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Abstract

The quality characteristics of yenipsambab prepared using various amounts of red, green, and black pigmented
rice (0, 10, 20, and 30% added) were investigated. The pH of the cooked rice of yenipsambab decreased significantly
as the amounts of pigmented rice increased. The Hunter’s color L value decreased, but the b value increased with
increasing amounts of pigmented rice. Moreover, the addition of 10-30% pigmented rice resulted in increased hardness,
adhesiveness, cohesiveness, springiness, chewiness, and brittleness compared to the control. Finally, the results of
the sensory evaluation and acceptance test showed that the cooked rice containing 10-20% pigmented rice had
the highest scores. This study will help in the development of new rice products that are good for the health.
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Table 1. Operating conditions of Rheometer.

Type Two bite compression test

Plunger Stainless steel (mm)

Weight of load cell 50 kg

Test speed 2.0 mmy/sec

Deformation 30%

Force threshold 200 g

Distance threshold 0.5 mm

Contact force 05¢
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Table 2. pH of cooked rice with red rice

Samples” pH

Control 5.90£0.12"
RR-10% 6.03:0.22°
RR-20% 6.05:0.31°
RR-30% 6.100.35"

YControl: no red rice added, RR-10%: 10% red rice added, RR-20%: 20% red rice
added, RR-30% : 30% red rice added

“"“Values with different superscripts within the same column were significantly
different by Duncan’s multiple test (p<0.05)
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Table 3. pH of cooked rice with green rice

Samples” pH

Control 5.8920.11°"
GR-10% 6.04+021°
GR-20% 6.06+0.11°
GR-30% 6.11£021°

"Control: no red rice added, GR-10% : 10% red rice added, GR-20%: 20% red

rice added, GR-30%: 30% red rice added

*"“:Values with different superscripts within th same column were significantly different
by Duncan’s multiple test (p<0.05)

Table 4. pH of cooked rice with black rice

Samples” pH

Control 5.85:0.12°"
BR-10% 6.05+0.01°
BR-20% 6.07+0.02°
BR-30% 6.112020"

"Control: no red rice added, BR-10%: 10% red rice added, BR-20%: 20% red rice
added, BR-30%: 30% red rice added

*"“Values with different superscripts within the same column were significantly
different by Duncan’s multiple test (p<0.05)
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Table 5. Hunter’s value of cooked rice with red rice

) Color value
Samples -
L(lightenss) a(redness)  b(yellowness) AE
Conrol 70761021 074012  589:0.15°  7023%1.05"
RR-10%  5551:0.11"  060+025°  1561+1.31°  5621+036"
RR20%  4542+020°  045+034°  1850+1.12°  50.30:021°
RR30%  4071+031° 0413016  21.11£122"  45.1420.12°

"Samples are same as in Table 2.
*"“:Values with different superscripts within the same column were significantly different
by Duncan’s multiple test (p<0.05)
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Table 6. Hunter’s value of cooked rice with green rice

. Color value
Samples )
L(lightenss) a(redness)  b(yellowness) AE
Conrol ~ 70762022" 074012  5890.15°  7024%1.01°
GR10%  6051+0.13°  060:025  1665+1.30°  5725+031°
GR20%  5142#031%  047+034° 1851115 5431022
GR30%  4871:0.11°  044%0.16  23.11#125  514120.13°

USamples are same as in Table 3.
*"“:Values with different superscripts within the same column were significantly different
by Duncan’s multiple test (p<0.05)
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Table 8. Textural properties of cooked rice with red rice
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Table 7. Hunter’s value of cooked rice with black rice

Color value

Samplesl)

L(lightenss) a(redness)  b(yellowness) AE
Control  7076:021"  073£0.13'  5.89:0.11°  7023%105°
BR-10%  5052:0.11"  059+022° 17224131 55212032
BR20%  4341:012°  046+031°  19.11+1.13°  52.12¢021°
BR-30%  352240.13°  041:0.11°  23.12+122°  4845:0.1(F

