, lysineo] 217} 631.88+19.36, 572,50
=0| 0|2 2atn) £7|9] X|HhAF 2A +6.86, 535.17+5.03, 524.85+8.89 mg% O & Yttt o]
S v Bda F7)9 Ad4at 2492 Table 390 AA| #3 A= &1|9) glutamic acid®} aspartic acid7} 7H&
st Su] w7tel= oleic(38.76%), linoleic(36.29%) 2 =4 Yelytta 213 Kim 5319 dA3dxel A3
palmitic acid(17.52%)7} AA] xukake] 929 o] AFS 2}A] &} %t} Choi 5(32)2 o}w=2t & glutamic acid$®} aspartic
I ARem 1 2o stearic acid, lignoceric acid, linolenic acid, arginine®] ¥#o] BSF 2 Wiuko] 20 A1 A
Table 3. Fatty acid composition of black rice bran and black rice bran cookies (%)
. .. . Black rice bran cookies
Fatty acid composition Black rice bran Control 79

Saturated fatty acid

Caproic acid (C6:0) - 0.91+0.01" 1.01+0.01
Caprylic acid (C8:0) — 1.00+0.08 1.04+0.01
Capric acid (C10:0) — 2.16+0.01" 2.01+0.01
Lauric acid (C12:0) - 6.07+0.00 5.88+0.01
Myristic acid (C14:0) 0.3940.00 11.95+0.02 11.70+0.07
Palmitic acid (C16:0) 17.52+0.01 32.16+0.01 32.19+0.01
Stearic acid (C18:0) 1.77+0.00 11.52+0.01 11.57+0.02
Arachidic acid (C20:0) 0.8140.00 0.18+0.02 0.20+0.01
Behenic acid (C22:0) 0.70+£0.01 — —
Lignoceric acid (C24:0) 1.57+0.01 — —
Total 22.716+0.02 65.99+0.12" 65.49+0.10
Unsaturated fatty acid
Myristoleic acid (C14:1) — 1.04+0.01 0.96+0.01
Palmitoleic acid (C16:1) 0.17+0.01 1.83+0.01 1.73£0.01
Oleic acid (C18:1) 38.76+0.01 24.04+0.01 23.92+0.01
Linoleic acid (C18:2) 36.29+0.00 2.72+0.00” 3.40+0.01
Linolenic acid (C18:3) 1.45+0.00 0.72+0.01 0.72+0.00
Gadoleic acid (C20:1) 0.59+0.02 0.09+0.01 0.08+0.01
Total 77.26+0.02 30.44+0.04 30.81+0.01
Unknown 0.020.00 3.61+0.01 3.59+0.01
Total 100 100 100
YMean + SD.

Means between two groups (control and 7% black rice bran cookies) are significantly different at "p<0.05 and “p<0.01 by Student’s
t—test.
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Table 4. Amino acid composition of black rice bran and black rice bran cookies

B

Ho

gkl

(mg%)

Amino acid composition Black rice bran

Black rice bran cookies

Control 7%

Aspartic acid 846.97+9.36 230.58+3.09" 360.98 £1.54
Threonine 310.69+4.08 12757+3.14™ 187.85+1.11
Serine 378.73+4.55 219.23+3.42"" 312.51£0.54
Glutamic acid 1164.05£10.37 1478.19+24.29™" 1994.65£14.93
Proline 368.82+£10.82 450.72£5.25"" 616.26 £10.37
Glycine 466.77+5.53 154.48+3.08" 232.65£2.40
Alanine 535.17£5.03 164.74+1.27" 248.76 £1.01
Valine 451.32£5.02 207.75+3.73" 306.33£0.47
Methionine 43.61£1.08 62.80£8.71 86.80+3.57
Isoleucine 274.56+3.72 167.42+1.86™ 234.31+1.09
Leucine 572.50+6.86 329.36+1.19" 454.26 +5.88
Tyrosine 159.62+6.62 38.67+3.54 111.83+615
Phenylalanine 367.26 =5.87 226.95+4.86" 324.46 =3.08
Lysine 524.85+£8.89 126.06+3.31"" 198.37+£2.65
Histidine 259.07£5.14 99.73+4.32"" 147.35+4.17
Arginine 631.88+19.36 141.12+10.71" 251.71£3.94
Total 7202.86+325.12 41040711047 6013.17+72.93
"Mean +SD.

Means between two groups (control and 7% black rice bran cookies) are significantly different at ‘p<0.05 and “p<0.0001 by

Student’s rtest.

E Yeidol, v e Hrrt g REF®T ol e}
D5 EAL 24 & Ao 2 AR B v 7% F7t
F719] % glutamic acid, proline, leucine©] Z+Z} 1994.65
+14.93, 616.26+10.37, 454.26+5.88 mg% 2 A Lo
W i xz2Te AR 7% Ut 22 AEFS e i
S w7 7% H7F F7)eF 2Tt gaE o=t &
g s E Ay, gFE9 ofn|i=ito] 7% HIF 7]
A frelHez w4 S EPNeH HA ofv|At FEHE
oHo g A yetutth webA Zw) u7to)= arginine,
leucine, lysine, valine 2] F=olvu]=2to] T F wWo] &
E5o] o] F83 ofr| et FFHOZ AMRE F US

Aoz Azwd

£0| 0|2 2L F7(9| & = stetE &
T

Sv) v 2 A2k 2719 F s SEES 9L Fe

160 1

140 1 _1f'_
120 1
e
100 + d
80 1 [
b

60 - a
40 A
20 A
0 T T T T T 1

control 1% 3% 5% 7% 9%

Level of black rice bran powder (%)

Fig. 1. Content of total polyphenol in black rice bran cookies.
Different superscripts (a-f) indicate significant differences at
p<0.001 by Duncan’s multiple range test.

