Korean Journal of Human Ecology http://dx.doi.org/10,5934/kjhe. 2013.22.6.723
2013, Vol, 22, No. 6, 723-736 ISSN 1226-0851(Print)/ISSN  2234-3768(Online)

Lee Seung Bum*
Dept. of Department of Food Service Management, Semyung University

Abstract

To examine the quality characteristics of bread made of different amounts of chia seed powder, a functional food
ingredient, this study made bread by adding chia seed powder by 1%, 3%, and 5% of the flour weight. When bread
dough properties were determined using mixograph, all doughs were appropriate for bread-making. In the evaluation
of fermentation rate, the dough with 3% of chia seed powder CS 3 showed the most favorable fermentation rate during
the first 60-min fermentation of the bread. According to CrumbScan, the fineness of bread pores were higher in control
group than bread loaves containing chia seed powder. The volume of bread in control group was significantly lower
than those of other experimental groups. The volume and specific volume were highest when chia seed powder was
added by 3%. According to preference analysis, appearance and taste was best in CS 3, showing the highest overall
score in preference. Therefore, the optimum amount of chia seed powder is identified to be 3% in bread-making.
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I. A/ & 2010y wh=H R|ofA|=9] 100 g o 2ol df7T 39 g,

W 14 g A 31 g, 7B 5oz ololA Holif

AoV (Sabvia hispanica L)'= ‘Chi @ melw 7h @ol Sfmolls, Aoplse] Ae HawAe

2}z7]7HLamiaceae)e] BE Zo] 1@y 2Em 7)== 2538 %S aAE Y Joll F2 EXSAARI a
Im 744 =3 9le] Zol= 4~8 cm, Lo]= 3~5 -linolenic acid 7} 9hf=oIglth(Ayerza, 1995).

emAEold, Ze welaw sebdolm, Zsje] me|  F7Ieks vkl @ele] AaEe) A7sh Holrla

Wz moo] AohS o|2r) wix|mel dhe|ualelr] AL EAIBE B ARISt] mE 2EYAR Qlste] A=
SPEon Zzulx AYEEA o)l ] of= HE|EAS H|Z23) AN E T A= /\].FJ-E_ ] S0
o 2o osiA AMEI(Cha, 2011), 7hEabA) o ML AEHKIm ef al, 2006). KoM= Wl e] el
& e QAR ATole HAmols Bolut Fa B ARl ARFHOR TR Hust Ao A Sl
o go] chia fresca HElZ HAY Alo|=g} v]21g wp  HOVHA7E 39 %= wo] ZHOIRItHUSDA). o= %

= o) B2 Hrlete] Wit Wil ofsf 28buA] e A AReR S8
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(Lee, 2003). 22| 7 GollA E& 53t HE F
=27 al(Lembo & Camilleri, 2003), ] Sl m] A&
o] Z21-g oJAIFHA HAt T2 folite] T2 %1%
tH(Oh & Lim, 2007).

Sl A gke] g o2 I8t Hivto] AlZtet
ARsl o 2 A FF7 ol thek 271 A= 2] Aol th
3 o2 HAH F7VekaL = FA(Lee et al, 2008)0]aL,
Hvko 2 Qs Awo] F431A S7lste] AR 2lFel
g AAE ZTeR= FAlo|tKPark ef al., 2002). H
2H|RLe] Foldl A5 e tigh of2lge] &
o Ejuvete] Aol teksl, g3l st
A F2]o] Hiolla] who 2 4] BlFo] F7FekaL Stk
(Kang, 2002). 2822 wro] 3= AT 443 &
o aF3bE AE olelolw ARolghs 84S FE3| v
SA7IHA ket 7s A o] F2bE AlEel ek a7t
olx|aL glom(Jang et al., 2003), TjEo] HZx= 7]
T4 AEE Uk A9 e FYEH o 7
A Ag B AFdls I e 2(An & Lee, 2010),
G52 (Shin & Kim, 2008), Zvl=(Kimet al.,2010),
AlFAEH Ko et al, 2013), BREZ(Yoon ef al,
2010) o] Uck 1 ool wMu|e} tho|ojEo| F2 2]
o dFE HIIe 7154 ATl b AlEFAHE(Lee,
2003), H] %9} wFAz]EKCho & Lee, 1996), #3] 2w~
71(An & Hwang, 2013), vl (Choi, 2013) 5 A2
S0l #gE AEo] o}, aAfRkERA Aol df7t F
F3k XJolA|=E H7bgl A7) gloBE B Aqtolla] 2
ofA| =9l S HUigh Aol FASAHS EEld &
J3 HsArE Fote] dotEm, 715 As=A ] 7t
58E HESFLAL gt