"Samples are same as in Table 4.
*"“:Values with different superscripts within the same column were significantly different
by Duncan’s multiple test (p<0.05)
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Samples” }g%s Adhesiveness(g) Cohesiveness(%) Spri?%i)ness Cheg)ness Britzge)ness

Control 1.18+0.18" 22.809.83° 37.90+7.72° 80.95+14.61° 121.76:22.90° 402539+11.21°
RR-10% 343+1.08° 27.01+141° 38.19+12.29° 83.26:29.25" 125.74+021° 4235.74+11.32°
RR-20% 5.1342.85° 36.6046.91" 40.8417.25° 85.62+6.74° 130.4151.42° 5894.67+11.38"
RR-30% 7.83+4.20" 45424981 2724812 87.95:6.76' 140.34£21.10" 8904.57+11.75"

USamples are same as in Table 2.

*“%Values with different superscripts within the same column were significantly different by Duncan’s multiple test (p<0.05)
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Table 9. Textural properties of cooked rice with green rice
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Control 1.18+0.18" 26.80+3.83° 3590:621° 65.95:10.61° 125.76+20.98° 4024.314921°
GR-10% 4.07£2.02° 30.60+4.61° 37.5246.85 73.17+14.91° 129.17422.08° 4361.91+10.12°
GR-20% 4.6843.14° 3341+4.91° 39.1147.65° 75.4320.01° 134.89+18.34° 5068.26+11.11°
GR-30% 523+4.21° 4621531 42.29+8 85" 78.17£22.21° 147.83£20.01° 6018.15£11.52"
Samples are same as in Table 3.
%Values with different superscripts within the same column were significantly different by Duncan’s multiple test (p<0.05)
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Table 10. Textural properties of cooked rice with black rice
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Samples” I-gsrr;?;s Adhesiveness(g) Cohesiveness(%) Spri?%i)ness Chegi)ness Britgge)ness

Control 1.18+0.18" 23.809.83¢ 35.90+7.72° 65.95:14.21° 125.76422.91° 4025.35+8.31°
BR-10% 1.83£3.09° 28.80£10.91° 39.88+48.75° 72.7242701° 129.72425.02° 4492.66+10.10°
BR-20% 2.99:381° 35.60£15.15° 423741109 76.16+51.13° 135.57+28.41° 5182.61£12.02°
BR-30% 349+0.25° 4561+433" 45.73511.21° 79.48+2121° 145.80421.11° 6109.56+23.12°

Samples are same as in Table 4.

“Values with different superscripts within the same column were significantly different by Duncan’s multiple test (p<0.05)
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Table 11. Sensory evaluation of cooked rice with red rice

Sensory Samples”
evaluation Control  RR-10%  RR20%  RR-30%
Color 260+107"  420:078"  3.10128°  190+1.28"
Glossiness 230+094°  2.80:0.6F  340t096"  4.20+1.03°
Odor 310+1.10°  430+067°  2.30£0.82°  190+L.19°
Lump 260£107°  300:066° 3.60:051"  4.10:1.19°
Hardness 290+137 280078  3.10:099°  3.50+1.35°
Adhesiveness 250+126°  3.10:087°  330:048"  3.70+1.25°
Cohesiveness 270+133°  310:1.10°  380:063°  4.00:1.15°
Taste 300£1.05°  440t051°  3.10¢1.10°  2.50<1.18°
Sticky 280+139°  290:099°  350:070"  4.40+0.50°
Overall acceptability  3.00£1.05  400:0.66' 330:094°  220:091°

"Samples are same as in Table 2.
*~Values with different superscripts in a row were significantly different by Duncan’s
multiple test (p<0.05)

