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Quality Characteristics and Antioxidant Activities of Sulgidduk (Rice Cake)
Added with Chia (Salvia hispanica L.) Seed Powder

Hyeonbin Ol, Byung Bum Choiz, and Young-Soon Kim'

IDepartment of Food and Nutrition, Korea University
“}Major in Food and Nutrition, Division of Food Science & Culinary Arts, Shinhan University

ABSTRACT Chia seed (Salvia hispanica L.) originated from Central America is a highly nutritious food containing
large amounts of linolenic acid, dietary fiber, and protein. This study investigated the quality properties and antioxidant
activities of Sulgidduk prepared with chia seed powder as a functional material. Freeze-dried chia seed powder was
replaced with 0, 1, 3, 5, and 7% of rice flour. The addition of chia seed powder did not affect water content, whereas
the pH value of the chia seed group decreased as compared to the control. For color measurements, a and b values
increased as the amount of chia seed powder increased, whereas L value decreased. Hardness and chewiness of Sulgidduk
with chia seed powder were lower than those of the control, whereas springiness of the chia seed group was higher
than that of the control. Cohesiveness was not significantly different in all samples. According to retrogradation analysis
based on changes in hardness during storage, it was confirmed that addition of chia seed powder inhibited aging
of Sulgidduk. Retrogradation of CSP5 was the slowest. Consumer acceptability analysis did not show significant differ-
ences in all samples. Total polyphenol and flavonoid contents tended to significantly increase as chia seed content
increased. DPPH and ABTS radical scavenging activities of Sulgidduk were also elevated due to addition of chia
seeds. From the results, addition of chia seed softened texture, inhibited aging, and enhanced antioxidant activities
of Sulgidduk. It is concluded that addition of 5% chia seed powder, which showed high effectiveness for aging, is

the most suitable for commercialization.
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Table 1. Formulas for rice cake (Sulgidduk) with different levels
of chia seed powder
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Ingredients (g) Control CSP1 CSP3 CSP5 CSP7
Rice flour 500 495 485 475 465
Chia seed powder 0 5 15 25 35
Sugar 50 50 50 50 50
Water 50 50 50 50 50
Salt 5 5 5 5 5

CSP: chia seed powder, Control: without added CSP, CSP1:
added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g
of CSP per 100 g of rice flour, CSP5: added 5 g of CSP per
100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice
flour.
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Table 2. Moisture content and pH values of rice cake (Sulgidduk) with different levels of chia seed powder
Properties Control CSP1 CSP3 CSP5 CSP7
Moisture (%) 36.40+0.72"" 37.00£0.30 37.18+0.99 36.48+0.21 36.85+0.72
pH 5.60+0.03" 5.41+0.01° 5.43+0.02° 5.41+0.07° 5.45+0.06
"Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (P<0.05)
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour
Table 3. Color values of rice cake (Sulgidduk) with different levels of chia seed powder
Color values Control CSP1 CSP3 CSP5 CSP7
L 83.93+1.80™" 77.92+1.63 71.18+0.64 63.78+1.39" 63.69+0.57°
a -0.67+0.03° 0.4+0.12° 1.23+0.13° 1.85+0.22° 2.08+0.06"
b 5.58+0.18° 6.03£0.21° 7.3140.43° 7.99+0.26" 7.95+0.25"
AE 13.63+1.77° 19.54+1.55° 26.42+0.61 33.82+1.4° 33.91+0.61°
‘Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (P<0.05)
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour
S AT att(A )L txoll A 067 CSP5ell RO o g3t W o] A7 A i ¢ A7), 538
A 1.85% F7Fstsl et CSP59t CSP7ell A= #2141 A H westE Ao upel SepAH, AR A7k BA7F Q)
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oA 7.95% A F7reke AL Bl ol#d Ao olif7E BolE AR deA glem(32) Ao
WSk AopAl= B B o] of Aol o3k Ao w F5 o] Aol dfrh & e opdr e~ gl opd AR J1o
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Aakghol frel ]l zpol S HolA] o AopAl= BHs = A sk Avrami A5 (), SRk, AEF(1/6)
5% ol WS W= A WMelrl FusA e AeR & 79 A= Table 59 2ok A7]He] Avrami A
RELE gETAA 3.89% vehgom oA s Rug Bl
= oA 10] A9 AT Aveami 459 go] 255
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2o A A= B ko]l tx7H(884.07 g/ s Aow wdEth $aE CSP5lA 0.36<107 ' =
em?)uh FRAT, A7 Atole] frolMel Aol gIgleh  7bg vl tEbom], obA = HrhE e CSP3L 4915
B YETGIABRE Ao S B AkEAA  w dEREET GG gl Skth AddaE SRS
ol Vet 1A BE AdTelA Fo4Q Aels o) 4 CSPselA 2778 7H4 /1 vekuth 2 A
wolA] Rkov], WYL NET(TIT.16 9°] 7Hg B ob= B Alwd] WS W w3h oA wapt
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Table 4. Texture properties of rice cake (Sulgidduk) with different levels of chia seed powder
Properties Control CSP1 CSP3 CSP5 CSP7
Hardness (g/cm”) 884.07+118.87"" 651.76+43.78" 669.57+50.09 658.57+75.56 534.634+40.32
Springiness (%) 59.4624.55° 65.48+3.26™ 72.84+5.28" 70.7048.38" 75.5945.72°
Cohesiveness (%) 60.46+5.45" 61.31+4.23" 56.15+11.65 53.37+11.84 69.88+2.30"
Chewiness (g) 717.16£54.23" 544.734+26.59 507.06+66.76" 464.78+50.44" 498.66+24.01
"Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (P<0.05).
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour
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Table 5. Avrami exponent (n), rate constant (k), and time constant (T) of rice cake (Sulgidduk) with different levels of chia seed
powder