-—

=

Ao ARRS A 8= ZEwrE(Daehan Flour Mill
Co, Ltd, Seoul, Korea), ©|2=E(Jenico Food Co, Ltd,
Seoul, Korea), 4= (Sempio Foods Co, Ltd, Seoul,
Korea), A# 7§=FA|(SIB Co, Ltd, Seoul, Korea)ZS A&
3}lor, XJolA|= Ei(som international, Australia)S
H2g ol g A

HiEd

2, Maidhy

0%

1) Mixograph® £ wHEe] B4

Aopamyute] Aol weh wEola WEE S
dolr 7] 9ste] 10 g Mixograph(Nathonal Mfg. co.
Lincoln, NF, USA)S AR&3}9t). olu spring &
1296] Won], AlgiE AACC method 54-40(1995a)
o o AlE 10 g mixographol] Wi £ %2 6 g
o2 TNkttt Ade) A8-E H&2 <Table 1> 2
o gz} oA =g vlE-S YRSl W=
AZFE 10802 gh3T1 peak time, peak value, Mixing
tolerance 9} 8% & width of tail 3} integral valueE A
of o ATERE WaHel 54 Youskeh

ol ERU-S Hrlgl Amo] A F= <Table 2>¢}

(Table 1) Mixture flour(dough) for mixograph analysis (9)
Strong flour Chia seed powder Water
CONT 10 0 6.0
CS1 9.9 0.1 6.0
CS3 9.7 0.3 6.0
CS5 9.5 0.5 6.0

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
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whzze % gukEn(Straigh dough method)©Z(AACC o o] 4057F WHa 2 AJ7l 3 12 185T, ol 18
method 10-10A, 1995b) A|Z3lon, RE A2 v 0CE2 nlg dIdaE 3¢ g=202()9FYAl, FOD
7](LH0110,3A} NVM-1200, Korea)S AM&ae] A2: 23 -7103, Korea)ol] 2o} 3557F 7ty 797 whe e

4 10808 vssln v=o] A9 n=27+1TC 2 o 1A]ZF ¥ 3t poly propylene bagoll E#5}
745 L5 FRIAHE ol83tlaL ARee] dvds o 24ARE A A ARSI oln] REeEs
28] Yate] Ao @4 2551 CE fAedey Adlex 2551 CE FA8ksih
12} HEe BEA(HGTHA) fresh proofer, Korea)

H &% 28+1T, %= 75~80 %4 *PEﬂﬁ 60E7 % 3) @Eg " =34
S\ wE sl 221 -t E‘?ﬂ
yatdrt. HarF Fh 450 g © ato] Bl . olAE Buks xylel Awalz kg g =457

o] M1 H==E FZFV|E 3 _1|:,] H]lé‘% Yol 1

of vk grs dedi 1087 FLES S0
B e one-loaf 2 o} sl AME(21.5%9.7x9.5
cm)ol] Ho] Fdat & 38+1°C, F= 85~90%] w2

Q&4 Elmehdi er al.(2007)0] 2g¥3l =3 <] Digital
imaging methodE W33&}o] [Figure 113 22 SA7]|+
2 ko] A8t T 1 ome] otz 9ol

(Table 2) Formulas for bread with strong flour and chia seed powder

Ingredients(g) CONT CSl1 CS3 CS5
Strong flour 1500 1485 1455 1425
Chia seed Powder 0 15 45 75
Water 900 900 900 900
Yeast 60 60 60 60
Dough conditioner. 30 30 30 30
Salt 30 30 30 30

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
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7129} M22 5 m A9 58 1o AHIs o
F57E Slske] ol A ofad s ] B
H=s el S42 v 302rit 27171 o o) W
a7} Q= 150871 =Astglon, =49 94 Afs
Efi b Az ) 2 olg Ao} Barghe T
g § ol WAESR Ak