1o AASFAT. S v B2 F dH= sgs e
11.81+£0.03 mg GAE/g2. 2 ZA 5 A th Chungd} Lee(33)
o] AFolA Zrje HE FFTEL 50% ool tanninS 2
TFAEo] a, Ex}eo] £ flavanol Z flavonoide] &
HwA e o= ey

Hzxe F s slgE9 FH2 55651011 mg GAE/
100 g2 Zv] w7 F719 F A& =9 320 61.80
+1.06~137.49+2.08 mg GAE/100 goll ®l&f] $A et o
), | v} E2o Hrteo] FUistel wet £ Hs 9
o] f94(p<0.00)e.Z F7FIA Y. Adom 5(34)2 ¥
7}l 3H5-9 ferulic acid, flavonoid, lutein, zeaxanthin, B-
cryptoxanthin 5¢] phytochemicale] 3-4+e}50] FaFS &=
thal Baste] Ew) wgte] HrbE A e Tl ® dE
shetEo] EAFTE FIstATh Seo F(35)9] AFAE
Ayt win)o)] vls)] E4v]= 1 FRFol wE} of 2~0n]e] =&
total polyphenolS 3HF3te AL E UElgton ol E4
wlo] $hf9 Ak anthocyaninol A 7]91€ Aow Hu
393t} &3 2ol = insoluble polyphenol®] % polyphenol
9] 25~47% AEE XA = AL E YEY o]+ poly-
phenole] B 3F % &9 A EA1317] o)zt
3t old £ AFdA s o8 £3S vRe R Vgigd
He T nlal v @Y F s o] A e
AL % #= F insoluble polyphenolo] /420l &3] 5 A
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Fig. 2. DPPH radical scavenging activity of black rice bran
cookies. Different superscripts (a—e) indicate significant differ—
ences at p<0.001 by Duncan’s multiple range test.
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Fig. 3. Correlation between total phenol content (mg GAE/
100 g) and DPPH radlcal scavenging activity (%) of black
rice bran cookies. r°=0.8739 (Pearson correlation; p<0.001).
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(p<0.001). ] 16} a% R E

Table 5. Quality characteristics of black rice bran cookies prepared with different addition of black rice bran powder

Black rice bran cookies

F-value

Item

Control 1% 5% 7% 9%

Bulk density (g/mL) 1.10£0.01"%  1.13+0.02° 1.1440.03" 1.15+0.01° 1.19+0.03"  1.20£0.03" 7.48"
pH 6.07+0.11¢ 5.8240.02° 5.69+0.09” 5.64+0.04 547+0.06°  536+0.05  40.85™
Moisture contents (%)  4.98+0.00° 5.05+0.03 5.14+0.07° 5.26+0.04° 535+0.01¢  541+002¢  4465™
Spread ratio (%) 6.36+0.09° 6.36+0.05" 6.46+0.02° 6.47+0.04° 6.69+0.03°  693+0.04° 126.05™
Loss rate (%) 10.37+£0.26™  10.86+1.07%  11.59+0.89 9.22+0.49 950050  9.2440.96" 912"
Leavening rate (%)  100.00+2.16"  102.72+9.75° 11578 +4.75° 94.23+9.18"  95.35+5.69" 89.19+9.16° 9.44™
Color L value 94.64+7.09 75.04+1.89°  6319+171Y  5547+115°  49.75+1.49" 4564+0.82" 510.09

a value 0.20+0.53" 9.01£0.34>  12.87+0.22° 1314+0.19°  1363+0.26° 1341+0.27° 4089.59"

b value 041£213%  -1629+0.85° -21.40+0.33" -20.93+£0.44" -2047+0.35" -20.80+0.35" 1142.86""
Hardness 811.35+143.20% 693.98+151.34° 579.40+204.83" 455.24+138.81% 423.06+88.98" 379.44+77.01° 2521°
"Mean+SD (n=5, but n=25 for hardness). “p<0.01, *“*p<0.001.

IDifferent superscripts (a-f) in a row indicate significant differences at p<0.05 by Duncan's multiple range test.
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Table 6. Sensory evaluation of black rice bran cookies prepared with different addition of black rice bran powder
Black rice bran cookies Fvalue
Control 1% 3% 5% 7% 9%
Overall 4254128 422+083"  467£130° 517+1.11" 589+1.10° 5.00+0.71" 305"
preference 2'59*
Consumer  Appearance  456+1.01%  4.18+1.08" 430+1.25° 492+086® 555+069° 4.82+1.17% s
acceptability ~ Flavor 450+£1.27" 4631074  475+£062"  508+067" 556053  530+0.67™ 373"
Taste 4254158 440+1.17"  472+£1.00"° 5424090 6112093  514+0.90™ 0,60
Texture 4.80+1.48 4894127 4754089 5084090  500£000 4252089 | e
Color 350£1.07" 3.75+1.04° 427£110° 525+089° 6.13%£0.64* 6.22+0.67 :
Black rice 1274047 264+1.08" 315+121™ 377+124 446+133° 485+1.41° 1476
Characteristi bran flavor 9.64***
fr‘l tzcnsitb ¢ Oily flavor 550+0.76°  4.00+1.00°  3.64+081" 320+0.79" 3.13+099" 2.90+0.99" 500
ratin Y Roasted nutty 3.33+150° 3294127  407+1.00" 457+134° 5144053  530+1.06° 1088
£ Tenderness 325+121*  375+120%  442+090™ 5.08+090° 545+0.82' 590+0.99 599"
After taste 3.00£1.10°  342+1.24" 418+1.25" 464+081° 480092  450+0.53° ‘

"Mean=SD (n=30). p<0.05, “p<0.01, **p<0.001.

YDifferent superscripts (a—e) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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