Table 12. Sensory evaluation of cooked rice with green rice

Sensory Samplesl)
evaluation Conrol ~ GR-10%  GR20%  GR-30%
Color 300:0.12" 340082  3.80:131"  430:131°
Glossiness 3.10£130° 351147 3.09:008%  2.90:0.73°
Odor 310£110° 360017 340107 3.00£0.81°
Lump 360117 290087 340117 270:0.67°
Hardness 340:096"  350:085°  371:085°  391050°
Adhesiveness 290:1.10°  300:115°  3.60:084"  3.65:0.12"
Cohesiveness 3101100 261£126°  340£126°  3.10:0.99°
Taste 280:078°  360£135"  350£126°  2.9140.99°
Sticky 220:091°  270£105°  311£119"  280£1.03°
Overall acceptability  3.00£1.05  430:082°  341:150°  2.90+1.05"

"Samples are same as in Table 3.
*Values with different superscripts in a row were significantly different by Duncan’s
multiple test (p<0.05)
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o} th2 Axt) ¢ Yutsld EYF=o] A5 FA o) e
A0 E HRIth Kim 5@1)S Tkt 2v] /1dA1E H7tst
o A3 Ake] WAL Ao EA7EE 7S

D

B &7, Az, Y Tl bRl S eS
Hashs Ads KAl A7 29 A=k QY4
& W] S7HEE Aasiglon, BvhEE A7
= W A7)k @ste Aasila, BErh Sk A
& WERTaL BAgk vp glo, H7bE= Al gl uhet
Zel7h 9l Ao Atmdn

Table 13. Sensory evaluation of cooked rice with black rice

Sensory Samples”
evaluation Conrll  BR-10%  BR20%  BR-30%
Color 250078 408:1.08°  350£1.08"  2.00£1.20°
Glossiness 23077 292066 425:045°  442:079°
Odor 275105c  3.58:090° 367088  2.25:121°
Lump 2924090°  3.08:1.08  308:116" 367107
Hardness 2924099 2.83:083"  358:079"  3.92¢1.16"
Adhesiveness 275:105°  3.17£103  358:116°  3.83:1.26"
Cohesiveness 267:098' 317093  342¢108° 383119
Taste 2671065  3.67:088°  383:093"  2.58+1.44°
Sticky 225:096'  342:099" 283103 333+12°
Overall acceptability 2.27:0.75"  3.67:098°  375:L1b"  2.67+1.30°

"Samples are same as in Table 4.
*":Values with different superscripts in a row were significantly different by Duncan’s
multiple test (p<0.05)

B AFE BB B} S5 FAE bt
o 3%_[2_'_0

=
7kg AARE whe] pHe frAP(Er), Sv), ) 7t
Fol S/FEEF Fopdth FAY) FHREZ AQHE
Hkol Mo 2 3
H 1=
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W AA A0 715 %7} 10% 7 4o
=okon, mujo] Zew AAHQ 7|FTEE 10% =7 3
7hto] 4.30+0.822 =4 UElTh SHE H7Eg wHe
AA AR 7| &%= 20% H7HE0] 3.75+1.100.2 Fof &
AMETt o gutshE EYET o) A5 A tE Jeg
Heloh

ool AME & wj B AFolAes F4
ARk W t= o7t o0, Axe)l H2HA Fo
n) o] H7}leko] 10%~20%Y v 217+ 2 A
Mg FE AR YEh B AdAdrt
Ad Ao AAXH, AdgxdnozA HE3 A
Atz H

O

7I-A|._C_)_| =
R 0109 % FE5AAE %7957k
o Aol oJa] o] Foizl Ae] ARE ALE EF

1. Kim JH, Nam SH, Kim MH, Sohn JK, Kang MY (2007)
Cooking properties of rice with pigmented rice bran
extract. Korean J Crop Sci, 52, 60-68

2. Kim SR, Ahn JY, Lee HY, Ha TY (2004) Various
properties and phenolic acid contents of rices and rice
brans with different milling fractions. Koran J Food Sci
Techno, 36, 930-936

3. Nam SH, Cho SP, Kang MY, Koh HJ, Kozukue N,
Friedman (2006) Antioxidant activities of bran extracts
from twenty one pigmented rice cultivars. Food Chem,
94, 613-620