4) pH =%

AopA =t bk A visre] pH 4 39
o 38 el A=
Method(Miller RA et al 1994)& A183F33ct ¥E=3l 2
o] §38-8 5 om Zol2 2o}, 3] 5% T
pH meter (720A, Orino, USA)= 33] ¥h& Z43}5ict.
oA = A & o] pH £74J> AACC method(AACC
02-52 1995¢)9] slurry method= 257 ¢ ZF2= 100
mLo|| 2ol &2 15 g& o] 3033 X7k k2 10
E7F W3 3 pH meterS o]83te] SA3kic)

surface  electrode

5) o) zA 2%

AoAl= o] Hrlgs ¢
Lol 7] ¢3) texture analyser(TA-XT2i, Stable micro
England)ol] ¢]3F TPA(Texture Profile
Analysis)E =4sl9rt. o|u] &A% 2 probe 36
mm cylinder, test speed 1.7 mm/sec, distance 4 mm,
trigger 5 g 02 AlE BuS HU1EE 2w An, 2010)
I Fuls 7HEE F7Ee 2P, 2010)9] e Y
SHA skdth. S 2ol AlEe 125 mme] FAR
Eefo| 2 gk Aphe] 7l Fae] 7 2748 HA 25 mm
FAR she] 23] A% kRS wll AojA= force-time

curve 25E hardness( %), springiness(gr&Ad),

g Ao 2A7g

systems,

chewiness(3&4d), gumminess(Z42}4d) cohesiveness (-
F4), resilience(FEE) S 33] JHE SA5to] FAghS

T390

6) &M

Z|olr| = 2mko]l  oAtRALe crumbScan(American
Institute of baking / devore Systems)©o & Z73}3IT}.
ABE 125 mm AR Zebolagha Auke] AdRE
< A9)g 5 A%l 19RE 1574x)e) MEs Rojsh
I 3% 7P 7kl el 8Ale] whg Adste] T

< S5t o] EAAvte] ARG HEAS =9)
7] 913l gk F-ElellA] 10 % o’ o557 (intensity=0.1)
=717} 500 pixels (size=500) o]Ao = Uehd 7|35
AT A AAsa, ekt 552 10
%(overlap=0.1)Z 3} o Z}zte] AlgE 33 HHE =
Aate] 73] Aags Egste] F1], 7

=, 4o T2 agtt.

okl
1o
BN
i)

7) HgH =4

AopAlEAe] vl 8 S SA5] SJeh FAAE

= H
= =]
o2 2439 3(Yeom, 2010), 2Jwhe] FAS =43} o}

& BUT Aol PuE PAZ e ghe w8
(mLig)o 2 et

8) Aol Mz

Aol EApe] g Goliy] $1ste] 125 mm

AR Ao 2] SRS chromameter (JC801,
Color Techno System Co. Ltd., Japan)E A}8-3}] L(
), a(HA0), bR FhS 33 Wk Zgelo] Bk
2 Uehyglth o W AREE WAge] e 27 L
93.85, a: -1.30, b: 1.650]%ich.

AOPAE BE A7l Aol A Al
Wz AMH| 2 Fet st gt 159 ds A
Ab 890 ety Vs HARE AAEHST) o))
YETE EHH 47140 ARE B ANSAD 2 A
25 AARBIL U wEA] 22 Qdehs W F HE A
28 FNHEs sk

713%  ZAFFE+E appearance(2]¥),  color(Y),

texture(Z27}), flavor(3), taste(t), overall acceptance
@A A5E)e] S0t 448 70 ArE 17
2 vl Hojgitt, 232 Aolditt, 332 o Hojgitt,
4L AR BAE o), 582 ot Folgtt, 632
Folgit}, 7L w9 Folgitt 2 likertx =5 AR8-3FS]

tH(Bennion & Bamford, 1998).

10) FAAE
B AL 33 o) wkE ek ghel AdAlg=

SPSS 18.0 programg Al&3le] HA4]

g stgon
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XolA | E 2LE Holst Alwo| ZXIEN 5
One-way ANOVAZE o]&3la] p<0.05 FFoA  AH o & Fo Width of tail- ¥4 YE}
Duncan's multiple range test(d7Fe] o9 A e $83 AEE ARE-EH(Campana et al., 1993), oj

ofa 7 AR 7kl freldie AFEAT.

