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Abstract

Chia (Salvia hispanica L.) seed, originated from Central America, is a nutritious food especially rich in dietary fiber

and protein. In this study, we investigated the quality and sensory characteristics of Yanggang with chia seed powder (CSP).
Red bean paste was replaced with CSP at 0% (Control), 1% (CSP1), 2% (CSP2), 3% (CSP3) and 4% (CSP4). The pH
values of chia seed Yanggang tended to decrease from Control (6.84) to CSP4 (6.67); whereas, the moisture contents of

Yanggang samples tended to increase. The soluble solid contents of CSP4 were the highest (3.33 °Bx), as compared to
the Control which showed the lowest values (2.77 “Bx). In the CSP-added groups, the L-value (lightness), a-value (redness)
and b-value (yellowness) were increased, while the AE (total color difference) was decreased, as compared to the control
group. Hardness and springiness were both increased from control (49.77 g/cm® and 464.80%, respectively) to CSP4 (72.21
g/em® and 532.43%, respectively). However, cohesiveness decreased from control (47.41%) to CSP4 (37.34%). Chewiness
and adhesiveness showed no significant group-wise difference (p<0.05). Total polyphenol content ranged from 7.23 to 10.73
mg GAE/100 g, with a lower ABTS ICsy of the CSP-added groups than that of the control group. Samples from the
CSP-added as well as Control groups showed no significant differences among all items on the sensory evaluation test,

except flavor. The results indicated that CSP had significant effects on the soluble solid contents and texture of Yanggang.
Thus, the addition of 2% of CSP is desirable for making Yanggang.
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ZJo} A== 1A A&l X|oKSalvia hispanica 1.)2] RSk
o= wams} Teakel BE 5 Zofolelzbr YAkRlolct
(Mufoz 5 2013). Ho} A== Aol4l4ok Tl ghako] £,
A3} &R e ko) piacing F-ehe 5 FRS JF
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2013). £3] X|o} Al=of go| T w713 AAke: A4
EZSA AL 2 Tk, tiASSt R A A A o]
a7F byl &8 A It Chicco 5 2009; Lorente-Cebrian 5

2013). EZF FAE, AHE T H=2RES IRt 4d
3t gl E IS 7R Qlth(Reyes-Caudillo 5 2008; Martinez-
Cruz & Paredes-Lopez 2014; Scapin 5 2015).
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28 AA e Muiioz 5 2012). X]o} A|=2] 22 B-D-xylose,
a-D-glucose, 4-O-metil-a-D-glucuronic acid 5] tfgd-FZ o]
FolA UtHLin 5 1994). o} A= 2k 7Fe3t o7 Hib
22 73 glon, W= SR 5O olge] 7Hsd Ao
2 &=L ArKCoorey 5 2014). o]t o} A|=9f F4
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F759] AZE Y3l A== HIMSC, Gyeonggi, Korea),
ZoFH(Daedoo Foods, Seoul, Korea), &%(Ottogi, Gyeonggi,
Korea), A8HCJ, Incheon, Korea)& FLuf|3te] AME-SIRATE A
of =L selzlolol X A AL TSl BAAZY
31(FD8508, Iishin Biobase Co. LTD., Gyeonggi, Korea), <5
2] 7](CRT-04, Hungchuan Machinery Enterprise, Taipei, Taiwan)
2 BEslslo] 40 mesh Ao & AL AHgsgh F3S
Table 17} 22 wjgh| 2 Rlzetgom, Az WS Fg 1o

Aok NE BT H7F F78 FE B4 A

gk 237

rr

‘ Boiling for 5 mins “— Agar Powder
| adding Water (2/3)
‘ Mixing for 2 mins ‘<— Sugar
| adding Starch syrup
’ Boiling for 10 mins ‘<— Red bean paste
| adding Water(1/3)
Chia seed powder

‘ Molding ‘
|

‘ Cooling for 1 Hr at 4°C ‘

}

Standstilling for 1 Hr
at 4°C

(0%, 1%, 2%, 3%, 4%)

—»‘ Chia seed Yanggang

Fig. 1. Procedure for preparation of Yanggang with differ-
ent levels of chia seed powder