4. Park MK, Lee JM, Park CH (2002) Comparisons on the
quality characteristics of pigmented rice Cholpyon with
those of brown and white rice. Korean J Food Cookery
Sci, 18, 471-475

5. Ramarathnam N, Osawa T, Namiki M, Kawakishi S
(1988) Chemical studies on novel rice hull antioxidants
I. Isolation, fractionation, and partial characterization. J
Agric Food Chem, 36, 723-727

6. Choi SW, Kang WW, Osawa T (1994) Isolation and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

identification of anthocyanin pigments in black rice.
Foods Biotechnol, 3, 131-135

. Tsuda T, Watanabe M, Ohshima K, Norinobu S,

Kawakishi S, Cho SW, Osawa T (1994) Antioxidative
activity of the antocyanin pigments cynidin 3-O-83
-D-glucoside and cyanidine. J Agric Food Chem, 42,
2407-2411

. Cho MH, Yoon HH, Hahn TR (1996) Thermal stability

of the major color component, cyanidin 3-glucoside, from
a Korean pigmented rice variety in aqueous solution.
Korean Agric Chem Biotechnol, 39, 248-248

. Kim YD, Ha KY, Lee KB, Shin HT, Cho SY (1998)

Varietal variation of anthocyanin content and
physicochemical properties in colored rice. Korean J
Breed, 30, 305-308

Tsuda T, Horio F, Osawa T (1998) Dietary
cyanidine-3-O-B-D-glucoside increases exvivo oxidation
resistance of serum in rats. Lipids, 33, 583

Ha TY, Park SH, Lee CH, Lee SH (1999) Rice research
group, korean food
composition of pigmented rice varietics. Korean J Food
Sci Technol, 31: 336-338

Kim EO, Oh JH, Lee KT, Im JG, Kim SS, Suh HS,
Choi SW (2008) Chemical compositions and antioxidant
activity of the colored rice cultivars. Korean J Food
Preserv, 15, 118-124

Kang MY, Nam YJ, Nam SH (2005) Screening of

antioxidation-related functional components in brans of

research institute, chemical

the pigmented rices. J Korean Soc Appl Chem, 48,
233-239

Choi SW, Nam SH, Choi HC (1996) Antioxidative
activity of ethanolic extracts of rice brans. Foods
Biotechnol, 5, 305-309

Kang MY, Choi YH, Nam SH (1996) Inhibitary
mechanism of colored rice bran extract against
mutagenicity induced by chemical mutagen mitomycin
c. Agric Chem Biotechnol, 39, 424-429

Nam SH, Kang MY (1997) In vitro inhibitory effect of
clolred rice bran extracts carcinogenecity. Agric Chem
Biotechnol, 40, 307-312

Kim MS, Hahn TR, Yoon HH (1999) Saccharification
and sensory characteristics of sikhe made of pigmented
rice. Koran J Food Sci Technol, 31, 672-677

Lee YS, Jung HO, Rhee CO (2002) Quality
characteristics of Yukwa prepared with pigmented rice.
Korean J Soc Food Cookery Sci, 18, 529-533

Kim KS, Lee JK (1999) Effects of addition ratio of



192

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A F A8 A 21199 A23 (2012)

pigmented rice on the quality characteristics of
seolgiddeok. Korean J Soc Food Sci, 15, 507-513
Lee WIJ, Jung JK (2002) Quality characteristics and
preparation of noodles from brown rice flour and colored
rice flour. Korean J Culinary Research, 8, 267-278
Shin EH, Lee JK (2004) Quality characteristics of
Jeung-Pyun on the addition ratio of pigmented rice and
fermentation methods. Korean J Soc Food Cookery Sci,
20, 380-386

Kim JD, Lee JC, Hsih FH, Eun JB (2001) Rice cake
production using black rice and medium grain brown
rice. Food Sci Biotechnol, 10, 315-318