g

A3t 9

oA = Fte] H7lekol| whE wi=se] Ao w|x|=
g3 =243k A= <Table 3>o] JeERJQIT). Peak

timeS Z77} 3.37%, CS 10] 3.44%, CS 30] 3.63&,
CS 57} 3.16 o8 ZTE 33l ZE Ag7} 3~5
i Abololl Qlo] i AE g ol A gtakeltt. Peak value
CS 57} 61.08 %= thE27TE I3 ZE A|RA
7P SEFARE BF 60% o] de] i ffol qlo] A
Zodell Aghet A= Jebsth dvbH oz AwA Ao
Z%}8l Peak timed} Peak valueo] 3-& 3~5%3} 60 %
9] & yepdti(Walker & Warker, 2001). Mixing
tolerances= |7} S U 2+= Ao] Ao £3-S
EAI3F=4|(Song et al.,2013) thZ77}F 6.9302 7%
srol wk=o] Yo 7 £ Ao ® Yepor, CS
1784, CS 3 7.51 CS 5 9.54 e} =7 v} =2
Ao 2 CS 3 o A7l wETAe] 1 2o
2102 e oL frojAo)A] el 1Al BiSo] A

L
R

Z7+ 3032, CS 1 29.06, CS 3 24.34, CS 5 21.93 %,
oz HopAlERue] W] LoldiS uEe] F5
go] GiolA wEo] Aol We B
Integral(%/min)& #2je] wh5dejo] Bag 9

=4 CS 30] 173.632 7} Egka, arpee
169.56019.0.0 71 Fol A7 Bagt wEe

131.33 o]t}

2. Yag

<Table 4> = gk A% vl 30 Foiche]
HEES S D} 032, 30 32, 60 F7H4] BE Als
of W go] A&H o7 Frlellon, T Has

o] 54002 7} ¥eka CH 3 o] 591 2 71 =9k
901 Foll= 2] HEE F7HE Hls| ofa 155'—
g vhe A wEE FUHEe] ot Flow,
120%0] At Fo= thx=7 585, CS 1 622, CS 3
6.24, CS 5 6.10 22 ¥g o] tz=7o 3] A&l

2 Aoz Yep} fel4el 2jol2 1 ath(p<0.05). Wi

:L

7} A W& 1508 7bA|e] A AT} CS 39| 6.29 cmz
7 mol AAAE Tl #oHel Aolzp Stk

(p<0.05).
AR o2 Ao | =BG 73 A¥To] Y 2TH

(Table 3) Mixograms of bread dough with strong flour and chia seed powder

Peak time Peak value Mixing tolerance . . Integral
. o o p: Width of tail(%) o p:

(min) (%) (%/Min) (%/Min)
CONT 3.37+0.20" " 61.6120.09° 6.93£0.27 30.32+0.85° 131.33+7.78"
CSl 3.4440.14° 61.75+0.10° 7.8440.94 29.06+0.71° 140.47+6.03"
CS3 3.6320.11° 62.944031° 7.511.48 24.34+0.79° 173.63+5.94°
CS5 3.16£0.05 61.08+0.19" 9.5442.77 21.93+1.79° 169.56+6.63°

F-value 573" 131.97™ 138" 36.88"" 30.09™"

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
p<0.05, p<0.001,

Y Mean#S.D. (n=3)

a~c

NNot significant.

S1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.

Means denoted in a column by the same letter are not significantly different(p<0.05).
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o

o} kg o] A|&AJo] ol dE G| L AR R
U XopA| =R Hrlgo] 3% o]io] =i ©3]# 1wk
$o] Zhadh=s Aoz &5 Eik(Jeon et al, 2010), v
°|(An, 2008), Hdx A1 TE(Kim et al, 2007), v
W72 H7Esk 2 (Choi & Chung, 2007) 5 oM %=
2 Ao} o] BEATEFe] SIS AHeR 2
el ghkol 1401%1 ﬂP:«l 7]'}\E‘IQI’ Setne

I«‘J
oz o |

0]7

= “l
08 GRS S AT MRS B A7

SV
2
>
@)
wn
w
lo,
>
[
i’
o)
° -
Q
ﬁu
N
N
ol
L
i
ifo
o
22
9,
£

Aopr|= o] pHE 6.22 ZA U oH <Table 5>
= AopA|= ko] Hrlet vk Alko] pH 57 A3}
2 Hk=9] pHE U277} 5.6002 71 werom, CS
12 5.63 CS 3 5.64, CS 5% 5.65 X|ofA|=iato] 2
7VeFo] WSS pHYt ol AES BT £
ARl atolE Kol FtHp<0.01). o]& vk EZ(Hong
& Shin, 2008)3%} Zrt=s H7KeE sR=Aol=Le] A%

% ZAEA(Kim ef al, 2009), 2 EZH(Park, 2006)2]
Al 19} o] J7HAs S Yol F71ETE vk pH
7} Agell pH o whe} Wsleldrhks Barel dxjsh= 2
ot