Uehd ute} 2 2 S g} B 500 mLE FEolA SEIF
Aow Agr). Be nw g
BYFE W FRA 1087

=

o] RS e Fo FHOIA 10 gH 33t
31, 822 7](MB35, OHAUS, Zurich, Switzerland)S AF&-3}
o 24siech B30 pH % 7HeH DR B 2L 9
sto] A2 10 g S/ 90 mLE E£351o] & 7] (Unidrive
1000D, CAT M Zipperer GmbH, Staufen, Germany) 2 2 3}s}
ark %789 pH 4L pH =] E|(SP-701, Suntex instruments
Co. LTD., Taipei, Taiwan)& ©]-&3}% 3, 7|44 & 3=F
L =Y A]RE Whatman No.l J3}X|(GE healthcare, Bucking-
hamshire, UK)2 oJ1}3t & AT A|(PR-201a, Atago Co.,
Tokyo, Japan)E ©]-&35to] 5453tk

Table 1. Formulas for Yanggang with different levels of chia seed powder

Ingredients (g) Control CSP1 CSP2 CSP3 CSP4
Agar 5 5 5 5 5
Water 500 500 500 500 500

Red bean paste 240 237.6 2352 232.8 2304

Chia seed powder 0 24 4.8 7.2 9.6
Starch syrup 25 25 25 25 25
Sugar 25 25 25 25 25
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3. M

F7Ye M= AREY L(BE), a(ANE), (EFNE)H=
AP Z}A|(CR-400, Konica Minolta, Osaka, Japan)S AR&3le] &
Aotk E2t obdle] A& ol g3 ALEAATHE ToI3
t}. o] w) AREE EETO] ME = [=96.90, a=0.45, b=1490]
Ak

AE= (A L*+ Ad® + AW

AE: S, AL: A 59t #3200 Yzl Aa: A|=2et &
Fuwol AT, Ay AR} EEW] FUEA
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9789 ZZA 712 Rheometer(Sun rheometer Compac-10011,
Sun scientific Co. LTD., Tokyo, Japan)E ©]-8-5}o] 7 =(hardness),
Eh2] A(springiness), -5 AJ(cohesiveness), 23] Al(chewiness) 2
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(No. 5), distance 5 mm, table speed 120 mm/min®]it}.
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AFEHGAE, gallic acid equivalent) &2 ZHAFSIH T X]o} A]
= 978 9] 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) 2t Z 2752 Re 5(1999)9] Wi o|-83dt] &
A3t 7.4 mM ABTS(Sigma-Aldrich Co.) =80 ¢f 2.6 mM
IBAELE(Sigma-Aldrich Co.)E H718}aL, 4T 9] 4oA
12A17F WA 8ke] ABTS 2tt)z-E @4 A3t ABTS 2ttjz
€4 200 uLet A& 10 iLE E35H] AAQRST)olA 607
b REEAIZL F, 414 nmof| A FBEE ST AlREE
ABTS ztt]Zro] tia] 50% 47 &5 Kol ICs(mgmL)
g =Sl Fust 2 Hlwsterk

6. 2H|XI 7| AHAL

Aot A= F7gol tht an|#} 7|2 HARs et 20
Ho thato g AASFYh ZH 2 cm x 2 cm X 2 cmE A2
AN&E WA ZEAY HA &7 s SoA AFstie
H, 45 P17 A% AE A AT HdES 7
F78 A= 9] ] (appearance), &u|(flavor), Tok(sweetness), =
Z3Hmoisture), 43! AJ(chewiness) L AHFZ ¢l 7] & % (overall
acceptability) S 78 HEH o2 HIlStgrHn]$ 422 1

A, e B8 7H).

7. SHANzZ|

2E A¥EZE2 SPSS(23.0 for windows, SPSS InC., Chicago,
IL, USA) Z2 IS o] &3t EAHEA(ANOVA)S AA|SH
%tk AFPZHS MeantS.D.2 BASIG o, 72+ &4 HA g
7re] §-olA4do] & AL p<0.05 232 2 Duncan’s multiple

range test AlAFte] FO5EE AFFGTE
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Znt 9 D3

1. $ESE, pH ¥ 712N DEE By
WY SEUT pH L 7H84 T YL Table 29}

o
2} =B EERS CSP4o Al 38.78%= CSP39] 40.00%K oh=
2oLt x| viste] Xjof Al B HriEge| wet S

Table 2. Moisture contents, pH values, and soluble solid of Yanggang with different levels of chia seed powder

