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Antioxidative Activity and Quality Characteristics of Rice
Madeleine Added with Pine Needle Powder and Extract
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ABSTRACT To develop health functional gluten-free rice madeleines added with pine needle, rice flours were pre-
pared by adding different contents (0.6, 1.2, and 1.8% on rice flour basis) of freeze-dried pine needle powder (PP)
and extract (PE, by pressing pine needles). The preparation, textural and sensory properties, and antioxidative activities
of rice madeleines were investigated. The antioxidative activities of rice madeleines added with PP and PE were higher
than those of the control and were significantly different from each other. The specific volume of rice madeleines
added with PE was higher than that added with PP. Lightness and yellowness decreased with increasing PP or PE
content, whereas redness showed the reverse trend. Textural properties were also significantly different according to
pine needle type and content. Hardness values of rice madeleines added with 1.2 and 1.8% PP or 1.2% PE were
reduced compared to that of control. Hardness values increased while other textural properties decreased during storage.
In the sensory test, color, flavor, and taste scores increased with increasing PP or PE contents, whereas flavor and
overall quality scores were highest in rice madeleine added with 1.2% PP. Based on these results, pine needle powder
addition improved antioxidative activities and overall quality.
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Table 1. Weight, volume, and specific volume of rice madeleine
added with different contents of PP and PE

Rice madeleine

Rice 1 Specific volume
samples Weight Vol L

p eight (g) olume (mL) (mL/g)

C 23.79£0.13°  51.67+2.89™ 2.17£0.12%
PP 1 24.06£0.03°  48.33+2.89" 2.01£0.12%
PP 3 24.03£0.10°  43.33+2.89% 1.80+0.13
PP 5  23.8330.12°  41.67+2.89" 1.75+0.13¢
PE 1 24.00£0.09°  56.67+2.89° 2.36+0.13°
PE 3 24.08£0.03"  56.67+2.89° 2.35+0.12°
PE 5  23.8840.09™  53.33+2.89™ 2.23+0.12%

Data represents mean+SD.

““Different superscripts within a same column are significantly
different by Duncan's multiple range test at P<0.05.

1)C, PP, and PE means control, pine needle powder added, and
pine needle extracts added rice madeleines, respectively with
different concentrations (1, 3, 5 g).
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Fig. 1. Front, back, and cross sections of
rice madeleine prepared with pine needle
powder (PP) and extracts (PE). C, PP, and
PE means control, pine needle powder
added, and pine needle extracts added rice
madeleines, respectively with different
concentrations (1, 3, 5 g).
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Fig. 2. Texture properties of rice madeleine prepared with
0.04 pine needle powder (PP) and extracts (PE). Data represents
mean+SD. Different letters (a-e) are significantly different
o by Duncan's multiple range test at P<0.05.
c PP1 PP3 PP5  PE1 PE3  PE5
A EEDAY WPl FABFE MY B LQRD AbE e AEahdvks Avsh AR At
s, EUAEFS HIFE LollA = bl o ]l
Awbd o v e A%E wolth AW 3 g3 A% 3 W OHSHO| £ His Y SaE-0|S S SIS B
e 7K vhES) QY Ae] W by, SRR & SURUI FHES W 2 HEAL FAAE ol
QET 3 g HIRroA M W FAE BYla dNkE o wAE S-S 80% cEHEE FEI FEEY] EUE 0]
2 "3 Ays 1ok = g%, v §%, DPPH @z £24%5(%)< Fig. 3¢l
22t AN ST EAAFRT EARDS WA A v
¥ opsael BsEt 1o Eebuiol= ghaol ol Feldel Aol T
A USRS Axste] WeEhE AAF AT Table  (K0.05), & Hrheel Axd & vhEde] 49 A7)
3ol Akt AA BrHE S o9 ade Bl F Skl whE EoiR o= gheko] S7bEI ) o= Al
ERA, A, 20, AW GBI V1FE 24 AN o Fu) w2 2 Aue] Aveld &9 %A & FA5)
et FH A &0l A ko] 1g AlS Hlon QY EQEE Al SREF o kst s o
Foud Whre £AF Aol AT AATH 2 AZEAT F s FRe £ARW 5 g W s
o Ao R e ghs BYTH/X0.05). Kim 5(27)¢] 4 o] 74 E9kem PP5>PP3, PES>PEL, PE3>PP1>C 9]
Toll A 20~30tH AR AbE EUS HUbekA] 2t Ak EAEEE WU vhEdlY Ag Aol Sk
HEE Egtom ot AAH9 wol A 2L e TIF B F dlE GFE FUs S 29 ngon 4



o
e

b
o2
e
>
=)
1

452 AU QA G

Table 3. Sensory data for preference test of PP and PE added rice madeleine with different contents

Difference test Preference test
Samplel) Surface Inside Pine needle  Pine needle A Fl T T Overall
color color flavor taste ppearance avor aste exture quality
C 2.4+0.6° 1.6£0.6° 1.0£0.0° 1.0£0.0° 56£1.1 52413 5.6+1.1 54409  5.4+0.9°
PP 1 3.840.8"  3.8£1.5° 3.4+1.1° 4.0+1.0° 6.241.1  5.6+0.68° 62408  6.0+1.0  6.6£0.9°
PP 3 5.0+1.0"  5.0+1.6™ 5.4+1.1° 5.6£1.1° 6213  64+09° 62+13  6.0+12  6.8+0.8°
PP 5 6.4+1.1°  6.8+0.8" 6.240.8° 6.6£1.1° 58+0.8  5.6+13°  6.0+1.0  6.2+1.1 6.0£1.0®
PE 1 48+13%  4.6+1.5° 3.0+1.4° 3.842.1° 58+0.8  5.6+13°  6.0+1.0  6.2+1.1 6.0£0.6™
PE 3 5.8+1.3 5.4+1.1°  3.841.3% 4.8+1.6™ 58405  5.8+0.5° 64409  5.6x1.1 5.6£0.6°
PE 5 6.4+1.5 6.6£1.1% 5.0£1.2%" 6.0+1.6" 56£09  5.8+13° 52413  5.6+13 5.0£0.8°

Data represents meanSD.

“Different superscripts with a same column are significantly different by Duncan's multiple range test at P<0.05.

C, PP, and PE means control, pine needle powder added, and pine needle extracts added rice madeleines, respectively with different
concentrations (1, 3, 5 g).
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Fig. 3. Total flavonoid (A), total phenolic (B) contents and
% ¢ DPPH radical scavenging activities (C) of pine needle powder
40 4 and extracts added rice madeleine prepared with different

contents. C, PP, and PE means control, pine needle powder
added, and pine needle extracts added rice madeleines, re-

207 r spectively with different concentrations (1, 3, 5 g). Data repre-
r% ﬂ W sents mean+SD. Different letters (a-f) are significantly different
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ by Duncan's multiple range test at P<0.05.
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