2upaz o] pHE X|ofA|=itdhe] 7o) @olds
= pH7} =obA CS 57} 5.512 71 A4 SA = oH,
AlE Zrell Fo] 8] AR B Fouok 2 14} %
& o] pHE 545, 5.46 ,5.48, 5.56 oL, AIE<]

pHE= okzke] o=l Ffolst qlgieh,

22 ARE 23] yHRow HEA] oAl
TPA(Texture Profile Analysis)oll ]3] #st A5
<Table 6>¢f YeRIrt 1dxke] BEs =77t
15720 o2 7P debslgl o, CS 30] 110.00 o2 7}

A vhol RStk ol AobE Bu Hrhe Wik

o] el Ao ok Zolr|7] wjEel Ao 7 Holrh
g gzTrt 2,092 71 viekon] oA =ww

Lo

A7Fgo] S/VETE AV Eolxl o Hrkege] 7t
A e CS 571 2.142 €@ Ao] Q3|8 Zoj=3L). o]

(Table 4) Change in volume of breads with strong flour and chia seed powder duringfermentation (cm)
Fermentation time(min)
F-value
0 30 60 90 120 150
CONT  “347+0.08"  P481x0.04*°  “540£0.18"  P567:0.16°  "5.85:0.13°  F6.00£0.05" 188.57""
Cs1 A3424008  P492£007° 95772004 5.85:0.13"  P6.22+0.11° P6.25+0.13 34275
CS3 3 43+0.03 4.98+0.02°  “591x0.10°  "6.10:0.15"  ™624x0.11°  F6.29+0.10° 393397
CS5 3 4540.10 54.83+0.02 €5.5240.04°  5.74+0.05" £6.10+0.10° F6.14+0.08" 585617
F-value 025" 945" 13.96" 6.28" 722" 560

CONT : 0% Chia seed Powder, 100% Strong flour.

1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
p<0.05, “p<0.01, p<0.001,
Y MeantS.D. (n=3)

™Not significant.

® Means denoted in a column by the same letter are not significantly different(p<0.05)

A Means in a row denoted by the same letter are not significantly different(p<0.05).
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(Table 5) pH for bread dough and bread with strong flour and chia seed powder

CONT CSl CS3 CS5 F-value™
dough pH 5.60+0.02"" 5.63£0.01° 5.64+0.06° 5.65£0.01° 932"
Fermentation pH 5.45+0.02" 5.46+0.02" 5.48+0.02" 5.56+0.05" 9.48"
Crumb pH 5.45+0.00" 5.45+0.01° 5.46+0.00" 5.51+0.00" 26233

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.

" p<0.01.

" Mean+S.D. (n=3)

" Means denoted in a row by the same letter are not significantly different(p<0.05).

= FEEFt 2Eg Hrhek 2we] 524(Choi et al,
2012)0lM 9} Zo] HAwrl Fow gEAde 7hds A
I FUg AAE HoFQth S HopA | mi o
A7bepo] /184S st o dxzTeb folFd
zkol7b ASlth. A8 277 7P w2 13419 o
™, CS 3 o] 7P e 84.960 % o] Ql 2Ho]E K.Y
Th(p<0.001). W3PE 277} 2945302 714 =9ko
™ CS 3 o] 137.69 & FX|7} 717 kol o142l Afo]
= BYrk(p<0.001). 2 U3} AxE glz277} 215.68 =
7V =9k, CS 30] 71 B 123.67 & JERLh ¥
e ) z&F7} 2.07 ©]aL CS 3 o] 21322 7P =3HR]
T oAl 2ol vERA] kst A3 T A2l
M= tizTe A7 7P =2 Zleg ygten CS 3
o] 7P v o= Rt 94 0]Ark(p<0.001).
3AdatM s Aot A2, A, Sl 11U}
o} 29dae} ARt 2Tt 7Y B2 SA%ke]
o]H o2 1}gkom(p<0.001), ©EAdollA= CS 37} 2.07
2 7P &2 A% ghol Usith(p<0.001). 53] 35l
AN AopAERwre] Hyleko] wolAeE S Aol 7t
28k3etk. ol Fvk= 7 (Ju, 2010), mks 2 (Hong
& Shin, 2008)2] Az} o] A7 H7P} SIS
S0l stk Adket fAkE A UERSL
t}h AaA o2 Ao texture5d-2 H7HE Ao wheh
gElx]E= ko] gJE=d|(Kwon, et al, 2001), (Kim,
1998), X|ofA| =t tke] H7begel wle} A, e, F2t