Properties Control CSP1 CSP2 CSP3 CSP4
Moisture contents (%) 34.03+2.64°" 36.37+0.89™ 37.98+0.68™ 40.0020.55° 38.78+0.64
pH 6.84+0.01° 6.79+0.01° 6.76+0.02° 6.72+0.01° 6.67+0.01°
Soluble solid (‘Bx) 2.7740.06° 3.13+0.06 3.13+0.06" 3.20+0.10 3.33+0.06"

CSP: chia seed powder, Control: without adding CSP, CSP1: added 1 g of CSP per 100 g of red bean paste, CSP2: added 2 g of CSP
per 100 g of red bean paste, CSP3: added 3 g of CSP per 100 g of red bean paste, CSP4: added 4 g of CSP per 100 g of red bean paste.
D Different superscript letters in each column show the significant difference by Duncan's multiple range test (p<0.05).
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7¥ohs AEFE Bt X ot Bl 34.4%9] Aol d {7} g
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3. =EZ
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Table 3. Color values of Yanggang with different levels of chia seed powder
Color value Control CSP1 CSP2 CSP3 CSP4
L 33.07+1.93") 35.1740.33° 34.84+0.55% 35.2440.48" 36.48+0.96°
a 2.25+0.18° 2.28+0.01° 2.25+0.09° 2.55+0.12° 2.66:+0.14%
b 1.81+0.36° 1.79+0.02° 1.68+0.10° 2.20:0.15° 2.27+0.22°
AE 63.93+1.94° 61.82+0.33° 62.15+0.55% 61.77+0.47° 60.54+0.97°

CSP: chia seed powder, Control: without adding CSP, CSP1: added 1 g of CSP per 100 g of red bean paste, CSP2: added 2 g of CSP
per 100 g of red bean paste, CSP3: added 3 g of CSP per 100 g of red bean paste, CSP4: added 4 g of CSP per 100 g of red bean paste.
Y Different superscript letters in each column show the significant difference by Duncan's multiple range test (p<0.05).

Table 4. Texture properties of Yanggang with different levels of chia seed powder

Property Control CSP1 CSP2 CSP3 CSP4
Hardness (g/cm?) 49.77+ 3.87%" 62.43+ 1.13° 6224+ 4.73° 63.25+2.40 7221+ 2.92°
Springiness (%) 4648023 .80° 500.16+11.67° 515.94+28 81 480.84+9.23% 532.43+12.21°
Cohesiveness (%) 4741+ 7.71° 3834+ 1.20° 3734+ 1.09° 34.95+0.01° 3734+ 1.29
Chewiness (g) 48.20+ 8.03 45.11+ 1.20° 43.08+ 2.16" 44.74+0.59° 4891+ 2.01°
Adhesiveness (g) —32.00+ 4.58° —42.00+15.87° —40.33+ 9.81° —37.67£1.15° —44.67+ 8.50°

CSP: chia seed powder, Control: without adding CSP, CSP1: added 1 g of CSP per 100 g of red bean paste, CSP2: added 2 g of CSP
per 100 g of red bean paste, CSP3: added 3 g of CSP per 100 g of red bean paste, CSP4: added 4 g of CSP per 100 g of red bean paste.
D Different superscript letters in each column show the significant difference by Duncan's multiple range test (p<0.05).
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S¥ith. &2 /J(Springiness) EF X|o} A= £ H7hek| wt of, oA = ETo] F7E 9] st S FTHIT= AL
2t F7hke AE BEon, Xof A& Edo] o= <l 2 Uehith ol dak= Xob A|E7F ZEa Qe =2 A
3k F78Y gel Ao IS & ASE ARk T, §F 3t @A) o3t A o7 FZHrh Taga 5(1984)2 Z|oHA| =

AJ(Cohesiveness)-& T &0 v|3] X|o} A& H7lzto] WA o Z2E2AAL FHHAL FHEAME, AHE 5o T4 E40]

UER T ol 2ol S7Hdl weh 78 LH—r"ﬂ U= Z3tE o] Qoka Bagh vl 9121, Martinez-Cruz & Paredes-
£ A= 79 FTATEEo] FFEH] Yiee Lopez(2014)= X|oFA| = 1g o 1.6398 mgo Hj&3lalEo] &

=, opatolHE] 2 H7F Y9 SR &4 @ﬂQ}E 1‘1" ojQltkal B3}tk E3 Reyes-Caudillo 5(2008)& AYAHA]