Control CSP1 CSP3 CSP5 CSP7
n" 3.89 230 2.40 1.63 1.50
K 0.46 <107 0.40%x 10" 0.47 X107 0.36x 10" 0.40x 10"
T 21.74 25.00 21.28 27.78 25.00

D . ; 2. R (N

n: Avrami exponent. “k: rate constant. ~T: time constant (1/k).

CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour.
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Table 6. Sensory preference score for rice cake (Sulgidduk) with different levels of chia seed powder

Control CSP1 CSP3 CSP5 CSP7
Color 4.65+1.31"Y 5.05+1.28 5.35%+1.18 5.30+1.53 5.00+£1.38
Moisture 4.50+£0.83™ 4.60+1.27 5.20+1.40 4.40+1.23 4.65+1.39
Chewiness 4.60+1.31™ 4.65+1.39 5.10£1.25 4.55+1.39 4.40+1.54
Flavor 4.35+£0.93™ 4.35+0.81 4.75+1.16 4.25+1.33 4.35+1.39
Sweetness 4.65+1.14™ 4.85+0.99 5.10+1.25 4.45+1.54 4.50+1.36
Overall acceptability 4.55+1.15™ 4.90+1.17 4.95+1.32 4.80+1.44 4.40+1.23

UNS: not significant.
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour.

Table 7. Total polyphenol and flavonoid content of rice cake (Sulgidduk) with different levels of chia seed powder

Control CSP1 CSP3 CSP5 CSP7
Polyphenol (mg GAE/g) 0.12+0.01<V 0.12+0.01° 0.13+0.00° 0.14+0.01° 0.19+0.00°
Flavonoid (mg QE/g) 0.01+0.00° 0.060.01° 0.08+0.02" 0.08+0.02% 0.11£0.02°

"Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (P<0.05).
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour.
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Table 8. ICso of DPPH and ABTS radical of rice cake (Sulgidduk) with different levels of chia seed powder (ng/mL)
Control CSP1 CSP3 CSP5 CSP7
DPPH 1Cs 375.24+37.09°) 319.83+28.51° 155.75+3.23° 122.54+5.07 102.35+9.37¢
ABTS 1Cs 729.61+130.47° 464.13+12.87° 287.17+31.68° 222.17+11.17% 160.90+22.68°

"Means in each row with different superscript letters are significantly different by Duncan’s multiple range test (P<0.05).
CSP: chia seed powder, Control: without added CSP, CSP1: added 1 g of CSP per 100 g of rice flour, CSP3: added 3 g of CSP
per 100 g of rice flour, CSP5: added 5 g of CSP per 100 g of rice flour, CSP7: added 7 g of CSP per 100 g of rice flour.
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