o
9
>
Iy
M
e
o

}1_4‘
N
XN
p

3 A} gzTe] gae] ¥

Hz=771 0.24 cm= 7P TSI oH, kAo 7 X|o}
AEE A7k il dizTdl vis) g2 FArt
Skskarl Hrleo] 7 we CS 59 A™ FA7) 0.15
em 71 gkt 71Ee] Aae 7)Ee] 1 F3
#FHe Zo] Agle v Aog S Fuvt 1.0 v
Bl Rl d4E FX|7F Fobxlth(Wiggins, 1998).
wlebr thzT7}b 1.552 718 @ol A aelxlaL, X|ofAl
=S H7ESE A3 Eo] gzl HiE] A1eRle
=7t H9lem CS 3 1.38 & 7139 Az o] 7k
2o Aoz Vet 713 2UEE CS 30] 602.00

7P 2HETE WA SHE o oAl A ol

=
At a8 22Ut 9okl CS 39 volumeo|

Ads Bk
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(Table 6) Texture characteristics of bread with strong flour and chia seed powder by texture analyzer

Storage day

lday 2day 3day
CON 157.20+0.75° 215.68+4.60¢ 293.53+5.36°
CH1 115.00+3.06° 151.00+5.91° 223.27+6.36"
Hardness(g) CH3 110.00+7.07° 123.67+5.08° 206.90+5.74
CH5 123.83+2.84" 161.77+3.52¢ 230.20+3.46"
F-value 79.54** 189.55"** 15176
CON 2.09+0.05" 2.07+0.05 1.57+0.02°
CH1 2.15+0.05™ 2.08+0.03 2.05+0.04
Springi %
pringiness(°6) CH3 2.23+0,03" 2.13+0.04 2.07£0.07"
CH5 2.14%0.06™ 2.07+0.02 2.04+0.03"
F-value 415" 1.62M° 95.03***
CON 0.87+0.01 0.89+0.02 0.90+0.02
CH1 0.86£0.02 0.86+0.03 0.88+0.01
Cohesi %
ohesiveness(%) CH3 0.850.03 0.86+0.04 0.87+0.02
CH5 0.84+0.02 0.85+0.05 0.87+0.01
F-value 1.33% 0.81M 2.38N
CON 134.19+4.41¢ 184.76+3.45° 263.11+2.81°
CH1 104.54+4.00" 129.55+4.93° 197.43+5.75°
Gumminess(g) . a A
CH3 84.96+2.22 106.27+2.75° 186.99+2.07
CH5 115.44+4.54¢ 135.88+4.17" 200.36+1.88%
F-value 83.35"" 213.72° 293.89"
CON 294.53+12.56° 325.80+10.96° 551.29+41.35¢
Chewiness(a) CH1 212.54+5.41" 282.51+17.74° 41356+32.04°
cwinessie CH3 137.69+3.69° 218.39+2.54° 345.30+39.79"
CH5 215.48+3.14° 292.67+9.69" 407.91+13.96"
F-value 233.73" 4527 20.06™*

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.6
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
*p<0.05, ***p<0.001, ™Not significant.

Y MeantS.D. (n=3)

*4 Means denoted in a row by the same letter are not significantly different(p<0.05).
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(Table 7) Characteristics of bread with strong flour and chia seed powder

Crust thickness(cm) Elongation Fineness volume
CONT 0.24+0.02° " 1.55+0.04c 642.00£7.21° 2175.00+9.54°
Csl1 0.24+0.01° 1.39+0.01% 613.33£7.37" 2440.00+54.22°
CS3 0.16+0.04° 1.38+0.04° 602.00£22.87" 2497.67+22.85°
CSs5 0.150.01° 1.45+0.03° 617.00+8.89™ 2384.00+20.81°
F-value 10.08” 1654 482" 59.64"

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
p<0.05, “p<0.01, “"p<0.001.

Y Mean+S.D. (n=3)

*7¢ Means denoted in a column by the same letter are not significantly different(p<0.05).

