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Effects of Brown Rice and Brown Rice Powder Mixing Ratio on the Preference
Analysis of the Waffles and Rice Ball
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Department of Food and Nutrition, Hanyang University
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Abstract

This study surveyed consumers’ sensory liking ratings of 3 types of developed brown rice products (brown rice nut waffles, Kimchi
and tuna rice ball, sweet red-bean paste rice ball) and analyzed the drivers for liking or disliking the brown rice products. Each brown
rice product had a brown rice to brown rice powder ratio of either: 100:0; 80:20; or 50:50. Forty consumers evaluated the acceptance of
brown rice products on a 9-point hedonic scale and gave comments regarding liking or disliking each product. The results of the
preference investigation analysis showed subjectivity depending on the brown rice product and the respondents’ genders and ages. For
brown rice nut waffles was affected by gender, age, and brown rice powder mixing ratio (p < 0.05). The variables “liking the aroma”;
“liking the delicate flavor”; “liking the chewiness”; “liking the moistness”; “liking the softness”; “liking the harmony”; “liking the
aftertaste” and “overall acceptability” did not differ significantly with the Kimchi and tuna rice ball. For the sweet red-bean paste rice
ball product, the rates of liking the chewiness, stickiness, moistness, and softness of the 0% brown rice powder mix were all higher (p <
0.05) than were the rates of liking those same qualities in the 50% brown rice powder mix. Among all brown rice products, there were
high correlations between the overall acceptability, liking the saltiness, liking the aroma, and liking the harmony. A preference
investigation analysis showed that the brown rice product fillings were key factors to the products’ overall acceptability.
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Table 1, The information regarding products used in this study
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Products Brown rice powder content of Product Sample code Fillings or mixture for one portion
0% BO
. Walnut 10 g
0,
Brown rice nut waffles 20% B20 Almond 10 g
50% B50
0% KO Kimchi 22 g
Brown rice ball filled with o
Kimchi and tuna 20% K20 Tuna 6 ¢
50% K50 Mayonnaise 2 mL
‘ . 0% PO
Brown rice ball filled with sweet 20% P20 Sweet red-bean paste 30 g
red-bean paste
50% P50
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Table 2, The mean sensory preference and liking ratings of samples

Sample code  Group SIL" COL ARL SAL SWL DFL CHL STL MOL SOL HAL AFL OVA
B0” MY 45022370 47042.06% 5.20:2.10° 4.90+1.60° 3.90+2.33° 6.0042.05° 4.2042.78°  3.10£1.79°  3.6042.07" 250135 4.50+2.12% 5.60+1.90° 3.30:2.11°
B20 M 580+£1.87° 6.0042.16™ 4.40+1.84° 520+1.87° 4.8042.97° 5.70£1.95% 6.1142.09%  5.00£2.62"  5.60+1.90° 5.20+3.08" 5.7042.06™ 6.10+2.08" 6.10+1.60™
B30 M 6.10£2.13° 510238 5.60+1.26™ 4.90+1.85° 5.00+2.11° 6.00+2.91™ 556+£224™  450+2.01%° 4204220 330+2.54" 6.80+1.14" 5.50+1.35" 5.70+2.36™
BO F20 482191 4.94:236™ 4.50:2.66° 4.41:2.15° 4.18+227° 553+2.07° 4.4142.98%  5.12+2.18" 453212 3.71+2.34™ 42942.17° 5.06+2.44° 4.06:2.41%
B20 F20  5.12£1.93" 5594187 4.7142.54° 4.53+1.87° 3.8242.04° 5.0042.12° 54742.15"  5.65+2.09™¢ 5.5942.18™ 5.0042.67° 4.94+2.16™ 5.4142.45° 4.8242.24°
B30 F20  5.12+223" 4.18+2.46" 5.12+1.65° 5.00+1.87° 4.47£1.74° 6.18:2.46™ 6.00£1.87"™ 524+1.64"" 4.82+2.07° 4.47+2.03™ 6.18+1.67" 4.94+1.92° 5.24+1.68"
BO F40  6.15£1.63" 3.92+2.06" 5.77+1.96® 6.92+1.80° 6.85+2.15° 6.23£1.92™ 638+1.61"  6.6242.06™ 6.0042.71™ 5.46:2.67" 5.92+2.36™ 6.31+2.06™ 5.69+1.75"
B20 F40  6.85t1.46" 6.77+1.83" 577+231" 7.42+2.02° 7.38+2.06" 7.50+1.83" 7.08+1.85"  7.38:1.94'  7.23x130" 5.83:229" 6.77+231° 7.31x1.60° 7.23%1.69"
B50 F40  6.9241.66" 7.08+1.66" 7.31+1.65" 838+0.77° 7.54+1.98' 7.9241.26" 7.15£1.99"  6.92+1.85°  6.54+1.76" 5.31+1.80 7.23+1.74" 7.69+1.25° 7.23+1.54°

B Total Total  5.66:2.03° 533229 534+2.19" 5.67+2.23"% 527+2.54° 6.18+2.22% 581:235" 558:227"" 538+226° 4.57:2.48° 576+2.19" 593+2.13" 5.44+2.26"