AR THChoi SH 2015). 23] Al(Chewiness)2 Z} A| &7kl & o] wat Zpol gloL), X|of AT} =& ABTS ]zt 27

ol ] x}o]2 Ho|R] AAPTHp<0.05). E ZAIH= Kim SS(2015) A4S ztw Qokn BRustgch

of el AAEEAS ARAL I AEE FoHoz

l

RAsPsht, Pdole A4 MskE HolA] gtk 2 5 2HIR} 7|SE Z=AL
g A3t AR 24 (Adhesiveness) = ZH Al 27kl - Aok A= Gl Hiet 2B|R; 7|5 2AF Diks Table

OJAQl ZJo]Z Ho|A| GFtom(p<0.05), Tlg Buato] Hrizk 63 Atk Fw| 0] BE FFoA thRL I} Ao E B
& o2A e o] R FH2l Ko7t glivke AR Atelell /<l AelE HolA| f3ktH(p<0.05). A

Chac & Jung(2013) 52| A7Ame} SAHTE & ZAo| AL Ao E Bt Hrlo] B Wz} g,
= Aol $A1E Mo Yehta AAKcolonol Hht

4. Eivs M NBole Jee 22 G Ao 22 Fu|(flavor)]
Aol A= o] FAFSE BAS BAT ATks Table 58 A Hob AT Buk HrbRo] Bl ulste] GojFoz
2t & Zoluis S R TolA 723 mg GAE/I00 g© WS WS Btk ol Kim S(015)9] ATolA] sete

2 YERgon, CSP4o)|A] 10.73 mg GAE/100 g© & Uebytth S A7stk 78 gzl Hl§) oA B2 s
ABTS ICsox= CSP22} CSP3 Atojof §-214Ql zlo]& Kol wrotths Ao} ARkl e, an|REo] 2] ¢ vt

Table 5. Antioxidant activities of Yanggang with different levels of chia seed powder

Properties Control CSP1 CSP2 CSP3 CSP4
Polyphenol (mg GAE/100 g) 7.23+0.109 7.47+0.06° 8.000.09° 10.47+0.10° 10.73+ 0.07°
ABTS ICsy (ug/mL) 292.53+5.18" 240.32+6.22° 220.12+4.02° 220.1246.65° 202.75+11.89¢

CSP: chia seed powder, Control: without adding CSP, CSP1: added 1 g of CSP per 100 g of red bean paste, CSP2: added 2 g of CSP
per 100 g of red bean paste, CSP3: added 3 g of CSP per 100 g of red bean paste, CSP4: added 4 g of CSP per 100 g of red bean paste.
D Means in each row with different superscript letters are significantly different by Duncan's multiple range test (p<0.05).

Table 6. Sensory preference score for Yanggang with different levels of chia seed powder

Property Control CSP1 CSP2 CSP3 CSP4
Appearance 5.65+1.04" 5.00+1.21° 5.45+1.15° 535+1.18 5.55+1.19°
Flavor 5.05£1.36° 4.50x1.32 4.80+1.36™ 4.05+1.47° 4.55+1.15%
Sweetness 4.90+1.62° 4.45+1.32° 4.701.08v 4.20+1.06" 4.75+1.16°
Moisture 5.20+1.51° 4.95+0.89" 4.95£1.19* 5.00+1.08" 5.15+0.93"
Chewiness 4.60:+1.43" 4.70+1.26° 4.65+1.46" 4.65+1.42" 4.90+1.25°
Overall quality 5.10£1.37" 4.70+1.38" 4.75+1.07° 4.55+1.05" 5.00+£1.26"

CSP: chia seed powder, Control: without adding CSP, CSP1: added 1 g of CSP per 100 g of red bean paste, CSP2: added 2 g of CSP
per 100 g of red bean paste, CSP3: added 3 g of CSP per 100 g of red bean paste, CSP4: added 4 g of CSP per 100 g of red bean paste.
D Different superscript letters in each column show the significant difference by Duncan's multiple range test (p<0.05).
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o &A 7l feer F5Hh —’F%f_—fé.‘%“ SN =
ZJoA| = i 7ol met ~Eelwre] 34.03~40.00%2] H S
£ Holu F7stgl o), anrlEo] Q14 o}:: ZZ3Hmoisture)
o Z W3yt gt o#3t 2T Han & Kim(2011)9)
Aol A BA7FEE 24% H7IeE o Rl £9
Aoz FTRtE e, R} 7| S 2ALA folE HolA|
FUth= 2} FAFsEIT WA, AR AdoA oAl A}
o|F Ho|Z| Mgttt A= 223 Z7g 0|4 chewinessol] H
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