6. I8

AN =TS H7HRE 2ol H]-8-4]2 <Table 8>
VERSAEE. Aoprl= B 3% 7kl CS 39 7917}
2246.67 mLE 7P 7131, tjz7<] 237} 1868.33 mL
2 7P Aot Almzre] FolHQl Afol7h AlERhe] frof
]l AFol7t A (p<0.001). HFT FolM AotA = &
I A7kl g W CS 59 Rur} M A2 Aow
et S71S 22 3471gE A#(Choi, 2011)¢] 7ol
A el ikl K E Fat Aad A% T
a3l

H]-8-2] gk Fu)7h 7 20909 CS 3¢] 5.85=2 71
ZaL, 2T 4.79, CS 12 5.63, CS 5% 5.628 Aut
How Fo4<l Apol& HIATHp<0.001). B8 o}
A= H7EFol 3% Al 7 2laL A7kl St
5 HlgH o] HolAl= A Bt o= SAREY
< H7)ah Alm(Hwang et al., 2001)¢] ¢7-¢} 2ro] A7}
& Ao Lol SVFETSE 270l 3 Ho| 7}
2323]o] dFsA| olfAA| B A 22 AvE Y

w3t

M

7. M RN

opr|= ko] ko] whE AW o] Ao
<Table 9>o UFeRllch. Lake] A thz=77} 94.18
2 7P ¥tan, a2 o2 €S 1(92.57)>CS
3(89.21)>CS 5 (87.35) =08 UER} Aopr= Fide
H7FFo] 71l Wl o F9A= AIdE B HAH
o2 FoHl Aolg YEMIATHp<0.001). SH|7}F
(Im & Lee, 2010)2] Ao} o] ®ke] Hriefo] Z7}
SrE Like] #dshe 23 22 2d3E HoFglon
ol Arkshs 2ol Al o Aom Hojxitk a 3
AA =77} -18.942 HA w7} 7H Wkom, XJofA|
=] $74ErS a gho] 7 ekt CS 5 -16.66
o7 foHog 7P EUTh(p<0.01) bt =77}
2552 7P wokom, HAwel g X|ofA| =i
7ol 37V E FAETL Yol CS 5 = 22.902
2 frojHem 7h Bkt (p<0.001) o= Ao =R
of Aof| o5t Zlo 7 KoM, Ko FIIEE HUeh &
F7)(Lee, 2013)¢] AFoME g7 H7leFo] F71
5 Lkt bk Akl agd 71k wds 29

= Yepjae.
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(Table 8) Volume and specific volume for bread with strong flour and chia seed powder

Specific volume

Volume(mL)
(mL/g)
CONT 1868.33+29.30" " 4.79+0.06"
Csl1 2168.67+85.56" 5.63+0.09"
CS3 2246.67+41.63° 5.85+0.13"
CS5 2161.67+31.75° 5.62+0.23"
F-value 3047 3280
CONT : 0% Chia seed Powder, 100% Strong flour.
CSI1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
"p<0.001.
D MeantS.D. (n=3)
*® Means denoted in a row by the same letter are not significantly different(p<0.05)
(Table 9) Color value for bread with strong flour and chia seed powder
L a b
CONT 94.18+0.43" ¥ -18.94+1.08" 25.52:0.26°
Csl1 92.57+0.73¢ -17.98+0.23" 24.19+0.55"
CS3 89.21+0.57° -17.08+0.48b™ 23.47+0.48%
CS5 87.35+0.34" -16.66+0.28° 22.90+0.36"
F-value 185.92" 8.10" 2095

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.
“p<0.01,  p<0.001.

" Mean+S.D. (n=3)

* Means denoted in a column by the same letter are not significantly different(p<0.05).

8.

e

SdAt

Ao =t E-S F7lste] vhE Awhe] HAe o
oli7] $lall ¥sW7HE AAISke] appearance(2]¥h),
color(A), texture(ZZ7}), flavor(dF), taste(3), overall
acceptance(HA A 75 %)e] &S ZAlsle] A
A= <Table 10>9] VERA T

oAl =t -S 7k 2ol oj#a CS 39| 5.67%
74 ko™, CS 19] 5.29t) %77} 5.00, CS 57} 3.95

2 ARE o foHQl AfolE H Atk (p<0.001). A2
CS 30] 5.28% 7P =A] Ugtot dvbr o= fo) A<l
zFol7b Qginh. 227 XoA =S 3 % 7t
CS 30] 590= 7M¢ fFrofdo= E%al, 1 the2
CONT(5.38)> CS 1(5.28)> CS 5(4.05) <=0 2 UEhdt}
(p<0.001). Zn]= CS 30] 5282 714 £ghon] Ik
& CS 19] 5.09, CONT7} 4.86, CS 57} 2.860.2 UEh}
Al 2Fo]2 HTHp<0.001). HtollAm xjopr| =i

-

rO
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(Table 10) Sensory evaluation for preference test of bread with chia seed powder