KO M 533£2.18" 5.56+1.88% 52242.05" 6.44+201° 6.56£1.74' 5.00+2.18" 5.6742.55"  433:2.18"  633:1.12° 5.22+1.64" 4.89+2.42° 522+2.17° 5.00+2.06"
K20 M 4.89£1.96" 3.89£1.62° 5.11£1.96" 6.56+2.07° 6.00+1.94™ 5.78+2.05° 4.2242.28" 3.674245° 5444167 4.89+1.83" 5.56+2.40° 5224228 4.56+2.65"
K50 M 5224222 522+097° 4.78+1.79° 589+1.83° 6.11+1.83" 5.67+1.22° 5.67+1.73"  4.4432.70°  578+148" 5.56+1.67° 5.89+2.26" 5.78+2.17° 5.56+2.01°

KO F20 5724167 52242.02° 6.06£1.92° 5.72+£1.99" 5.56+1.82 5.44+1.85° 5.83+231°  5.83:228"  639:1.88" 6.39+1.61" 5.832.68" 5.44+223" 5.67+2.11°
K20 F20 55042.07°  5.1142.19° 5.56+2.25% 4.33:2.03° 4.72£1.96 4.89+2.08° 5.06+2.41° 4394259  5.89+1.91° 6.06:1.98" 6.1142.49° 5.56+2.09° 544185
K50 F20 5394194 5.1742.04° 5.3042.03" 4.06:224° 4.78£1.93° 472£1.90" 5114225 46142.15°  5.1142.00° 5.72£1.96" 5.67+2.17° 5.6742.14° 5.17+1.72°
KO F40 6.25£2.99" 7.42+1.62" 5.17+2.33" 5.0042.56" 6.00+2.52° 4.4242.68" 6.33:2.15"  633£1.87°  6.08£2.07" 6.75:1.82" 4.08:2.94" 4.08+2.50° 4.17+2.69"
K20 F40 6.33:2.87" 7.00£1.76™ 5.42+2.54° 6.00£2.70" 6.83£1.70" 525+2.60" 6.08+1.51°  5.67+231"  6.08£2.23" 6.67+2.42" 5.67+2.99" 5.08+2.97" 5.42+2.78"
K50 F40 5.8343.01° 7.00£1.41% 4.6742.46" 5.83£2.17° 6.67+1.61° 5.08+231° 6.58+1.51° 6.33+1.44"  6.67£1.30" 6.83+1.75" 5.08+2.39" 4.58+231° 5.17+2.55"

K Total Total  5.63+228° 5.71:2.05" 534+2.13% 535:229° 575:2.00° 5.09+2.09° 5613216  5.12+234° 596+1.83" 6.08£1.91" 549+2.52% 522+229° 5.18+2.21°

PO M 538256 425:139° 5.88+2.23" 6.50£1.69° 7.38+1.69" 6.25t1.91° 6.50+1.85™  7.13:1.64"  6.88+1.73 7.25:1.49" 6.88+1.96" 4.88+2.47 7.13+2.17°
P20 M 6.50£233" 438+1.69° 5.88+1.96" 6.13+2.03" 6.38+239" 5.00£1.77" 6.88+1.46™  6.13£1.96° 6.63+1.41° 6.88+1.13" 5.75+2.19" 4.63+2.62° 5.88+1.89°
P50 M 6.00£227° 7.00£131°  6.00£1.60° 5.13:2.30" 6.50£1.77° 538+1.30° 5.75:2.43"¢  6.63x2.07°  4.38:2.50° 5.13:247% 538:2.45" 5.13:1.81% 4.88+3.23
PO F20  626+221" 4.68+1.60° 5.79+2.02° 6.00+1.91" 7.32+1.60° 5.42+1.54° 563+2.48"" 537219  579+1.96™ 5.74+2.38™ 5.79+239" 521+1.81° 6.00+2.26"
P20 F20  6.6842.06" 6.11£2.05° 5.4242.06" 584+1.64° 721£1.99° 579+1.65 5.4242.19  537+1.95% 5474232 4.74+231° 5.63+2.91° 5.53+1.84™ 6.11£2.51°
P50 F20  6.89+1.66" 5.74+2.10™ 537+1.89" 537+2.03" 637+2.50° 5.63+1.67° 479:227° 5163234  4.63£2.52° 3.95:2.46° 4.95:2.78" 4.89+2.13% 5.05+2.39"
PO F40  6.75:2.09° 6.42+124° 642:1.68" 7.08+243" 6.75:234" 6.00£121° 7.50£131°  6.92+1.78"  7.67x1.07° 7.17:1.64" 7.00+1.48" 7.00+1.48" 6.67+1.30"
P20 F40  6.834221° 6.92+1.73" 6.33+2.02° 742+243° 733+239° 7.17+1.34° 7.83:147°  6.67+1.87°  7.83:1.90" 7.17+1.90° 7.75+1.54" 7.42+1.24° 7.33:1.83°
P50 F40  7.1742.08' 633+1.23' 5.83+1.99" 7.00£241" 625:2.01" 6.50+1.68" 7.25+129™°  7.08+1.62°  7.25:1.22™ 6.83+1.70" 6.33+1.56" 6.50+1.83" 6.42+1.24"