Moon BK, Kim YL, Kim GN, Choi YS (2008) Quality
characteristics of prepared with pigmented rice. Korean
J Soc Food Cookery Sci, 24, 29-37

Borsch T, Barthott W, Shim MS, Choi SW, Bae SJ (2001)
Effects of Punica granatum L. fractions on quinone
reductase induction and growth inhibition on several
cancer cells. J Korean Soc Food Sci Nutr, 30, 80-85
Kang HI, Kim JY, Moon KD, Seo KI, Cho YS, Lee
SD, Yee ST (2004) Effect of the crude polysaccharide
of Pleurotus eryngii on the activation of immune cells.
J Korean Soc Food Sci Nutr, 33, 1092-1097

Jung HA, Kim JE, Chung HY, Choi JS (2003)
Antioxidant principles of Nelumbo nucifera starmens.
Arch Pharm Res, 26, 279-285

Lee KS, Kim MG, Lee KY (2006) Antioxidative activity
of ethanol extract from lotus(Nelumbo nuciféra) leaf. J
Korean Soc Food Sci Nutr, 35, 182-185.

Lee YS, Oh SH, Lee JW, Kim JH, Rhee CO, Lee HK,
Byun MW (2004) Effect of gamma irradiation on quality
of cooked rice. J Korean Soc Food Sci Nutr, 33, 582-586.
Roh JH, Shin YS, Lee KS, Shin MK (1996) Effect of
water extract of green tea on the quality and shelf life
of cooked rice. Koran J Food Sci Technol, 28, 147-420
Cho HS (2010) Rheological properties of dried noodles
with added Enteromorpha intenstinalis powder. J East
Asian Soc Dietary Life, 20, 567-574

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yoo KM, Lee YK, Kim SH, Hwang IK, Lee BY, Kim
SS, Hong HD, Kim YC (2005) characteristics of cooked
rice according to different coating ratios of dandelion
(taraxacum officinale) extracts. Korean J Soc Food
Cookery Sci, 21, 117-123

Kim AJ, Rho JO, Woo KJ, Choi WS (2003) The study
on the characteristics of cooked rice according to the
different coating ratios of mulberry leaves extracts.
Korean J Soc Food Cookery Sci, 19, 571-580

Kang MY, Shin SY, Nam SH (2003) Correlation of
antioxidant and antimutagenic activity with content of
pigments and phenolic compounds of colored rice seeds.
Koran J Food Sci Technol, 35, 672-677

Kim KH, Cho HS (2009) Assessment of quality
characteristics of Maejakgwas prepared with shrimp
powder as a snack served to kindergarteners. J East Asian
Soc Dietary Life, 19, 401-408

Reddy KR, Ali SZ, Bhartacharya KR (1993) The fine
structure of rice starch amylopectin and its relation to
the texture of cooked rice. Carbohydrate polymers, 22,
267-275

Kim JH, Oh SH, Lee JW, Lee CY, Byun MW (2004)
Effect of glucono delta-lactone on the quality of cooked
rice. J Korean Soc Food Sci Nutr, 33, 1698-1702
Kim KH, Park BH, Cho HS, Kim SR, Cho HS (2009)
Quality characteristics of shrimp flour added dumpling
shell. Koreaa J Food Culture, 24, 206-211

Martin M, Fitzgerald MA (2002) Proteins in rice grains
influence cooking properties. J Cereal Sci, 36, 285-294
Teo CH, Karim AA, Cheath PB, Norziah MH, Seow
CC (2000) On the roles of protein and starch in the aging
of non-waxy rice flour. Food Chem., 69, 229-236
Cho YY, Cho KH (2005) Yak-sun eating with five colors,
Kyomoonsa, Seoul, p. 3-36

Kim EM, Yang HJ, Kim YH, Chang KS (2008) The
Quality characteristics of cooked rice with added eating
quality conditioner. Food Engineering Pro, 12, 1-7

(A4 20114 99 24¢ =4 20119 12€ 1€ A= 20119 12€ 239)