Overall
Appearance color Texture flavor Taste

acceptance
CONT 5.00+0.89° ! 4.86+0.79 5.38+0.67" 4.86+0.73° 5.14+0.91° 4.90+0.89°
CSl1 5.29+0.78" 5.09+0.77 5.28+0.72° 5.09+0.62° 5.4240.67° 5.28+0.64™
CS3 5.67+1.15° 5.28+1.23 5.90+0.62° 528+1.42° 5.66+1.06° 5.86+1.19°
CS5 3.95+1.53" 428+1.79 4.05+1.39° 2.86+1.98° 3.33+1.88° 3.001.09"

F-value 891" 266" 15757 15.49™ 1590 33597

CONT : 0% Chia seed Powder, 100% Strong flour.
CS1 : 1% Chia seed Powder, 99% Strong flour.
CS3 : 3% Chia seed Powder, 97% Strong flour.
CS5 : 5% Chia seed Powder, 95% Strong flour.

p<0.001.
Y Mean+S.D. (n=3)

NSNot significant.

*7¢ Means denoted in a column by the same letter are not significantly different(p<0.05).

4 71 ol 71k CS 5 7k 33302 7P vigkon,
Ao =TS 3 % VI3 C8 39] Bto] 7P F2 A
o2 vebdth. [AZQ 7]5%E CS 30] 5860 7]
S5t FelHor TP wekon, AopA= ek AU
o] 71 B& CS 59 73%s= 7P wikth(p<0.001). A
HHog Ao = 2k H7hEke] 3 %]l CS 39| 93,
227, Fvl, sk AAAQ 715wt frelH ez w2
teht Aoprl= B 3 %7t HH o] ArkFe s H3tet
thaz Hojxink.

o o

V. g¢F 4 Z

ri

Al
=

Ao | Eatthe] bk whE Aol F2 54
Agt A= o At

Mixogram®] peak time(min), peak value(%)] 73-¢- th
ZT7of AJopr| == H71ek A3 BT peak time2 B
T 3~ 58 Afolell Qlo] Al dell Heskelal, peak value
= =T 61612 7 B CS 30] 62.94 %= 7 =7
USEAE B 60 % olde] Fo s A de] Agstel

]
4
o

t}. ¥k Width of tail= X|opA|=atdre] dhefo] F713h
TE o] AARE 3o & YERTh Integral> 3249
Egelol Begk FoR CS 30 173.632 71 3k,
I vhg2 CS 57} 169.560]1.0.1 71 3lo] A Hash
o 272 131.33 o)y

LEE Ao dutzog 2k w0l 13} HEA]
Fo] 60 A= AQu= Hog Hol 277} 60-0]
3= A7EA] wEgo] 54002 7Pg Sekal CH
30] 591 2 Wago| 7P EUTh pHSH A= Ao}
|=atdte] Hrlpe] F7heaE W 2] pH
At o= Ao & Yelt TPA #40lx A=
oA =t ro] 3 % 7kl ATk 1 o) o]
dosi s Ao g yelgon, gL oA sk
o] 7M7) dZ2TEY A Yepder, J387
A, AL oA ERTS HIbek Al thETRE
S YRttt CrumbScane] 2whe] A2 7= nf
A7Vsk 2 (Ju et al., 2010)2] AH AT} o] X
oA =R IS H7IRE Aol Tl nis) Aol F

A7E kst

ox Y

S~

N o 1= = o [ o
d

o

P1ge) et A1gel 2HEE YTl v A
OPERRS 3 % W A¥Te 2w o e A
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o2 e, 2ue 7P 34 Ugth o= g
< H7¥sE 2ol Ko} v]gHe Xopa|=itke] 7t
2ol 3 % 7 EOlAIT) 5 % oA 2381 obA
o 7 2] fro ARl Aol ISl

H-822 CS 3 o] 7P =3 7 vghon, e |
Sh= Xopr| = de] Hrlere] woldrE Lk SolA|
I agh FolAH bk SolAIH, AR Thol| o4l
ztolE YERA AT

AR 7135 ZAF Aol oa HEshs
Aeja] CS 30| 718 E%om AR 79k CS 3
o] 71 Ekom Fue} st = CS 30| 7FF #3hth
279} EAIEE FoA Abole §lSlt stellr =
oA =i o] 3 %<l CS 37} 7P =kat, 1 ¢]o] o}
E ANEELS YA Aol HolA] gsith. ZA|FQ)
713%E CS 37 713 =vha &k
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