P Total Total  6.57+2.09" 5.77+1.88" 5.81£1.92% 621+2.14* 6.86:2.08" 5.89+1.63" 6.20:2.19"  6.06+2.08"  6.14+2.25" 583+236" 6.05+2.38" 5.68+2.06"" 6.10+2.23"

" Abbreviation denotes SIL-Size Liking, COL-Color Liking, ARL-Aroma Liking, SAL-Saltiness Liking, SWL-Sweetness Liking, DFL-Delicate Flavor Liking, CHL-Chewiness
Liking, STL-Stickiness Liking, MOL-Moistness Liking, SOL-Softness Liking, HAL-Harmony Liking, AFL-Aftertaste Liking, OVA-Overall Acceptability

? Abbreviation denotes B-Brown rice nut waffles K-Brown rice ball filled with Kimchi and tuna P-Brown rice ball filled with sweet red-bean paste, 0- Brown rice powder mix
0%, 20-Brown rice powder mix 20%, 50-Brown rice powder mix 50%

? Abbreviation denotes M-Male, F20-Female in their 20’s, F40-Female in their 40’s

*d The mean value with different superscripts within a row indicates significantly different at p<0.05 by Duncan’s multiple range test
5 The product’s mean value with different superscripts within a row indicates significantly different at p<0.05 by Duncan’s multiple range test
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Fig. 1. PC loadings of 3 products evaluated by different
consumer groups (a), and the sensory preference and liking
ratings (b)

" Abbreviation denotes SIL-Size Liking, COL-Color Liking, ARL-
Aroma Liking, SAL-Saltiness Liking, SWL-Sweetness Liking,
DFL-Delicate Flavor Liking, CHL-Chewiness Liking, STL-
Stickiness Liking, MOL-Moistness Liking, SOL-Softness Liking,
HAL-Harmony Liking, AFL-Aftertaste Liking, OVA-Overall
Acceptability

% Abbreviation denotes B-Brown rice nut waffles K-Brown rice ball
filled with Kimchi and tuna P-Brown rice ball filled with sweet
red-bean paste, 0- Brown rice powder mix 0%, 20-Brown rice
powder mix 20%, 50-Brown rice powder mix 50%

3 Abbreviation denotes M-Male, F20-Female in their 207,
F40-Female in their 40’s

3

Al Ex2)7518] %) 4] 302 A 235 (2014)

GohA 22 MES ZAMNA AYAT AHe 7=
o= «ZFHp, gto] 5, IR 9 AHS A=
©.2 B0} B20°] thet ¢}, Booll thek 200 <43
YUERRTE ‘EA 59} oo o] e Ve &

=202 B50<t Kool tiek &4+t Ko, P20 thgk 20t o
Aoldet, Al cHezero AHog Jixe FJEoFE
PO, P50l Tt 20t o433} P50l tigh GAELo=E, <&
S AHMoE A= dE O Z B0, B50, K20, K500
EH?& 20th <733} Po, P20°l T3t FAHo= EHHATH
7155 ZAF BPAE e IR SAEY oo,
o] 7Z%- PCA #A3 FEZ 02 JX|5H3
omn Fo EAS 7HE AR YEhY 71 Al A7t
9% o= AR "tk S Ve FEHOEE, 9
of g8} B& A o] Bes S VA e RS
2 K0, P20°] thdt FAT K500 gk 20T A=
Eltom, ‘|E3, Hdx3PE dHoE IR dEE
BO, P50°l thgt A3t Bo, PO, P20] thsh 20t ooz
ZAF AT EAsS} TR &, FEYHA 2
£ HHO 2 VA= FdEL2 B50, P50l thsk 200 oA <]
dom, ‘glo] Fx] & BHOE VA= FEL2 B20,
B50, K200l tha Y43} B20, KO, K200 thgk 20t o4
o8 A HAH

(o ot oo 2

L=
o
L=
=
o=

1=
A REeg

Table 3. The list of attributes that the consumers liked and
disliked about the 3 products

Products (%)

B" K P
Flavor 31 7
Soft 15 21 42
Chewing 31 7 16
Like Harmony of fillings 4 43 19
Glutinous 12 14 10
Good taste 8 7 3
Color - - 6
Don’t like taste 15 5 2
Dry 44 - 46
Not soft 15 5 8
Dislike Damp 7 58 8
Mouth does not feel fresh - - 6
Chewing 11 11 10
Harmony of fillings 7 21 19

U Abbreviation denotes B-Brown rice nut waffles K-Brown rice
ball filled with Kimchi and tuna, P-Brown rice ball filled with
sweet red-bean paste
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Fig. 3. CA loadings illustrating the relationship between the drivers of disliking attributes (m) and the corresponding brown rice

products (A)
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